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ABSTRACT

Anthropogenic habitat modification is a significant threat lo the conscrvation
of global biodiversity. The fragmentation and alteration of woodland habitat has
resulted in the substantial decline of many woodland bird species in the agricultural

'rc_gions of southern Australia. The Rufous Treccreeper Climacteris rufu, a once
common woodland resident, has declined in abundance in the wheatbelt of Weslern
Australia and appears to blc sensitive to habitat fragmentation. The reasons for this
are unclear because our knowledge of the specics ‘and the threats posed by
fragmentation are limited.

In this study, l'_ compared the social organisation, habitat seiection,
reproductive success, dispersal and pﬁpu]ation dynamics of two Rufous Treecreeper
populations living in the Western . Australian wheatbelt. The first population
occupied a large (8,500 ha), relatively undisturbed and unfragmented landscape. The
second occurred in an equivalent sized area that had been substantially modified by
agriculture. I hypothesised that habitat fragmentation and alteration would adversely

affect the viability of the population living in the agricultural lan'dscape.

| “In the unfragmented landscape, treecreepers lived in cooperatively breeding,
territorial groups. A group usually comprised a primary (assumed to be breeding)
male and female, and philopatric offspring (helpers) from previous brecding
seasons. Helpers assisted in the feeding and caring of nestlings and there waé 2
positive relationship between group size and reproductive output. Breeding” groups
often formed interactive neighbourhoods whereby resident indiv_fiduals from one
territory would feed nestlings in adjacent territorics. A total of 77.7% of 148 nesting
attempts produced at least one fledgling. Annual productivity per breeding group (n
= 90 group years) was 2.1 % 0.18 fledglings. Fledgling and juvenile survival rates
(0.76 £ 0.04 and 0.46 * 0.03 respectively) were comparatively high, as was the
annual survival rate of primary males (0.77 £ 0.06) and females (0.75 % 0.05).

A multi-scaled analysis of habitat use in the unfragmented landscapc
identified preferential habitat sclection by the species at three spatial scales. At the
landscape scale, treecreepers used Wandoo Ewcalypius wandoo woodland at a
significantly higher rate than predicted by the availability of this woodland type.

Territory selection was positively correlated with the density of hollow bearing logs



and nest sites, and tree age, These structural charactleristics were also posilively
correlated with reproductive success and survival in treecreepers, indicating that
habitat structure may be a useful measure of territory quality. Nest sites (hollows)
were preferentiatly used if they had a spout angle of = 50° and an entrance size of 5
— 10 cm, but nest-site selection wus not related to nest success.

The ccological traits of the treecreeper population living in the agriculiural
landscape differed from the population in the unfragmented arca in a number of
ways. Habitat fragmentation in (he agricultural lfandscape disrupted territory
contiguity with adverse consequences for social interaction. Nest success and annual
productivity were significantly lower in the agricultural landscape, although they
varied between different categories of habitat remnants. Reproductive success was
lowest in grazed remnants supporting comparatively high population densities.
Landscape differences in success did not appear to be a result of a dispanity in nest
predation levels, but may be related to variation in food availability and habitat
quality.

The spatial.strﬁcture and dynamics of the subdivided population in the
agricultural landscape were consistléﬁnt with certain aspects of metapopulation theory.
Treecreepers lived in spatiatly discrete local populations that were unlikely to persist
without immigration owing to low reproductive and survival rates. However,
movement between habitat remnants appeared to be sufficient to rescue these local
populations from extinction. Although declining in numbers during the study, the
subdivided population in the agricultural landscape appearcd to be fluctuating
around equilibrium owing to immigration from outside the study area.

The consequences of habital {ragmcentation for the Rufous Treecreeper are
complex and interactive. A reduction in habitat area and an increase in remnant
isolation disrupts the social organisation of the species and results in smatl, localised
populations that are susceptible to extinction. Modification of the remaining
vegetation may reduce habitat quality lcading 1o poor reproductive success. In
addition to increasing habitat arca and maintaining landscape connectivity, future
management of frugmented landscapes must focus on improving the quality of
remnani vegetation by removing degrading process and ensuring the recruitment of

endemic plant species.

it




DECLARATION
1 centify that this thesis docs not, (o the best of my knowledge and belief:

(i) incorporale  without acknowledgement any material previously
submitted for a degrce or diploma in any institution of higher
education; | '

(ii)  contain any mu_lci'iul previously published or writlen by another
‘person except where due reference is made in the text; or

(iii)  contain any defamatory material.

Signed

~ QGary Lick



ACKNOWLEDGEMENTS

The process of a PhD can be a challenging, frustrating, and rewarding task,
Fleeting glimpses of progress arc often shrouded in the mists of anxicty. However,
the light at the end of the tunnel always beckoned. It is my pleasure to thank those
who helped me reach the light. My principal supcrvis.or, Professor Harry Recher,
always oftered cncouragement and pushed me 1o perform above my own
expectations. He was ever willing 10 offer advice and ! even heeded some of it. My
other principal supervisor, Dr Robert Lambeck, also offered encouragement and
constructive criticism. His good humour and relaxed attitude were a welcome relief
during the times of mini-crisis. Harry and Robert were mentors and friends, and
their professional and personal support were greatly appreciated.

Technical and administrative staff at Edith Cowan University always helped
when [ needed it and I would particularly like to thank Mairead O’Shea and Jon
Luff. Lynn Barton deserves a special mention for her help with alt those annoying
bits of red tape. Similarly, the administrative and technical staff at CSIRO
Sustainable Ecosystems (formerly Wildlife and Ecology) were a great help. I would
especially like to thank John Ingram, Jean Rae and Joe Leone for assistance with a
variety of problems.

The staff at CALM Narrogin provided maps, background information on
Dryandra and listened 1o me when | begged them not to burn my study sites. [ would
particularly like to thank Anthony Desmond, Clare Anthony and Steve Gorton.
Access to private land at Yilliminning was granted by the McDougall, Mead, Brown
and Short families, for which I am immensely grateful. Perry de Rebeira gave freely
of his expertise on banding, Alan Rose discussed treccreepers with me at the
beginning of the study, and Allan Burbidge and Eleanor Russell commented on my
proposal. I thank the volunteers who assisted in the field, although I can’t remember
all your names. Special thanks to Anne Charmantier and Pauline Ezanno for
working harder than 1 expected on a monotonous and repetitive project.

A number of people provided comments on drafts of chaplers or
manuscripts. Thank you to Michael und Lesley Brooker, Nick Nicholls, Chris
Norwood, Eleanor Russell, Tan Rowley and Alex Watson, Elaine Pascoe, Nick
Nicholls and Mike Claver provided much needed advice on statistics. Brett

Melbourne and Kendi Davies helped immensely during the write-up stage by



answering my annoying questions and commenting on drafts of manuscripts and
chapters. My colleagues in the “Treccreeper Mafia”, Jim Radford and Erik and
Veronica Doerr, were always willing 1o discuss the most fascinating bird family on
cartl;, and offered udvice and support throughout (he project. [ would especially like
to thank Peter Cule for commenting on drafts of chapters, stimulaing and
challenging discussions about coopcruli\gﬁ breeding and f r.agmcmation, and
continued support over the past three and a h:ﬁlf years,

In an extensive field-based study such as this, onc of the greatest hurdles is
obtaining enough funding to cover the Burgeoning project costs. This project would
not hiwe proceeded without the generous support of CSIRO Sustainable
Ecosystems, which provided the majority of funding. I am also grateful to CSIRO
for providing a quict and comfortable work environment during the write-up of the
thesis. The Centre for Ecosystem Management (Edith Cowan University) also
provided a significant amount of funding for conference attendance, fieldwork and
equipment. The postgraduate funding opportunitics offered by the Centre were a
progressive and welcome initiative. The Australian Bird Study Association, Stuart
Leslie Bird Research Fund (Birds Australia) and Ecological Society of Australia
also provided funding support. My living expenses were supported by an Australian
Postgraduate Award Scholarship.

My personal thanks go to Judy Recher for her unfailing support in improving
my public speaking skills, and to Graham and Maureen Henderson for making
Dryandra Village s friendly and relaxing place to stay. In no small way, they made
Dryandra my home away from home. To my colleagues and friends at CSIRO
Sustainable Ecosystems and Edith Cowan University, thanks for your heip, support
and good humour.

The most important acknowledgements always come last. Thank you to my
family for their encouragement and belief. To my soul mate Gayle, your love and
understanding knows no bounds. [ can’t thank you enough for all your support; this
thesis is as much yours, as it is minc. Finally, to a little rufous bird that shared its life
with me for a bricf moment. | miss you already, but T promise to visit whenever |
can. This thesis is dedicated to my mum for her enduring strength and constant
inspiration, and to all those who believed in themselves, took a chance, and changed

their life.

vi



PREFACE

Publications

The following scctions of this research were published, accepted for
publication or submitted prior to completion of the thesis. |

Appendix 2.1: Plumage and size variation in aduit and juvenile Rufous

Treecreepers. Corella 23.:. 71-76.

Appendix 3.1: Variability in provisioning rates to nésl_]ings in the

cooperatively breeding Rufous Treecreeper. Emit in press.

Appendix 4.1: Scasonal and landscape differcnces in the foraging behaviour

of the Rufous Treecreeper. Pacific Conservation Biology in press (with co-

authors A. Charmantjer and P. Ezanno). .

Chapter 7: Differences in the repi‘oduclive_success and survival of the

Rufous Treecreeper Climacteris rufa between a fragmented and

unfragmented landscape. Conservation Biology submitted. .

In the co-authored paper, A. Charmantier and P. Ezanno collected the
foraging data, but 1 wrote the paper and conducted most of the data analysis.
Appendices 2.1, 3.1 and 4.1 are in the form of the manuscript submitied lb each
journal, Therefore, repetition of certain sections (e.g., description of study sifés)
occurs. The manuscript on'ginating from Chapter 7 wa_s an abridged version of the

text presented here.

Scientific names

Scientific names for all species arc used the first time they are mentioned in
each chapter or appendix, except for the Rufous Treecreeper whose scientific name
is used the first time it is mentioned in the thesis. Thereafter, common names are

used.
Photographs and poeins

I took all the photographs used in this thesis and wrote the poems appearing

on the section dividers unless indicaled otherwise.

vii



TABLE OF CONTENTS

Abstract
Declaration
Acknowledgements
Preface

Table of contents
List of tables

List of figures

PART [: BACKGROUND TO STUDY
CHAPTER 1: INTRODUCTION

1.1 General Introduction and Thesis Overview
1.1.1 Anthropogenic modification of landscapes
1.1.2 The theory oi habitat fragmentation
1.1.3 Avifaunal decline associated with habitat fragmentation
1.1.4 The Rufous Treecreeper: a case study
“1.1.5 Aims and structure of thesis

CHAPTER 2: STUDY AREAS, RUFOUS TREECREEPER BIOLOGY,
AND GENERAL METHODS

2.1 Study Areas
2.1.1 Introduction
2.1.2 The central west wheatbelt
2.1.3 Description of study areas
2.1.4 Differences in climate and vegetation cover between landscapes

2.2 The Biology of the Rufous Treecreeper
2.2.1 Taxenomy, plumage and distribution
2.2.2 Basic biology

2.3 General Methods
2.3.1 Field work
2.3.2 Trapping and colour banding
2.3.3 Monitoring

Appendix 2.1: Plumage and Size Variation in Adult and Juvenile
Rufous Treecreepers

viii

L B —

1
15

21

9]

24

24
24
24
25

26



PART II: THE ECOLOGY OF THE RUI*‘()US TREECREEPER IN AN
UNFRAGMENTED LANDSCAPE '

CHAPTER 3: COOPERATIVE BREEDING IN AN UNFRAGMENTED
LANDSCAPE

Summary

3.1 Introduction
3.1.1 Overview .
3.1.2 Demography of Australian pasccrmes
3.1.3 Cooperative breeding o
3.1.4 Cooperative breeding in Austrailan birds
3.1.5 Dispersal

3.2 Methods
3.2.1 Study sites :
3.2.2 Territoriality and temloxy size
3.2.3 Sex ratio and group size
3.2.4 Nesting and provisioring behaviour
3.2.5 Reproductive success
3.2.6 Juvenile and adult survival
3.2.7 Dispersals and visits
3.2.8 Data handling and analysis

3.3 Results -
3.3.1 Territoriality and territory size
3.3.2 Sex ratio and group size
3.3.3 Nesting behaviour
3.3.4 Provisioning behaviour
3.3.5 Reproductive success
3.3.6 Juvenile and adult survival

'3.3.7 Dispersals and visits

3.4 Discussion
3.4.1 Territorics and neighbourhoods
3.4.2 Sex ratio and group size
3.4.3 Reproductive success
3.4.4 Juvenile and adult survival
3.4.5 Cooperative breeding behaviour
3.4.6 Dispersal
3.4.7 Conclusions and caveats

Appendix 3.1: Variability in Provisioning Rates to Nestlings in the
Cooperatively Breeding Rufous Treecreeper

/38
740

40
40
41
44
45

47
47
47
48

. 48

51
52
53
33

35
35
59
60
62
68
71
73

81
31
g1
82
83
84
92
93

94



CHAPTER 4: A MULTI-SCALED ANALYSIS OF HABITAT USE

Summary
4.1 Introduction
4,1.1 Overview
4.1.2 The theory of habitat selection
4.1.3 Habitat use by birds
4.1.4 Habitat use at three spatial scales

4.2 Methods
4.2.1 Study areas
4.2.2 Woodland type
4.2.3 Territory usc
4.2.4 Nest sites

4.3 Results
4.3.1 Woodland type
4.3.2 Territory use
4.3.3 Nest sites

4.4 Discussion
4.4.1 Woodland type
4.4.2 Territory use
4.4.3 Nest sites
4.4 4 Spatial scale and habitat use
4.4.5 The performance of habitat models

Appendix 4.1: Seasonal and Landscape Differences in the Foraging
Behaviour of the Rufous Treecreeper

CHAPTER 5: HABITAT QUALITY AND FITNESS

Summary

5.1 Introduction
5.1.1 Overview
5.1.2 Habitat quality

5.2 Methods
5.2.1 Study sites
5.2.2 Nest-site quality
5.2.3 Nest fate and hollow fidelity
5.2.4 Territory quality

5.3 Results
5.3.1 Nest-site quality
5.3.2 Nest fate and hollow fidelity
5.3.3 Territory quality

5.4 Discussion
5.4.1 Nest-site quality
5.4.2 Nest fate and hollow fidelity
5.4.3 Territory quality

100
101
101
101
102
103

105
105
105

109
114

115
115
117
124

- 126

126
128
130
131
133

135

156
157
157
157

161
161
161
162
163

165
165
166
167

174
174
175
177



PART I[11: THE ECOLOGY OF THE RUFOUS TREECREEPER IN A
FRAGMENTED LANDSCAPE

CHAPTER 6: HABITAT QUALITY, POPULATION DENSITY AND
COOPERATIVE BEHAVIOUR IN A FRAGMENTED LANDSCAPE

Summary 182
6.1 Introduction 183
6.1.1 Overview 183
06.1.2 Habitat structure and quality 183
6.1.3 Population density 184
6.1.4 Demography and helping behaviour 185
6.2 Methods 185
6.2.1 Habitat structure and quality i85
6.2.2 Territory size and population density 186
6.2.3 Demography and helping behaviour 188
6.3 Results 189
6.3.1 Habitat structure and quality 189
6.3.2 Territory size and population density 191
6.3.3 Demography and helping behaviour . 193
6.4 Discussion N : 198
6.4.1 Habitat structure and quality _ 198
6.4.2 Population density 199
6.4.3 Demography and helping behaviour 202

CHAPTER 7: LANDSCAPE DIFFERENCES IN REPRODUCTIVE
SUCCESS AND SURVIVAL '

Summary 208
7.1 Introduction 209
7.1.1 Overview 209
7.1.2 Patterns in reproductive success 209
7.1.3 Potential threatening processes ' 211
7.2 Methods 212
7.2.1 Comparisons between habitat contexts 212
7.2.2 Correlative relationships with reproductive success 213
7.2.3 Potential threatening processes _ 215
7.3 Results 218
7.3.1 Comparisons between habitat contexts 218
7.3.2 Correlative relationships with reproductive success 221
7.3.3 Potential threatening processes 222

7.4 Discussion
7.4.1 Patterns in reproductive success and survival
7.4.2 Potential threalening processes
7.4.3 Habitat quality and density dependence

[ S5 SN I O i O
LS (0 I W U6 )
— 3 TN SN

Xi



Appendix 7.1: Structural Characteristics of Trees and Hollows used as
Artificial Nest Sites in Dryandra and Yilliminning

CHAPTER 8: SPATIAL STRUCTURE AND POPULATION DYNAMICS

Summary

8.1 Introduction
8.1.1 Overview
8.1.2 The dynamics of spatially structured populations
8.1.3 Spatial variation in population viability

8.2 Methods
8.2.1 Defining local populations
8.2.2 The population dynamics of local populations
8.2.3 Dispersal and group turnover
8.2.4 Spatial structure and interactions between local populations

8.3 Results
8.3.1 Local populations _
8.3.2 The population dynamics of local populations
8.3.3 Dispersal and group turnover
8.3.4 Modelling spatial structure

8.4 Discussion
8.4.1 The spatial structure of the subdivided population in Yilliminning
8.4.2 Source-sinks and the demography of local populations
8.4.3 Further differences between Dryandra and Yilliminning

PART IV: CONCLUSION
CHAPTER 9: SYNTHESIS AND CONCLUSION

9.1 The Consequences of Habitat Fragmentation for the Rufous
Treecreeper
8.1.1 Social and spatial organisation
9.1.2 Cooperative breeding and dispersal
9.1.3 Reproductive success and population dynam:cs

9.2 Research Limitations and Future Directions

9.3 The Conservation of Woodland Birds in Agricultural Landscapes

REFXRENCES

Xii

234

235
236
236
236
240

242
242
244
246

247

250
250
251
256
258

262
262
265

268

270
270
274
277

280
281

284



LIST OF TABLES
Chapter 2

Table 2.1 The percent cover of cach vegetation/land-use type oceurring in the
Dryandra and Yilliminning study areas.

Appendix 2.1

Table T Main plumage differences between adults and juveniles.
Table 2 Summary of morphometric measurements.
Table 3 Results of the 1 tests comparing differences in the morphometric

measurements taken on adults and juveniles.

Chapter 3

Table 3.1 The sex ratio of adults and fledglings in cach year of the study.
Table 3.2 Composition of groups. '

Table 3.3 Comparisons between study sites and years for factors related to
reproductive success.

Table 3.4 Percent contribution to the provisioning of nestlings by the primary
male, primary female, resident helper male, resident helper female,
non-resident helper male and non-resident helper female.

Table 3.5 The mean percent contribution of each nest attendant category
to nestling provisioning.

Table 3.6 Measures of reproductive output for females with at least 1 years’
breeding experience and those assumed to have no prior experience.

Table 3.7 Differences between sites, years and group sizes in the number of
fledglings and juveniles surviving, and fledgling and juvenile
survival rate.

Table 3.8 Differences between sites, years and group sizes tn adult survival
rates (primary males and primary females only).

Table 3.9 The origin of individuals filling vacancies created by the
disappearance of the primary male or female.

Appendix 3.1

Table 1 Significant change in model deviance with the addition of the
independent variables listed.

Table 2 The coefficients and standard errors of each variable included in
the final Poisson model.

xiii

2]

29
31

31

60

63

66

71

72

73

74

97

97



~ Table 4.10 Each significant habitat vanable 1nclude(l in the loglstlc

| Chaptcr 4

Tdb]t, 4.1 The habitat Lhamclcnsucs mcasurcd in cach lcrntory dnd T

- pseudo-territory. y : :
._'I.Jble 4.2 Measures of error rate, scnsmvny and spcc:fluly for modcl R
- predictions. © T e N SRR
B -:.:Tablc 4 3 Nest- snc (.lmraclcrlsllcs mcasured dl cach used dnd unuscd suc . 115
"_Tdblc 4.4 The number of delecuons in CdCh scason dnd for edch woodldnd ;'_4_,-
. Tdb]e 4 S Thc llme and dlSldnCC to delccuon m each season and woodland } h -
“ type S e T e o116
- ".:Table 4. 6 Slmultaneous Bonferronl conﬁdcncc :nlcrvals for obscrved versus | g
R expected use of the four mam woodland lypcs m Dry.mdm - 17T
"'Tdb]e 4 7 The values of each of the habitat variables measured in the |
o < Dryandra used and unused sites and the Julimar used sites (based
~ on the presence/absence surveys), and the Dryandra study _
territories. 118
'Table 4.8 The habitat variables included in the fmal territory model showmg_ _
values of the Wald statistic, Ievcls ofswmf"cance and proportionof =~
variance explained. UERE _ 19
Table 4.9 The predictive capabllny of the Imal temtory model showing lhc . |
overall percentage of correct predlcuons and measures of sensnwny BRI
and specificty. S T

regression model in territories (used) and-pseudo- lemtoncs (unused):'
of Wandoo sites only. S

Table 4.11 The predictive capability of the Dryandra territory model wh’_eﬁ L L
applied to the habitat data from Julimar. 123

Table 4.12 The values of each nest-site characteristic and a summary of the |
transformations conducted prior to logistic regression analysis. 124

Table 4.13 The variables included in the final nest-site model showing
- values of the Wald statistic, fevels of significance and proportionof - - -+
variance explained. 128

Table 4.14 The predictive capability of the final nest-site model showing
overall percentage of correct predictions and measures of sensitivity
and specificity. 125

Table 4.15 The predictive capability of the nest-site model derived fromthe = -
30 study territories when applied o data from outside the study area. = 126

Xiv



Appendix 4.1

Table 1 Within scason differences in I'oraging bchavidur in Dryandru 1998.

“Table 2 Seasonat differences in Ior.l;,m;_, bchavnour in autumn and wmlcr in.
Dryandra 1999, Lo

Tabl:. Landscape (habitat context) dif] ferences in fomgmf, bchdwour
between Dryandra and Yilliminning in winter 1999,

Chapter 5

Table 5.1 The nest-site characteristics measured at successful (ﬂcdglng at
least onc nestling) and unsuccessful nests.

.. Table 5.2 The proportion of hollows used again for nesting after lhc mmal
nest attempt was successful or unsucccssful

Table 5.3 Quality, fitness and social measures for each of the study territories.

Table 5.4 Spearman rank correlation coefficients between fitness and social

' measures, and territory quality.

Table 3.5 The Poisson and logistic regression analyses examining the
relationship between treecreeper fitness and territory quality,
provisioning rate and group size.

Table 5.6 The coefficients and standard errors for each of the models
examining the relationship between fitness and territory quality,
provisioning rate and group size.

Table 5.7 Spearman rank correlation coefficients hctween fitness and
tervitory measures and the individua! habitat characteristics that
contributed to the measure of habitat quality.

Chapter 6

Table 6.1 Mean value of each habitat characlenstic that comprised the
habitat quality index, averaged across all territories in Dryandra and
Yilliminaing. :

Table 6.2 Territory size in each habitat context in Yilliminning.

Table 6.3 Populaition density in citch habitat context.

Table 6.4 Group size and number of nest atendants in each habitat context B
194

in 1998 and 1999,

Table 6.5 The number of nest attempts per female, percentage of breeding
groups receiving provisioning assistance from neighbours
(cross-territoriat), and percentage of females re-nesting alter a

xv

3
145

45

166

7166.
168

169

173

174

191
192

192

successful nest attempt or raising two broods to fledging in a scason. 194 ..



Tzib]c_G.G_Thc percentage of lailed nests, groups re-nesting after raising a
-brood to fledging, and groups successfully rdising, two broods in a
- scason for groups < three .md 2 lhrcc mdwlduuls

'Tabie 6. 7 Clmn‘t_,c in model dcv:ancc wuh the addmon of the mdepc.nc.cm
h . variables listed. : :

“Table 6.8 The coefficients and smnd.ird CEIOrS of' cach varmb!c mr.[udcd in
the tinal Poisson model. o

.. Chapter 7

Table 7.1 The social, habitat, remnant and ldﬁdscapc measures (independent

variabies) used in the regression modcls cxammmg I‘C]dllO[‘lShlpS wnh o

['CpI'OdLIC[IVC SUCCESS.

Table 7.2 Measures of reproductive success and survwal in cach hdbxlat
context. : =

Table 7.3 The nest success maodel including grazing as the best prcdlclor
of nest success in Yilliminning. : :

Table 7.4 The group productivity model including (log)e) lemtory size .15
the best predictor of group productivity. :

Table 7.5 Differences in the structural characteristics of nest-trees and-
hollows in Dryandra and Yilliminning.

Table 7.6 The final nest success model including hollow hcl ghl and grazmg
as significant predictors of nest success.

Appendix 7.1

Table 1 Nest-site characteristics of artificial nests.
Chapter 8
Table 8.1 The number of territories and population size (females oniy) in

1998 and 1999 for each local population in Yilliminning.

Table 8.2 The survival rates of primary males and females in each habitat
context in Yilliminning.

Table 8.3 The actual survival rates of primary females and juveniles, and
fledglings produced in each local population and the entire population
at Yilliminning and Dryandra.

Table 8.4 The final logistic regression model including reproductive failure
as a significant predictor of group disappearance.

xvi

195

a9

- 1'95-

3]
-3

R
]
W



LIST OF FIGURES
Chapter 1
Figure 1.1 Thesis structure.
Chapter 2 |

Figure 2.1 Location of Dryandra and Yilliminning.

Figure 2.2 Native vegetation cover in the Shire of Narrogin .md the Iocanon _
of the Yilliminning study area.

* Figure 2.3 The main remnant vegetation blocks al Dryandra Woodland and

the clearance of native vegetation outside Dryandra from 1950 -- 1993,

Final panel shows the location of the Dryandra study area.
Figure 2.4 The location of the three study sites in Drvandra,
Figure 2.5 The location of the treccreeper temritories in Yilliminning.

Figure 2.6 Total inonthly rainfall at Dryandra and Yilliminning (1997 - 1999)
and Jong-term mean monthly raintall frecorded at Narrogin).

Figure 2.7 Mean minimum and maxiraum temperatures at Dryandra and
Yilliminning, and leng-term mean minimum and masimum
temperatures (reccorded st Narrogin) for each month of the main
breeding scason in the two compurative veurs of the study.

Figure 2.8 Vegetation types in the Dryandra study landscape.
Figure 2.9 Vegetation types in the Yilliminning study landscape.

Figure 2.10 The distinctive upper breast plumage of the adult male,
adult female. juvenile male and juvenile female.

Figure 2.11 The distribution of the Rufous Treccreeper.
Appendix 2.1

Figure | Distribution of weight and head-bill measurements for adult male
and female Rufous Treecreepers.

Figure 2 Distribution of weight and head-bill measurements for juvenile male
and female Rufous Treecreepers.

Chapter 3

Figure 3.1 Site A territories.
Figure 3.2 Site B territorices.
Figure 3.3 Site C territorics.

Figure 3.4 Distribution of group sizes.

xvii

14.

6

17

-

56
57

59



- Figure 3.5 A cross-section of a hollow used lor nesting.
Figure 3.6 The number of nest attendants recorded provisioning nestlings.

Figure 3.7 The decline in the provisioning rate/hr of the primary male
and primary female with an increase in the number of helpers al
the nest.

Figure 3.8 The percentage of groups with differing levels of nest success.

Figure 3.9 Differences in group prodm.nwly between the three study sites
and difterent sized groups.

Figure 3.10 The percentage of juvenile males and females disappearing from
their natal territory over a 12-month period. .

Figure 3.11 The categorics of non-resident helpers observed fecdmg
nestlings.

Figure 3.12 Dispersals and visits between territories at Site A. -
Figure 3.13 Disp{irsals and visits between territories at Site B.

Figure 3.14. Disp:e:_rsals and visits between territories at Site C.

Appendix 3.1

Figure | Relationship between provisioning rate/hr and the number of nestiings,

nest stage, time of day and maximum daytime temperature.
Chapter 4
Figure 4.1 Sampling design used for collecting habitat data in each terntory

and pseudo-territory.

Figure 4.2 Relationship between the predicted probability of occurrence
of Rufous Treecrecpers and density of hollow-bearing logs. nest
site index and tree age index (principal component scores) with other
variables held at their mean.

Figure 4.3 Relationship between the predicted probability of occurrence
of Rufous Treccreepers and the density of Wandoo canopy trees
and hollows, and tree size index and (logy) deadwood biomass with
other variables held at their mean.

Figure 4.4 Relationship between the DBH of the three muin hollow producing
trees in Dryandra and the mean number of hollows per tree.

Figure 4.5 A hicrarchical analysis of Rufous Treecreeper habitat use.
Appendix 4.1

Figure 1 Percent use of foraging locations and foraging substrates in
Dryandra in winter 1998.

xviii

6l
62
67
68
70
75
77
78

79

80

98

111

144



Figure 2 Foraging locations used in Dryandra autumn, Dryandra winter,
Yitiminning ungrazed winter and Yilliminning grazed winter
in 1999, '

Figure 3 Foraging substrates used in Dryandra autumn, Dryandra winter,
Yilliminning ungrazed winter and Yilliminning gruzed winter
in 1999,

Figure 4 Percentage ol Wandoo trees available and used in each tree-size
class at Dryandra.

Figure 5 The percent cover of the different cover types in cach habitat
context. . '

Chapter 3

Figure 5.1 The relationship between territory quality, provisioning rate/hr,
group size and group productivity. '

Chapter 6

Figure 6.1 The multidimensional scaling analysis of the habitat structure
of the treecreeper temitories in Drvandra and the large and smal!
ungrazed and large and small grazed remnants in Yilliminning.

Figure 6.2 The meun quality index (in decreasing arder) of territories in
each site in Dryandra and the four habitat contexts in Yilhiminning.

Figure 6.3 The provisioning rate/hr of the .nmary male and pnmary female

with an increase in the pumber of heipers at the nest.

Figure 6.4 The average population density, habitat quality and group

productivity values for each site in Dryandra and each habitat context

in Yilliminning lor the duration of the study.

Chapter 7

Figure 7.1 Differences in the level of nest predation between Sites A-C in

Dryandra and the four habitat contexts in Yilliminning.

Figure 7.2 Provisioning rate/hr in each of the habitat contexts.

Figure 7.3 Percent biomass of food delivered to nestlings in cach prey size
category in Dryandra and Yilliminning.

Chapter 8

Figure 8.1 An example of five differeni metapopulations.

Figure 8.2 The location and boundaries of the local populations in
Yilliminning.

Figure 8.3 The demographic space defined by the axes births minus deaths
(B — D) and immigration minus emigration (I - E).

Xix

146

147

148

149

170

190

191

197

201

223

225



- Figure 8.4 Examples ol distributions of local populations on lhc
' compensation and mobility axes.

Flgur(. 8.5 Population prajection models for cach local populition i in

Yilliminning, cach study site in Dry.lndrd and the entire populdllon :

in Yillimmning.

Figure 8.6 Natal dispersals and temporary movements of banded individuals

in Yillinunning.

Figure 8.7 The number ot dispersils recorded in each distance class during
the study and the number cxpected after correcting for census bias.

Figure 8.8 The position of each loca] population in Yilliminning and
the three study sites in Drvandra in the demographic space
defined by births minus deaths (B — D} and immigration minus
ernigration (I - E).

Figure §.9 The posttion of cach local population in Yilliminning and the
three sites 1n Dryandra in the demographic space defined by the
compensation and mobality axes.

Chapter 9

Figure 9.1 The hierarchical social organisation of the Rufous Treecreeper.

Figure 9.2 The interuactions between factors that are likely to influence
reproductive success in the unfrugmented landscape of Dryvandra.

Figure 9.3 The interactions between factors that are likely to influence
reproductive success in the fragmented landscape of Yilliminning.

o

XX

250

261

271
278

279



Part
BACKGROUND TO STUDY

Vuitures

Life is born of cultures
Picked clean by bloodied vultures
Which feed on dreams decaying
Of corpses that lie praying
For hope to end the slaughter
Of Mother's favourite daughler



CHAPTER |
INTRODUCTION

1.1 GENERAL INTRODUCTION AND THESIS OVERVIEW
1. 1.1 Anthropogenic moditication of landscapes

Human population growth and high per capita resource consumplion results
in the loss. fragmentaton and alterstton of indigenous hubitat. Habitat modification
by buman actuvity is a global phenomenon and understanding its cffects on the
functioning of ccological systems s a significant problem in ecology. There is hittde
hope for the conservation of native species and the maintenance of biological
diversity unless we develop a detmled knowledge of the influence of habitat change
on the persistence of species (Hobbs 1994).

The term habitat fragmentation is generally used to descnbe three processes:
a reduction in the wtad amount of indigenous habitat, a decreuse in the size of habitat
remnants (indigenous habitat rematning after clearance), and an increase in the
distance between remnants (Burgess and Sharpe 1981). These processes can have a
significant negative impact on populaton viability and biological diversity (Wiicox:
1980: Wilcox and Murphy 1983). Censequently, the effects of habitat fragmentation
on native biota have been a mayor focus 1n ecological research {Wilcove et al. 1986.
Haila et al. 1993: Hobbs and Saunders 19931 Andrén 1994 Collinge 1996).

Hubitat fragmentation 1s often the result of agriculture. forestry or urban
development. These activities lead to quantitative changes in the spatiul
characteristics of habitat, but they muy also alter ecological function within habitat
remnants. Native vegetation surrounded by agricultural land expenences abiotic
(e.g.. microclimate) and biotic {(c.g.. predutor density) changes associated with the
predominant land use (Saunders et al. 1991). These external influences may modify
the ecological processes occurring in remnants to the detriment of species that rely
on native vegetation. It is important 1o recognise that the consequences of habitat
fragmentation encompass more than just spatial changes to indigenous habitat,

The effects of habitut frugmentation have been of particular interest to
Australian rescarchers (Hobbs and Saunders 1993: Saunders et al. 1993; Bennett and

Ford 1997 Catterall ct al. 1998). Australian ecosvstems have been substantially
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madified since European settlement leading 1o the decline or extinction of many
native species (Commonwealth of Austrilia 1996). In particular, extensive arcas of
mittive vegetation have been cleared or altered in regions now used for agncultural
production. These regions serve as useful “natural  experiments™ on  the
consequences of habitat fragmentation for native species and have been the focus of

comprehensive rescarch (Saunders et al. 1993; Barrett et al. 1994),

1.1.2 The theory of habitat frapmentation

The theorctical frameworks of 1sland biogeography (MacArthur and Wilson
1967) and metapopulition dyvnamics (Levins 1969) have had a significant influence
on empirical investigations of the cffects of habitat {rugmentation on species
diversity and persistence. The theory of island biogeography. originally applied to
oceanic 1slands. has drniven many corununity-leve! studies of species assemblages
occupying habitat “islands™ (remnanis) in fragmented terrestrial systems (Howe
1984; Hino 1985: Opdam et al. 1985: Bluke und Karr 1987; Haila et al. 1987 Soulé
et al. 1988: Amold and Weeldenburg 1990; Hinsley ct al. 1996; Berg 1997). The
main tenets of the theory are that species assemblages are a consequence of an
equilibrium between immigration and local extinction. and a reduction in island arca
and an increase in 3solation (c.g.. distance from a large source patch of immigrants)
will result in lower species richness. Application of the theory 1o fragmented
terrestrial systems has been questioned by a number of authors (Gilbert 1980:
Margules et al. 1982: Simberloff and Abele 1982; Mader 1984) and its strengths and
weaknesses have been extensively reviewed clsewhere (Diamond 19735, 1976:
Simberloff and Abele 1976, 1982: Connor and McCoy 1979: Murphy and Wilcox
1986).

Despite any limitations, community-level studics of species-area/isolation
relationships have been valuable in identilying species that are consistent'y absent
from small, isolated habitat remnants, and may be vulnerable to the negative effects
of habitat fragmentation. Subsequent, intensive rescarch on selected species from
within this vulnerable group may be a useful approach to identifving fragmentation-
related mechanisms that could be responsible for population decline.

Metapopulation theory arose out of the recognition that populations may be

spatially subdivided rather than uniformly distributed across a landscape. A

ra
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metapopulation is a spatially structured assemblage of local p()pu]atiflns with a level
of interaction (c.g.. dispersil) between them that has some cffect on local population
dynamics (Hanski and Simberloff 1997}, The theory is similar o island
biogeography in that habitat arca and isolation are thought to play an important role
in the extinction-colonisation dynamics of local populations (Drechsler and Wissel
[998; Hanski 1998: Moilanen and Huanski 1998).

The metapopulation model stresses the importance of within and between
local population dynamics on the persistence of a species over time. ts concepts are
intuitively appealing to rescarchers studying the dynamics of organisms living in
anthropogenically fragmented landscapes because the distribution of many species is
spatially subdivided. In these situations, it is important to determine the level of
demographic interaction occurring between spatially discrete local populations and
the likelihood that populations will persist without immigration. If the persistence of
a species is the result of a balance between the extinction of local populations and
re-colonisation of empty habitat from extant neighbounng populations. then
metapopulation dynamics may be the most appropriate thcoretical framework.
However, there is scant evidence in nature to support classic metapoputation theory
and further empirical studies are required to assess its generality (Harmison 1991,
1994; Harrison and Taylor 1997). This is an extremely important issue m relation to
how species persist in fragmented fandscapes and is discussed turther in Chapter 8.

One of the limitations of island biogeography und metupopulation theory is
the often strong dichotomy between remnant and matnx (the predominant
vegetation/land-use type surrounding a remnant). This dichotomy does not recognise
that the matrix may be useable habitat 10 some species and processes occurring in
the matrix may influence population dynamics in remnants. Landscape ecologyv
attempts to address this issue by providing a more holistic approach to the study of
species persisience in fragmented systems (Hansson and Angelstam 1991; Hobbs
1994; Lidicker 1995,. It recognises that ecological processes are not confined by
anthropogenically created boundaries and the persistence of species may rely on the
sympathetic management of the entire fandscape. However, landscape ecology lacks
the strong theoretical framework of metapopulation dynamics and Wiens (1997)
suggests a synthesis of the two approaches would prove beneficial to future

empirical investigations.
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Most definitions ol “landscape” emphasise spatial heterogeneity among a
collection of interacling systems (sce Wiens 1997 p, 45). A landscape may be
considered a level of organisation (Gosz 1993; Lidicker 1995) or a scale of
investigation (Forman and Gordon 1986; Hansen ct al. 1993). The latter is restrictive
if" considered from a purely anthropogenic perspective. The ecological traits of a
species and the questions being asked should dictate the scale of inquiry (Wicns
1989a). My study was framed within a landscape context and the scale of
investigation was lurgely defined by current knowledge of the life-history
characteristics and space-use requirements of the Rufous Treecreeper Climacteris
rufa. However, | focussed mostly on the structural and ecological differences
between a fragmented and unfragmented landscape rather than the influence of

within-landscape spatial heterogeneity on species dynamics.

1.1.3 Avifaunal decline associated with habitat fragmentation

Habitat fragmentation has led to a decline in the abundance and species
richness of birds in many regions of the world (McLellan et al. 1986; Newmark
1990: Andrén 1994: Simberloff 1994: Recher 1999). In Australia, widespread
decline in the abundance of many woodland birds has occurred in landscapes altered
by agriculture and pastoralism (Howe 1984; Saunders 1989; Saunders and Curry
1990; Barrett et al. 1994, Recher 1999: Reid 1999: Ford et al. 2001). Open
woodlands and grassiands are often associated with the more productive soils and
were preferentially clearcd in agricultural regions (Ford and Barrett 1995: Yates and
Hobbs 1997). This preferential clearing has resulted in the decline of bird (and
other) species associated with these vegetation types (Saunders and Ingram 1995;
-::Robinson and Traill 1996),
| In the wheatbelt of Western Australia, woodlands on lower slopes and valley
floors (e.g., Salmon Gum Eucalyprus salmonophloia and Wandoo E. wandoo) were
preferentially cleared and are now poorly represented in the region (Beard and
Sprenger 1984, Hobbs and Mooncy 1998). Much of the remaining vegetation occurs
in small, isolated remnants subject to external influences emanating from the
surrounding landscape. A number of bird species that use these woodland types have
become rare or locally extinet in certain agricultural districts (Saunders and Ingram
1995).
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Recent studices of the effects of habitat alieration on hirds highlight 4 number
of characteristic ccological traits that may increase the probability that a species will
decline in fragmented systems. These include specialised habitat requirements
(Telteria and Santos 1995), poor dispersal abitity (Haas 1995; Brooker ct al. 1999},
ground or low shrub nesting (Wilcove and Robinson 1990; Luck et al. 19992) and
ground foraging (Reid 1999), Examining the mechanisms of decline reguires
detailed, autecological studies of selected species (Gilpin and Soulé 1986,
Zimmerman and Bierregaard 1986; Brussard 1991; Simberloff and Martin 1991). In
an agricultural context, these investigations are not only useful for assessing
fragmentation theory, but can contribute to the development of appropriate
management strategies that will assist in maintaining a balance between

conservation and agricultural production.

1.1.4 The Rufous Treecreeper: a case study

Autecological studies designed to cxamine the consequences of habitat
fragmentation on population viability should focus on species that have previously
been identified as sensitive 1o habitat change and attempt to determine the reasons
behind this. The Rufous Treecreeper is a bird species that has become rare or locally
extinct in certain regions subject to agricultural and urban development, and appears
to be sensitive tw habitat alteration (Kitchener et al. 1982; Saunders 1989; Stormr
1991). The specific factors leading to its decline are unclear and our knowledge of
the Rufous Treccreeper is very limited with only one published study on its
termitorial and breeding behaviour (Rose 1996). Therefore, a case study on this
species 1s not only useful as an empirical evaluation of the consequences of habitat
fragmentation, but provides valuable information on a vulnerable species that is

poorly known.

1.1.5 Aim and structure of thesis

In this study, I used the Rufous Treecreeper to explore the effects of habitat
fragmentation on ecological processes in the Western Australian wheatbelt., The
processes that 1 considered were social and spatial organisation, habitat selection,
reproductive behaviour and success, dispersal and population dynamics. The general

aim of my study was to compare landscape differences in these processes between a
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large (8,500 ha), unfragmented study urea, and an equjvalent sized arca that has been
modified by agriculture. The underlying thesis of my research was that landscape
alteration by agriculture results in changes o ceolugical processes, adversely
affecting the ability of the Rufous Treeciceper lo persist in the agricultural
landscape.,

The thesis is divided into four parts and nine chapters (Figure [.1). In the
following chapter, | describe my study areas und general methods, and provide brief
bﬁckground information on the biology of the Rufous Treecrceper. In Part Il
(Chapters 3 — 5), 1 examine the ecology of the treecrceper in the unfragmented
landscape. This includes its cooperative breeding behaviour (Chapter 3), a mulu-
scaled analysis of habitat use (Chapter 4) and the relationship between habitat
quality and reproductive output (Chapter 5). The purpose of these chapters is to
develop a sound knowledge of the life-history characteristics of the species in a
relatively undisturbed area. This is fundamental to understanding the potential
consequences of habitat alteration on population viability.

In Part 11l (Chapters 6 — 8), I examine the egology of the treecreeper in the
fragmented agricultural landscape and compare this with the findings from the
unfragmented area. Specifically, these chapters assess differences in habitat use,
population density and cooperative behaviour (Chapter 6). reproductive success
(Chapter 7) and population dynamics (Chapter 8). In Part IV (Chapter 9, I
synthesise the information from the preceding six chapters to present a general
discussion of the consequences of habitat fragmentation for the Rufous Treecreeper.
In the introduction to Chapters 3 — 8, | provide a brief review of the literature
relevant to the topic discussed. Each chapter is formatted in the siyle of a scientific
paper, but provides a more in depth description of mé‘thods and discussion of results

than would be presented in a standard scientific publication.

6 fl !
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Figure 1.1 Thesig structure. The numbers in brackets indicate relevant chapters.



CHAPTER 2
STUDY AREAS, RUFOUS TREECREEPER BIOLOGY,
AND GENERAL METHODS

21S8TUDY AREAS
2.L1 Introduction

! studied the Rufous Treecreeper in two areas in the central west wheatbelt of
Western Austrabia; Dryandra Woodland (centred on 32°45°S, 116°55°E) and the
Yilliminning agricultural district (centred on 32°54°S, [17°24°E). Dryandra 15
located approximately 160 km southeast of Perth, and Yilliminning is approximately
35 km southeast of Drvandra (Figure 2.1). In this chapier, | provide a general
description of the climate, topography. vegetation associations and clearance history
of the central west wheatbelt. | also inciude & description of the two study areuas. my
criteria for site sclection and the location of study sites and icrritories. Comparisons
are made for rainfall. temperature und vegetation cover between Drysndra and
Yillimnning. Finalty, I present background information on the Rufous Treecreeper

and describe the general methods I used to mark and monitor my populations.

2.1.2 The central west wheatbelt

The central west wheatbelt experiences 1 Mediterranean climate with hot,
dry summers and mild, wet winters (McArthur et al. 1977). Average annual rainfall
is 504 mm with most falling in the winter months (June — August). The landscape is
gently undulating with occasional breakaway slopes and granite outcrops.
Landforms in the region can be broadly classified into four main types supporting
characteristic vegetation communities:

a) latentic uplands — supporting dense shrubland of Drvandra spp. and
Petrophile spp.. occasionally with a spurse overstorey of Jarrah
Encalyptus marginara and Powderbark Wandoo E. accedens:

b) upper vailey slopes - supporting Brown Mallet E. astringens and
Powderbark Wandoo woodlands;

c) mid to lower valley slopes — supporting Wandoo E. wandeo, Marri E.

calophylla and Rock Sheoak Allocasnaring huegeliana woodlands: and
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d) valley floors — supporting York Gum FE. loxophleba and Jam Watlle
Acacia acuminata woodlands (McArthur et al. 1977, Coates 1993,

Department of Conservation and Land Management 1995).
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Figure 2.1 Location of Dryandra and Yilliminning (modified from the Depariment of
Conservation and Land Management 1995),
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Woodland communities in the region are characterised by a tall (canopy
height = 25 m) and generally open (< 30% projected foliage cover) overstorey. The
understorey varies from dense in Marri woodlands to very sparse in Wandoo and
Powderbark Wandoo woodlands. Most shrub species are < 2 m in height and
common genera include Dryandra, Banksia, Grevillea, Hakea and Gastrolobium.
As with most other regions in the wheatbelt, native vegetation has been extensively
cleared for agriculture over the last 50 — 100 years. In the Shire of Narrogin, it is

estimated that only 15% of the original native vegetation remains (Figure 2.2; Grein

1994).

Narrogin

\o\\
Jr' g"

Remnant vegetation — public land
Remnant vegetation — private land

0 5 10 km

L1 |

Figure 2.2 Native vegetation cover in the Shire of Narrogin and the location of the
Yilliminning study area (modified from Grein 1994).

10
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Mast of the agricultural land in the region is used for cropping (wheat and
canola) or sheep grazing. This land use can have significant consequences for the
remaining native vegetatson, Threats to remnant vegetation embedded in this
agricultural matrix include over-grazing by introduced and native herbivores, weed
invasion, spray dnft. altered water and nutrient status, microchmaie changes and
salinity. These threws, along with habitat clearance and fragmentution, have
significant implications for the persistence of many native species reliant on remnant

vegetation.

2.1.3 Description of study areas

Dryandra

Dryandra Woodland is fragmented into 10 discrete habitat blocks with much
of the surrounding land cleared for agriculture (Figure 2.3). The largest block is
12,283 ha (Department of Conservation and Land Management 1995). Dryvandra is
ecologically important for many reasons. It is the largest and most floristically
diverse conservation reserve in the region and harbours @ number of rare species
including thc Numbat Myrmecobius fausciatus, Woylie Betongia penicillate and
Red-tatled Phascogale Phascogale calura (Department of Conservation and Land
Management 1995).

The vegetation communities in Dryandra are characteristic of the western
wheatbelt. The main woodland types are Brown Mallet and Powderbark Wandoo on
upper slopes and Wandoo on the mid - lower slopes (see Coates 1993 for a detailed
description of the vegetation of Dryandra). Large arcas within the main habitat
blocks support Brown Mallet plantations that were established from 1925 — 1962 1o
service the tannin industry (Department of Conservation and Land Management
1995). These plantations are currently subjected to small-scale selective logging.

which represents one of the few significant disturbances occurring in the reserve.

11
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Figure 2.3 The main remnant vegetation blocks at Dryandra Woodland (light grey), and the
clearance of native vegetation outside Dryandra (black) from 1950 to 1993. The final panel
shows the location of the Dryandra study area (modified from the Department of

Conservation and Land Management 1995).
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Yilliminning

Mast of the natve vegetiion in the Yilliminnng agncultural distnct was
cleared prior to 1960 (Shire of Nurrogin, pers. comm., Aagust 1998). The remicnder
occurs i remnants ol hetween 1 - 250 haoin size. surrounded by agncultursd fand
used primanly for cropping and sheep grazang. These remiants have been. and
continue o be, subjected o o range of disturbances chaructenstic ot remnant
vegetation in the wheatbelt ie.g.. gruzing. weed invasion and the removal of tmber
for tucl.

The main vegetation types in the region are similar to those found in
Dryandra. Wandoo. Brown Maullet and Rock Sheoak woodlands. and Drvandra,
Hukeq and Bunksia shrublands are common. The district also supports smull patches
of Morrel E. longicomiy and Sulmon Gum £ salmonophioia open woodlund, which
generally have a sparse understorey. The Salmon Gum is mostly interspersed within
the more predominant Wandoo woodlands and was not considered a distinet

woodiand type for the purposes ol my study.

Selection of study areas

A study area was selected in Dryandra and Yitliminning hased on the

following critena:

a) large enough to be considered a landscape in an organisational and
spatial sense with reference to the characteristic scales of Rufous
Treecreeper activity (see Section 1.1.2);

b) logistically manageable:

¢) containing sufficient numbers of ircecreepers for statistical analysis:

d) in Dryandra, native vegetation should be cortinuous and relatively
undisturbed: and

e) in Yilliminning, vegetation remnants should vary in size and disturbance
level (c.g., grazed or ungrazed).

The Dryandra study area (landscape) covercd approximately 8,500 ha of

native vegetation occurring in the centre of the largest vegetation black (see Figure
2.3). At Yilliminning, the study landscape covered 10.000 ha ecncompassing a

number of vegetation remnants ranging in size from | - 250 ha (sec Figure 2.2).

13
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I considered 30 treecreeper territories per lundscape as a suitable sample size
for comparative analysis. In Dryandra, these were located in three spatially discrele
sites approximately 1.5 - 3 km apart (Figure 2.4). These sites were selected because
they occurred in the same vegelation type (open Wandoo woodland) and cach
contained at least 10 contiguous territories (the number ol potential territories was
determined by preliminary survey work). This design allowed me to examine within
landscupe differences in ecological traits, and territory contiguity was considered
important 1o study the social behaviour of the species. For the duration of the study
(1997 — 1999), these sites also appeared to be demographically discrete, as no

interchange of marked individuals occurred between sites.

N,

H %“Df}'andra Village
l :: ................. S

LEGEND
e —— Boundary of Dryandra Woodland
N == s » = Sealed road
+ ______ Major unseated road
............................... Minar unsealed road

~ Figure 2.4 The location of the three study sites in Dryandra.

14
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In Yilliminning, the 30 territories were distributed among 10 vegetation

remnants out of a total ol 12 contmning treccreepers (Figure 2.5). A remnant was

considered spatially discrete if it was separated from other remnants by at least 50 m
or if it was attached to an adjacent remnant by a narrow (< 20 m wide) strip of
vegetation, This classitheation s arbitrary, but was uscd Lo acc_ouhi_ for the
potentially detrimental influence of edge cffects. | _

The 10 study remnants ranged 1n size from 5 - 250 ha, Each remnant was
arbitrarily classificd as smali (< 30 ha), large (2 60 ha), grazed (subject 1o annual or
biannual grazing by shcep) or ungrazed (free from stock grazing for at least 15
years). The number of remnants (and territories) in each class were: large ungrazed,
two (nine): large grazed. one (cight): small ungrazed, four (six); and small grazed,
three (seven) (Figure 2.5). This design allowed me to examine differences in the
ecological traits of the treecreeper between remnants that varied in size and grazing

intensity.

2.1.4 Differences in climate and vegetation cover between landscapes
Rainfall and temperatitre

Total monthly rainfall figures were obtained in each landscape for the
duration of the study (Figure 2.6). For the years when comparative data were
collected on the treccreeper populations (1998 and 1999). total annual rainfail at
Yiliiminning was 502 mm and 532 mm compared to 445 mm and 481 mm at
Dryandra. Fluctuations in total monthly rainfall were reasonably consistent between
the landscapes, although at Dryandra. slightly more rain fell in August (the
beginning of the breeding scason) each year (Figure 2.6).

I also obtained average minimum and maximum temperatures for each
month of the main breeding season in 1998 and 1999 (Figure 2.7). Average.
minimum temperatures were aimost identical in each landscape, whereas average

maximum temperatures were always slightly higher at Dryandra.



0 1 km

Figure 2.5 The location of treecreeper territories in Yilliminning. Red asterisks = the 30 closely
monitored territories, blue asterisks = irregularly monitored territories with banded birds,
and black asterisks = irregularly monitored territories with unbanded birds. Dark grey
shading is remnant native vegetation. Single lines between remnants are linear strips
of vegetation. Numbers refer to size and disturbance category of remnant: 1-2 large
ungrazed; 3 large grazed; 4-7 small ungrazed; 8-10 small grazed.
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Fig'ure_ 2.6 Total monthly rainfall at Dryandra and Yilliminning (1997 — 1999) and long-term
mean monthly rainfall (recorded at Narrogin).

17



Study arcas and background

- —0—— Dryandra min.  —p— Dryandra max.  —@— Yll[iminning min.
—— & Yillirinning max. ------Meanmin.” .-+ @+ Mean max.

el . I 1> W
(4] o o o n
i ; H T

Temperature (Celsius)

o e . = —

ry
o th o=
i i

——— - -+

Sep-98 Oct98 Nov98 Dec-98 Sep-99 Oct-99 Nov9S Dec-99
Month '

Figure 2.7 Mean minimum and maximum temperatures at Dryandra and Yilliminning, and
long-term mean minimum and maximum temperatures {recorded at Narrogin) for each
month of the main breeding seascn in the two comparative years of the study.

Vegetation cover

Coates (1993) mapped the vegetation of Dryandra using aerial photographs
and ground truthing and produced 1:27,000 scale sheet maps. Each map delincated
boundaries between the predominant vegetation associations. 1 used these maps as a
basis for developing a digitised version of the vegetation associations in my study
landscape (Figure 2.8). The digitised map was captured using the Geographical
Information System (GIS, ARC/VIEW Version 3.1. For Yilliminning, | used aerial
photographs and extensive ground truthing to produce a sheet map (1:25,000),
which was also digitised (Figure 2.9).

Using ARC/VIEW, I calculated the percent cover of each vegetation/land-
use type in the two landscapes (Table 2.1). The most common vegetation association
in Dryandra was Wandoo woodland (28.1% of the total area), although Brown
- Mallet and Powderbark Wandoo occurred in similar proportions. In Yilliminning,
the most common native vegetation association was also Wandoo (5.7%), but the
most common land-use type was agricultural (cleared) land, which comprised 85.2%
of the study landscape. This is in contrast to Dryandra with only 1.6% of cleared
land (Table 2.1).
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Vegetation types

Agricultural (cleared) land
Brown Mallet

| Marri

Powderbark Wandoo
Powderbark-Jarrah
Powderbark-Marri-Jarrah
Wandoo

Other (Sheoak and Shrubland)

Figure 2.8 Vegetation types in the Dryandra study landscape (mapped from Coates 1993).



Vegetation types
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____| Brown Mallet
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Shrubland
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| ] Other (Granite, Saltmarsh, Revegetation)

Figure 2.9 Vegetation types in the Yilliminning study landscape. Single lines are vegetation corridors
occurring along roads, railway tracks or other linear features.
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Tauie 2.1 The percent cover of each vegelationfland-use type occurring in the Dryandra and
Yilliminning study areas.

% cover of tolal area

Vegeration,}fz_i_r_f&;ﬂ;s;g-'f“;f;‘:g Dryandra Yilliminning
Agricultural {cleared) land 1.6 85.2
Brown Mallet 26.7 0.7
Marri 1.0

Morrel - 0.6
Powderbark Wandao 23.7 -
Powderbark Wandoo-Jarrah 4.9 -
Powderbark Wandoo-Marri-Jarrah 8.8 -
Sheoak {see Other 1} © 3.4
Shrubland {see Other 1) 1.9
Wandoo 281 57
Wandoo-Morrel-Salmon Gum - 2.2
Other 1 {Sheoak and Shrubland) 5.2 -
Other 2 (Saltmarsh and Agroforestry) - 0.3

2.2 THE BIOLOGY OF THE RUFOUS TREECREEPER
2.2.1 Taxonomy, plumage and distribution

There are currently seven recognised species in the family Climacteridae
(treecreepers), which is endemic to Australia and Papua New Guinea. Six of these
occur in Australia, five in the genus Climacteris and one in the genus Cormobates
(Sibley et al. 1984). Climacteridae is considered one of the “old endemic™ familics
(parvorder Corvi), which originated in Australia and Papua New Guinea (Sibley et
al. 1984, Sibley and Ahlquist 1985). The Rufous Treecreeper is closely related to the
Brown Treecreeper Climacteris pictannus, which occurs in similar woodland
associations in eastern Australia (Sibley et al. 1984).

I collected detailed information on plumage and size characteristics of adult
and juvenile Rufous Treecreepers of both sexes. This information is presented in
Appendix 2.1 and summarised here. The plumage of adult treecrecpers is sexually
dichromatic; males have buff white streaking with black margins on their upper
breast and females have finer buff white streaking with rufous margins (Figure
2.10). The remainder of the plumage is practically identical, characterised by light
brown-cinnamon upperparts, salmon-rufous underparts, and a rufous wing bar
visible during flight. The differences in upper breast plumage are distinctive enough

for birds to be sexed at a distance.
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Study areas and background

The plumage of juvenile (< 2 months fledged) treecrecpers differs between
sexes and from adults. The upper breast pattern in juvenile males is more diffuse
than adult males, with cinnamon rufous streaking down the rachis rather than buff
white. Juvenile females have no discernible upper breast streaking, which begins to
develop at 2 — 3 months post-tledging. Overall, juvenile plumage s shightly darker
than adult, particularly in the face, crown, forchead and nape (Figure 2.10).
Significant size dimorphism also occurs between the sexes in both adults and
juveniles. Males are generally larger than females with significant variation in
weight, head-bill. wing and tail measuremenis (Appendix 2.1).

The Rufous Treecrceper is endemic to southern Awustralia and has a
continuous distribution, confined to temperate forests and woodlands, stretching
from southwest Western Australia to western South Australia (Figure 2.11). At the
western edge of its range it occurs in Jarrah and Karri E. diversicolor forest, but s
considered to have closer distributional affinities to open temperate and semi-arid

woodfands (Ford 1971; Blakers ct al. 1984).

Figure 2.11 The distribution of the Rufous Treecreeper {from Schodde and Tidemann
1997).
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2.2.2 Basice biology

The Rulous Treeereeper is generally considered o bark forager, but may
spend a significant amount of time foraging on the ground in particular scasons
(Recher and Davis 1998). Apart from the ground, common Joraging locations
include logs (tallen timber) and the trunks and branches of primartly cucalypt trees
(Harrison 196Y; Abbou 1981: Recher and Davis 1998} It feeds mostly on
invertebrates (Barker and Vestiens 1990).

Based on current information, the species appears to be sedentary and
territorial, living in pairs or groups of up to four individuals (Rose 1990). It is a
cooperative breeder, with individuals in addition to the breeding pair recorded
provisioning nestlings (Noske 1980: Rose 1996). It nests primarily in trec hollows
(Whitlock 1911; Howe 1921; Rose 1996), but has been recorded nesting in hollow
stumps or hollow logs on the ground {Carnaby 1933: Serventy 1958). The nest
hollow may be “built-up” with strips of burk on which is placed the nest cup lined
with dry grass, feathers, fur or other soft material (Harrison 1969; Serventy and
Whittel] 1976; Rose 1996; see Chapter 3).

The species breeds between August and January, although carly breeding has
been recorded in June and July after unseasonally heavy summer and autumn rains
(Serventy and Marshall 1957). Clutch size can range from onc to three. but is
usually two (White 1913; Serventy and Whittell 1976; Rose 1996). Incubation and

nestling periods are approximately 17 and 28 days respectively (Rose 1996).

2.3 GENERAL METHODS
2.3.1 Field work

The majority of fieldwork was undertaken between May 1997 and January
2000. A minimum of 12 days was spent in the field each month. During the breeding
season, I spent an average of 20 days in the field per month. | began studying the

Dryandra population in May 1997 and the Yilliminning population in April 1998.

2.3.2 Trapping and colour banding
I attempted to trap (mist-net) and colour-band all resident treccreepers in the

60 study territories and any new birds immigrating into the study sites. This
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objective was overly optimistic owing o the level of turnover occurring in
territories. However, at any given point in time, approximately 95% of the study
populations were banded. | tried to ensure that only one unbuanded bird occurred per
territory. II' a territory occupant remained unbanded for any length of timé, I
assumed 1t was the same individual [or data collection purposes.

Banding was conducted between June 1997 und January 2000. A metal band
supplicd by the Australian Bird and Bat Banding Scheme (ABBBS) was placed on
the left leg with a colour band (the master colour) placed ubove the metal band. Two
colour bands were placed on the right leg so that cach individual had a unique

1dentity.

2.3.3 Monitering

Monitering of birds was conducted by re-trapping, or repeated re-sighting of
banded individuals using 8 x 40 binoculars or a 22x wide-angle-lens telescope.
From July 1997 - January 2000 (Dryandra} and July 1998 — January 2000
(Yilliminning), every territory was visited at least once a month (more frequently
during the breeding season, see Chupter 3). Two seasonal visits were also conducted
in April (autumn) and July (winter) 2000. The primary purpose of the monthly visits
was to re-locate banded individuals. However, as the number of banded individuals
grew, it became increasingly difficult to monitor the progress of all birds. Therefore,
I allocated a maximum time period of 1 hour per territory per month to specifically

re-locate banded birds. Birds seen outside this period were also recorded.
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Appendix 2.1 PLUMAGEANE SIZE VARIATION IN ADULT
AND JUVENILE RUFOUS TREECREEPERS

Publistied in Corella, 1999, 23c4): 71-76

Summary

Plumage descriptions and morphometric measurements were obtained from
adull and juvenile Rufous Treecreepers of hoth sexes. Plumage characteristics
differed between sexes in adults and juveniles, and between adults and juveniles of
the same sex. The main plumage differences between adults and juveniles were the
overall darker colouration of the juvenile plumage and the variation in upper breast
pattern. Males and females and adults and juveniles (of the same sex) also exhibited

significant size dimorphism in a4 number of morphometric characters.

Introduction

Differences in plumage and size are widely used to sex and age birds. In
Rufous Treecreepers, the plumage of adult birds is sexually dichromatic (Keast
1957). Males have buff white streaking with black margins on their upper breast and
females have finer buff white streaking with rufous margins. Females are also
described as being siightly smaller than males (MacDonald 19731 Simpson and Day
1996; Schodde and Tidemann 1997), but a significant size difference between the
sexes has not been determined. Simpson and Day (1996) also note that the plumage
of juvenile Rufous Treecreepers has not been adequately described. Documenting
the plumage and morphometric characteristics of juveniles can assist in sexing and
aging individuals.

Previous descriptions of the Rufous Treecreeper have recorded some
variation in colour and size throughout its distribution. Male specimens from the
Eyre Peninsula, South Australia were described as having more prominent black and
white upper breast streaking (Howe 1921; Condon 1951; Keast 1957} and being
generally paler in colour (Matthews .cited in Ford 1971) than those from the
southwest of Western Australia. However, Ford (1971) suggested that chest
markings are more prominent in recently moulted birds and that descriptions of
geographic differences in plumage have not considered fading, wear and stage of

moult. Keast (1957) provided measurements of wing and tail length showing that
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Appendix 2.1 Plumage and morphametrics

birds from the Eyre Peninsula are larger than those from the southwest of Western
Austraha.

In the above studies, descriptions of plumage colour were not based on «
standard meusure (c.g.. a colour guide) and morphometric measurements were
generally collected on very few individuals from any given area. Therefore,
comparisons between geographic regions are tenuous, The aims of my study were
t0: @) provide a detailed description of the plumage of adults and juvemles using a
standard measure: b) determine the extent of size differences between sexes in adults
and juveniles: and ¢} determine the extent of stze differences between adults and

juveniles ot the same sex.

Methods
Study area and srunple population

As part of a detailed study on the ecology of the Rufous Treecreeper, I
colour-banded 222 adulis and 139 juveniles between Junc 1997 and January 1999 at
Dryandra Woodiand (centred on 32°45°S, 116°55°E) und the nearby Yilliminning
agricultural district {centred on 32°54°S, 117°24°E) in the wheatbelt of Western
Australia. All data collected on individuals classified as juveniles were from known
age hirds that had recenily fledged from monitored nests. Most of these individuals
(95%) were < 2 months old (i.c., < | month fledged). Birds of unknown age (i.c.,
those banded prior to the first breeding season and dispersers moving into the study

area) were classified as adults.

Plumage

The primary criterion for sexing adult Rufous Treecreepers is the difference
in upper breast plumage. This is widely accepted as truly representing the sex of an
individual (Keast 1957; Noske 1980; Rose 1996) and is supporied by dissected
specimens (Ford 1971). I have included a description of aduit plumage to allow for
comparison with juveniles rather than o re-ascribe plumage differences between
adult males and females. The sexing of juveniles based on plumage is more
problematic because juvenile plumage has previously not been described in detail.

However, every juvenile classified as male or female based on the differences |
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Appendix 2.1: Plumage and morphometrics

describe, that remained in the study arca for > 3 monlhs, developed adult plumage
characteristics consistent with their ascribed sex. |
A detailed description of adult and juvenile plumage of both sexes was
recorded using the plumage and solt parts description sheet issued by the Australian
Bird and Bat Banding Scheme (ABBBS}). Plumage colour was described using the
Naturalist’s Color Guide (Smithe 1975). As this is a time consuming process, these
descriptions were obtained from single individuals to reduce extended handling of
birds. Notes on important plumage characteristics (e.g., upper breast plumage and
face markings) were recorded from approximately 20 individuals in each sex and

age class,

Measurements

Head-bill, tail and maximum chord wing length measurements were taken on
each bird following the procedurss described in Lowe (1989). Birds were weighed

in a weighing cone (see de Rebeira 1997) placed on an electronic balance.

Data analysis

Morphometric data were examined for departures from normality using
normal probability plots and the Kolmogorov-Smirnov test. Tail measurements did
not meet the assumptions of normality and were subsequently log (base 10)
transformed. I used a two-sample ¢ test to determine the significance of size
differences between sexes in the same age class, and between ages of the same sex.

These data are not independent, so an o level of 0.01 is considered statistically

significant.

Results
Plumage

A detailed description of the plumage of adult and juvenile Rufous
Treecreepers is included in Attachment A. Table | summarises the main plumage
differences between sexes and adults and juveniles. In the following results, 1 focus

primarily on plumage differences between adults and juveniles.
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Table 1 Main plumage differances between adults and juveniles.

Character

Adult male

Adult female

Juvenlle male

Juvenile female

Bitl

Head and
shoulders

Other face
markings

Underparts

Bill, cere and gape

flange blackish
neutral grey.

Forehead and
crawn dark neutral
grey. Cinnamon
rufous eyebrow
{rom bili to behind
eye. Nape, manile
and scapulars
ground cinnamon
with robin rufous
tinge.

Upper breast
streaked with
individual feathers
comprising a buff
white centre with
blackish neutral
grey bands and a
light cinnamon
rufous fringe on
either side. Lower
breast ¢innamen
rufous with faint
buft white streaks
down centre of
feathers.

As male

As male

Upper breast
streaked with
individual feathess
comprising a bufi
white centre and
rich cinnameon
rufous fringe on
gither side. Lower
breast light
ginnaman rufous
with ground
cinnamon tinge
extending around
to top of shoulders
giving bird a
greyish 'collar.

Blackish neuiral

grey to light neutral

grey. Paler at
edges and lower

base, peart grey ta

pale horn. Bilt
becomes darker
with age. Gape
flange enlarged,
cream celour.

Forehead blackish
neutral grey, crown

slightly lighter. No
cinnamon rufous
eyebrow. Ear
coverts rcbin
rufous with dark
neulral grey tinge.
Nape medium
neutral grey,
manlle ground
cinnamon, both
tinged robin
rufous. Scapulars
Vandyke brown
with edge of
feathers robin
rufous.

Face and crowry
forehead/nape
complex darker
than aduit.

Throal and breast
heavily streaked
with individual
feathars
comprising a light
cinnamon rufous
centre wilh
blackish neuteal
grey bands and a
light cinnamon
rufous fringe on
either side. Lower
breast light
cinnamon rufous
with dark neutral
grey spots near
end of feathers.

As male

As male

As male

Throat light
cinnamon rufaus
with a medium
neutral grey tinge.
Upper breast as
throat with no
discernible
streaking of rujous
and buft white
feathers, Lower
breast light
cinnamon rufous,
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Generally, juveniles have darker plumage thun adults do. The face and
crown/forehead/neck complex is very dark and this is casily identifiable when
observing birds in the field. Juveniles do not have a cinnamon rufous cycbrow
(characteristic of older birds), but this develops quite ra.[;idly (occurting in birds of 3
- 4 months of age). Very young birds (1 - 2 weeks post-lledging) may have wispy
blackish neutral grev feathers protruding approximately 5 mm from the crown.
These feathers tall out casily when the birds are handled and do not occur on elder
fiedglings. This is a useful characteristic for jdentifying birds that have rhccm]y left
the nest.

The bill of recently fledged birds, although primarily blackish neutral grey, is
often paler at the edges and lower base with a pearl grey to pale hom colour. The
gape flange is enlarged and cream coloured, and the palat.é 1$ ofange yellow (Table
1). The bill and gape flunge become darker with age and the gape flange reduces in
size. _

The throat and upper breast of juvenile males is streaked with individual
feathers consisting of a light cinnamon rufous stripe running down the rachis (rather
than the buff white found in adults) and blackish neutral grey bands with a cinnamon
rufous fringe on either side. The streaking can vary between individuals, but is
usually more extensive and diffuse than in adults. In juvenile femaies, there is
almost no sign of streaking, the throat and upper breast being a umiform light
cinnamon rufous (or salmon colour) with a medium neutral grey tinge.

At approximately 2 — 3 months afier fledging, juvenile plumage begins to
develop distinct adult characteristics. A cinnamon rufous eyebrow is usually present
and the plumage of the face and crown is much lighter than younger birds. Buff
white streaking begins to show on the upper breast of females and the breast
streaking on males is less extensive and more characteristic of adult males. Within 6
months of fledging, juvenile plumage closely resembles that of an adult and there

does not appear to be an immature plumage stage.

Measurements
There were clear size differences between males and females and adults and
juveniles for almost all of the measurements taken (Table 2). In adults, males had

significantly higher mean weight, head-bill, wing and tail measurements (Tab.le 3).
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illustruli'ng that sexual dimorphism is not confined to plumage. These measures were
géncrally usefui in discriminating between the sexes, but they were not mutually
cxclusive. For cxumplc. 89.5% of males had a head-bill measure > 39 mm, whercas
85% of females were < to 39 mm: 85.5% of males weighed > 32.5 grams, 87%: of
females weighed € 32.5 grams. These two measures provided the clearest separation

between the sexes (Figure 1),

Table 2 Summary of mérphometric measurements (Mn = mean, Sd = standard deviation,
Rng = range). :

Weight (grams) Head-hili {mm)} Wing {(mm]) Tail {mm)
Adults No. Mn 5d Rng Mn Sd Rng Mn Sd Rng Mn Sd Rng
Male 123 3468 185 295 399 079 37.7- 8B8 187 4&3- 68.8 254 &0
39.5 41.8 a3 74
Female 99 308 204 257 384 075 367- 858 232 BO- 665 233 61
383 409 20 72
Juveniles
Mate 72 305 223 249- 369 109 344 B3 560 68 801 752 41
: 36.0 39.8 80 71
Female 67 277 185 235- 358 087 341- 785 S48 64- ° 591 680 39
31.7 38.3 87 - 66

Table 3 Results of the t tests comparing differences in the morphometric measurements
taken on adults and juveniles. The comparisons made were adult male - adult female
(degrees of freedom (df} 220); adult male - juvenile male (df 193); adult female - juvenile
female (df 164) and juvenile male - juvenile female (df 137). The table shows ! values and
levels of significance {*P < 0.001; n.s. not significant).

Adult male Juvenile female

Weight  Head- Wing Taif  Weight Head- Wing Taif

hill bill
Adult female 13.6 13.9 10.0 6.6 8.9 2141 11.8 9.4
Juvenile male 13.2 225 15.2 11.3 8.1 6.8 2.0 0.7

n.s. n.s.
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- Figure 1 Distribution of weight and head-biil measurements for adult male and female
Rufous Treecreepers.,

There were significant size differences between sexes in juveniles for weight
and head-bill measurements (Table 3), but these differences were not as discrete as
they were in adults (Figure 2). Weight had the clearest separation, 79% of males
weighed > 29 grams, whereas 76% of females weighed < 29 grhms. The less clear
separation in juveniles is probably a result of the rapid growth of young birds.
Although the majority of individuals were measured within a mdnth of fledging,
there may be considerable size differences between recently fledged and I-month

fledged individuals. _ 5

There were significant size differences between adults and juvcnilés'o.f the.

same sex (Table 3) und morphometric measurements are useful in the agmg of
. Rufous Treecreepers. Head-bill is probably the best measure to use, as wmg and t‘ul"-
measurements for juveniles had high standard deviations (Table 2). For_example,

94.5% of adult males had a head-bill > 38.5 mm, whereas 91.5% of j'uvenile males

r.



Appendix 2.1: Plumage and morphometrics

wcre < 38 5 mm 97% 01 aduft tcmah,s had a hcad bt[l > 37 ,tnm 95 5% ofjuvcmlc

lcmdles wcrc s 37 mm C

e
' 4

Head-bill {mm})
.o .
o
|
#O

37.0 ;

36.0—? o .30'0 Cqo ooN

3504 . wo

T

siof C° |

oL . - M Male
oFemale
. 230 __-_'25'0 27'-.0_..._._ 90 310 380 - - 350 3?0

" Weight {gms)

- ‘Figure 2 Distribution of weight and head-bill measurements for. 1uvemle male and iemale '
- Rufous Treecreepers. . _

“ Discussion
Plumage
The main plumage differences between juvenile (< 2 months old.) and adult
Rufous Treecreepers in my study area are the generally darker colouration of the
juvenile plumage and the variations in upper breast pattern and colour (Table 1). The
darker colouration is particularly strong in the face, crown, forehead and nape. The
streaking on the upper breast plumage of juvenile males is generzﬂly more extensive
than the adult and is slightly different in colour."J_u.ve:ri_ile' females have almost no
dISCCmIbIE upper breast streaking. | _ T |
Bill and gape flange colour are also useful m 1dent1fy1ng young birds,

R although the comer of the gape flange may g_etqm_a-h_:_nt _of_ _crea_m for- up (o 18'_'
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.- months :in . 'some“iridividuuls and should be used with caution as an - aging

’:'__chdmuenanc Recently I'chgcd birds may be rccogmsed by the presence of small, .
.. ".wlspy I'cnlherh prolrudmg lrom the crown. Any attempts to age Rufous Tr(.et.rccpcrs'
""__.'"_should use a combmahon of the ubove characteristics for confident identification.
| ol rceordcd d:lfcrcnces in the upper breast plumage of approxrmalcly 20- ddy—
_old nestlmu males (n=6)and l'emdles (n = 3) and this may be a uscful characteristic
'For be\mw blrds tn the nesl Noske (1987) noted th.u nestlmg Brown Trcecreepcrs
' Chmae.'ens ptcummrs show plumage differences at apprommd*ely 1416 days. |
Ford (1971) suggested that immediate post-moult plumage of Rufous
.- _Treeereepers is qmte bold (pamcularly the upper breast of males) and this may
.explam dlfferences in plumace descnptlons 1In my. study, p]umdge descnpuons were
'. B .'taken ciunnf:Ir lhe early to mld breedmg season (September - November) anary-
'j_moult for adultq occurs between November and \/Iay (unpubl data) and piumdge«
colour m autumn and early winter may be sltghtly different than descnbed here.
_ Also as 1 Only recorded deta;!ed plumage descnptlons from smgle Spemmens I have _.

" no data on mdmdual vanatlon for most of the plumage charactensucs descnbed

Measurements
Male Rufous Treecreepers are si gnificantly larger than femnales and this trend
‘is common in a number of avian species (Amadon 1977). Sexual dimorphism
develops at an early age. Juvenile birds exhibit clear size and plumage differences.
In the closely related Brown Treecreeper, there is also strong sexual dimorphism
based on morphometric measurements and plumage (Noske 1982),
The most significant size differences between males and females, in both age
classes, occurred in head-bill and body weight (Table 3). Head-bill was generally a
reliable measure with relatively small standard deviations (Table 2), but in some
species (e.g., Eastern Spinebill Acanthorhynchus tenuirostris) head-bill length may
- vary seasonally probably owing to ditferent foraging behaviours (e.g.. moving from
nectar to insect feeding; Jordan 1987). This is unlikely to occur in Rufous
"I"reecreepers because the bill is quite sturdy and foraging behaviour does not differ .
- markedly between seasons (Appendix 4.1). o |
- Althcugh body weight differed belween the sexes, thls result should be;'

interpreted with caution as weight can t"luctuute wrdely over short tlme penods
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Appendix 2. 1: Plumage and morphometrics

Clark (1979) noted that body wéighl is influenced by factors such as time of day,
season, stage of reproductive cycle and yeur to year variation in food availability.
made no attempt to controt for these factors when weighing birds. The relatively
small standard deviations recorded for weight measurements suggests that Rufous
Treecreepers may not show marked fluctuations and this may be characleristic of
non-migratory temperate woodland and forest species (Clark 1979).

Body weight may fluctuate within a particular range for a particular sex,
thereby still exhibiting overall differences between males and females. In Rufous
Treecreepers, weight may fluctuate more widely for breediﬁg females owing to egg
production, incubation (only females incubate; Chapter 3) and care of young, The
weight range for adult females was 12.6 grams, which was slightly higher than
males at 10.0 grams (Table 2). However, I found no difference in the body weight of
adult females measured at the beginning of the breeding season (August/September:
mean weight 31.14 grams) compared to the end of the season (December/January:
mean weight 30.38 grams; 1 = 1.284y, P =0.21).

Plumage differences between adult male and female Rufous Treecreepers
have long been recognised (e.g., Keast 1957). In my study, I have shown that
plumage also differs between juvenile males and females and these differences are
not the same as those recorded for adults. In addition to the sexually dichromatic
plumage, males and females exhibit significant size dimorphism in a number of
mdrphometric characters. As I have used a standard, repeatable measure for
recording plumage and size characteristics, this should allow valid comparisons
between the resuits from my study and future studies conducted in different regions.
on live birds, using the same methods. This will contribute to our knowledge of

geographic variation in the plumage and size of Rufous Treecreepers.
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Appendix 2.1 Plumage and morphometrics

Attachment A to Appendix 2.]
Full plumage descriptions of adult and juvenile Rufous Treecreepers. Numbers in
brackets are colour codes from Smuthe (1975).

Juvenile female (< 2 months old)

Bill

Upper mandible blackish nevtral grey (82) grading to light neutral grey (85) paler at cdy:‘, and base,
pearl grey {81) 10 almost white/pale hurn colour (92). Lower mandible as sbhove, pll‘tklhh flesh colour
(5) where base of bill meets chin. Bill becomes darker with age. Cere durk n(.ulral grey (83). Gape
Mange enlarged, cream colour {54}, Pulate orange yellow (18).

Eve

Inner iris jet bluck (89), auter iris dark brownish olive (129). Ring skin blackish neutral grey. Ring
feathers robin rufous (340}, darker than adults.

fHead and showlders

‘Lores robn rufous with a dark neutral grey linge. Forehead blackish neutral grey, crown slighdy
lighter. No cinnamon rufous (40) eyebrow. Ear coverts robin rufous with a dark neutral grey tinge.
Nape medium neutral grey (84), mantle ground cinnamon {239}, both tinged robin rufous. Scapulars
Vandyke brown (221) with edge of feathers robin rufous.

Other face markings

Face is darker than udult. has blackish neutral grey striations prominent when observing birds in the
field. Crown/forehead/nape complex darker than adult. {n certain individuals (mostly less than one
week old feldglings). wispy feathers of blackish neutral grey protrude about 5 mm from the crown.

These are very fine. but are visible in the field. They fall cut easily whcn birds are handled and do not
occur on older individuals.

Back

Upper and lower back ground cinnamon with a robin rufous tinge. Rump and uppertail coverts robin
rufous, Uppertail ground cinnamon with a biackish neutral grey band {not on outer feathers), lighter
attips.

Legs and feet

Tibia skin flesh colour with cinnamon rufous feathers. Tarsus, toes and claws medium neutral grey
becoming darker with age. Soles pale neutral grey (86).

Underparts

Chin light cinnamon rufous/salmon colour (106}, bristles around base of bill blackish neutral grey.
Throat light cinnamon rufous/salmon with a medium neutral grey tinge. Upper breast as throat with
no rufous and buff white (124) feathers as found in adult females. Lower breast light cinnamon
rufousfsalmon, tlanks rich cinnamon rufous. Belly light cinnamon rufous/salmon with dark neutral
grey spots occurring near the end of some feathers, usually in pairs on opposite sides of the rachis.
Undertail coverts cinnamon rufous with dark neutral grey spots as described above. Undertail ground
cinnamen with same band as uppertail, but much paler.

Upperving

Primaries and secondaries Vandyke brown with a cinnamon rufous centre band and leading edge.
Tertials natal brown (219a) with a cinnamon rufous edge, hut no band. Primary, secondary, median
and lesser coverts, and alula, Vandyke brown with a robin rufous edge. :

Underwing

Primaries and secondaries ground cinnamon, lighter at tips and much lighter than upperwing. Centre
band true cinnamon (139) rather than cinnamon rufous. Axillaries light ground cinnamon with
cinnamon rufous edge, underwing coverts light cinnamon rufous/salmon.

Juvenile male

As female except:

Underparts _

Throat and breast heavily streaked (streaking much more extensive than aduft male, although
variable). individual feathers consist of a centre shalt of light cinnamon rufous/salmon (rather than
the buff white in adult males) with a blackish neutral grey band and light cinnamon rufous [ringe on
either side. Lower breast light cinnamon rufous/salmon with dark neatral grey spots as described
above.



Appendix 2.1: Plumage and morphometrics

Attachment A (continued)

Adult female (1+)

ail

Upper and lower mandible, cere and gape lange a blackish neutral grey. Palate cream cotour.

Eve :
Inner iris jet black, ouier iris Prout’s brown (121a}, ring skin blackish neutral grey, ring feathers
cinnamon rufous. '

Head und shoulders _

Lores and ear coverts robin rufous with a dark newtral grey tinge. Forchead and crown dark neutral
arey. Nape, mantle and scapulars ground cinnamon with 4 robin rufous tinge. Cinnamon rufous
eyebrow from bill to behind eye. In the field, face appears lighter than males.

Back

Upper and lower back ground cinnamon with a robin rufous tinge. Uppertail coverts robin rufous,
uppertail ground cinnamon at base grading to robin rufous and lighter at tips with a blackish neutral
grey band.

Legs und feer

Tibia, tarsus, toes and claws blackish neutral grey (cinnamon rufous feathers arcund tibia), soles pale
neutral grey. ' '

Underparts

Chin and throat light cinnamon rufous/salmon. Upper breast streaked with individual feathers
comprising buff white centre and a rich cinnamon rufous fringe on either side. Lower breast light
cinnamen rufous with a ground cinnamon tinge extending around 1o the top of the shoulders giving
the bird a greyish ‘collar’. Flanks rich cinnamon rufous with white/pale horn colour streaks down
centre of feathers. Belly light cinnamon rufous/salmon with pale streaks down centre of feathers (as
above). Undertail coverts light cinnamon rufous, paler at tips, medium neutral grey spots (in pairs) on
either side of feather shaft near ends of feathers. Undertail as uppertail, but paler.

Upperwing

Primaries and secondaries Vandyke brown with a cinnamon rufous centre band. Tertials Vandyke
brown. Primary, secondary, median and lesser coverts, and alula. Vandyke brown with robin rufous
edge.

Underwing

Primaries, secondaries and axillaries as upperwing, but paler. Underwing coverts light cinnamon
rufous.

Adult Male

As female except:

Underparts

Upper breast streaked with individual feathers comprising buff white centre with blackish neutral
grey bands and 4 light cinnamon rufous/salmon fringe on either side. Lower breast cinnamon rufous
with buff white streaks down centre of feathers.
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Part 11
THE ECOLOGY OF THE RUFOUS TREECREEPER
IN AN UNFRAGMENTED LANDSCAPE

My Woodland Home: Part |

On a frozen September morning
Warm sun on thawing ground
Gives rise to misty clouds
That shroud my woodland home

Amid the tall wandoo
Sunlight rays shine through
Feathers rufous in flight
Then alighting on the ground

t brush my fingers on powder
Where dryandra flower
Nectar bathers gather
To shower in pollen rain

Termites dodge the siriped marauder
Deep Inside their rotting farder
But escaping the myopic spines
Gels harder every day

That evening, on their dusky stage
Underneath a luminous gaze
The curlews dance and sing
For a millfen diamond eyes

{ tie awake and wonder
Of this woodland beauty piundered
And hope the chance to share
Wwilt save it from demise



CHAPTER 3
COOPERATIVE BREEDING IN AN UNFRAGMENTED IANDSCAPE

SUMMARY

A detailed analysis of the social organisation, breeding behaviour,
demography and dispersal of the Rufous Treecreeper was undertaken in Dryandra to
oain a sound knowledge of the ecological traits of the species in a relatively
undisturbed landscape. 1 measured the nest success and annual productivity of
breeding groups, and ascertained survival rates for fledglings, juveniles and adults.
This involved extensive monitoring of colour-banded individuals over 3 years at
three spatially discrete study sites.

The Rufous Treecreeper occupied territories year-round, which were used for
foraging and nesting. Each territory contained a breeding group of between two to
seven individuals. Most groups comprised a primary (probably breeding) male and
f~male and offspring from previous breeding seasons. Territoriality was apparent,
but variable, particularly during the breeding season when individuals would feed
nestiings in adjacent territories. The social organisation of the species was based on
neighbourhoods of interacting territories.

All group members provisioned nestlings. There was no correlation betwezn
the number of helpers at the nest and total provisioning rate to nestlings because the
primary male and female significantly reduced their provisioning effort as the
number of helpers increased. Total nest success for the 3 years was high (77.7%).
Multibroodedness was relatively common, but was significantly greater for larger
groups. Annual productivity differed significantly between sites and was highest for
larger groups. Helpers appeared to have a positive effect on productivity by reducing
the workload of breeders, which allowed a greater number of nest attempts in a
season and subsequently increased reproductive outpult.

Fledgling and juvenile survival rates were relatively high (0.76 and 0.46
respectively) compared to other cooperative and non-cooperative species, but adult
survival rate (0.76) was comparable to other southern temperate passerines.
Dispersal of juveniles appeared to be female biased. Recorded dispersal distances

were short (one to two territories), but this undoubtedly under-estimates the actual

38



Cooperative breeding

distribution of dispersal distances.  Short-distance  dispersal appeared to  be
influenced by territory quality, as did visits to neighbouring territories that involved
the provisioning ol nestlings. This “cross-territorial” provisioning may be a vehicle
for non-breeding birds to assess the quality of adjacent territorics and the potential
for obtaining a breeding position.

The demography of the Rufous Treecreeper was consistent with other old
endemic Australian passerines, characterised by small clutch size, Jow annual
productivity, and high survival. High adult survival means that therc are few
breeding vacuncies for non-breeders and this is probably an important influential
factor in the evolution of cooperative breeding in the species. Cooperative breeding
may atso be influenced by ecological constraints (e.g., habitat saturation) and a cost-
benefit trade-off between remaining philopatric in high quality terrilories und

dispersing to poorer quality territories where reproductive success may be low.
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3.1 INTRODUCTION
L L1 Overview

The pupose of the following three chapters is o cxamine in detail the
ecological characteristics of the Rufous Treecreeper in the unfragmented landscape
of Dryandra. This estublishes u reference point to which results from the agricultural
landscape at Yilliminaing can be compared, und is fundamental lo understanding the
potential effects of habitat fragmentation on population viability. In this chapter, |
examine the demography, and social and spatial orguanisation of the treecreeper. |
also explore the evolution of cooperative breeding in the species in some depth
because the consequences of habitat alteration for cooperative behaviour have rarely
been addressed. Finaily, I briefly describe the dispersal behaviour of the species. The
aims of this chapter are to determine:

a) territory size and territorial behaviour, |

b) population sex ratio, and group size and composition,

¢) breeding behaviour,

d) differences in reproductive success and survival between years, sites and

group sizes; and

e) dispersal behaviour.

3.1.2 Demography of Australian passerines

" In general, Australian passerines are characterised by greater longevity and
smaller clutch sizes compared to their Northern Hemisphere counterparts (Woinarski
1985; Yom-Tov 1987; Rowley and Russell 1991). This appears to occur primarily in
the old endemic species rather than species that are comparatively recent invaders to
Australia (Yom-Tov 1987). In comparing feaf-gleaning birds between Austraha and
the Northern Hemisphere, Woinarski (1985) found that Australian species generally
had a longer breeding season. Small clutch size and an extended breeding season
may be characteristic of specics that produce multiple broods (Woinarski 1985;
Yom-Tov 1987). Mullibroodedness occurs when a female lays a second cluich in the
same season after successfully raising the first clutch to fledging. Further data are
required, but Australian passerines also appear to be characterised by longer

fledgling dependence periods, lower annual productivity and higher adult survival
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than Northern Hemisphere species (Rowley and Russell 1991). These data can only
be obtained from comprehensive population studies where individually marked birds

are monitored over a number of years.

3.1.3 Cooperative breeding
Why remain philopatric?

Cooperative breeding occurs when individuals in addition to the breeding
pair asgsist in rearing young (Brown 1978, 198__'_?). This situation has fascinated
behavioural ecologists since the pioneering wrfrk of Skutch (1935, 1961) and
Rowley (1965). The following is a brief introduction to the subject of cooperative
breeding. For more detailed accounts, see the reviews of Brown (1987), Clarke
(1995) and Cockburn (1998).

Investigations into cooperative breeding in birds have generally been driven
by two questions: a) why do some individuals remain on their natal termritory
(philopatry) as members of a family group, or join a group in another ierritory,
rather than breeding independently; and b) why do these individuals often assist in
rearing young that are not their own? Explanations for extended natal philopatry
have invoked the “ecological constraints” (Emlen 1982), “benefits-of-philopatry™
(Stacey and Ligon 1987, 1991), and “life history™ hypotheses (Arnold and Owens
1998; Hatchwell and Komdeur 2000). These hypotheses have divergent predictions
(see below), but may act in combination to influence exiended philopatry in
particular species (Hatchwell and Komdeur 2000).

The ecological constraints hypothesis predicts that some individuals are
unable to establish territories and breed independently owing to the restricted
availability of particular resources (e.g., mates, food or nesting sites). Habitat
saturation is a specific version of the ecological constraints hypothesis and suggests
that when all suitable habitat is occupied, potential dispersers are more likely to
remain philopatric (Brown 1974; Gaston 1978; Stacey 1979, Koenig 1981; Walters
et al. 1988).

The benefits-of-philopatry hypothesis predicts that non-breeding individuals
will remain on their natal territory when the fitness benefit of doing so outweighs the

option of dispersing and breeding independently. This will generally occur when
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there is significant variation in territory quality or il individual fitness is greater in
larger groups (Stacey and Ligon 1991). This hypothesis has been interpreted as
another version of the ecological constraints model {i.c., the “benefit” of a cost-
benefit equation; Emlen 1991; Clarke 1995) and has generally been accommodated
within this theoretical framework (Emlen 1994; Hatchwell and Komdeur 2000).
However, Stacey and Ligon (1991) stated that the two hypotheses yield different
predictions and point out that all species face ecological constraints and this is not &
robust explanation for cooperative breeding per' se.

The life history hypothesis emphasises specific life history characteristics as
important influences on the evolution of cooperative breeding. These characteristics
include delayed maturity, high adult survival, low reproductive rates (e.g., small
clutch size) and increased sedentariness (Amold and Owens 1998; Hatchwell and
Komdeur 2000). Low annual mortality appears to be a key characteristic influencing
cooperative breeding in certain avian lineages (Arnold and Owens 1998). This may
lead to low population turnover in relatively stable environments where species are
sedentary and natality is greater than mortality (Hatchwell and Komdeur 2000). In
short, when survival rates are high and ecological conditions allow year-round
territory occupation, population turnover will be low and the habitat may become
saturated predisposing a species to cooperative breeding.

The key distinction between the life history and ecological constraints
models is that the life history hypothesis predicts that cooperative breeding will
evolve only in those avian lineages with the appropriate life history charactenstics,
whereas the ecological constraints hypothesis predicts that any species may
cooperatively breed if faced with resource restrictions (Hatchwell and Komdeur
2000). Hatchwell and Komdeur (2000) conclude that this distinction is artificial and
propaose a broader constrainis hypothesis, incorporating characteristics of the

ecological and life history models, to assess the evolution of cooperative breeding.

Why help?
Many hypotheses have been generated to explain helping behaviour and
Cockburmn (1998) provides an excellent discussion on why helpers help. He

summarises the adaptive explanations for help (there are also non-adaptive



Cooperative breeding

explanations, for cxample, Jamicson 1986, 1991) into six main classes (p. 143): a)
enhanced production of non-descendant kin (kin selection theory); b) payment of
rent {allowing uccess to group or territory derived benefits); ¢) direct access to
parentage (c.g., inheriting the natal territory), d) enhancement of territory or group
size leading to improvements in subsequent direct reproduction opportunities; ¢)
enhancement of social circumstances via formation of alliances that improve
reproductive prospects; and ) acquisition of skills required for future, successful
reproduction.

Helping behaviour as a function of kin selection is one of the better
supported theories in the cooperative breeding literature. Kin selection theory
predicts that non-breeding helpers should preferentially assist in rearing closely
related young compared to unrelated individuals-(Hamilton 1964; Brown 1978). By
helping close relatives, non-breeders gain indirect fitness benefits by increasing their
own genetic representation in subsequent generations via copies of genes shared by
the relatives they help (Komdeur and Hatchwell 1999). Preferential help of closely
related kin (when helping more distantly related kin was also an option) has been
demonstrated in many studies of cooperatively breeding birds (Curry 1988; Emlen
and Wrege 1988; Conrad et al. 1998). However, a number of studies show that
helpers assist non-reiated breeders (Ligon and Ligon 1990a; Reyer 1990), or that
related, philopatric individuals do not always help (Magrath and Yezerinac 1997).
These findings question the broad generality of kin selection theory and encourage
support for the range of alternative hypotheses proposed to explain helping
behaviour (see Clarke 1995 and Cockburn 1998).

The evolution of helping as an adaptive behaviour relies on helpers gaining
indirect or direct fitness benefits. Improvements in indirect fitness may be achieved
if helpers increase the reproductive output of the breeding pair, thereby increasing
their own genetic representation in future generations. It is relatively easy to
document the kinds of activities helpers engage in, which could potentially improve
breeder productivity. These include assisting in territorial defence, predator
surveillance and mobbing, nest building, incubation, feeding nestlings and feeding
and caring for fledglings (Brown 1978; Stacey and Koenig 1990). It is much more

difficult to demonstrate increased productivity directly attributable to the presence of
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helpers owing to the confounding cffects of territory and breeder quality. Results
from manipulative (e.g., cxperimental removal of helpers) and comparative
(comparing the productivity of the same breeding pair with and without help) studies
on the cffect of helpers on reproductive success have been equivocal (see Table 2 in
Cockburn 1998).

Direct fitness benefits to helpers, as a consequence of helping behaviour
(e.g., subsequently increasing the number of their own offspring as a result of
helping) are also difficult to demonstrate, paﬁicularly in short-term studics. In their
17-year study of the Splendid Fairy-wren Malurus splendens, Russell and Rowley
(1993) showed that philopatric individuals had a high probability of inheriting the
natal termitory, demonélrating the value of the stay-a-home strategy. Komdeur
(1996) found that in the Seychelles Warbler Acrocephalus sechellensis, first-time
breeders with some helping experience had higher reproductive success than those
with no experience.

Helpers are predominantly male in a number of species (Noske 1982;
Walters et al. 1988; Marziuff and Balda 1990; Davies 1992; Dickinson et al. 1996).
This is often a consequence of female-biased dispersal in many passerines
(Greenwood 1980; Greenwood and Harvey 1982). In species where females :'~'émain
philopatric at least unti} the next breeding season (e.g., Splendid and Red-Winged
Fairy-wren M. elegans), helping behaviour may be just as prevalent in females as it
is in males (Russell and Rowley 1988, 2000). In some species {(e.g., Seychelles

Warbler), helpers are predominantly females (Komdeur 1994),

3.1.4 Cooperative breeding in Australian birds

On a global scale, cooperative breeding in birds is rare with approximately
3.2% of 9,672 species known to breed cooperatively (Sibley and Monroe 1990
Amold and Owens 1998). In Australia, cooperative breeding is much more common
with 12% of 667 species being recorded as cooperative breeders (Clarke 1995). This
figure is likely to increase as more species are studied in detail. Russell (1989) was =
the first to point out that cooperative breeding is more prevalent in the old endcmic;:-':.
passerine families with a long evolutionary history in Australia compared t’é

relatively recent invaders. Climacteridae is included in the old endemics.
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Ford et al. (1988) documentcd patterns in the distribution and behavioural
characteristics of Australian cooperative breeders. They fouﬁd that cooperative
breeding wus. more prevasient in -eucalypt and scmi-arid woodlands, among
insectivores lh;a_-._l p.u:;sucd their prcy.'.a:nd among ground-foragers, Ford et al. (1988)
suggested that the evolution of Coop{:';"ulive breeding in' Australia was influenced by
the aseasonality of the hab’ilﬁlé that cooperative breeders tend to occupy. However,
as Russell {1989) and Cockbum {1996) point out, cvolutionary interpretations of
cooperative breeding must consider the cnvironmental influences that occurred
during the early evolution of cooperative breeding (possibly > 15 - 20 million years
ago; Russell l989).

- In a recent review of cooperalive breeding in Australizn birds, Cockbumn
(1996) outlined important evolutionary and ecological .c'hara'ctcrislips of cooperative
breeders. He suggested that phylogenetic history is an important detérminant in
cooperative breeding by highlighting the prevalence of cooperatioﬁ in the passerine
group known as the Corvida. Within the Corvida, Cockburn (1996) found that
cooperative breeding was more likely to evolve in open habitats (facilitating group
cohesion) and that longevity is a precursor to the retention of young in the natal
territory. Cooperative Australian species commonly occur in open habitats (Dow
1980; Ford et al. 1988), but few data have been collected in closed vegetation
associations (e.g., rainforests) to adequately test this hypothesis (E. Russell, pers.

cor_hm., July 2000).

315 .Dispersal

There are two main types of dispersal involving the inter-territory movement
of birds. Natal dispersal is generally defined as the movement of an individual from
its place of birth to the plave where it breeds or may potentially breed (Greenwood
and Harvey 1982; Johnson and Gatnes 1990). Breeding dispersal is the movement of
an individual from a site where it reproduces or attempts to reproduce to another site
where it also attempis reproduction (Greenwood and Harvey 1982; Johnson and
Gaines 1990). Particularly well documented in cooperatively breeding birds is the
movement of individuals between territories that involves “visits” to neighbouring

groups where an individual may eventually return to its territory of origin (Clarke
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and Heathcote 1990; Russell and Rowley 1993; Cale 1999). In this thesis, I use the
terms natal and breeding dispersal as defined above. [ also use the term visit (sensu
Cale 1999) to describe movements that do not involve dispcrsul.'

. Dispersal in birds is generally female-biased, but exceptions do occur
(Clarke et al. 1997). Hypotheses invoked to explain this bias involve resource or
intrasexual mate competition, or inbrccdi.ng avoidance, but these are not mutually
exclusive and may interact to influence dispersal (Dobson and Jones - 1986).
Greenwood (1980) suggested that female-biased dispersal in birds 'v\;"as a
consequence of a predominantly monogamous mating system where males \;_}Quld
gain most by remaining philopatric and defending sufficient resources to -attract
females. However, some species with promiscuous mating systems :;156 have
female-biased dispersal (e.g., Splendid Fairy-wren, Russell and Rowiéy 1993).
Wolff and Plisner (1998) proposed the *“first-choice” hypothesis, which .Epredicts that
the sex that has first choice of mating sites will be [;hilopatric while the other will
disperse. Their hypothesis is well supported in migratory passerines where males
typically arrive at breeding sites before females and have first choice of breeding
location (and natal dispersal is female biased). The. evidence from resident,
sedentary passerines is equivocal ba.sed in some part on the lack of data and the
difficulty of determining who actually “chooses™ a breeding site.

It is generaily assumed that cooperatively breeding birds are characterised by
short-distance dispersal (Zack 1990). Measuring true dispersal distance for highly
mobile species like birds is difficult owing to the limited size of study areas and the
low probability of locating long distance dispersers (Baker et al. 1995). Recent
. evidence suggests that dispersal distances derived from capture-recapture (re-
: sighting) data may be severely underestimated (Koenig et al. 1996, 2000). In this
chapter, I report on dispersals observed within the study sites, but make. no attempt
to calculate the actual distribution of dispersal distances for Rufous Treecreepers.

This 1ssue is discussed further in Chapter 8.
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3.2 METHODS
3.2.1 Study sites

Most of the data presented in this chapter are from the three study sites in
Dryandra. In certain cases, [ also include data ftom Yilliminning to increase sample
size. Study site description and gencral methods arc presented in Chapter 2.
Throughout this thesis [ usc the term group year (pairs arc also referred 10 as
groups). One group year is equivalent to one group studied for | year. In Dryandra, |

* studied 30 groups for 3 ycars,'which totals 90 group years.

3.2.2 Territoriality and territory size

Allocation of individuals to territories and groups was initially determined
during the period of extensive colour-banding at the beginning of the study (Chapter
2) and ..subsequently by detailed observations of behavioural interactions.
Treecr_e.eper:; formed relatively cohesive groups that would communicate via contact
calls and t»fi_en foraged together. The openness of the habitat also facilitated
observation of inter- and intra-group interactions. To determine he extent of
fem'toriality in treecreepers, | recorded behavioural interactions between
neighbouring birds {over 12 months) and followed individuals for extended periods
(up to 1 hour) to ascertain if they readily crossed supposed territorial boundaries.

I recorded the location of territory occupants in each of the 30 study
territories in Dryandra on at least a monthly basis for the duration of the study.
These locations were initially marked in the field with flagging tape and later
identified using a Global Positioning System (GPS). The level of accuracy of the
GPS couid vary from 20 - 100 m depending on the number of satellites within range
of the receiver and their relative position. Owing to this, I took three readings at each
flagged location during different times of the day and used the mer 1 of these as the
actual location.

I recorded a minimum of 40 locational “fixes” per territory (except territories
A3 =24 and A9 = 30). Only one fix per visit was taken to ensure independence of
observations (i.e., if the territory had three occupants, I only recorded the location of
one of them). The time period between fixes (i.e., a minimum of 1 week) should not

resuit in spatial autocorrelation problems (Hansteen et al. 1997).
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GPS coordinates were entered into the software package CALI-IOME (Kie et
al. [994) :mcl the minimum convex polygbn {MCP) method (Méhr 1947) was uscd
to caleulate tervitory size. This method has been criticised for over-cstimating .
lem’lbry sizes (Anderson 1982). Therefore, | calculated 100%, 95% (considered a
close approximation to actual territory area; Jaremovic and Croft 1987; Mazur et al.
1998). and 50% (approximating the “core area”; Jaremaovic and Croft 1987) values
for each territory. The number of fixes was plotted against lerritory arca to
del_;:mwine the appropriateness of the sample size. For éighl of the 30 territories, an
asymptote did not appear to be reached within the 40 locational fixes and the size of

some territories (e.g.. A3 and A9) may be underestimated.

© 3.2.3 Sex ratio and group size _

Banded individuals were monitored by the methods déscribcd in Chapter 2
I(Se(':'tion 2.3.3). At the beginning of each breedihg_se_ason (mid - late August), an
extensive annual census was conducted to collect da.\téi on populatioﬁ size, sex 'rtitio,
ﬁnd group size and composition. I collected the data at a fixed point in time because
these variables may change throu_gh.out the year. An indii{idual was allocated toa
group based on site fidelity, beﬁavioural observations and knoiﬁrledge of group

history (e.g., if an individual was a fledgling from a prcvifgus season).

3.2:4 Nesting and provisioning behaviour _

Determining contributions (o nesting and nes_filing provisioni.ng required an
allocation of status to"group members. [ use the te'rm_s_,';’} primary male, primary female
and helper th;rc')ughdzut this _the_':__s'zis. Lavoid use of the -._term_s breeder and non-breeder,
as [ have no data on genetic [:).drcntage of young, but if social paren.tage 1s equivalent
to genetic parentage then behavioural observations indicated that the primary male
and female were the breeding birds. The status of individuals within a group was
defined acéording to the following criteria.

a) Primary male (PM) - for pairs or groups that had only one male, the

designation of primary male was straightforward. During the second and
third years of the siudy, most helper males were young from the previous

breeding season(s) so the oldest male was designated the primary male. If
of - iy ) .
FIa \_s‘. ' . . )

" I
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a male was resident in o territory for all three breeding seasons, it was
designated primary male in _cach scason. I 4 male disappeared and was
replaced by a new malc immigrating into the territory, the disappearing
mile wus. considércd the primary male for the breeding scason(s) it was
present and the new male was considered the primary male for
subsequent scasons (it was unlikely that helper males were replaced — sce
Results). The main limitation with these methods is that during the first
year of the study, some primary males that disappeared may have bc_:en'
replaced by their sons (i.c., inheriting the natal territory). Where doubt

existed, groups were not used in analyses involving identification of
primary birds and helpefs {1 =7 of 90 group years).

b} Primary___female_(PF) ~ most of the above pertains to the designation of

primafy females. These individuals could also be identified by their
: -nésting behaviour. Only one femz:i'!"é was observed incubating the eggs or
brooding the 'youn g and:she was designated the primary female.

¢) Helper - birds other than the primary male or female that were resident

on the territory (mos_fly young from previous breeding seasons) and
assisted in feeding nestlings were designated as helpers.

In some cases, -memb{e}s of a group would feed nestlings in territories
adjacent to their own (these -'_j_\':;vere temporary visits and are referred to as cross-
territorial provisioning from'..-’;here on). Therefore, I classified helpers into four
categories: resident male (RM), resident female (RF), non-resident male (NRM), and
non-resident female (NRF)_.;:":I also differentiate between group size (which includes
only resident individuals)_'iand total number of nest attendants (which can include
resident and non-resident individuals). At a few nests, offspring from the first brood
of the season were recorded feeding nestlings in the second brood. These
contributions were considered in the calculations of resident helper. pfovisioning
rate. . -

During the breeding season'(A_L_lgust - J.:muary), territories were visited
mostly on a weekly basis. Fieldwork was constrained to 2 weeks per month at the
beginning (eur.ly August} and end (late December) of the breeding season and

territories were only visited fortnightly during these periods. I attempted to locate
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nests in all territories by following birds that were carrying nesting material and/or
food, and observing female behaviour. _' | |

Nests were watched throughout the day (0600 — 1600 hrs) for 60 minutes per
session during the various nesting stages (all nests/were in tree hollows). T used a
22x telescope located approximately [5 — 20 m from the nest. | observed 121 of 148
recorded nesting attempts at some stagé of the nesting cycle (a number of ncsts were
watched more than 011Cc). In 1997, 10 nests were observed during the building stage
lo determine the division of labour between males and females. For all years
combined, 12 nests were watched during the incubation stage to determine if birds
other than the primary female incubated. Of these, five nests had more than one
female in the group. A total of 112 nests were watched when adulits were feeding
nestlings.

As treecreepers are hollow-nesters and average nest height:-was 8.5 m
(Chapter 4), accessibility to nests was limited and nesting stages had to be
determined by behavioural observations of birds. The building stage was defined as
the period when birds were seen repeatedly carrying nesting material to the nest, but
the primary female did not spend extended periods of time inside the hollow
suggesting that eggs had not been laid, The incubation stage was defined as the
period when the female consistently returned to the hollow, without nesting material
or food, and remained inside for periods of up to 35 minutes, The nestling stage was
defined as the period when nestlings could be heard calling or adulit birds repeatedly
brought food to the hollow (for methods on designation of nesting stage when
nestlings were present see Appendix 3.1).

The primary aim of the nest watches was to record the provisioning rate per
hour to nestlings and the proportional contribution made by each nest attendant,
Environmental and demographic factors correlated with overall provisioning rate are
analysed in Appendix 3.1. The proportional contribution made by group members
and those from adjacent territories was determined by recording the identity (colour-
band combination} of each bird when it visited the nest with food. Non-feeding
visits were not considered. When banded birds could not be identified (< 10% of all
provisioning visits), an “unknown” visit was recorded and at the end of the nest

watch these were allocated to identified individuals in proportion o the provisioning
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rate of those birds (Clarke 1984). If & known group member was unbanded, it was
considered the same individual during nest watches. If all group members were
banded and an unbanded bird(s) was recorded provisioning nestlings (7% of all nest
- watches), it was considered the sume individual (i.e.; not muhtiple individuals) unless
unbandéd birds of the opposite sex were recorded, und w_z;s' classificd as a non-
resident helper. | |
~ When nests were watched on multiple occasions, a single nest watch per
nesting attempt per territory (chosen randomly) was used in the analyses of
provisioning contribution. I treated data from watches of the first and second nesting
attempts from the same group in the same year as independent because the number

and composition of nest attendants often differed between attempts.

3.2.5 Reproductive success

Owing 1o the difficulty of accessing nests directly, reproductive success was
measured in two ways:

a) nest success — a nest was considered successful if it produced at least one

fledgling; and | _ -
by group productivity ~ the total number of fledglings prociuced pel.'".'
breeding group per season. |

Opportunistic observations of clutch size for acéessible' nests were also
made. During the latter stages of nesting, nests were visited at least once every 2 — 3
days, except for some late nests in December and January of each year, to detérmine
reproductive success. A nestling was considered to have fledged if it had left the nest
hollow. Identifying the presence of fledglings was relatively easy owing to their
constant begging and visits by adult birds. Fledglings were banded during this
period, which also assisted in determining if more than one fledgling was present.

The measure of nest success may be overestimated because some groups
may have begun nests that failed before 1 was able to locate them. Conversely, nest
success and group productivity may be underestimated because some nestlings may
have tledged. yet died before 1 was able to re-visit the 1cn‘itory.(in which case the
nest would be categorised as unsuccessful). I was unable 1o use the Mayfield (1961}
estimate of nest success because inaccessibility of nests precluded unequivocal
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determination of nest stage. For successful nests, behavioural categorisation of nest
stage (sec nb&c) could be cross-validated by back-dating from fledging date
(Appendix 3.1), but this was not possible for failed nests. As | bad a specilicd
number of groups in which I cxpcclcd to find nests and spent an extensive amount of
time with cach group, | cstimate that only a small percentage ol nests were not
found.

When examining relationships between helpers and reproductive success, |
used .group size values rather than the total number of nest .attendams. Only using
data on the number of nest attendants is biased because not all nests were watched
and these tended to be the ones that failed carly in the nesting cycle. The substitution
of total nest attendants with group size does not alter the general relationships in the

data, as both were positively correlated with reproductive success.

3.2.6 Juvenile and adu!t survival

During the first year of the study, fledglings were monitored at least weekly
in 10 territorics to determine the level of dependence (i.e., still receiving regular
feeds) on adult birds. Based on these and other opportunistic observations,
fledglings remained relatively dependent on adults for at least 30 days post-fledging.
Any disappearances that occurred within this period were more likely to be a result
of death rather than dispersal and this was the most appropriate time period to
calculate fledgling survival. All territories with fledglings were visited at 30 days
post-fledging (or as close to this period as practical) with the aim of re-locating
offspring to determine survival rate. Post-breeding scason, territories were visited at
least monthly to monitor the progress of juveniles (individuals that had reached
independence, but were < 1 year old).

The following survival measures were calculated:

a) fledgling survival rate ~ the probability of a fledgling surviving to

independence (at least 30 days post-fledging); _
b) juvenile survival rate — the probability of a juvenile surviving from

fledging to the beginning of the next breeding season;
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c) Jjuvenile survival rate _posl-indcpcndcncc_ — the probability of a juvenile
surviving from independence to the beginning of the next brecding
- season: and

d) adult survival rate - the probability of an adult surviving from the
beginning of oric breeding scason to the beginning of the following

scason. |
Adult survival rate was calculated for primary males and females only
because the disappearance of these birds was more likely to be a result of death
rather than dispersal (breeding dispersal was rarely recorded during the study, see
Section 3.3.7). For the two measures of juvenile survival, values were calculated for
males and females combined and for males only. Survival rates for males provided a
" more accurate measure of survival because dispersal appeared 10 be female biased
and there was a higher probability that the disappearance of male juveniles
represented death rather than dispersal. The measures of juvenile survival are
conservative because it is likely that a certain proportion of individuals disappearing

rom the study sites successfuily dispersed.

3.2.7 Dispersals and visits

In most cases, banded birds that disappeared were never seen again despite
searches outside the study territories, and estimates of dispersal (particularly
distance) are difficult to calculate. Immigrants moving into the study area may
provide some clue to dispersal levels, but this mostly occurred when a primary male
or female was replaced so the measure is reliant on survival rate. Therefore, I focus
primarily on the potential for dispersal bias between males and females and the
origin of individuals that filled vacancies within monitored groups. I also present

data on the frequency of non-dispersal visits between territories.

3.2.8 Data handling and analysis

Comparisons were made between study sites and years for a number of
soctal (e.g., group size, the number of nest attendants and the prevalence of cross-
territorial provisioning) and repmductivc measures (e.g., the number of nest

attempts, multiple broods, nest success and group productivity}. Data were examined
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for departures from normality using frequency distributions, normal probability plots
and the Shapiro-Wilks’ test. Transformations were applied where required, but
" mostly did not improve the distribution of the data so [ used a mixture of parametric,
non-parametric and modelling methods. All data were back-transformed prior (0
presentation (consistent throughout the thesis unless indicated otherwise).

Data for group size and the number of nest attendants were discrete and had
a Poisson distribution, so | used Poisson regression to determine group size and nest
attendant differences between sites and years (including an interaction term for site
x year). Data on the percent contribution made by nest attendants to nestling
provisioning were arcsine transformed and 2 one-way analysis of variance
(ANOVA) was used to examine overall differences in provisioning contribution
{homogeneity of variances was tested using Levene’s test). Post hoc multiple
comparisons were made using Tukey’s honestly significant difference (HSD) test for
unequal sample sizes. Chﬁnges in the provisioning rate of the primary male and
female were analysed using simple linear regression after data were square root
transformed. Scatterplots of residuals were examined for violations of regression
assumptions.

As T re-sampled the same territories over 3 years, some groups (or
individuals within Igroups) are represented more than once possibly leading to
dependency in the data. To account for this in the analysis of group productivity, I
initially used a mixed model approach incorporating random (group size) and fixed
(site and year) effects. Evidence of dependency was determined by examining
change in model deviance (distributed as %) when the random effect was removed
from a full model (following Legge 2000). Removal of the random effect did not
result in a significant change in deviance suggesting no intra-group dependence
between years. Therefore, 1 used Poisson regression to examine relationships
between group productivity (which conformed to a Poisson distribution), group size,
year and site. All modelling was conductled using S-Plus 2000 (Mathsoft 1999) and
diagnostic procedures followed Nicholls (1989).

Juvenile and adult survival rates were compared between sites, years and
group sizes using the computer program CONTRAST, which calculates a chi-square

statistic for overall differences between values (see Sauer and Williams 1989 for a
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discussion of this method). [n the interests of consistency, mean values (t one
standard error) are presented throughout this thesis (except Appendix 2.1),
acknowledging thiat non-piarametric statistics test differences between medians or
groups. | consider P < 0.05 as statistically significant and P < 0.10 as indicating a
trend. In cases wherc multiple contrasts were made using the same data, a
Bonferroni correction (o/m) was applied to the significance level, where o = 0.05

(unless indicated otherwise) and m = the number of contrasts made.

3.3 RESULTS
3.3.1 Territoriality and territory size

Rufous Treecreepers showed strong site fidelity. A total of 55% (n = 60) of
primary males and females remained in the territory in which they were banded for
the duration of the study. Ten‘ild;;és were “all-purpose” (sensu Hinde 1956); used
year-round for foraging and nesting, Territoriality was .appz.izrent, but vanable.
Neighbouring birds could engage in aggressive physical contact (e.g., clawing and
pecking) or chase intruders from within territories, but during the breeding season
territoriality was “relaxed” (sensu Noske 1982, 1991) in certain circumstances
allowing individuals to feed nestlings in adjacent territories. The social organisation
of the Rufous Treecreeper was not one of exclusive, vigorously defended territories
and involved formations of interactive ne:ghbourhoods |

Territories were generally contiguous and territorial boundaries appeared to
remain stable for the duration of the study. I have plotted the location of each
territory in each study site in Figures 3.1 — 3.3. :l:erritodes are represented as discrete
units for ease of interpretation, acknowledging that boundary overlap may occur and
territoriality may be relaxed during the breeding season. Territory size ranged from
1.6 — 6.0 ha (2.6 £ 0.18, n = 30) based on the 95% MCP (Figures 3.1 — 3.3). There
was no difference in territory size between sites (Kruskal-Wallis test, H; 39 = 1.63, P
= 0.44). Relationships between territory size, group size and habitat quality are

examined in Chapter 5.
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3.3.2 Sex ratio and group size

Based on (he annual censuses at ihe beginning of the breeding season, the
size of the study population for 1997, 1998 and 1999 was 83, 97 und 92 respectively.
The adult sex ratio atways (avourcd males, but a significant bias occurred only in
1999 (Table 3.1). There were no significant differences in the sex ratio of fledglings.
Based on nest waiches (i1 = 112}, the sex ratio of helpers {excluding primary malcs
and females and ensuring that the same individual was not double-counted) was

strongly biased towards males (£:¢ 95:35, Binomial test, Z = 5.26, P < 0.001).

Table 3.1 The sex ratio of adults and fledglings in each year of the study. The overall figure
for adults is based on all birds banded in the study area. Significant ditferences marked with
an asterisk (Binomial test, ‘P < 0.05).

1997 1998 1999 Overal!
3:2 Ratio 5.2 HRatio Z.Q Rate 5.9 Ratio
Aduits 45:38 1:0.84 57:40 1:.070 5834 1:059° 70:60 1:0.86

Fledglings 33126 1:0.79 3523 1:066 3337 0891 10186 1.0.85

Group size ranged from two to seven individuals with pairs (41.1%) and
groups of three (33.3%) being common (Figure 3.4). Average group size was 3.0 (&
0.12, n =90 group years). Group size differed significantly between sites, but not
years, being highest dt Site C (see Table 3.3). There was no site X year interaction,
Group composit_idn varied, 45.6% of groups had more than one male and 23.3% of
groups had more than one female (Table 3.2). Ail group members participated in a
range of activities including territory and nest defence, and mobbing potential

predators,
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Figure 3.4 Distribution of group sizes (n = 90 group years).
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Table 3.2 Composition of groups (values are percentages, n = 90 group years).

No. of males
No. of
females 1 2 3 4 5
1 411 20.0 8.9 6.7 0.0
2 13.3 5.6 0.0 1.1 2.2
3 0.0 00 1.1 0.0 0.0

3.3.3 Nesting behaviour

The breeding season (defined as the bcn’od when eggs were laid) varied
slightly between years, but was generally from August - December. Fledglings were
recorded as early as October 6 and as late as February 10. Prior to egg laying, the
primary female was often fed by the primary male and occasionally by helper males.
[ did not observe helper females feeding the primary female. _

All group members assisted in nest building, but the primary female did the
majority of work (68.5% of 146 visits). Visits to nests carrying nest material rangéd
from three to 32 per hour (14.6 £ 2.91, n = 10). Nest maintenance (i.e., lining the
nest with feathers, fur and other soft material) continued throughout the incﬁbation
and nestling period. All nests were.in hollows, mostly in dead branches of Wandoo
Eucalyptus wandoo trees (Chapter 4). When the length of a branch was completely
hollow (i.e., there was no base), treecreepers would build up the hollow with strips
of bark to create a platform on which to place the nest cup (Figure 3.5). The average
depth of bark strips for accessible nests in my study - arcas _(Dryanclra and
Yilliminning combined) was 21.5 cm (£ 3.12 cm, 5 = 17). -

Based on accessible nests that were found during the incubation stage |
(Dryandra and Yilliminning), clutch size ranged from one to three, but was
predominantly two (82% of 34 ciutches). Only the pdmary female incubated (based
on [2 nest watches and other opp'ortu.nistic observatit;rnls)‘ Incubatioﬁ bouts (time
spent in the hollow) ranged from [ — 35 minutes (15.8 £ 1.87). While i.ncubating, the

primary female was fed by the primary male and occasio'nally by helper males.
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3.3.4 Provisioning behaviour
Provisioning of nestlings |

Provisioning of nestlings was conducted by all individuals resident on a
territory (n = 112 nest watches). The number of nest attendants ranged from two to
eight (3.7 + 0.11; Figure 3.6) and did not differ between years, but did differ
between sites being highest at Site C (Table 3.3). There was no year X site

interaction.

25

Percentage of nests

2 3 4 5 6 7 8
No. of nest attendants

Figure 3.6 The number of nest attendants recorded provisioning nestlings (n = 112 nest
watches).

The frequency distribution of number of nest attendants varied from that of
group size with 60% of nests having four or more attendants (Figure 3.6). This was
primarily influenced by two factors: larger groups (or those with more attendants at
the first nest) were more likely to re-nest (Section 3.3.5), and non-resident birds
sometimes provisioned nestlings in territories adjacent to their own, increasing the
total number of attendants. In 20 (out of 90) group years, a group received help from
non-resident individuals. Cross-territorial provisioning was slightly higher in 1997
and 1998 compared to 1999, but this difference was not significant, nor was there a

significant difference between sites (Table 3.3).
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Table 3.3 Comparisons between study sites and years for factors related to reproductive

success (mean t s.e.). Site and year differences in group size and the number of nest i
attendants were analysed using Poisson regression (significance fevels correspond to: *P < |
0.05, **P < 0.01). Count data were tested with chi-square, percentages were tested with a

chi-square equivalent (Zar 1996). The chi-square tests involved muitiple comparisons of the

same data, so a Bonferroni adjusted significance level (P = 0.025) was used. A trend is

indicated by TP < 0.10. Numbers in brackets are sample sizes.

Site A Site B Site C Site comparison :
|
Group size (90) 25+0.10 3.0+£0.19 36+0.27 Xi = 6.03* |
Nest attendants (112) 2.7+0.13 341017 4.8+ 0.23 2 _ 11.38**
X=11
Nest attempts 48 46 54 X; =0.70
% nest success (148) 75.0 ’ 71.7 85.2 X; =088
. s :
Cross-territorial 3 7 10 Xi =369
Re-nesting® 1 10 21 xs =528
3
Two broods 8 7 16 X; =472t
1997 1998 1999 Year comparison
Group size (90) 28+0.12 3.2+021 3.1+£017 2_112
X2=1-
Nest attendants (112) 3.6 +0.29 3.9+0.35 3.7+0.28 2 _
i xX,=0.94
Nest attempts 45 47 56 x; =1.40
% nest success (148) 77.8 76.6 78.6 x; =1.03
Cross-territorial 8 9 3 X% =3.10
Re-nesting 9 12 21 Xi =5.58"
Two broods 9 8 14 x5 =2.00

'The number of groups receiving assistance from adjacent groups in provisioning nestlings.
*The number of groups re-nesting after a successful nesting attempt.
*The number of groups successfully fledging two broods in a season.
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Provisioning rate per hour varied from eight to 50 (21.8 = 0.91). It was
influenced by the time of day, maximum daytime temperature, nest stage and
number of nestlings, but not the number of nest attendants (Appendix 3.1). I
calculated the percent contribution made by each nest attendant (attendant
provisioning rate/total provisioning rate per hour) for nests where I was confident of
the identity of the primary male and female (n = 102). I did not control for
environmental or demographic influences on provisioning rate in these calculations,
as I assumed that percent contribution would be similar despite differences in overall
provisioning rate.

The percent contribution of the different nest attendant categories varied
depending on the total number of nest attendants (Table 3.4). With no helpers,
primary males and females contributed equally to provisioning nestlings (z-test for
dependent samples, ¢ = 0.36, P = 0.72). In Table 3.5, I have summarised the
percent contribution of each nest attendant category. As these data are not
independent, the contribution of primary males and females were compared
separately with the other nest attendant categories and a Bonferroni adjusted
significance level of P =0.025 was used.

Regardless of the number of helpers, there were significant differences in the
provisioning contribution made by nest attendants (Table 3.5). Post hoc multiple
comparisons showed that resident male and female helpers generally contributed a
similar amount to at least one of the primary sexes, and always contributed equally
between themselves. Interestingly, non-resident females always contributed a similar
amount to resident helpers, and quite often their contribution was comparable to
primary males and females (sample sizes for non-resident females were small so
these trends should be viewed with caution). Conversely, non-resident males almost
always contributed less than primary males and females and often less than resident
male helpers (Table 3.5). The data from Tables 3.4 and 3.5 indicate that male
helpers were much more common, but in relative terms they contributed no more

(and sometimes less) than female helpers.

64



£
F

cRrytE T

T

DR U SRR R 2RI AREARY S

‘,"7

"o ‘,"'"WV' -

EPRTT T B IV ITE [T e (YL A rrym e

Cooperative breeding

Table 3.4 Percent contribution (mean + s.e.) to the provisioning of nestlings by the primary
male (PM), primary female (PF), resident helper male (RM), resident helper female (RF),
non-resident helper male (NRM) and non-resident heiper female (NRF). Data are based on
102 nest watches. Numbers in brackets are sample sizes.

No. of helpers

Status 0 1 2 3 4 5 6
PM 48.5+334 3921349 284+322 27.7+303 237:291 1361281 148174
(23) (19) (16) a7 (18) @ @
PF 51.5+3.34 37.8+413 36.3:3.24 284+174 198:1.93 296+4.10 27.7+1.85
(23) (19) (16) a7 (18) ™ @
RM1 276519 18.0+325 21.7+158 19.0£1.97 9.8+209
©) (1 ®) (15) @
RM2 170£651 1744216 169+242 12.7+3.06
@ 8) (15) @
RM3 135+249 128+199 11.3+3.13
® © (6)
RM4 11.0£5.15
3
RF1 244+824 243+274 1661466 10.3:1.07 131+175 1291185
6) ®) (4) (1) ™ @
RF2 19.1+4.75
@
NRM1 8.8+2.69 136+267 98+174 101+168 51089 3700
4 ) ©) (14) 4 @
NRM2 97+155 67100 37+0.0
™ @ )
NAM3 41£1.31 37400
@ @
NRF1 108+297 192+540 17.4+7.91 16.6+9.95
4 (5) ®) @
NRF2 83+0.0 16.6 £9.25

()

(2

65



Cooperative breeding

Table 3.5 The mean percent contribution of each nest attendant category to nestling
provisioning. The contribution of primary males and females was compared separately with
the other nest attendant categories using one-way ANOVA and Tukey's HSD for unequal
sample sizes after data were arcsine transformed. A Bonferroni adjusted significance level
of P = 0.025 was used. ANOVA significance levels correspond to: *P < 0.025, **P < 0.01,
***P < 0.001. Means with the same letter are not significantly different.

Percent contribution

No. of PM PF RM RF NRM NRF F

helpers

1 39.2% 37.8° 276  24.4% 8.8° PM 8.503,34**
PF 4.42334*

2 28.4% 36.3 17.9° 24.3% 13.6° 10.8°  PM3.27443"

PF 8.73443***
3 27.7° 28.4° 17.8°  16.6% 9.1° 19.2®°  PM 11.284,65***

PF 15.97463***
4 23.7° 19.8®  16.7® 10.3% 9.6° 15.9%°  PM 7.38485**

PF 5.42485***
>4 13.9% 29.2° 11.2° 14.2° 4.3° 16.6°  PM 7.5645™*

PF 17.34451***

The data in Table 3.4 show a general decline in the provisioning contribution
of the primary male and female with an increase in the number of helpers at the nest.
I used simple linear regression to determine if there was a significant change in the
provisioning rate (i.e., actual visits per hour not percent contribution) of the primary
sexes with an increase in the number of helpers. In these analyses, I controlled for
the number of nestlings, nest stage, time of day and maximum daytime temperature
because these may influence provisioning rate (Appendix 3.1).

Both the primary male (F)3; = 46.29, P < 0.001, Adjusted R? = 0.578) and
primary female (F 3, = 32.38, P < 0.001, Adjusted R* = 0.487) significantly reduced
their provisioning rate as helper number increased (Figure 3.7a and b). The decline
was slightly greater in males (slope of regression = -0.769 £ 0.11) compared to

females (-0.709 £ 0.13), but this difference was not significant (fg4 = 1.2, P > 0.10).
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Figure 3.7 The decline in the provisioning rate/hr of the: a) primary male, and b) primary
female with an increase in the number of helpers at the nest. Not every datum is shown (n
=34) because cases with the same value are represented by a single point. The solid line is
the line of best fit; dotted lines are 95% confidence intervals.
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Relatedness of helpers

In 1998 and 1999, most of the resident helpers were banded offspring from
the previous breeding seasons. Assuming that social parentage is comparable to
genetic parentage an assessment of relatedness can be made. Of eight helper females
of known origin, seven assisted at the nests of their parents (coefficient of
relatedness 0.50) and one assisted her mother and stepfather (coefficient of
relatedness 0.25). Of 36 helper males, 25 helped both parents, one helped his mother
and stepfather, four helped their father and stepmother, and six (two territories with
three helpers each) helped their father and sister. All non-resident helpers were of

unknown relatedness to the individuals they helped.

3.3.5 Reproductive success
Nest success and multiple broods

A total of 77.7% of 148 recorded nesting attempts produced at least one
fledgling. The number of nest attempts did not differ between sites or years, neither
did the proportion of successful nests (see Table 3.3). Most groups (64.4%, n = 90
group years) nested twice within a season. Multiple broods were relatively common;
34.4% of groups raised two broods to fledging and 12.2% re-nested after
successfully fledging the first brood, but failing in their second (Figure 3.8). There
was no difference in nest success between first (75.3% successful, » = 90) and

second (80.1%, n = 58) nests within a season (Fisher Exact test, P = 0.69).
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Nesting success

Figure 3.8 The percentage of groups with differing levels of nest success (n = 90 group
years). S = succeed, F = fail. Multiple nesting attempts within a season are represented by
two letters (e.g., SF = succeed in first nesting attempt and fail in second).
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At Site C, there was a trend for more groups to re-nest after a successful
nesting attempt and raise two broods to fledging within a season. The number of re-
nesting attempts after a successful nest varied slightly between years, but there was
no difference in the number of groups raising two broods (see Table 3.3). Re-nesting
after a successful nest was more comxﬁon for groups > three (58.5%, n = 53)
compared to pairs (29.7%, n = 37, Fisher exact test, P = 0.01), and the former raised
a higher percentage of multiple broods to fledging within a season (50.9%, n = 53 vs
10.8%, n = 37, Fisher exact test, P = 0.001). Groups > three also had a lower
percentage of failed nests (7.5%, n = 40) than groups of three (30.2%, n = 53) and
pairs (25.5%, n = 55; ¢ 2 =7.27, P < 0.05).

Group productivity
A total of 189 fledglings was produced over the 3 years of the study. The

average number of fledglings produced per nest was 1.3 (£ 0.04) and this did not
differ between first (1.4 = 0.09, n = 90) and second (1.2 + 0.10, n = 58) nests within
a season (Mann-Whitney test, Z = 1.17, P = 0.24). Mean group productivity was 2.1
(+ 0.18, n = 90 group years). Almost half (48.6%) of all nesting attempts produced
two fledglings and only one nest produced three.

There was a ’significant difference in group productivity between sites

(Poisson, x5 = 7.38, P < 0.025) and between groups of different size (5= 6.50, P <
0.05), but no effect of year (x5 = 1.34, P > 0.10) and no significant interactions

between these variables. Group productivity was highest at Site C and for groups of

> three individuals (Figure 3.9a and b).

Primary female experience

I compared a number of reproductive parameters for primary females who
were assumed to have different levels of reproductive experience. Females nesting
in 1998 and 1999 that also nested in 1997 and/or 1998 were considered to have had
at least 1 years experience, and those individuals replacing a primary female (i.e.,
dispersing to, or inheriting a territory) in 1998 and 1999 were considered to have had

no prior experience. This is true for at least the territory that the new females
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occupied and is consistent with the observation that breeding dispersal appeared to

be relatively infrequent in Dryandra (Section 3.3.7).

(30)
(30)

Site A Site B Site C

Group productivity

25 (37) (30)

2 3 >3

Group size

Figure 3.9 Differences in annual group productivity between: a) the three study sites, and b)
different sized groups. Numbers above columns are sample sizes.

There were no significant differences in any of the reproductive measures
compared between first year primary females (n = 14) and those with at least 1 years
experience (n = 46), although all of the measures were slightly higher for
experienced females (Table 3.6). Any differences between new and established
females may also be confounded by group size differences because most (71.4%)
new females began their reproductive life in pairs. This comparison does not
consider any helping experience a new female may have had in a previous group,
which may improve her reproductive success when she eventually becomes a
breeder (Komdeur 1996). I removed individuals from the analysis who were known
to have had helping experience (1 = 6), but there were still no discernible differences

in the reproductive output of established and new primary females.
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Table 3.6 Measures of reproductive output for females with at least 1 years breeding
experience and those assumed to have no prior experience (mean * s.e.). None of the
differences are significant at o = 0.05. Numbers in brackets are sample sizes.

No experience > 1 year experience
Reproductive output (14) (46)
Nest attempts per female 1.3+0.12 1.9 £ 0.06
Nest success (%) 73.7 78.6
Group productivity 1.56+0.24 24 +0.18
Re-nesting after success (%) 46.7 57.8
Raising two broods (%) 33.3 37.8

3.3.6 Juvenile and adult survival
Juvenile survival

The mean number of fledglings per breeding group surviving to
independence and juveniles surviving to the next breeding season were 1.6 (£ 0.11)
and 0.9 (£ 0.12) respectively (n = 90 group years). Fledgling survival rate was quite
high (0.76 £ 0.04) and this rate increased slightly when only males were considered
(0.80 £ 0.06). Juvenile survival rate was 0.46 (+ 0.03) and survival rate post-
independence was 0.57 (+ 0.04). These values were slightly higher for males only
(0.54 £ 0.05 and 0.62 £ 0.05 respectively).

The mean number of fledglings surviving to independence and juveniles
sur_viving to the next breeding season were highest at Site C and for groups > three
(these data are not independent of group productivity and were not tested
statistically; Table 3.7). There was also a trend for fledgling and juvenile survival
rates to be higher in groups > three, but there was no difference between group sizes
in survival rate post-independence. For males only, the trend was for all survival rate

measures to be highest in groups > three (Table 3.7).

Adult survival

Adult survival rate was 0.77 (£ 0.06) for primary males and 0.75 ( 0.05) for
primary females. The only significant difference occurred between sites for primary
males with a very high survival rate at Site C (Table 3.8). However, there was a

consistent trend in both sexes for survival rates to increase as group size increased.
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Table 3.7 Differences between sites, years and group sizes in the number of fledglings and juveniles surviving, and fledgling and juvenile survival rates
(mean * s.e.). The number of fledglings and juveniles surviving were not tested statistically owing to non-independence. Survival rates were compared
using the computer program CONTRAST. A Bonferroni adjusted significance level of P = 0.017 was considered statistically significant, although all

results with P < 0.10 are reported. Numbers in brackets are total number of group years.

Overall Males only
Fledglings Fledgling Juveniles Juvenile Juvenile survival Fledgling Juvenile Juvenile survival
surviving survival rate surviving survival rate rate post- survival rate survival rate rate post-
independence independence
Site
A (30) 1.2+0.14 0.71+£0.07 0.6+0.15 0.39 +0.04 0.53 + 0.05 0.71 £0.07 0.42 £ 0.07 0.55 £ 0.05
B (30) 1.6+ 0.21 0.82 +0.08 0.9+0.18 0.54 £ 0.06 0.58 £ 0.08 0.89 +0.06 0.73+0.12 0.69£0.10
C (30). 21+024 0.74 £ 0.06 1.2+0.30 0.44 £0.05 0.58+0.10 0.79 £ 0.11 0.47 £ 0.06 0.61+0.09
x2=12.37
P=0.002
Year
1997 (30) 1.5+ 0.11 0.76 £ 0.07 1.0+0.16 0.46 £ 0.07 0.60 £ 0.06 0.77 £0.09 0.52 £ 0.08 0.67 +£0.08
1998 (30) 1.5+£0.16 0.75+0.08 0.8+0.13 0.44 £ 0.09 0.53 £ 0.05 0.83+0.10 0.55 +0.09 0.58 £ 0.07
1999 (30) 1.9+0.15 0.75 1 0.09 o . . 0.79 £0.09 . .
Group
size
2(37) 1.3+£0.15 0.73+0.05 0.7+0.417 0.49 +0.09 0.61£0.04 0.75+0.08 0.53£0.09 0.64 £ 0.09
3 (30) 1.3+0.17 0.68 £ 0.06 06x0.14 0.32+0.08 0.46 £ 0.03 0.75+0.08 0.43 £ 0.06 0.50+0.06
>3(23). 26+023 0.87 £0.11 1.5+0.28 0.57 £0.12 0.63 £ 0.09 0.9110.12 0.65+0.07 0.71+£0.10
x2=5.77 x2=8.18 x5=5.40 x2=6.71 x3=5.83
P =0.06 P=0.02 P=0.07 P=0.03 P=0.05
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Table 3.8 Differences between sites, years and group sizes (mean + s.e.) in adult survival
rates (primary males and females only). Values were tested using CONTRAST. A
Bonferroni adjusted significance level of 0.017 was used. Numbers in brackets are total
number of group years.

Males Females
Site
A (20) 0.60+0.11 0.70+0.10
B(20) 0.70+0.11 0.80 +0.09
C (20) 1.00 + 0.00 0.75 +0.09
x5 =20.66
P < 0.001
Year
1998 (30) 0.77 £0.08 0.83 £ 0.07
1999 (30) 0.77+0.08 0.67 £ 0.09
Group size
2(23) 0.71+0.09 0.71 £ 0.09
3(17) 0.76 £ 0.09 0.76 + 0.09
>3(20) 0.87+0.09 0.80 £ 0.11
Overall 0.77 £ 0.06 0.75£0.05

3.3.7 Dispersals and visits
Dis:persal

Dispersal between territories occurred mostly when a vacancy became
available as a result of the disappearance (probably death) of the primary male or
female (see Figures 3.12 — 3.14). For primary males, dispersers from outside the
study sites filled 35.7% of vacancies (n = 14) and dispersers from adjacent territories
filled 57.1%. For primary females, 46.7% of vacancies (n = 15) were filled by
dispersers from outside the study sites and 40% were filled by dispersers from
adjacent territories (Table 3.9). For vacancies occupied by individuals from within
the study sites (n = 17), 58.8% were filled by dispersers who had been helpers for at
least 1 year. Breeding dispersal appeared to be relatively uncommon, as was
inheritance of the natal territory (Table 3.9), although only five of the 29 breeding

vacancies represented an opportunity for natal inheritance.
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Table 3.9 The origin of individuals filling vacancies created by the disappearance of the
primary male or female.

Male Female

No. of vacancies 14 15
Vacancies filled by

Natal dispersal after helping 6 4
Natal dispersal of 1* year bird 1 1
Breeding dispersal 1 1
Inheritance of natal territory 1 2
Dispersal from outside study sites 5 7

Only two territories lost their primary male and female at apparently the
same time during the study and these were colonised by a new pair < 1 month after
the disappearance of the original occupants. Two natal dispersals were by
individuals < 12 months old who subsequently bred within their first year. Apart
from dispersals to fill a breeding vacancy, on two occasions I recorded the
movement of males to helping positions in adjacent territories. One was a first year
male whose social parents had disappeared from the natal territory (subsequently
colonised by a new pair) and the other was the primary male in a pair that occupied a
low quality territory. These males remained in their adopted territory for at least 12
months and assisted in the feeding of nestlings.

Fledglings born in 1997 and 1998 were monitored each month until the end
of the breeding season in 1999 to determine their fate. I then calculated the
cumulative percentage of fledglings disappearing each month from their natal
territory up to 12 months post-fledging (Figure 3.10). Approximately 84% of 51
fledgling females disappeared within 12 months of fledging (this includes 27.5%
that disappeared before independence, which probably represents fledgling
mortality). Conversely, only 46% of 66 males disappeared over the same time period
(including 19.8% mortality). Excluding estimates of mortality and dispersals within
the study sites, the percentage of females disappearing (54.9%) was significantly
higher than males (22.7%, Fisher exact test, P < 0.001). The fate of disappearing
individuals is unknown, but estimates of mortality before reaching indépendence
suggest no significant sex bias in mortality rate and the higher disappearance rate of

females is probably a result of sex-biased dispersal.
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Figure 3.10 The percentage of juvenile males and females disappearing from their natal
territory over a 12-month period. Numbers in brackets are sample sizes.

Of the 33 male fledglings born in 1997, 57.5% remained on their natal
territory for at least 12 months and 30% remained for at least 2 years. Of the 26
female fledglings, 23.1% remained for at least 12 months and only 3.8% remained

for 2 years.

Dispersal and territory quality

Komdeur (1992) found that territory quality influenced dispersal decisions in
the Seychelles Warbler, as individuals born in high quality territories were more
likely to remain as helpers rather than disperse to low or medium quality territories.
For Rufous Treecreeper helpers, dispersal decisions may be influenced by the
quality of the natal (originating) territory and the territory where a breeding vacancy
occurs (destination), group size in each territory, the coefficient of relatedness
between the helper and the offspring produced, and the difference in the number of
young produced if the helper leaves the natal territory.

A quality index for the originating territory was calculated using the equation

quality index (q)‘ = %+ (cd; — cd)).

Here, a = the territory quality value derived from habitat structure (see Table 5.3 in

Chapter 5), b = group size, ¢ = the coefficient of relatedness between the helper and
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any ofispring produced in its originating territory, d; is the number of offspring
produced if the helper remains in its originating territory and, d; is the Aumber of
alfspring pmducdd if it leaves.
- The first part of the equation represents per capitu lcrrilory"_"quality and
assumes thut as gmljp size increases, lerritory tjuulity (c._g.. food availability) for any |
individual decreases. This wukes no account of any fitness benefits of group living.
The bracketed section is the helper’s inclusive fitness benefits arising from an
increase in reproductive output as a result of its help (this section is modificd from
Stacey and Ligon 1987).

The above quality index pertains to a disperser's originating territory. To
calculate an index for the destination tcﬁilory, the bracketed section was replaced by
cd; where dy is the number of offspring produced in the destination territory with
group size k. | calculated a quality index for the originating und destination
territories of all dispersers that obtained a primary (breeding) position in my study
sites (n = 14). In these calculations, | used average group productivity values for
groups of differin g size and a coefficient of relatedness of 0.50.

- Out of 14 dispersals where territory quality was known, 71.4% were (o
territories with a higher quality index than the originating territory. Of the four
dispersals that were to a lower quality territory, two of these were by first year birds.’i
This sﬁggcsts that territory quality may influence dispersal decisions in treecreepers,

but sample size is low and further data are required to assess this relationship,

Visits o

Movements between territories that involved visits rather than dispersals
“were commonly observed during the breeding season when individuals would feed
nestlings in territories other than their own. 1 recorded 42 visits (= individuals) from
non-resident helpers for the 3 years of the study (based on banded birds of known
origin}, The majority of these (47.6%) were males who were helpers in their own
territory (Figure 3.11). Non-resident helpers could also be primary males and/or
females who had failed a'_nesting attempt (21.4%), helper femates (16.7%) and
occasionally primary malzs who had a nest of their own (14.3%). Primary females

with their own nest were never recorded provisioning nestlings in a neighbouring
. '!‘;
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territory. Most (93%) non-resident helpers were from adjacent territories, but one

was a primary male that crossed two intervening territorics to help (see Figure 3.14).

Percentage of visits
-t h [ ] =
o o O o %

o

HF FPM  FPF PM

Category of non-resident helper

Figure 3.11 Categories of non-resident helpers observed feeding nestiings {n = 42),
Abbreviations are HM and HF (helper male and female in own territory), FPM and FPF
{primary male and female recently failed in a nesting attempt) and PM {primary male with
nest).

A total of 4 territories received help from non-residents at least once during
the three breeding seasons (Figures 3.12 ~ 3.14). These helping visits did not seem
to be driven by reciprocation, which was only observed three times. There are a
number of potential explanations for this behaviour (see Discussion), but
interestingly, 70% of the 42 non-resident helpers came from territories that were of a
lower quality”than the ones they helped in (based on the territory quality value
derived in Chapter 5).'Thislsuggésts that cross-ten'iioﬁal helping rﬁay be a vehicle

for non-residents to assess potential breeding vacancies in higher quality territories.
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3.4 DISCUSSION
3.4.1 Territories and neighbourhoods

Treecreeper groups in Dryandra occupied all-purpose, year-round territorics
and all group members assisted in territory defence. During the breeding season,
territorial behaviour between particular groups was reluxed allowing the cross-
territorial provisioning of nestlings. Territorics were not mutually cxclusive in these
circumstances and treecreepers may form ‘“ecological ncighbourhoods” (sensu
Addicott et al. 1987) during this time. An eéological neighbourhood is defined by an
ccological process (e.g., reproduction}, a time scale approprialc to the process (e.g.,
at least one breeding scason), and an organism’s ac'i:ivity during the defined time
period (e.é.. provisioning of nestlings in necighbouring territories). Spatial scale
relevant 1o the ecological process and an organism’s activity is also important; most
cross-territorial provisioning occurred between adjacent territories.

For the Rufous Treecreeper, ecological neighbourhoods comprised up to five
interacting territories (Figure 3.14). Designation of a neighbourhood is constrained
by the duration of a study, and for treecreepers, neighbourhood boundaries may
change owing to the turmover of individuals. Longer-term data are required to
provide a more complete picture of cross-territory interactions. Also, if a different
ecological process is considered (e.g., dispcrsal), the spatial scale of a
neighbourhood changes (see Section 3.4.6). For treecreepers, ccological
neighbourhoods appeared to occur in a nested hierarchy defined by the relevant

ecological process (Chapter 9).

3.4.2 Sex ratio and group size

Although a statistically significant difference was only recorded in I year of
my study, there was u trend in all years for the sex ratio of adult birds to be biased
towards males, This appears to be a consequence of female-biased dispersal. The sex
ratio of fledglings slightly, but not significantly, favoured males in 1997 aad 1998.
Some studies of cooperatively breeding birds have found that, in certain
circumstances, the sex ratio of offspring is biased towards the sex that is more likely
to remain on the natal territory and help in subsequent breeding scasons (Gowaty

and Lennartz 1985; Ligon and Ligon 1990b: Komdeur ct al, 1997). These results
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support the “repayment model” (Malcolm and Mur[cn__l‘)82; Emlen et al. 1986),
which predicts that parents may. bias the sex ratio of oftspring Lo favour the more
helpful sex. However, the usefulness of the repayment model may be restricted to
only a few select cases and is difficult to test with short-term data (see review of
Kocnig and Walters 1999).

Treecreepers most commonly occurred in groups of two or three, but 25.6%
of groups (n = 90) had four or more individuals, Contrary to the study of Rose
(1996) and in. accordance with the observations of Noske (1980), groups could
contain more than one adult female (23.3%). Group size was positively related to
territory quality (Chapter 5) and generally reflected prior reproductive success, as
most helpers were young from a previous brood. Group members participated in
nest-building, feeding the primary female, fceciiﬁg and caring for nestlings and
fledglings, and mobbing potential predators including the Yellow-footed Antechinus
Antechinus flavipes, Carpet Python Morelia spilota, Southern Death Adder

Acanthophis amtarcticus and Sand Monitor Varanus gouldii.

3.4.3 Reproductive success

The breeding season for Rufous Treecreepers lasted for 4 months, although
the period between when the first eggs were laid to when the last nestlings fledged
could be up to 5.5 months. Clutch size was relatively small (1.94 + 0.07, n = 34),
which appears o be characteristic among old endemic, resident passerines (Yom-
Tov 1987; Rowley and Russell 1991). Small clutch size with low variation means
that differences in group productivity are mostly a factor of the number of successful
nests produced in 3 season.

Nest success was consistently high in each year of the study (77.7% % 0.58)
and was similar to that recorded by Noske (1991) for Red-browed Treecreepers
Climacieris ervthrops (74%), but higher than the more closely related Brown
Treecreeper C. picumnus (48%) observed during the same study. Although varying
between sites, group productivity (2.1 t 0.18) also appeared to be relatively high
compared to Red-browed (.12} and Brown Treecreepers (1.36: Noske 1991), but
was siightly lower than the average (2.4) recorded for the southern temperate

passerines ¢examined by Rowley and Russell (1991).
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Annuai productivity for Australian passerines appears to be low compared to
their Northern Hemisphere counterparts (Yom-Tov 1987; Rowley and Russell 1991;
Rowley ct al. 1991). In some species, low productivity may be u result of high levels
of nest failurc caused primarily by predation. Robinson (1990) suggested that small
clutch sizes and multiple broods in Australian species are adaptations to high levels
ol prcdulion, but predation does not appear to be a strong selective force for Rufous
Treecreepers in Dryandra (Chapter 7). Allowing for a level of error in my estimates
of nest success, predation rates on treecreeper nests in Dryandra were unlikely to
exceed 25 —~ 30% (assuming all nest failures were from predation). It is more
probable that the risk-spreading strategy (Payne 1977) of small clutch size and
muitiple broods is a response 10 the environmental variability (e.g., unpredictable
changes in {ood availability) that may occur over a long breeding season (Burley

1980).

3.4.4 Juvenile and adult survival

Adult survival for Rufous Treecreepers (0.76 £ 0.04) was comparable (o the
average recorded for a number of southern temperate passerines (0.75; Rowley and
Russell 1991) and for other cooperatively breeding treecreepers (0.78 — 0.79; Noske
1991), and did not differ between primary males and females, Fledgling survival rate
to independence appeared to be relatively high (0.76 + 0.04) compared to other
cooperative and non-cooperative species (Cale 1999: Green and Cockburn 1999), as
was juvenile survival to the next breeding season particularly if only males are
considered. Although, fledgling and juvenile survival rates for Rufous Treecreepers
were comparable 1o a recent study on the cooperatively breeding Red-winged Fairy-
Wren in Karri E. diversicolor forest in southwest Western Australia (Russell and
Rowley 2000). These survival rates are conservalive because all disappearing birds
are considered to have died,

There was little annual variation in any of the productivity or survival
measures recorded for treecreepers in Dryandra (Tables 3.3 and 3.7), and population
numbers were relatively stable over the 3 years of the study. However, there were
differences between sites with Sitc C having consistently high productivity. This

was primarily a factor of Sitc C having larger group sizes and higher quality
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territories (Chapter 5). This result is important because it illustrates the spatial
variability that can occur in a continuously vegetated landscape, cven between sites
in t!ic same habilat type cxposed to the same broud environmental conditions.
Choosing any onc of my study sites as a representation of the entire landscape would
have been mislcading.

Based on the data from my study, the demographic characteristics ol the
Rufous Treecreeper reflect the apparently typical traits of most resident, old endemic
passerines. Clarke ("1997) cautioned against extrapolating such results to all
Austmll.m passennes owing to a significant rescarch bias favouring sedenl.iry

COOpGI‘ﬁIIVE SpCCICS hvmg 1n temperate rcg:ons

3.4.5 Cooperative breeding behaviour
Why remain philopatric? _
Ecological constrainss and benefits of philopatry

In- Dryandra, natality and juvenile survival exceeded primary méle and
female mortality and more potential breeders were being produced than there were
vacancies to fill, Access to a primary (breeding) position rather than access to
suitable mates appeared 10 be a consiraining factor because a number of groups had
multiple males and femnales that could potentially breed (based on two observations,
treecreepers were able to reproduce in their first breeding season after fledging).

The fact that surplus individuals did not establish their own territory suggests
that the availability of certain resources was also a constraining factor. Suitable
nesting hollows do not appear to be limiting in Dryandra (Chapter 4) and the most
likely resourcc consiraint is the area required to support an all-purpose territory of
suitable quality. Rufous Treccreepers in Dryandra preferentially used Wandoo
woodland with particular structural characteristics (Chapter 4), and preferential
habitat use was related to reproductive success and fitness (Chapter 5). An important
component of habitat quality ‘was the density of large Wandoo trees (Chapter 5),
which were used disproportionately to their availability (Appendix 4.1). Therefore,
the density of large Wandoo trees may be an important ccological constraint for this

population of treecreepers.
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Based on these observations, it is likely that preferred habitat in Dryandra is
saturated and on the surface this appeirs to be a reasonable cxplszz;ilion for the natal
philo;ﬁalry exhibited by offspring. However, variation in territory quali ty, leading to
philopatric benefits:for certain individuals, may be just as (if not more) important in
ckpluining philopatry in this population of trcécrccpcrs._

| Experimental studies that have removed the breeding male and/or female
from a territory have shown that the \_fac'anéics_crcated are filled relatively quickly (a
matter of hours or days) uniess lhcf'e'__.ish a éhonage: of one sex (Pruett-Jones and
Lewis 1990:; Marra and Holmes 1997). For Rufmis Treecreepers, the data I have on
the time span between a vacancy being created and the establishment of a new
individual are constrained by the frequency of my visits to territories. Of the 29
vacancies recorded, two were filied within at least a iveek and 18 were filled within
at least a month, | |

One notable exception was a female who solely occupied a territory for 6
m_on'ths despite being surrounded by surplu's. males in adjacent territories. The
territory she occupied was ranked the lowest quality of all 30 territories used in my
study (see Chapter 5 for territory qu.al'iiy values). Her original partner dispersed to a
helping position in an adjaCeﬁl territory after failing to breed in 1997 and she
eventually paired with an 8-month old male dispersing from an adjacent higher-
quality territory (hence h;fs experience at determining territory quality was limited).
This observation is not in accordance with the habitat saturation or mate limitation
model, but supports th_c' benefits-of-philopatry hypothesis (Stacey and Ligon 1987).
This hypothesis is also supported by the fact that most dispersals of knewn origin
(71.4%, n = 14) were to higher quality territories {Section 3.3.7).

Two further examples illustrate the importance of territory quality to natal
philopatry. In Rufous Treecreepers, most female offspring reaching independence
disappear (disperse) from their natal territory before the next breeding season. Those
that remain should only do so if territory quality is high in accord with the benefits-
of-philopatry hypothesis. 1 compared average termritory quality between tcn‘itdr_ies
supporting philopatric helper females for at least 12 months (i = 12) and those
where females reaching independence disappeared (n = 12). The difference in

quality was in the predicted direction, but'!‘f‘_,\yus nol significant {mean quality of
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territories with philopatric females 3.61 + 1.14 vs those without 1.57 & 1.24, one-

- tailed Mann-Whitney test, Z= 1.33, P = 0.08).

A small proportion (26%, n = 46) of offspring born in 1997 and reaching
in.depcndc_ncc remained on their natal territory as helpers for at least 2 years. In
uccord_unéc with. the 'I)t;ncﬁls-df-philopalry_Hypolhcsis, these territories (n = 7)
should be of a higher cjualiily than those where independent helpers born in 1997

remained for | year or less (n = 19). This prediction was supported, with the average

~ quality of territories supporting philopatric helpers for 2 years being significantly

higher (6.27 + 1.59 vs [.72 + 0.78, one-tailed Mann-Whitney test, Z = 2.34, P =
0.01).
| The above correlative relationships are weakened by the fact that an
unknown proportion of 'disappeamnces represented death rather than dispersal.
Thére are also a number of other important factors that may i'nﬂuence the dispersal
decisions of helpers. Potentiai dispersers must be aware of the vacancies around
them and of the quality of adjacent and nearby territories. This is a possible reason
for the frequency of non-dispersal visits (see below). Competition with conspecifics
for vacancies may also influence dispersal decisions. There is likely to be a trade-off
between group size, territory quality and philopatry. Per capita quality (e.g., food
'a\?ailability) would decrease as group size increases, and only high quality territories
could support large groups, as was found in my stddy (Chapter 5). If groups become
too large, the plji,’m.ary male and/or femsza_' may aggressively exclude certain
indiy_idua]s from tlhe territory. All of these factors interact to influence dispersal
decisions and highlight the complex nature of only one component of cooperative
breeding behaviour, |

The above argument could be framed in terms of the ecological constraint

- hypothesis, whereby the availability of high quality territories is the constraining

factor. This illustrates the potentially artificial dichotomy between the ecological
constraints and benefits-of-philopatry models (Koenig et al. 1992; Mumme 1992;
Emlen 1994), but it is useful to explore both the constraints to independent
reproduction and the benefits of rcmai'ning as a helper or non-breeder. Other
potential benefits to philopatric individuals include the inheritance of the natal

territory, a competitive advantage in filling breeding vacancies in adjacent
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tervitories, and the dynamics of group living (Rowley and Russell 1990; Russel] and
Rowley 1993). Group living may offer more effective predator surveillance,
improved cxploitation of patchily distributed resources, or the acquisition of skills
needed for successful reproduction in the future (Koenig and Stacey 1990; Marzluff
and Balda 1990; Komdeur 1996). Some studics have suggested fitness benefits from
group cooperation for cooperative species, like the Rufous Treecreeper. that forage
on the ground in open woodlands (Gaston 1977; Zack and Ligon 19835), but these
benefits might also be available to non-cooperative, flock living birds (Clarke 1995),
A useful approach would be to compare the survival rates of philopatric and non-
philopatric individuals (Walters et al. 1992; Ekman et ai. 1999), but this involves the

ditficult task of tracking dispersing birds.

Life history traits

In their review of the ecological constraints and life history hypotheses,
Hatchwell and Komdeur (2000) concluded that both constraints and life-history
traits probably act in concert to influence cooperative breeding in birds. The Rufous
Treecreeper has many of the characteristic life hiStory traits that are thought to
predispose a species to cooperative breeding; high aduit survival, small clutch size,
low reproductive rates, reduced dispersal and increased sedentariness. The evolution.
of cooperative breeding in treecreepers is probably influenced by the synergistic
effects of life history and ecological constraints, and a broader evolutionary model
for this species is warranted (Hatchwell and Komdeur 2000). Although constraints
and benefits may be opposite sides of the same coin, an expanded model that
recognises the potential benefits of philopatry provides a more comprehensive

assessment of the evolution of cooperative breeding.

Why do resident helpers help?
The benefits of helping

Stacey and Ligon (1987) suggested that once the decision to remain on the -
natal territory had been made the selective choice of prbviding care to offspring was
probiematic. However, it would be in the intercsts of philopatric individu’als.to care
for nestlings if this increased the reproductive success of related breeders. In turn,

this would increase the indirect fitness benefits to helpers. If philopatric individuals

87



Cooperative breeding

:u'c: delaying breeding, the only way they can increase their own genetic
representation in the population is to help raise a greater number of related kin. In
" Rufous 'F:‘cccfccpc:'s, group size was positively related to reproductive output,
.c.:.bnsis.lenl with many other species of cooperative breeders (Stacey and Koenig
1990). However, increased productivity and survival resulting entirely from helping
behaviour is difficult to demonstrate owing to the confounding influences of parental
and territory quality (Cockburn 1998), The regression approach I used in Chapter 5
indicated that group size provided no additional benefits to group productivity and
fledgling survival once territory quality had been considered (there was a positive
relationship with primary male survival rate — see below). Statistical procedures are
generally poor substitutes for more rigorous experimental approaches where helper
number or some component of territory quality is manipulated, but the results from
these types of studies have been equivocal (Cockbum 1998) and a clear relationship
between helping, territory quality and reproductive output is yet to be established.

If it is in the interests of resident, related helpers to help, then they may be
more likely to contribute to activities like nestling provisioning at a similar rate to
primary males and females, as was found in my study (Table 3.5). In some Specieé
(e.g., White-winged Chough Cofcorax melanorhamphos and Seychelles Warblér),
helping may improve future reproductive éuccess by helpers gaining the skills
required for successful reproduction (Heinsohn 1991, 1992; Komdeur 1996). This
does not appear to bé an important influe-ﬁﬁal factor in the helping behaviour of
Rufous Treecreepers. Most juvenile females disperse from the natal territory before
the next breeding season. Juveniles born in the first brood of the season have the
opportunity to help at a second brood, but many groups do not have successful
second broods. Also, first year birds with no helping experien. -~ are able to dispe”rse
and successfully breed, although the comparative reproductive success of

individuals with and without helping experience is yet to be determined.

The costs of philopatry and helping.
Recent reviews have highlighted the need to assess the costs as well as the
benefits of philopatry and helping (Cockburn 1998; Heinsohn and Legge 1999).

Assuming resident helpers do not breed, a major cost of philopairy is foregoing
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reproduction for | or more years. The decision o remain philopatric may be
influenced by territory quality (sce above), which is positively correlated with
reproductive output and survival (Chapter 5). However, per capita quality may be
reduced with an increase in group size. These interacting factors suggest & complex
cost-benefit trade-off involving territory quality, the likelihood of future
reproductive suceess, group size and inclusive fitness, which influence the dispersal
decisions of helpers. This ts further compﬂl.ica;cd by the possihility that the primary
male and female may influence the decision to d_ispersc (sce below). The costs of
philopatry and delayed breeding would increase over time, which is probably why
few treecreeper helpers remained on their natal territory for more than a year,

For birds, indications that helping is costly has been suggested for species
‘where related helpers do not contribute to nestling provisioning at the same rate as
parents, where food availability is limited and helpers engage in deceptive “‘non-
feeds”, or where there is a negative relationship between helper contribution and
helper survival rate (Heinsohn and Legge 1999 and references therein). [ was unable
to detect any short-term costs associated with helping behaviour in Rufous
Treecreepers. Resident helpers generally contributed at the same rate as primary
males and females (Table 3.5) and helpers did not appear to engage in deceptive
non-feeding.

For Rufous Treecreepers, there appear to be no real benefits to being seen to
help, as has been suggested for species where gaining social prestige or forming
social coalitions is important (e.g., Arabian Babblers Turdoides squamiceps, Zahavi
1995; White-winged Choughs, Heinsohn and Legge 1999). Social prestige in the
natal group does not appear to drive helping behaviour in treecreepers because most
helpers disperse after a year of helping. I also have no evidence of the formation of
social coalitions. These observations do not discount the possibility that helping is a
form of rent payment for being allowed access to the natal territory, but if
provisioning of nestlings is a payment of rent, and this activity is costly, [ predict
that the contribution of resident helpers would be substantially less than that of the
primary male and female. Importantly, the costs and benefits of helping may vary

with changes in environmental conditions. When food availability is limited, helping
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'~ behaviour. may be more costly and the contribution of helpers may be less (Chapter

l,-".'r’hv do mm -re 'm'enh help?. ?

c tcml_ory,__i.ulcd breeders or occasionally primary m_dlca with their own ncst. Helping =~
o by 'non'rcs'i:ifleh'{s' has ':1Iso'béc*1 recorded for the closely "rclalcd'Brown Treecreeper .

. (Noske . 1982). Hclpmg by hll‘d’ that failed i m their own brccdmg duempt has bcen o

Non rcs1dem Rutous ’Ircecrcepcr hclpcrs wcrc cuhcr hclpcrq in' lhclr own

_'__reported for White-fronted Bec caters (Merops bu!{ockmde.s, Emlen 1990) dnd..':.. -

_LonO-tmled Tits (Aegnha!m caudatus, Glen and Perrins 1988). In Bell Miners

_ : 'Manorma me!cmophr\w derS with dependent young may act as hclpcrs to anolhcr'
pan (Clarke 1984; Conrad et al. 1998) o
The obscrvations of non-residential help clnr'umcnted for Rufous

'Treecreepers are not unique, but raise interesting qucsuons aboul the motivation for.

| ~ this type of helping behaviour. If individuals in neighbouring groups are related, -

- then there may be an indirect fitness benefit for non-resident helpers similar-_ld_ _

* resident helpers. The proportional contribution to helping may be influenced by the

: level of relatedness (Ha{chwéll 1999 and referenccs‘!hereih) Relatedness among -

‘territorial neighbours is a dlSllnC[ pOSSlbl]ll)’ in treecreepers. owing fo a rclallvely :

high percentage of breeding vacanc:es being occupled by dlspersers from adjace L

territories {Table 3.9). |

The interesting result from my sludy was that non-residents mostly helped in
territories that were a higher quality than their own. It could be argued that groups in
better quality territories produce more offspring to fill nearby vacancies and these
groups have more potential helpers for future years. Another interpretation is that
non-residents use helping behaviour as an avenue for assessing the quality of |
adjacent territorics and the potential to obtain a breeding position. This is supported

by the fact that most non-residential helpers were helpers in their own territory, and,

for males at least, they generally contributed very little to nestling provisioning™ . -

(Table 3.5) suggesting that the motivation for helping may have differed fr_o'r'_n' ihal of

resident helpers.
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R

T hc dbO\’L mtcrpretauon may nol bc apphcabic to pnmdry malcs and. fcmalcs'

: __lhdl hclp dllcr ﬂulmg m a brt.cdmg, .mcmpl For thcsc mdnwduals hclpmg bchdvmur-
" _-'m.ly bc (invcn by rchncdnc'as, i p.lymc.nl for dcccs.s lo lhc resources of dd_ldccnt o
lcmlonca or’ an oppommlly to lmprovc rcpmducnvc skrlls o cnhdncc fulurc .

. sucucss

'Do pnmary males rmd fema[es beuef 4 from hefp’ o
| In Rulous Trcccrccpers lhc pnmarv mdlc and female reduced lhcxr'ff: -
; pronwsmmntJ contribution to nesllmgs as helper numbcr mcrcascd conszstenl witha-
3 number of other cooperauve breeders (Brown et al 1978 Cun‘y 1988, chklnson et
al. 1996) A rtducuon in provisioning conmbuuon may - reduce’ the rcproducltve -

costs to breeqi_ers (Hatchwell 1999)_, allow primary __b:._r.ds to devotc more time to

predator surveillance (Austad and Rabénold 1985) or.irﬁproifc survival rates (R'eyer'l

1984, Russell and Rowley 1988; Crick 1992). Primary female treecreepers with

more helpers at the first nest of aseason hud a higher probability of re-nesting aftera -

successful nest attempt, and group size was positively related to the number of . -

successful broods in a season. In this way, helper number can increase breeder
productivity. Russell and Rowley (1988) demonstrated that helper assistance in
Splendid Fairy-wrens reduced the interval between broods, increasing the number of
broods produced in a season. They also found that female survival rate was higher in
groups with helpers compared to those without. A similar resull was not recorded for
primary female treecreepers, but primary male survival rate appeared to be |
influenced by group size even when territory quafi_ty'had been considered (Chapter
5).

Many cooperative breeding studies approach the issue of philopatry and
helping from the perspective of the helpers, and the influence of breeding birds on
dispersal decisions has probably been understated (Cockbum 1998). Some studies
have shown that parental aggression plays a role in excluding young from the natal
territory (Mulder 1995). I have no data on parental aggression influencing dispersal
decisions in treecrecpers, but philopatry is likely to be a result of offspring deciding

not 1o disperse and the primary male and female allowing them to stay. If parents are

able 1o force offspring to leave the natal territory, the fact that they do not suggests
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_ that there is - o bcncﬁl to havmg phllop.nm. young or ihal lhc cosls ol cxc.lumon_

“ outwei igh the costs of phllopulry

3.4.6 Dispersal AR |
Dispersal in Rufous Trcccrccpcrs. appcared lo bc Icmalc bmscd cspccmlly :
for mdmdua!s <1 ycar old, but few offSpnn}, remained on the natal territory. for
| _morc than a year s_uggcsl_mg that l_hc majority of males will d]SQ disperse w1l_hm 2
yehr_'s._ Recorded dispersal distances were shdﬂ-(ty;ﬁically one 1o (wo lerriloﬁp_s, st_ic
f.'_Figu're's 312 '—.3.!4)_.' but this dndou_btedly underestimates the actual d_isPcfSal
| :-:d.i's_tuncé distribution of treccreepers (Koenig etal. 1996, ")000; Chapter 8).
_ | The maling system model of Greenwood (1980) prcd:cled that d15persal
_'_"would be female biased when the matmg systcm was based on resource defence. In
'_"l_hls-que];"malcs defend resources to attract mates, and females disperse to avoid
.inl.:)'r'eeding. and assess the qua]it__y of several Iﬁales before settling. Hence, the |
__r_eprc_)duclivé strategies of the séltyj.es differ. In- Rufous 'Trcecrecpc.rs, all group
‘members participated in fesource (f;’;m'tory) defence, but the primary male appeared
~ to respond more readily to extema]ggihreats (based on response to play back tapes).
Also, the mating system appeared to be monogamous, but this requires genetic
confirmation.
These observations tentatively support the mating system mode! of
Gree awood (1980). but there are certain anomalies that require further
interpretation. Firstly, there appeared to be no greater advantage to males remaining
philopatric. Although my study was short, inheritance of the natal territory was
comparable between males (7%) and females (13%). Dispersal to adjacent teriitories
to fill vacancies was also similar between males (37%) and females (40%)
suggesting no obvious benclit to males remaining philopatric and females
dispersing. |
[t is possible thai the primary female considers female offspring a threat and -
dispersal from the natal territory results from parental aggression. However, [ have
no evidence of plural nesting or cgg-dumpi'ng. which may adversely affeél-thc
reproductive success of primury females and lead to female helper cxclusién. Also,

there were a number of groups where female offspring did not disperse. -
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_ fthe .:siigh'l bias luw:irds the production of male of fSpring_ in 1997 _ﬁ:_nd 1998
';_(T.a_b[c_ d.) is 'rc:p'r'cscnlul'ivc of longer time spuns, the opborl.uni_li'_cs to obiain a
,br'ccd'.i'n'g’-\?ucu_pcy may dir fer between the sexes. Fenales may disperse because they -
have a gré;ucr. probubility of finding a mate and breeding in' their first year, whereas |
ft_)r m;il._es,'il may be more .pl‘_()f.'il;slblc (o :rcmz_lin as 4 hc[pcr'm' gain any indirect fitness
bcncﬁ_lS‘_ .ru.lhcr than l)écom_ing a non-breeding floater. These interpretations are

- preliminary and require further investigation.

3.4.7 Conclusions and caveats

There are a number of hypotheszs associated with helping behaviour that
have not explored in detail in this study (see Clarke 1995 and Cockburn 1998). Most
appear to have limited relevance to. tﬁe Rufous Treecreeper. One that is worth
mentioning is the unselected hypothcsisé;.-of Jamieson (1986, 1991), which predicts
that helping is a behavioural resporse by adult birds to feed begging young
regardless of any relationship between adults and offspring. This hypothesis is not
completely refuted by my observations. it could even be argued that non-resident
helpers were simply responding to the begging calls of nestlings, as most non-
residents resided in adjacent territories and would have been aware of begging
offspring in neighbouring groups. Il heiping is a behavioural response to begging. |
predict that cross-temitonal feeding would be even more prevalent than ihat recorded
in my study. Any one territory can have up {0 six neighbours all with begging young
at some time and the unselected hyvpothesis does not explain why helping appears to
be directed towards particular groups und not randomly to every adjacent termtory.

In any observational study of cooperative breeding that does not include
genetic data on the relatedness of individuals, conclusions about the motivational
forces driving cooperation must be preliminary. In some cases. genetic evidence of
mating systems and the relatedness of individuals supports conclusions bascd on
behavioural data (Conrad et al. 1998 Quinn et al. 1999), but it is gencrally
inadequale to assume thai social and genetic parentage are the same. In the above
discusston, I have assumed a low degree of cxtra-pair copulations and a
monogamous mating system. A comprehensive genetic study of cooperative

breeding in the Rufous Treecreeper would improve our knowledge of this species.
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Appendix 3.1 VARIABILITY IN PROVISIONING RATES TO NESTLINGS
IN THE COOPERATIVELY BREEDING RUFOUS TREECREEPER

In press in Ly

".lr.ltrt')ductmn _ _ L
In Luupcmtwc breeders; more than (Wo mdwrduals otlcn provision ncslhngs
Total proxmonmo rate. mdy increase wuh the number of nest allcnddnls (Emlen
.'1990 Mumme et al. 1990: Wdllcrs 1990) but in some cuses, certain mdmdua]s
(e.g., thc bI'LCdln"—' mdlc and/or fema!c) will reduce their effort so that provisioning
-.'ralue to _nesllmgs remains constant (Wilkinson & Brown 1984; Tidemann 1986:
'_Russeli & RO(\'Iey 1988: Wright & Dingemanse 1999). Hatchwell (1999) found that
'a.p'os'itive relationship between the number of nest atlendants and provisioning effort
~generally occurred in species where nestling starvation was frequent, whereas a
reduction in effort by certain individuals was characteristic of species where nestling
-starvation was rare,
To assess  this relationship adequately, it is important to consider other
* factors that may influence the provisioning of nestlings. Provisioning rate may be
correlated with numerous variables including brood size, nestling weight, age and
begging-signals, temperature. season and time of d:iy (Brown et al. 1978; Wnght
1998: Chamberlain et al. 1999). | o
The Rufous Treecreeper is a small (30-35 g;' Appendix 2.1, c00pcrali\;él)'
breeding (Rose 1996). insectivorous passerine occurring primarily in the lembcrate
forests and woodlands of southwestern Australia (Blakers et al. 1984). In this study,
I examined correlative relationships between treecreeper provisioning rate and
selected environmental and demographic variables, and the number of nest

attendants.

Methods _ _ .
My study was conducted at three sites in Dryandra W.c')od_l'a_hd _'-'(32°45*S._

116°55°E). 160 km southeast of Perth, WCSICI‘[‘I.AI..IS.IF!_]“&. Each s.ile _\Vﬂﬁ located in

Wandoo Eucalvptus wandoo woodland and had 10 contiguous treecreeper territories

(30 territories in total) in which most occupants (95%) were colour-banded as part of
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Appendix 3.t Provisioning rates

K broadcr sludy on the ecology of the specics.  conducted nest walchcs in the mdln_ :
breeding scuson (SLpleer - December) for 3 ycars (1997 = 1999). Birds were
observed Iur 60 mmutcs per watch with a4 22 itlescope located 15~ 20 m lrom the

. For c.lch nest wach, | rcmrdcd the Iol!ow.n;, vartables that were uscd in thc
data analyses: - _ -
a) site = A, B or C;
by year - 1997, 1998 or l999
¢) tme of dav ~ nest watches were conducted lhroughom thc day from 0600 to
1600 hrs. the nearest hour was used as time ol‘ walch; - _ |
.d) day of seuson - the number of days from August I, Wthh was arbllmnly _
defined as the beginning of the breeding scason: ' ' |
¢) maximum daytime temperature - mMaximum temperalure on “day of nest
watch recorded from a thermometer located in the study area; -
f) number of nestlings - determined by chick begging, observations of
nestlings at hollow entrance, and number of fledglings (see below):

nest stage — based on nestling age determined a posteriori from fledging date

(see below) and classified as early (£ 10 days post-hatching), mid (11 < 20

days) or late (2 20 days);

h) nest number — Rufous Treccreepers may nest again after the first nest of a

~ season fails (re-nesting) or succeeds (mulubroodedness; Chapter 3), so |
differentiated between the first and second nest of the season;

i) number of nest attendants — total number of individuals provisioning
nestlings (ranging from two 1o eight). determined by colour-band
combinations; and

J) provisioning rate per hour - based on visits where nest attendants bought
food.

Rufous Treecreepers nest in tree-hollows, which generally prohibited direct
observation of nest contents, Determining the stage of nesting and the number of
nestlings is relatively cusy when nestlings arc near fledging because they can often
be seen at the entrance of the hollow when begging for food. Nests at the carly and
mid stage were initially determined by observations of female behaviour (females

wouid often brood recently hatched young). strength of chick begging and
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.k'ilowlcdgc '(__)1" nc.s'l.his_tory_(i.c.._'dalcs'_whc'_n indiv_iduals had been recorded nest
-hu_i_ldihg or .inc.uhiuing). ..Nc._st_-—st'agc cmégorisniion was -then confirmed by back-
dating from fledging date basced on'lhévncsl[i ng period (28 days) defined by Rosc
(1996). | | R |

' Bascd'on. 148 recorded nesting ullcrﬁpls. ohly onc n.cs'l produced more than
wo ﬂédélings (C hapiér 3). ’l'hcrcfbrc, the number of nestlings appeared to be aimost
_always one or two. For early and mid-stage nests, I determined if a nest had more
than one nestling by listcning for overlapping begging calls. The number of
nestlings wus confirmed in later watches where nestlings could be observed directly.
Ifa nest was initially classified as having two nestlings. but only one nestling was
observed at a later date it was not used in the analyses. Nests that failed before the
- number of nestlings could be confidently determined were also excluded.

One nest watch per nest attempt, per temtory, per year was used in the
analyses. First and sccond nesting attemnpts from the same termitory were also
included. as this allowed for examination of scasonal effects. and the number of nest
attendants could differ between attempts. Provisioning raie data conformed to a
Poisson distnbution, so a General Linear Model (Family: Poisson, Link: Log) was
used to examine the relationship between provisioning rate per hour (lthe dependent
variable) and the environmental. demographic and nest attendam (independent)
variables. Modeclling and diagnostic procedures followed Nicholls (1989). and I used
the S-Plus 2000 software package (MathSoft 1999). Significant correlations between

independent variables were assessed using Spearman rank correlation.

Results

A total of 102 nest watches conducted over 3 years were included in the
analyses. These were spread relatively evenly between years and sites. Provisioning
rate per hour varied from eight to 50 (meun 21.8 * standard error 0.91). Changes in
Poisson model deviance were used to assess the relationship between each
independent variable and vanation in provisioning rate. There were significant
posttive assoctations between nestling provisioning and number of nesilings and nest
stage. and negative associations with ome of day and maximum  davtime

temperature (Tabies 1 und 2). Day of season was positively correlated with daytime
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temperature (ry = 0.712, P < 0.001}), but the latter was associated with a greater
change in model deviance.

Provisioning rate per hour was higher when there were two nestiings and
increased with nest stage (i.c.. nestling age; Figures 1a and b). Provisioning rates
tended to be highest carly tn the day, but were relatively constant from
approximately 0900 hrs onwards (Figure lc). They were also higher when
temperatures were mild (between 20 - 39° Celsius; Figure 1d). Importantly, there
was no significant refationship between nestling provisioning and the number of nest
attendants. Even with environmental and demographic variables controlled for, the
total number of nest attendants was not significantly correlated with provisioning

rate (r, = 0.001, P =0.996, n = 34).

Table 1 Significant change in made! deviance (distributed as zz) with the addition of the
independent variables listed (P < 0.005, n = 102).

Change in Residual Residual
Model df deviance df deviance
Nuli 101 364.0
+No. of nestlings 1 92.6 100 271.4
+Nest stage 2 39.0 g8 2324
+Time of day 1 18.0 97 214.4
+Max. temperature 1 9.9 96 204.5

Table 2 The coefficients and standard errors {s.e.) of each variable inciuded in the final
Poisson model.

Variable Coefficient s.e.

Constant 3.050 0.187
No. of nestlings 0.376 0.054
Nest stage 1 0.159 0.033
Nest stage 2 0.083 0.016
Time of day -0.032 0.006
Max. temperature -0.014 0.004
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Figure 1 Relationship between provisioning rate/hr and; a) number of nestlings, b) nest
stage, c) time of day, and d) maximum daytime temperature. Numbers in brackets above
columns are sample sizes. Plots show original data, not controlling for other effects.

Discussion
For the Rufous Treecreeper, provisioning effort in Dryandra was

compensatory rather than additive. As the number of nest attendants increased, the
primary (assumed to be breeding) male and female reduced their contribution so that
total provisioning rate remained relatively constant (Chapter 3). According to
Hatchwell (1999), this suggests that nestling starvation is rare. Nest success was
relatively high in Dryandra during my study (77.7%; Chapter 3), which provides
some support for this conclusion. However, I have no data on the causes of nest
failure.

There may be no positive association between provisioning rate and food
intake of nestlings if an inverse relationship exists between number of feeding visits
and prey size. The strong positive correlations between provisioning rate and nest
stage (nestling age) and number of nestlings suggest that this is not the case for
Rufous Treecreepers. Energetic demand would increase with the number of

nestlings and probably with nestling age. Therefore, the associated increase in
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provistoning rate probably reflects a positive relationship with lood intake, This
~conclusion is supported by data from a small subset of nests (1 = 10), which showed
a positive correlation {r = 0.72) between provisioning rate and total prey biomass
{Chapter 7).

Provisioning wus highest éarly in the day and this probably represents a time
of high energetic demand by nestlings owing to night-time food deprivation.
Provisioning rate also tended 1o decrease when maximum daylime temperature
exceeded 30° C. This may reflect a number of factors including a reduction in: a) the
energetic requirement of nestlings with increased temperature; b) foraging effort by
adults owing to heuat stress: or c) invertebrale availability. As temperature was
significantly correlated with day of season, a reduction in provisioning rate may also
reflect seasonal variation in invertebrate availability. |

A number of other factors may also be associated with variation in
provisioning rate (e.g., nestling metabolic rate or rainfall; Brown et al. 1978). In
addition to the variables identified in my study, these need to be considered when
assessing relationships between provisioning effort and the number of nest

attendants.
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CHAPTER 4
A MULTI-SCALED ANALYSIS OF HABITAT USE

SUMMARY

In the wheatbelt of Western Australian, the Rufous Treecreeper occurs
primarily in woodland, but we have no detaited knowledge on the specific habitat
requirements of the species. This is fundamental to understanding the consequences
of habitat modification on population viability. I examined the habitat use of the
species at three spatial scales; landscape, woodland and territory, and developed
predictive models of habitat use that were validated with new data.

Preferential habitat use by the treecreeper was exhibited at all spatial scales,
supporting the assertion that multi-scaled analyses are required 1o adequately
understand the habitat requirements of a species. At the landscape scale, Wandoo
Eucalyprus wandoo woodland was used at a significantly greater rate than was
predicted by the availability of this vegetation type. Territory use within woodlands
was positively related to the density of holiow-bearing logs and nest sites, and tree
age. Within an individual tervitory, nest sites (hollows) were prcfcrcnli..llly used if
they had a spout angle of 2 50° and an entrance size of 5 - 10 cm.

Territory und nest-site models were derived using logistic regression from
data collected in the Dryandra study arca to predict the habitat use of the species.
The predictive capability of these models was assessed with new data collected
outside the study sites. The predictive capability of the territory model applied to the
original data collected in Dryandra was 90%, but this was reduced to 70% when the
model was applied to the new data, probably as a result of differences in habitat
structure between sites. The nest-site model had a predictive capability of 67.8%.
Nest sites appeared to be abundant in Dryandra and many of the unused hollows,
which were compared with used hollows tn the model, were probably suitable for
nesting resulting in relatively low predictive success.

The Rufous Treecrceper preferentially used habitat with traits characteristic
of old growth Wandoo woodland. Degradation of Wandoo through habitat
modification (c.g., grazing, logging. fire and removal of deadwood) represents a

significant threat to the persisience of treecreepers.
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4.1 INTRODUCTION
4.1.1 Overview ..

In the Western Auslruliff_in wheatbelt, the Rufous ‘Treeereeper appears to
occur primarily in Wandoo !.:’uc__'_(lﬂjwu.-; wandoo ind Salmon Gum L. salmonophioia
woodlunds (Ford 1971 Scrvc_'.';ly and Whiuell . 1976 Kitchener et al. 1982). This
refationship has not been quantified and there is only anéCdolu! cvidence on specilic
habitat characteristics that m;‘iy be importunt for the species. Explictt information on
habitat requirements comribﬁulcs to our understanding of how habitat change may
alfect the persistence of populations. In the first part of this chapter, I briefly review
the theory of habitat scleclfon and empirical studies of habitat use by birds. [ then
examine the habitat use ol_'i.lhe Rufous Treecreeper at three spatial scales; landscape
(woodland selection). woodlund {ternitory sclection) and territory (nest-site
selection). Habitat use—tcr:nporal scale relationships are also considered for woodland
selection. ] use logistic regression to develop predictive models of territory and nest-
site use, and validate lhc_.'.models with new data.

The specific uim_fs of the chapter are (0:

a) determine if the Rufous Treecreeper preferentially uses particular

woodland l,)l"peS'.

b) assess con'e:lalive relationships between structural habital characteristics

and ten‘itorjk and niest-site use;

¢) assess changes in species-habitat relationships with changes in spatial

scale; and 5. |

d) develop and validate predictive habitat models for Rufous Treecreepers

in temperate woodland complexes characteristic of the western

wheatbell.

4.1.2 The theory of habitat selection

The relationship between organisms and where they live has long been
studied in ecology. Lack (1933 cited in Morrison et al. 1992} is attributed as being
one of the first to suggest that animals may “select” a place to live based on
particular features of the cnvironment. This gave rise 1o the concept of habitat

selection and encouraged a number of rescarchers to examine the underlying
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mechanisms of habitat choice in animals (Svardson 1949; Hildén 1965; Fretwell and
Lucas 1970; Jumes 1971). These studies have shown that where an animaj lives is
influenced by a number of factors including habitat structure, floristics, food
availability, conspecifics, interspecific competition, predation risk and phylogenetic
constraints (Hildén 1965; Southwood 1977, Butler 1980; Hutto 1985, Rotenberry
1985; Muller et al. 1997).

Correlative relationships between species distribution and habitat featurcs
may be confounded by fluctuations in climate, predator and competitor densities.
Stochastic or deterministic extinction of populations may result in suitable habitat
being unoccupied, whereas an increase in population density may reduce habitat
selectivity resulting in species using a wider range of habitats than would otherwise
be the case (Rosenzweig 1991).

The processes that drive habitat selection are often difficult to identify and
are poorly understood, bui the relationship between habitat use and population
persistence remains an important problem in ecology (Morris 1987 Orians and
Wittenberger 1991 Rosenzweig 1991: Prbil and Picman {997: Clark and Shutler
1999). The first step in resolving this problem is lo examine the relationship between
the location of a species and particular habitat attributes to detcrmine if habitat use is
non-random. Correlative relal:ionéhips between particular habitat features and
sprcies location may be useful in predicting a species distribution across landscapes
(Lindenmayer et al. 1994; Fielding und Haworth 1995: Mladenoff et al. 1999:
Franco et al. 2000). The second step in the study of habitat selection is to determine
the variability of habitat features (identificd in the first step) among used sites, and if
this variability has any implications for fitness {(e.g., reproductive success). This is

discussed in Chapter 5.

4.1.3 Habitat use by birds

Studies of habitat use by birds have often demonstrated the importance of
vegetation structure and? floristics in determining distribution and abundance (Moen
and Gutiérrez 1997. Shackelford and Conner 1997: Micheals and Cully 1998:
Tibbetts and Pruett-Jones 1999}, The structural characteristics of a habitat provide a

bird with nest and roost sites. perches. foraging substrates and protection from
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predators (Cody 1985; Ford 1989; Recher 1991). Birds may be associated with
pirticutar habitat types or show a close affinity with u certain plant species (Rice et
al. 1984: Chan 1990; Adams und Morrison 1993; Storch 1993; McShea et al. 1995},
A number of habitat attributes may correlate with the presence of hoillow-
nesters like the Rufous Treecreeper. Studies in North America on cavity-nesting (=
hollow-nesting) birds have shown that these species generalty occur in older forests
or woodlands that have a greater density of large trees, dead limbs or dead trees,
hollows and logs (Sedgwick and Knopf 1990, Shackelford and Conner 1997;
Hershey et al. 1998 Steeger and Hiichcock 1998 Hooge et al. 1999; Lahaye and
Gutiérrez 1999: Savignac et al. 2000). In Australia, hollow abundance and woodland
. age are also considered influential in the bhabitat use of hollow-nesting birds
(Saunders et al. 1982; Traill 1991; Bennett et al. 1994 Pcll and Tidemann 1997).
Research on Climacieris species indicates that habitat charactenistics such as
tree species, type of bark, logs, ground cover, standing deadwood and the presence
of hollows may be influential in the habitat use of treecrecpers (Noske 1982, 1986
Recher et al. 1985; Ford et al. 1986: Brooker et al. 1990; Recher ahd Davis 1997).
For the Rufous Treecreeper in particular, a foraging study by Luck et al. (Appendix
4.1) found that the ground layer and large trees were preferentially used as foraging
substrates. Rose (1996) found that hollow logs were important refuges for recently
fledged young. My study of the habitat use of the Rufous Treecreeper is based
primarily on the structural characteristics of its habitat. I take no account of factors
such as food availability or intra- or interspecific interactions, although these may be
important in influencing the distribution of individuals (Mac Nally 1990).
J
4.1.4 Habitat use at three spatial scales b
A hierarchical analysis
Scale plays a significant role in the cxamination of species habitat use
(Wiens 1989b: Orians and Witlenberger 1991; Bergin 1992; Mac Nally and Quinn
- 1998). Studies conducted at only one scale are limited because different factors can
inflience habitat use at different scales (Wiens et al. 1987: Pribil und.lPicman 1997).
A more useful upproach is to investigate habitat use at multiple scales, preferably

within a nested hierarchy (Maurer 1985: Wiens ¢t al. 1987: Kotliar and Wiens 1990:
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Bergin 1992). This muli-scale approach acknowledges the influence of spatial
variation on species behaviour and recognises that there is no sing!é correct spatial
scale at which to conduct investigalions (Morris 1987, Levin 1992; Ous 1997},

Single-scale studics ol hird habitat use are common, with characteristic
scales of investigition being habitat (or vegetation) type (Baines 1994; Hunt 1996),
individual territorics {McShea ecal. 1995, Sedhi et al. 1999) or nest sites (Shields
and Kelly 1997). However, many studies have taken a nested hierarchy approach 0
examining habitat use with scales of investigation ranging from landscape to nest
tree (Moen and Gutiérrez 1997, Hall and Mannan 1999; Miller et al. 1999).
Decisions about the uppropriate scales of investigation should be based on the
relevant ecological traits of the species of interest {c.g., home range size and
dispersal ability) to reduce human bias in the selection process (Morris 1987; Orians
and Wittenberger 1991).

The scales of investigation used in my study are relevant to specific
ecological characteristics of the Rufous Treecrceper. At the broadest scale, 1
examined the relationship between the use and availability of different woodland
types within my study area. The next (finer) scale of investigation is that of
individual territory use within a woodland. In a true hierarchical analysis, termitones
would be nested within a single woodland type. This was not possible in my study
because I compared used territories with non-used “pseudo-termtones”, and a given
woodland type did not conmtain suitable numbers of these two categories for
comparative analysis {sec Section 4.3.2). At the finest scale of investigation, |

examined the use of nest sites within territories.

The role of habitat modelling

Logistic regression is commonly used 1o develop predictive and explanatory
statistical models of habitat use (Lindenmayer et al. 1991; Pearce et al. 1994; Boal
and Mannan 1998; Ritier and Savidge 1999: Franco et al. 2000). In habitat studics.
the method is appropriate when the dependent variable is dichotomous (c.g.. the
presence or absence of a speecies) and the aim of the resecarch is to determine the
association between the measured habitat (independent or predictor) variables and

the lacation of a species.
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Relationships derived from regression modelling are purely inferential. To
surengthen interpretations  of statistical inference it is important to assess the
performance and validity of the models (Flather and King 1992). This generally
occurs by applying various diagnostic procedures available with most computer
statistical programs (Tubachnick and Fidell 1996). A purticularly valuable, but
infrequently used method of model assessment is to examine the predictive
capability of habitat models when applied 10 new data (Straw e1 al. 1986;
Lindenmayer et al. 1994; Mladenoff ¢t al. 1999). This is especially important if the
results of the model are 1o be used in a practical way for habitat management. In this
study, | derive models of the habitat usc of the treecreeper and assess the predictive

capability of these models on independent data.

4.2 METHODS
4.2.1 Study areas

The majority of this study was conducted in the Dryandra study.lundscape
(described in Chapter 2). Additional habitat data used to assess the predictive
capability of the statistical (territory} model derived in Dryandra were obtained from
the Julimar conservation reserve. Julimar is located approximately 90 km northeast
of Perth and is a large (27,800 ha) reserve consisting primarily of a mixtre of
Wandoo, Jarrah E. marginata, Mami E. calophylla and Powderbark Wandoo E.

accedens woodlands (Capill 1984).

4.2.2 Woodland type
Vegetation classification

The vegetation associations occurring in the Dryandra study landscape were
broadly classified into seven types based on the vegetation maps ol Coates (1993:
see Chapter 2, Scction 2.1.4). 1 chose to conduct presence/absence surveys in the
four main woodland types because the other vegetation associations were unlikely to
be used by the treecreeper (e.g., shrubland) or only covered a very small percentage
of the study area (e.g., Marri and Sheoak Allocasuarina huegeliana woodland).
Powderbark-Jarrah and Powderbark-Jarrash-Mami woodlands were combined and

classified as one woorllund type (referred to us Mixed woodland from here on) with
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the other three woodlands classified by the predominant tree species as Wandoo,
Powderbark Wauandoo and 8Brown Mallet £ astringens. For Brown Mallet,
presence/absence surveys were conducted mostly in the more extensive plantations

(scc Chapter 2), although some naturally occurring patches were aiso included.

Pilot study

In Augusf 1997, | conducted a pilot study in Dryandra to determine the best
methods for detecting Rufous Treecreepers at 30 locations that were known a priori
to contain the species. The locations were surveyed between 0600 — 1200 hrs 1n fine
weather conditions. All were accessible by dirt road or track and a vehicle was used
to travel between sites. Immediately after amiving at a site, | stood next to the
vehicle and used a stopwatch to determine the amount of time clapsed before visual
(using 8§ x 40 binoculars} or aural detection of a treecreeper. For the pilot study only,
I attempted to visually locate all aurally detected individuals. | then measured the
distance between the vehicle and the bird Lo establish a general association between
strength of call and distance so that in the main study I could roughly estimate
distance from observer for birds that were only located aurally.

For the 30 treecreeper locations, initial detection of the species was primarily
aural (87%) with 90% of detections occurring within 5 minutes. Most (85%) aural
detections were of birds < [00 m from the observer with an apparent detection limit
of approximately 150 m. This study was conducted primarily in one woodiand type
(Wandoo) and one season, and does not allow for differences in detectability

between woodlands or seasons. This issue is addressed in Section 4.3.1.

Presence/absence surveys

To locate sample sites, T randomly selected sections of dirt roads and four-
wheel-drive (4WD) tracks from a topographic map of the study area. Using a 4WD
vehicle, I travelled a distance of 500 m from the beginning of cach section of road.
At this point, I classified the site into one of the seven broad vegetation associations
based on the predominant overstorey specics occurring within a 100 m radius of the
vehicle. Il a site was clussified as onc of the four main woodland types, it was

marked on the map and in the field with flagging tape 1o facilitate re-location. I then
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travelled another 500 m before locating the next sample site. This was repeated for
each section of road.

loacated 200 sites (50 per waoaodland type), which were surveyed for the
presence of trecereepers on five occasions (once per season): mid-breeding scason
(November 1997), summer (Junuary 1998), autumn (April 1998), winter (July 1998)
and carly breeding season (September 1998). Surveys were conducted in fine
weather conditions between 0600 - 1200 hrs. The order of rouds surveyed was
randomised tor cach survey penod.

At cach sample site. | waited outside the vehicle for a maximum of 5 minutes
listening for treecreeper calls and scanning the woodlund with binoculars. If a
treecreeper was detected. 1 recorded the time to detection and the approximate
location of the hird. Euch location was marked with flugging tape and its distance
from the vehicle was measured by pacing. These marked locations were used to
identify approximate arcas of use of the species at any given site so more detailed
habitat data could be collected (see Section 4.2.3). Detection times and distances
were used to cxamine detectability differences between woodland types. This is
important  because differences in  detectability may affect assessments of

proportional habitat use (Thomas and Taylor 1990).

Data handling and analysis

[ examined seasonal differences in the number of detections recorded overall
and in each woodland type using chi-sguarc. Differences in detection time and
distance for cach season and woodland type. for repeated measures on the same 200
sample sites, were analysed using repeated-measures analysis of vanance (ANOVA)
atter data were logiy transformed. To calculate the proportion of use for each
woodland. I considered the species to be present at sites where detection trequency
was 2 three (out of five surveys). and absent from sites with nil detections.
Proportional availability (i.c.. percent of the study arca covered) of cach woodland
type was calculated using the GIS database of Dryandra vegetation (Chapter 2),

A chi-square goodness-of-fit test is commonty used to anatvse habitat use-
availability data (Neu et al. 1974 Thomas and Tavlor 1990: Alldredge and Ratti

1992). If disproportionate use is cstablished, simultancous Bonferroni confidence
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intervals can be calculated to determine which of the habitat types are being selecled
or avoided. This method has been criticised (Byers ¢t al. 1984: Cherry 1998}, as it is
possible to have a significan: chi-square value and find no evidence of selection or
avoidance in the intervals, and vice versa. Cherry (1998) suggested that the
calculation of confidence intervals only is sufficient to determine any rcltionships
between habitat use and availability. Here, I calculate 95% Bonferron: confidence
intervals (o determine if any woodland type(s) are being preferentially used or
avoided by the treecreeper.

Data represented as proportions that sum to onc are not independent (the
“unit-sum constraint”’. Aitchison 1986; Aebischer et al. 1993), as is the cuse for the
proportional use of woodland types by the treecreeper. To overcome this,
proportions can be transformed to independent log-ratios using the equation

vi = In(xifxy).
Here, .v; is the proportion of vegetation type I and x;1s the proportion of vegetation
type j, which is used as the denominator in each transformation. A habitat ranking
matrix (from most to least preferred) can be constructed using the equation
In{x/ x5} = In(xailxg,).

Here, x,; and x,, are the used proportions of vegetation types ¢ and j respectively, and
Xqi and x,; are the available proportions (sece Acbischer et al. 1993 for more details). 1
used this method to confirm the results of the confidence interval analysis and to
rank woodland types from most to least preferred.

Certain assumptions are implicit in the study of animal habitat use versus
availability (Alldredge and Ratti 1986, 1992; Thomas and Tavlor 1990). In my
study, I assumed that treecrcepers were not restricted from using any panicular
woodland type, actual woodland availability was accurately classtfied with the GIS,
and the location of an individual at any given sampling point was independent of
other points. As samplirg points were at least 300 m uapurt, and the average
treecreeper territory size in Dryandra was 2.6 ha (Chapter 3), any given sampling
point would be separated from the next ncarest point by a distance of at least one

territory.
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4.2.3. Territory use
Field methods

Bised on the results of the presenceZabsence surveys, | randomly selected SO
sites with treecreepers (2 three detections) and 50 sites without (nil detections) from
which to collect detailed habitat data. I estimated the species” area of use (referred 10
as territory from here on) at each site comaining trecereepers based on the three or
more fTagged locations identified during the presence/absence surveys. This method
of delineation is limited when compared to detailed territory mapping of a species.
but the data collected were consistent with that obtained from the 30 intensely
studied territories described in Chapter 3 (see Table 4.7).

For sites where treecreepers were absent, a pscudo-territory was established
centred on a point locuted 100 m perpendicular to the road. The boundaries of
territories and pseudo-territories extended from the centre point in a radius of 80 m.
This covered an arca of approximately 2.5 ha. comparable to the average size of a
treecreeper termtory in Dryandra,

In each territory and pseudo-tervitory, 1 collected detailed measurements of
potentially important habitat attributes. The selection of attributes was based on
prior knowledge of Rufous Treecreeper ecology, data from other studies on hollow-
nesting birds, and observations of the species’ behaviour at my study sites. |
randomly located up 1o 10, 20 x 20 m quadrats within the boundaries of each
territory. The appropriate sample size for each woodland tr e was determined by
plotting the mean and standard error of the most varable habitat characteristic
measured (tree diameter at breast height (DBH)) against sample size until an
asymptote was obtained. The number ol quadrats differed for each woodland:
Wandoo 10, Powderbark Wandoo eight, Brown Mallet five and Mixed woodland
eight. The habita: characteristics measured and the methods used are described in

Table 4.1.
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Table 4.1 The habital characteristics mmeasured in each terntory and psoudo-terntory.

Habitat characteristic

Tree density ha k

Canopy tree density ha '
Subcanopy tree density ha |
Sapling density ha ’
Wandoc density ha'’
Wandoo canopy density ha''
Density of hollow-beanng
trees ha''

Density of hollows ha™

Density 1or hollow-bearing
logs ha’

Tree size

Deadwooed bipmass

Bark biomass

Log biomass

% ground vegetation
% litter

% hare ground
% shrub cover

% canopy cover

S-W diversity index of
ground cover

5-W diversity index of
vegetation stiucture

Number of rees { - 2 cm DBH) pequadrat converted to densiy ha '

Method of measurement

KMulti-stemmad lrees wire considerad a smgle treo o stems joined
abave the ground

As above for all rees estimalted Lo be - 10 mon height.
As above for altlrees 5 m o« 10 man height

As abovelor alt lrces < 5 mon haght

As above for all '“Wandoo trees

As above for alt Wandoo trees - 10 m in heaght.

As above for all rees w 'h at least one hollow large enough to house a
treccreeper Troes were scanned lor hollows from the ground using
binoculars

As above lor all hollows iarge enough to house a lreecreeper

As above lor all logs {downed woed) with a nollow, deemed sutable tor
treecreeper use {als0 see log Diomass).

Size was calculated for each tree as size class (saphng — 1, subcanopy
— 2, cangpy — 3) - DBH. A mean valug was assigned to each terntory.
DBH measurements were taken on the thickes! stem to the nearest cm
using a diameter tape.

Percent amount of standing deadwood n each free was subjectively
estimated to the nearest 10% and a bromass ligure was calculated as s
deadwood - tree size. A mean biomass hgure was then calculated for
aach lerntory.

The thickest stem of each tree was sighted at eye lzvel through
binoculars at a distance of 25 m and percent amount of decori.cating
bark was estimated to the nearest 10%,. Bark biomass was calculated
as % bark ~ tree s1ze, and a mean vaiue was calculated for each
termtory.

Downed wood was considered a log if » 10 cmin diameter al the vadesl
point. Only logs where > 50°: of tolal log length fell insicle the quadrat
boundaries ware measured, lalien liees were considered a single log. A
size value was calculated for each log as total log length - langth of log
> 10 cm in diameter. These values were summed for each quadrat and
the total assigned to each ternicry.

Calculated for each terntory as propertion of sampling points with
ground vegetation (e.9., herbs and annuals).

As for ground vegetalion. Litter classified as leaves, bark and woody
debris < 10 cmin diameter,

As [or ground vegetalicn.

As for groungd vegetation. Woody slemmed shrubs were initially
classified into height classes {i.e.,dwart < 0.5m, small 0.5 <1 m,
medium 1 < 1.5 m and tall = 1.5 m), but percent cover for each class
was very low and values were pooled to provide total shrub cover.

As far ground vegetation. Measured at each sampling point by sighting
vertically through a 4 cm diameter monocular tube and recerding the
presence or absence of leaves.

A Shannon-Wiener diversity index {Zar 1996) was calculated for all
ground cover cemprised of ground vegetalion, litter and bare ground.

As above for ground vegetation, shrub, sapling, subcanopy and canopy
cover,
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To calculdlc percent ground and shrul) covcr cdch qu.xdrdl was dissected -

Wllh tour evenly spaced 20 m transects, and five samplmg pomls per transu,l (20 per

| quadrat) were located at 5 mintervals (Figure 4.1). At cqch.._v:‘_;mplmg point, 4 10 mm
* diameter, 2 m high levy pole divided into 10 cm height CIdSSCb was placed vcnica!ly.
and a substratc was recorded if it came in contact with lhg”polc. Only onc'hit-pér_
substrate type or height class of shrub was recorded (i.c., presence or absence). The
substrates ground vegelation, litter and bare ground were considercd as mmuall'y
“exclusive. Woody shrubs were classif'éd into hcighl.classes (Tablc 4.1), which w'éré
not mutually exclusive from each other or from ground subslrales (e. g, lall shrub, -

. dwarf shrub and litter could be recorded at lhc one samplmg pomt)

- 'Territory —

Quadrat

A
Sampling point . . » .
&m
] .‘-—h
4m
| - L] L v
«<- —
20m

Figure 4.1 Sampling design used for collecting habitat data in each territory and pseudo-
- tarritory.
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At Julimar, I located 50 sites (25 with treecreepers and 25 without) by
randomly sclecting road sections from a topographic map and stopping cvery 500 m
lo determine treecreeper presence. Classification of treecreeper absence from a sile
was bused on a4 30 minute survey of the immediate arca. This was considered 2
suitable time period owing to the relative case of detecting treecreepers. At cach of
the sites, habitat measurements were collected in the sume manner as in Dryandra
and were centred on the location of individuals at the sitzs conlaining treecreepers,
and on a point 100 m perpendicular to the road at sites where treecreepers were
absent. The Julimar survey was a snapshot of treecreeper habitat use in this area and
ts limited when compared to more detailed habitat surveying, but it is still a
reasonable approximation of habitat use owing to the apparently high site fidelity of

treecreepers (Chapter 3).

Data handling and analysis

Habitat variables that did not meet assumptions of normality were
transformed (Table 4.7 contains a summary of transformations) after being
examined using frequency distributions, normal probability plots and the Shapiro-
Wilks test. I examined multicollinearity between variables using the Pearson
correlation coefficient and considered r 2 0.70 us the criterion for either omitting a
variable or creating a composite variable using principal component analysis (Adler
and Wilson 1985; Tabachnick and Fidell 1996). Principal component analysis is a
data reduction technique that represents the relationship between highly correlated
variables as new independent variables (principal components). |

Automated, step-wisc procedures are commonly used in regression analyses
where the computer includes or removes variables from the regression equation
based on a default cut-off level or one defined by the researcher. Automated
methods have been criticised for various reasons particularly because, over multiple
runs of the automated procedure on the same data set, the computer may select
different predictor variables as explaining variation in the data (Henderson and
Velleman 1981 James and McCulloch 1990). To avoid this problem. “interactive”
(sensu Henderson and Velleman 1981) regression modelling is appropriate where
the researcher analyscs all possible subsets of variables and selects the best

combination based on improvements in the fit and predictive power of the model. |
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followed lhlS approach in my study, modelling was (.ondm.lcd using SPSS 80
softwarc (Norum, 1998). '
Model fit and pI'CdlCllVC capability were assessed using: 2
a) slgmﬁcant'changcs in —2loglikelihood with the addition or dclcllon of -
variables based on the goodness of fit statistic (Z° - distributed as ¥°)
with suitable degrees of freedom (Tabachnick and Fidell 1996);
b) the Hosmer-Lemeshow goodness-of-fit test;
.¢) R?variance explained for euch model; and
d) the contingency table of predicied versus observed occurrences (using a
cut-off level where predicted absence < 0.5 < predic}éd pfcscncc) and the
measures of error rate, sensitivity and .specificity (Lindenmayer et al.

1991; Pearce et al. 1994; Table 4.2).

Table 4.2 Measures of error rate, sensitivity and specificity for model predictions {modified
from Lindenmayer et al. 1991).

Predicted occurrence
Present Absent
Ohserved occurrence  Present a b a+b
Absent [ d c+d
N

a = number of sites where the Rufous Treecreeper was correctly predicted to be present.

b = number of sites where the Rufous Treecreeper was predicted 1o be absent, but was present.

¢ = number of sites where the Rulous Treecraeper was predicted 1o be present, but was absent.

d = number of sites where the Rufous Treecreeper was correctly predicted to be absent.

N = total number of sites.

Error rale = an estimate of the swmber of incarrect predictions made by 1ha model, calculated as

{c + byN.

Sensitivity = a measure of the ability of the madei to predict the presence of the Rufous Treecteeper
at a site, calculated as a/{a + b).

Specificity = the ability of the meodel to correcily predict that the Rufous Treecreeper will not occur at
a given site, calculaled as df{c + d).

The predictive capability of the habitat model was assessed by calculating
the probability of use for each site in Julimar based on the value of Logit (P) derived
from the regression equation of the Dryandra model. Logit (P) is calculated as

Logit (P) = A + B, X, +B:Xz +...+ B X;
with the constant A, coefficients Bj, and predictors Xj for & predictors (Tabachnick
and Fidell 1996). A value of Logit (P) was calculated for each site in Julimar based
on the constant and coefficients derived from the Dryandra model and the values of

the predictor (habitat) variables measured in Julimar.

113



Habitat use

A probability of occurrence for each site in Julimar was then calculated as
R o ' ' _-: | éll.ogiu‘f"lt . '
~ Probability of occurrence =

|+ ploesl

where e is the base of the natural logarithm (2'.7I8).'_;t\" calculated probabilil'y of

occurrence > 0.5 (50%) was considered to predict the presence of the species with <

| 0.5 'predicting the absence. These calculated probabilitics were compared to the .

actual ocrurrence of treecreepers at the sites in Julimar to determine the predictive
capability of the model. Error rate, sensitivity and specificity were calculated forthe

predicted versus observed occurrences.

4.2.4. Nest sites
Field methods o |
Nest tree and hollow measurements were collected in'th_e_ 30 _stu'dy territories
in Dryandra and in habitat blocks outside the main study area, but still within the
Dryandra woodland complex. The use of different nesting hollows attributable to the
sam: female were not considered as independent and only one of these hollows
(chosen randomly) was used in the analysis. Hollows used on multiple occasions
were only measured once. The characteristics of each used nest tree and hollow were
compared with an unused tree and hollow (unused for the duration of the study). The
unused tree was the nearest hollow-bearing tree 1o the nest tree. An unused hollow
was selected from this tree by counting the number of visible hollows and choosing
a number at random. The characteristics measured and methods used are described

in Table 4.3.

Data handling and analysis

The methods used for data analysis follow those described in Section 4.2.3.
To assess the predictive capability of the logistic regression model, I derived a
model based on 96 hollows (48 used and 48 unused) from my 30 study territories,
and tested it against data collected outside the main study area (n = 84, 42 used and

42 unused).
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Table 4.3 Nest-site characteristics measured al each used and unusad site,

Nest-site characteristics

Methods of measurement

Tree DBH (cm)
% deadwood

Tree height (m)

Number of hotlows
Hellow height {m}

Relative height of hollow {m)
Spout angle (%)

Size (cm)

Aspect ()

% canopy cover

Moasured par Table 4.1

Percenl amount of standing deadwood in the nest tree subjectively
aslimaled lo the nearaest 10%. :

Highes! point of the nest tree measured using an inclinometer and
calcuiated via trigonometry.

Measured per Table 4.1

Height of hoilow entrance from the ground. Measured using
extendable poles 10 a heigh! of 8 m, or with an inclinometer.

Hollow hewght divided by tree height

Measured as angle to honzon of branch or trunk which nes! was
placed in, esbmated to the nearest 10°. Branch angle may not
coincide with entrance angle {e.q., a lront opening hollow in a trunk),

Horizontal diameter of widest sechon of entrance hole measured
externally using a 30 cm ruler fixed to the end of extendable poles
and read through binoculars. For nesls higher than 8 m, entrance
size was eslimated relative to the size of adull treecreepers by
observing birds enterng and leaving the nast {or just estimated fer
uvnused hollows). For hoilows with more than one opening, |
considered the enfrance to the hallow to be the one that was used
most frequently by the birds.

Compass direction to wiuch entrance hole opengd divided into ning
aspect classes: norh (337.5 < 22.5 ). northeast (22.5 < §7.5°); east
(67.5 < 112.5%); southeast (112.5 < 157.5'}. south (157.5 < 202.5°);
southwest (£02.5 < 247.5%); west (247.5 « 292.5 ). northwest {2925
< 337.5%); vertical aspec! {facing upwards).

Measured by slanding direclly below ihe hollow, sighting vertically

through a 4 cm diameter menocular tube and estimating percent
ticld of view covered by leaves.

4.3 RESULTS
4.3.1 Woodland type
Detectability

There were no significant seasonal differences in the number of detections

recorded for each woodland type or overall (Table 4.4). but there was a significant

seasonal difference in the time to detection (Tuble 4.5). Detectability was lowest in

summer, but occurred more readily during the breeding season probably as a result

of the constant calling of nestlings and fledglings. There were no significant

differences in detectability between woodland types and no woodland X season

interactions (Table 4.5). Therefore, the data on habitat use versus availability should

not be affected by detectability differences between woodlands.
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Table 4.4 The number of detections in each season and for each woodland type {n 200
50 for each woodland). Chi-square values are rot significant (P> 0.10;.

Number of detections

Mig- ] Early “ 2
Woodland type  breeding Summer  Autumn Winter  breeding
Wandoo 43 48 48 44 43 0.20
Powderbark 7 10 9 7 0.98
Brown Mallet 7 13 10 10 2.90
Mixed weodiand 5 4 7 7 5 1.28
Overall 61 62 76 70 85 2.31

Table 4.5 The time and distance to detection in each season and woodland type (mean *
s.e.). There was no signiiicant interaction between woodland type and season for time to
detection {F,317 = 1.44, P = 0.15) or distance lo detection {Fiz 317 = 0.82, P = 0.63)

Time (seconds)

Bistance (metres)

Season ta detection to detection
Mid-breeding 348+ 458 8481+ 583
Summer 80.1 + 6,62 77.4 + 6.02
Autumn 61.4 +6.90 68.6 £ 5.28
Winter 53.5+8.11 733523
Early-breeding 42.6+4.41 84.8 + 5.83
ANOVA Fazs=881FP<0 001 Faz4=146 P>0.10
Woodland type

Wandoo 49.5+3.82 75.7 £+3.38
Powderbark 578+ 1192 B4.4 +9.57
Brown Mallel 53.2+7.97 80.3+8.28
Mixed woodiand 62.6 £6.37 835+ 466

ANOVA

Far=181 P>0.10

Fa»=083F>0.10

Habitat use and availability

Rufous Treecrecpers were recorded on three or more occasions at a total of

55 sites (Wandoo — 39; Powderbark Wandoo - six; Brown Mallet - six; Mixed

woodland - four). Proportional use versus availability was significantly different for

each woodland type (Table 4.6). Treecreepers were recorded most often in Wandoo

woodland (70.9%) even though this comprised only 28.1% of the total vegetation

cover in the study area. Usc of the other three woodland types was lower than would

be expected from their proportional availability. The ranking derived from the log-

ratios of woodland availability confirmed the preference for Wandoo woodland

(Table 4.6

).
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-Table 4.6 Simuitaneous Bonterroni confidence intervals (q = 0.05) for observed versus
expected use of the four main woodland types in Dryandra. Woodland rank was derived
from a ranking matrix using the log ratios of woodland use and availability (Aebischer et al,
1993).

Observed Expected Confldence Proportional Woodland
use use intervals use rank
Woodland type
Wandoo 0.709 0.281(Py) 0.572 <P{<0.882 Higher 1
Powderbark 0.108  0237(P2) 0.001 <P250.217 Lower 3
Brown Mallet 0.109 0.267(Pa) 0.001<P3<0217 . Lower 4 .
Mixed woodland 0.073 0.137{P+) 0.000=5Ps4<0.131 Lower 2

e

4.3.2, Territory use
Development of the territory model

Table 4.7 summarises the values of- each habltat vanabhe measured m-
Dryandra and Julimar. Before habitat mode_llmg, | removed_ vartables correlated (r
0.70) with others in the data set or creaied composite variables Lsing principal
component analysis (see below) based on biological and statistical considerations.
The variables SDEN. SCDEN, WDEN, DHBT, PGV and PLIT (see Table 4.7 for
full variable names) were removed because they were nested within other habitat
measures or because other variables provided more detailed informatilon.

The highly correlated (r > 0.75) variables WCDEN, DHOL, TS{Z and
DWBM were included in a principal component analysis. Two principal components
were derived from this analysis that had an eigenvalue > 1.0 and explained 90.8% of
cumulative variance in the data. WCDEN and DHOL had high factor loadings with
the first principal component (0.88 and 0.87 respectively). This component was
interpreted as the number of potential nest sites (as treccreepers primarily nest in
hollows in Wandoo canopy trees) and formed the composite variable NSITE. The
variables TSIZ and DWBM had high factor loadings with the second principal
component (0.75 and 0.74 respectively). This component was interpreted as a
measure of tree age (older trees are generally larger and have a greater biomass of

standing deadwood) and formed the composite variable TAGE.
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Table 4.7 The values (mean + s.e.) of each of the habitat variables measured in the Dryandra used and unused sites and the Julimar used sites (based
on the presence/absence survays), and the Dryandra study territories (described in Chapter 3}. Numbers in brackets are sample sizes. The table also
lists the transformations conducted prior to principal component analysis and logistic regression.

Habitat characteristic Code Sites Transformation

Dryandra Dryandra Julimar Dryandra

used {50) unused (50) used {25) territories (30}
Tree density ha™ TDEN 208.8 £ 8.98 285.0+21.05 178.0+ 5.43 201.0+12.97 Square root
Canopy tree density ha™ CDEN 89.1+£3.94 103.2 £ 11.80 53.0+4.34 77.4 £ 378 Square root
Subcanopy tree density ha™' SCDEN 70.7 £ 3.72 85.0 + 12.47 55.8 £ 2.24 67.9+5.14 Square root
Sapling density ha™ SDEN 49.4 + 4.83 96.4 + 12.04 69.3 + 4.63 55.6 + 6.83 Square root
Wandoo density ha™ WDEN 140.4 + 12.59 52.9 £10.62 16491+ 9.68 187.8 + 14.13
Wandoo canopy density ha™ WCDEN 53.9 * 4.46 6.3 1.53 36.7 £ 2.12 70.4 + 4.35
Density of hollow-bearing trees ha” DHBT 31.86+2.03 10.2 £ 1.30 23.7 + 1.67 36.9:2.05
Density of hollows ha DHOL 91.1£6.70 235+323 85.1 £ 7.46 110.7 £ 7.37
Density of hollow-bearing logs ha™ DHLOG 20.3+1.37 10.4 £ 0.48 17.0%1.20 2274162
Tree size TSIZ 66.5+2.48 47.5+3.22 59.5 1 2.48 65.5 + 3.19
Deadwood biomass DWBM 182 +1.12 10.4 £ 0.69 14.5 + 0.84 19.4+ 1.58 Logi
Bark bicmass BBM 15.8 £ 0.93 8.3+0483 16.0 + 0.88 18.9 £ 0.81
Log biomass LBM 437.5+£36.47 3253 +48.24 3904 +32.01 525.6 +£49.62 Square root
% ground vegetation PGV 16.2 £ 0.99 8.2+1.33 289+ 1.35 184 +1.41 Ar¢sine
Yo litter PLIT 67.4 +1.31 74.1% 1.84 53.7 £1.07 67.7 + 1.69 Arcsine
% bare ground PBG 16.4 £ 0.93 17.8+ 1.09 17.4 £ 0.81 1391050 Arcsine
% shrub cover PSC B.0 +0.66 15.9+ 1.54 8.4 +090 7.5+ 064 Arcsine
% canQpy cover PCC 504 + 137 502 +197 529+2.14 51.4+183 Arcsine
S-W diversity of ground cover SWG 0.8 £0.02 0.610.03 059 +001 0.7 +0.02
S-W diversity of vegetation structure sSwWv 0.9 £0.01 0.8+ 0.02 09001 0.9 + 0.01
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The territory analysis was nol structured as a true nested hicrarchy because
the 50 sites with treecreepers and the 50 sites without did not occur in the same
woodland type (non-preferred woodlands did not have enough treecreeper sites and
vice versa for Wandoo). Therefore, 1 included the dummy variable “woodland type”
(i.c.. Wandoo, Powderbark, Brown Mallet or Mixed) in the regression anaiysis to
determine if this was a significant predictor of treecreeper territory use.

A total of 13 variables were analysed using interactive logislic regression to
determine the most parsimonious model. The final model (Tuable 4.8) was highly

significant (32 = 94.16, P < 0.001), explained 81.3% of variance in the data

(Nagelkerke R%). and was not significantly different from the statistically perfect
model (Hosmer-Lemeshow goodness-of-fit Cg = 4.12, P = 0.846). The presence of
Rufous Treecreepers was closely related to the density of hollow-bearing logs
(DHLOG) and the combined effects of tree size and standing deadwood biomass
(TAGE), and density of Wandoo canopy trees and hollows (NSITE). The addition of
further variables did not significantly improve model fit. The overall predictive
capability of the final model was also very high (Table 4.9). The error rate was 10%,
sensitivity 88% and specificity 92%. The model predicted the actual absence of the

treecreeper from a site slightly better than it predicted actual presence.

Table 4.8 The habitat variables included in the final teritory model showing values of the
Wald statistic, levels of significance (sig.) and proportion of variance explained {R).

Variables Coefficients s.e. Waldg sig. R
Constant 21071 0.8954 5.07y 0.0243

NSITE' 31780  0.8694 13.36 00003 0.2863
DHLOG 0.1844 0.0601 1048, 0.0012 0.2473
TAGE? 0.9340 0.4812 3.76; 00523 0.1129

‘Composite variable of WCDEN and DHOL.,
*Composite variable of TSIZ and DWBM.
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Table 4.9 The predictive capability of the final territory model showing the overall
percentage of correct pradictions and measures of sensitivity and specificity (n = 100}.

Predicted
Present Absent % correct
Observed Present 44 & 88%
Absent 4 46 92%

Overall 90%

| plotied thc relationship between the probability of occurrence of the
treecreeper and the three habitat variables included in the model (Figure 4.2). For
hollow log density. the probability of treccreeper occurrence dropped below 0.5
(50%) at a density of approximately 15 hollow logs ha'. The associations between
probability of occurrence and the principal component scores (plotted as nest siic
index and tree age index in Figure 4.2} are difficult to interpret without the actual
habitat measures, so I plotted probability of occurrence against WCDEN, DHOL,
TSIZ and DWBM (Figure 4.3). Probability ol occurrence dropped below 0.5 when
the density of Wandoo canopy trees was < 25 ha! and hollow density was < 50 ha™".
The relationships plotted in Figures 4.2 and 4.3 are simplifications of the actual
situation, as these habitat variables interact to influence probability of occurrence.

Structural differences between territorics and pseudo-terrilorics are further
illustrated when comparing the means of Wandoo sites only (Table 4.10). Each of
the significant habitat variables identified by the model (i.e., not factor scores) had

higher mean values in sites containing treecreepers.

Table 4.10 Each significant habitat variable (mean = s.e.) included in the logistic regression
model in territories (used} and pseudo-territories (unused) of Wandoo sites only. Numbers in
brackets are sample sizes,

Wandoo sites only

Habftat characteristic Territories (36) Pseudo-territories (12)
TSIZ 67.41£2.94 320+ 213
DHOL 106.4 + 6.79 35.5 +2.00
WCDEN 66.4 + 3.98 25.0+224
DHLOG 21.1+1.53 7.0+143
DWEBM 193+ 1.37 8.8 +054
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Figure 4.2 Relationship between the predicted probability of occurrence of Rufous Treecreepers and
density of hollow-bearing logs, nest site index and tree age index (principal component scores) with

other variables held at their mean. Dashed lines are 95% confidence intervals.
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Validation of the territory model

The territory model derived from the siles in Dryandra was validated by
comparing its predicted values with the new data collected in Julimar. Principal
component analysis was used 1o create the composite variabies NSITE and TAGI
from the original variables WCDEN, DHOL, TSIZ and DWBM (log), transformed)
The value of Logit (P) was calculated for cach of the 50 sites in Julimar using the
cquation

Logit (P) = -2.1071 + 3.1780(NSITE) + 0.1944(DHLOG) + 0.9340(TAGE).

Based on the values of Logit (P), probability of occurrence values were
calculated for each site using the equation in Section 4.2.3. These were compared (o
the actual presence or absence of treecreepers in the Julimar sites to determine
measures of error rate, sensitivity and specificity (Table 4.11). The overall predictive
capability of tiie Dryandra model applied to the new data was rcasonably high,
althoueh error 1ate was 20 higher than in the original model. True absence was
predicted more successfully (80%) than true presence (60%). This suggests that
treecreepers were using a number of sites in Julimar that they would not be predicted
to use based on the values from the Dryandra model. Relaxing the predicted
presencefabsence cut-off from 0.5 to 0.4 increases the overall correct predictions to
74%, and using the more conservative value of 0.6 reduces the overall percentage to

66%.

Table 4.11 The predictive capability of the Dryandra territory model when applied to the
habitat data from Julimar. Table shows overall percentage of correct predictions and
measures of sensitivity and specificity (n = 50).

Predicted
Present Absent % correct
Observed Present 15 10 60%
Absent 5 20 80%

Overall 70%

Owing to the difference in predictive capability of the Dryandra model, 1
conducted a separate logistic regression analysis on the 50 Julimar sites to determine
- if any other habitat variables were important in explaining the habitat use of

treecreepers. In this analysis, I followed the procedures described in Section 4.3.2
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and used the composite variables NSITE and TAGE. Interestingly, a different
predictive model was derived from the Julimar data. This model included NSITE
and PSC as the best predictors explaining the greatest amount ol variance tn the
data. The model was highly significant (%= 96.14, P <0.001), cxplained 93.2% of
variance (Nagelkerke R°) and had an overall predictive capubility of 94.3%. The ©
relationship with percent shrub cover was negative, indicating thal treecreepers were

unlikely to occur at sites with a high shrub density.

4.3.3 Nest sites
Development of the nest-site model

A summuary of the values of each nest-site characteristic 1s included in Table

4.12. None of the variables were highly (2 0.70) correlated and all were included in

- the logistic regression analysis. The final model included the variables SPNG and

SIZE (Table 4.13). This model was significantly different from the constant-only

model (x2= 114, P < 0.01) and not significantly different from the perfect model

(Hosmer-Lemeshow goodness-of-fit C; = 10.7, P = 0.151), but it only explained
24.9% of variance in the data (Nagelkerke R). Treecreepers tended 1o usc hollows

as nest sites if the spout angle was = 50° (82% of hollows, n = 48) and the honzontal

diameter of the entrance hole was 5 — 10 cm (72% of hollows).

Table 4.12 The values of each nest-site characteristic (mean * s.e.) and a summary of the
transformations conducted prior to logistic regression analysis. Numbers in brackets are
sample sizes. Aspect is not included in the table.

Nest-site characteristic Code Status Transformation
Used (90)  Unused (90)

Tree DBH (cm) DBH 46.8+ 1,89 476+ 224

% deadwood DWD 37.2+299 459+224 Arcsine

Tree height {m) TRHE 16.3+ (.48 15.5 £ 0.58

Number of hollows NHOL 6.6 £0.58 53+048  Square root

Hollow height {m) HOHE 8.5+037 832035

Relative height of hollow {m) REHE 051021 06003

Spout angle (°} SPNG  67.9£253 502+ 3.3 Logso

Size (cm) SIZE 724031  9.1+065

% canopy cover CANC 376+339 361:340
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Table 4.13 The variables included in the final nest-site mode! showing values of the Wald
statistic, levels of significance (sig.) and proportion of variance explainad (R).

Variables Coefiicients 5.8. Waldas sig. R
Constant -2.6087 1.1346 5.29, 0.0215

SPNG 1.8440 0.6691 7.604 0.0058 0.2051
SIZE -0.0496 0.0425 4,15, .0423 0.124B

The error rale, sensitivity and specificity of the final model were 32.2%,
81.3% and 54.2% respectively (Table 4.14). There were many hollows where the
| treecreeper was predicted to nest, but was not recorded nesting during the siudy.
' TEis result probably reflects the high number of potential nest hollows in. my study

area (based on the characteristics [ measured) and the short duration of the study. -

Table 4.14 The predictive capability of the final nest-site model showing overali percentage
of correct predictions and measures of sensitivity and specificity (n = 96).

Predicted
Prasent Absent % correct
Cbserved Present 39 9 81.3%
Absent 22 26 54.2%

Overall 67.8%

i}alidatr'on of the nest-site model

The predictive capability of the nest-site model developed from the data from
the 30 study territories was assessed using data collected outside the ina'i_h :'Study
area. The value of Logit (P) was calculated as o | o - '

Logit (P) = -2.6087 + 1.8440(SPNG) + -0.496(SIZE). |

Probability of use values were calculated and compared to actua’ use of nest sites for
the new data set (n = 84). The overall predictive capability of the nest-site model
when applied to the new data was similar to its original predictive capacity (Table
4.15). Once again the model predicted true presence a lot more successfully than
true absence. A separate logistic regression analysis was run on the new data set to
attempt to identify further variables that may explain nest hollow use of the

treecreeper, but once again SPNG and SIZE provided best model fit,
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Table 4.15 The predictive capability of the nest-site model derived from the 30 study
territories when applied to data from outside the study area. Table shows overall percentage
of correct predictions and measures of sensitivity and specificily (n = 84).

Predicted
Present Absent % correct
Observed Present 37 5 88.1%
Absent 24 18 42.9%

Cvarall 65.5%

4.4 DISCUSSION
4.4.1 Woodland type .

The Rufous Treecreeper preferentially used Wandoo woodland in the
Dryandra study area. Wandoo is also used by the species in other regions of the
wheatbelt (Kitchener et al. 1982; Rose 1996) suggesting a close affinity with this
woodland type. The importance of woodland habitat for birds in the wheatbelt is
well recognised (Saunders and Ingram 1995; Amold and Weeldenburg 1998).
Wandoo woodland in particular harbours a number of species that have declined in
the region since Europeun colonisation (e.g., Yecllow-plumed Honeyeater
Lichenostomus ornatus, Western Yellow Robin Eopsaliria griseogularis, Crested
Shrike-uit Falcunculus frontatus, Restless Fiycatcher Myviagra inquieta and Jacky
Winter Microeca leucophaea, pers. ob; Saunders and Ingram 1995). The preferential
clearance of this woodland and associated woodlands (e.g., Salmon Gum) for
agriculture is undoubtedly one of the main reasons why many of the bird species that
use this habitat type are now uncommon in the wheatbelit.

Wandoo woodland was not used exclusively by treecreepers in Dryandra
with the species being recorded in all other major woodland types. The Powderbark
woodland sites used by the species were characterised by large trees, which are more
likely to contain hollows for nesting (Figure 4.4). In Brown Mallet plantations, tree
hollows were rare (a sample of > 1500 trees failed to yield a single hollow),
- although hollow-bearing stumps and logs were relatively common. This suggests
two things: a) treecreepers may only use these plantations for foraging habitat; or b)

they modify their nesting behaviour to use stumps and logs rather than tree hollows.
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Ncstlng in- hollow slumps or hollow Iogs on th ;,round huq bccn obscrvcd in {h:s
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Figure 4.4 Relationship between the DBH of the three main hellow producing trees in
Dryandra and the mean number of hollows per tree (n = 2616 - Wandoo, 1760 -
Powderbark Wandoo and 348 — Marri ).

In Dryandra, the survival rate of treecreepers during my study was relatively
.llligh and natality far outweighed adult monality (Chapter 3). If these results are
‘representative, the population density in Dryandra is likely to be high possibly
resulting in reduced habitat selectivity (Rosenzweig 1991). Changes in the extent of
use of non-preferred woodland types (e.g., Brown Mallet) may coincide with
fluctuations in population density and the level of habitat saturation in Wandoo
woodland.

Powderbark woodland and Brown Mallet plantations have a superficial
structural resemblance to Wandoo. Both have a sparse understorey with a well
developed litter layer and varying amounts of coarse woody debris. The treecreeper
may prefer to use open habitats because it spends an extensive amount of time
foraging on the ground (Appendix 4.1) and habitat openness may improve predator
surveillance. Reduced visual occlusion may also assist in maintaining contact
between group members and is a possible contributing factor to the evolution of
~cooperative breeding in this species (Cockbum 1996). Importantly though, the
species uses a variety of habitat types throughout its distribution including the Jarrah

and Karri £, diversicolor forests of the southwestern corner of Western Australia.
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Tthc forests are not as opcn as the woodland hdblldls uscd 1n 1hc dncr parls of lls”
- range and the habitat ChdldClCI’lSlICh that corrcldlc wllh thc prcscncc of the spccncs in

' thesc reglons are yel to be delcrmmcd

4.4.2 Territory use

Woodland type was not a significant prcdicior’ of Irec.c'rccpc'r territory usc
becausc the species was recorded using woodland types other than Wandoo and was
absent from some Wandoo sites. Territory use was .corrc!ated with particular
structural characteristics of the woodland. Areas were preferred if they contained a
high density of Wandoo canopy trees, hollows and hollow logs, large trees and a
- relatively large biomass of standing deadwood. This result is reinforced by the fact
iﬁal Wandoo sites not containing treecreepers had lower mean values of l_hcsc
characteristics (Table 4.10). o |

The collinear variables Wandoo canopy density and hollow density were
intérpreted as representative measures of nest site availability, and tree size and
deadwood biomass as measures of tree age. It could also be argued that all of the
characteristics that correlated with treecreeper habitat use are surrogates for
woodland age, and to a lesser extent lack of disturbance. Undisturbed, old growth
Wandoo woodland would undoubtedly contain the important features identified in
my study and probably represents extremely important habitat for the Rufous
Treecreeper. _

It is widely recognised that old growth habitat is important for hollow-
nesting species (Saunders et al. 1982; Sedgwick and Knopf 1990; Pell and
Tidemann 1997; Shackelford and Conner 1997). However, the relattonship between
tree size, age and the formation of hollows is a contentious issue (Mawson and Long
1994, 1997; Stoneman et al. 1997) and hollow formation for a particular tree species
may vary throughout its range owing to different edaphic and climatic conditions
(Saunders et al. 1982; Bennett et al. 1994). In Dryandra, the minimum DBH of a
Wandoo tree that provided a nesting hollow for the Rufous Treecreeper was 20 cm
with an average DBH of 46 (£ 1.89) cm. Acknowledging potential limitations, Rose

(1993) estimated that Wandoo trees of this size, in Dryandra, would be 60 and 150
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ycars of ugc respectively. Ih(.rciotc -younger stands 0! Wandoo may not be smlablu E
" brccdmg habitat tor the trcccrccpcl and other hol!ow nt.slm;, spccws " _
” | ln addition 1o trec hollows, undisturbed, old g,rowlh dedoo woodland

contains other important structural characteristics that may- influence lrcecr(.epcr
habitat use. The relatively high density of hollow-bearing logs is imporant for_
'bredf.llor avoidance. Hollow logs are used extensively as shelter and protection from
predators by fledgling and adult treecreepers (Chapter 5). This is probably one '
reason why the Jdensity of hollow logs was a better prediclor.of territory use than
dverall log biomass.

Large trees and a substantial amount of standing deadwood biomass may
also be important determinants of treecreeper habitat use. Treecreepers preferentially
selected larger trees for foraging, and standing deadwood was a common foraging
substrate particularly in autumn (Appendix 4.1). Large trees are recognised as being
important foraging and nesting resources for a number of Australian and Northem
Hemisphere bird species {Kavanagh et al. 1985; Braithwaite et al. 1989; Sedgwick
and Knoff 1990; Ford and Barrett 19935; Steeger and Hitchcock 1998: Flemming et
al. 1999; Weikel and Hayes 1999).

How old must a woodland be before it provides all of these important
characteristics? If the relationship between tree DBH a_hd hollow formation is all
that is considered, somewhere between 60 - 150 .ye.ars appears to be the minimum
age required for Wandoo woodland to be suitable for treecreeper use. However, the
time between seedling establishment to the formation of hollow logs, especially logs
in differing levels of decay, probably takes centuries (Abensperg-Traun and Smith
1993). The structural complexity of old growth woodland (combining elements such
as litter depth, moss and lichen cover, woody debris and logs, bark structure,
standing deadwood and hollows) is also likely to take, at a minimum, hundreds of
years to develop. This has significant implications for habitat restoration in degraded
regions like the Western Australian wheatbelt, where habitat recovery is likely to be
a long-term process. |

An important caveat to the results presented here is that I only considered
- structural characteristics in my habitat models. These characteristics had ._;slr'ong

correlations with the presence of Rufous Treecreepers, but they may not be the
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actual variables influcncing the habitat use of the :_s_pceics (ic., they may be”

. surrogates for (jlhc_r imponan{ factors_such as food ‘availability). Also, I did not

-considcr species intcractions (e.g., competition and predation), which may affect

habitat use (Mac Nally 1990). Identifying the actual variables 1nﬂucncmg a spec:cs '

distribution requires comprchcnswc data collccuon and- may be dltheull 1f lhcse\__' S

variables are consistently correlated with olher habitat characteristics. There__"_":"3"_‘;;___‘._' |

appeared to be no obvious mlerspecuf' c mlcmcuons af feclmg lhe habitat use of lhe L

treecreeper in Dryandra.

4.4.3. Nest sites | : * o T
In the - mdjonty of cases hollows used for nestmg by the treecreeper hdd'- -
Spec:lt" v characlenstlcs (1 €. a spout angle 2 50° and-an entrance size between 5 - 10
cm) and lhe nest—sxte model d1d a reasonable _]Ob at predlcung the nmd of hollows '
- that the species was likely _to_ use. The relallvely poor performance of the model in
predicting true absence . from a hoilow was probably influenced by two major
factors: a) potential nest hbli{f'ows are abundant in Dryandra; and b) the short duration
of my study. L o
In the Northen Hemisphere, the population densﬂy of secondary cavnty—--
nesting species (i.c., those that do not excavate their own cav1ty) 1s often conSIdered
to be limited by the availability of cavities (Newton 1994,-Pnb1} 1998). Howev_er,
some experimental and observational studies suggest this is not alwz;!ys the case
(Waters et al. 1990; Welsh and Capen 1992) and variability between studies
probably reflects differences in habitat structure and age. Research on hollow-
nesting birds in Australia has found that hollow abundance is probably not a factor
limiting population density (Saunders 1979; Saunders et al. 1982). In my study area,
hollow density was relatively high (91 ha' + 6.70) and the average treecreeper
territory (2.6 ha) probably contained many potential nest hollows. These data should
be interpreted with caution because the method I used for identifying hollows (i.c.,

- scanning trees from the ground with binoculars) is limited. Hollows facing skywards

- are likely to be missed and, conversely, holes in branches that appear to be hollows

from the ground may only be shallow depressions.

130




- interpretation (Wiens et al. 1987).
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An .tbundancc ol' suuablp hollz\\ws woultl weakcn statlstlcal powcr 1n_

;.-vldenttlymg 1mpomnt chamclensttcs 1nllunncmg hollow sclccttvny (Prtbll l998) .
: The relatlvely short duratlon of my qtudy placcs another limitation on the
i mtcrpretatlon of trcccrceper hollow use bccause a ccrtam proportton ol hollows that
. were niot used dunnﬂ the study may be used i |n the futurc Also l only measured the N
_'e‘ttem'tl charactenstlcs of hollows owmg to the dlf fi culty of dlrect access '
_Treecreepers probably reqmre hollows wrth pamcular mternal charactenstlcs (e g,

o deplh of hollow)

Desplte these llmltatlons, the statrstlcal correlatlons between treecreeper

hollow use and spout angle and entrance size probably reflect important. blologlcal

" "'_-"relatlonshrps An anole of > 50° ensures that the nest cup is close to parallel with

the ‘ground, thereby provrdmg a relatlvely stable. platform on whtch to lay the eggs

- (see Flgure 3, 5 in Chapter 3) An entrance size of 5 - 10 cm allows easy hollow .
access by adult I:mfls reduces predatlon risk by larger nest predators such’ as the
'-'_.'__'Common Brushtail Possum Tnchosurus vulpecula, and ensures greater protectlon of
the nest from adverse cllmatxc condmons (eg, ram) than hollows thh larger

~ entrance sizes.

4.4.4 Spatial scale and habitat use

The Rufous Treecreeper uses a range of woodland and forest_.tyoes

“throughout its distribution. However, within any given region or landscape the -
- species may preferentially use a particular habitat type, as was found in my study. At
B 3 a finer spatial scale, territory and nest-site selection, and foraging behaviour may be
~ influenced by structural characteristics of the habitat, The focus of my study was on

" spatial rather than temporal scale variation, although I did identify temporal-

(seasonal) differences in the use of foraging substrates within territories (Appendix
4.1).

Non-random habitat use at multiple spatial scales indicates that
investigations confined to a single scale are misleading and a hierarchical approach
should be adopted (Kotliar and Wiens 1990; Figure 4.5). Potential scales of habitat

use probably represent a continuum, but partitioning into discrete units facilitates

H
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Powderbark Wandoo Brown Maltet Landscape scale - woodland selection
Use of woodland type was non-random
O with treecreepers exhibiting a clumped
O O distribution.
Mixed woc_}_!dland Wandoo

Treecreeper territories

Oap”

O 0 A

Woodland scale - territory selection

preferentially used sites with particular

O Within Wandoo woodland, treecreepers
structural characteristics.

O T~ Young Wandoa
— Old growth Wandoco

Territory scale — selection of trees for
nesting and foraging

Large trees were preferentizlly used as
foraging substrates and hollow-bearing
trees were used for nesting.

Nest-tree scale — selection of
nest hollow

Nest hollows generally had specific
external characteristics.

Nest hollow

Figure 4.5 A hierarchical analysis of Rufous Treecreeper habitat use. Non-random use was
exhibited at each spatial scale,
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For the Rufous Treecreeper, interpretations of habilat use arc scale dependent
and different selection processes opcralé at diﬁ'c.rcnl scales, as has been found for
other bird species (Bergin 1992). Orians and Wittenberger (1991) suggested that
nest-site selection drives habitat use decisions at larger spatial scales because
individuals are committed to a nest site for the duration of the nesting attempt. The
availability of nest sites is often recognised as one of the most important limiting
factors in the habitat use of birds (Sedgewick and Knopf 1990, Bergin 1992;
Matsuoka et al. 1997). However, for sedentary species that occupy all-purpose
territories, which must provide suitable nesting and foraging habitat, territory choice
is a key factor. This is parucularly the case for Rufous Treécreepcrs in Dryandra
because breeding birds occupy territories for extended periods, territory qua]iiy is
positively correlated with reproductive success (Chapter 5), and potential nest sites

do not appear to be limited.

4.4.5 The performance of habitat models

Misclassification of suitable and unsuitable habitat is inevitable in any
habitat modelling procedure ‘Fielding and Haworth 1995). This may reflect a
number of factors including i.nher_ent problems in the model, a level of flexibility in
the habitat use of the species being studied, failure to identify important habitat
characteristics, or temporal variation in habitat use. Misclassification in the
Dryandra territory model was a result of treecreeper presence in non-Wandoo siies
that shared structural similarities with the species’ preferred habitat, or absence in
apparently suitable Wandoo sites. Absence from suitable habitat may reflect
stochastic or deterministic localised extinction of groups or neighbourhoeds.

When applied to the Julimar data, the territory model derived in Dryandra
predicted irue absence more successtully than true presence. Out of the 25 sites that
contained treecreepers, 40% were considered unsuitable habitat by the model and all
of these were in Wandoo woodland. In addition to the factors listed above, this result
may reflect limitations in the survey method (i.e., a single, snapshot survey), small
sample size, regional variation in habitat use or differences in land-use history.
Compared to Dryandra, Wandoo patches in Julimar have been extensively logged

and there is a dearth of large, presumably older trees. Logging activities would also
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result in the removal of downed wood contributing to the structural dilferences
between the Wandoo woodlands of Julimar and Dryandra (Table 4.7).

In contrast to the Dryandra model, the subsequent logistic regression analysis
conducted on the Julimar data identified shrub cover as an important predictor of
treecreeper habitat use. Sites containing treecreepers had lower percent cover than
those where the specics was absent, but percent shrub cover in the Julimar and
Dryandra used sites was similar (Table 4.7). The probable reason that this variable
was included in the Julimar analysis was that most of the sites without treecreepers
had a relatively high percent cover of shrubs, whereas in Dryandra most non-
preferred sites had sparse shrub cover similar to Wandoo woodland. Hence, used
and non-used sites may differ in a number of ways and these differences may vary
from one region to another reflecting landscape heterogeneity.

Importantly, structural differences in used and non-used sites may be readily
identified by procedures such as logistic regression, but these differences may vary
from region to region confounding interpretations about which characteristics
actually influence the habitat use of a species. To improve our understanding of
bird-habitat relationships, modelling should be an iterative procedure whereby the
development, validation, refinement and re-validation of models is an ongoing
process until consistent patterns in habitat use are identified. For exampie, nest-site
abundance was considered a significant predictor of treecreeper habitat use in
Dryandra and Julimar (Section 4.3.2) and future habitat modelling may confirm its
importance in other wheatbelt landscapes.

Species like the Rufous Treecreeper that show strong site fidelity may
continue to use particular habitat types even after these habitats have been modified.
Current distribution may reflect past species-habitat associations, and there may be a
time lag between date of modification and the eventual disappearance of a species
(Knick and Rotenberry 2000). Species may also exhibit resilience thresholds where
modified habitat remains suitable up to a point. These possible relationships further
complicate interpretations of habitat modelling and validation, but testing the
predictive capability of habitat models between closely related sites in the same
region limits the generality of any conclusions and their value to conservation

managers.
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Appendix 4.1 SEASONAL AND LANDSCAPE DIFFERENCES
IN THE FORAGING BEHAVIOUR OF T RUFOUS TREECREEPER

Co-authors: Gary Luck, Anne Charmantier and Pauline Ezanno

In press in Pucific Conservation Biology

Summary

The insectivorous Rufous Treccreeper has declined in abundance in the
agricultural regions of southwestern Australia. Examining its foraging behaviour is
fundamental to identifying important foraging resources and how landscape change
(e.g., fragmentation and disturbance) may influence foraging effectiveness. We
studied seasonal and landscape differences in the foraging behaviour of the
treecreeper in the wheatbelt of Western Australia. Foraging data were collected in
autumn and winter in a large., unfragmented landscape and in a highly modified
agricultural landscape (winter only) with grazed and ungrazed woodland remnants.

The ground layer was the most common foraging location used by the
species, but there were seasonal differences in foraging behaviour in the
unfragmented landscape. In autumn, treecreepers foraged primarily on trees (56% of
observations) with a shift to mostly ground foraging in winter (72 - 74%). The
species also preferentially foraged on larger trees. Foraging behaviour differed
between the two landscapes within the same season. Treecreepers foraged less on
the ground in the agricultural landscape (52%), but this difference is attributed
mainly to the low percentage of ground foraging in ungrazed (43%) compared to
grazed (60%) remnants.

In winter and early spring, the ground layer is an important foraging
substrate for the Rufous Treecreeper and other woodland birds. Changes to the
ground layer and associated invertebrate communities through habitat disturbance
(e.g., weed invasion) may be detnimental to the foraging effectiveness of ground-
foraging insectivores. This is a potential contributing factor to the decline of these

species in the agricultural regions of southern Australia.
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Introduction

Woodland bird species are dccliﬂing in abundance in the agricultural regions
of southern Australia (Saunders and Curry 1990; Barrelt et al. 1994; Robinson and
Traill 1996; Recher 1999) and recent research suggests that ground-foraging
insectivores may be particularly affected (Reid 1999). The Rufous Treecreeper, an
insectivorous bird species dependent on the temperate forests and woodlands of
southern Australia, has declined dramatically in abundance since the advent of
agriculture and urbanisation (Storr 1991; Saunders and Ingrzim 1995). This is
especially the case in the wheatbelt of Western Australia where low-lying, open
woodlands often used by the species (e.g., Wandoo Eucalyptus wandoo and Salmon
Gum E. salmonophloia) have been preferentially cleared for agriculture (Kilcheﬁer
et al. 1982; Saunders and Curry 1990; Hobbs and Mooney 1998).

Studies of foraging behaviour that determine the importance of different
foraging resources are vital in developing conservation strategies to ensure the
persistence of avian species (Recher 1991). Community-level foraging studies have
included descriptions of the foraging behaviour of the Rufous Treecreeper. A study
by Wykes (1985) conducted in Jarrah E. marginata forest found that the species was
primarily a bark-forager, although it exhibited seasonal shifts in its use of foraging
substrates. Recher and Davis (1998), who collected data in the same Wandoo
woodlands that comprise our study area, recorded 70% of their observations as
ground foraging. However, Recher and Davis confined their study to a single season
(early spring) thus precluding the examination of seasonal variation in foraging
behaviour. Our study complements this research, as we present foraging data for
autumn and early-mid winter, which will add to our knowledge of seasonal
differences in the use of foraging substrates by this species.

Another important component of our study is the analysis of landscape
differences in foraging behaviour. We compared foraging behaviour between a
continuously vegetated, relatively undisturbed landscape and a highly modified
agricultural landscape with small remnants of grazed and ungrazed woodland. This
analysis is part of a broader study on landscape differences in the ecology of the
Rufous Treecreeper, which considers the effects of landscape alteration on social

organisation, habitat selection, reproductive success and dispersal. Comparative
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studies such as these contribute significantly to our understanding of the effects of
habitat alteration on a species behaviour and ultimaitely population persistence.
The specific aims of our study were (o examine:
a) the foraging manoeuvres, locations and substrates used by the Rufous
Treecreeper:
b) within landscape and within scason differences in foraging behaviour,
¢) scasonal differences in foraging behaviour in the unfragmented
landscape; and

d) landscape differences in foraging behaviour.

Study Sites :
_ Our study was conducted in two different landscapes in the western
wheatbelt of Western Australia. There are varying definitions of “landscape” based
primarily on the spatial or organisational properties of a given area (sce Wiens 1997
and references therein). Our use of the term is species specific and refers to a scale
that is relevant to the spatial organisation of the Rufous Treecreeper.

The first fandscape was located in Dryandra Woodland approximately 160
km southeast of Perth (centred on 32945°S, [16°55’E), Dryandra is made up of 17
blocks of native vegetation and is one of the largest, most diverse and relatively
undisturbed bushland areas in the wheatbelt (Department of Conservation and Land
Management 1995). As part of the broader study on the ecology of the Rufous
Treecreeper, an §,500 ha study area was delineated in the largest block (12,283 ha)
of continuous habitat, Vegetation in the study area consists mostly of open eucalypt
woodland with Wandoo, Powderbark Wandoo E. accedens and Brown Mallet
E. astringens as the predominant species (see Coates 1993 for a more detailed
vegetation description),

Three study sites (2 — 5 km apart) were established in this larger area. Each
site was located in Wandoo woodland and had 10 contiguous territories (30
territories per landscape) containing colour-banded, resident treecreepers. The
ecological traits of the treecreepers in these siles differed in certain aspects (e.g.,
reproductive success) and we considered it appropriate to examine [loraging

differences between sites,
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The sccond landscape was in the Yilliminning agricultural district {centred
on 32°54°S, 117°24°E) located approximately 35 km cast of Dryandra. A 10,000 ha
study arca was delineated comprised of remmint woodland habitat (c.g., Wundoo,
Brown Mallet, Saimon Gum and Morrell . longicornis) embedded in a matnx of
agricultural land used primarily lor cropping and sheep grazing. This study area also
contained 30 treecrecper territories with colour-banded residents. These territories
were distiibuted among 10 woodland remnants (nine rcmnants < 100 ha, one
remnant < 250 ha) with 15 territories each in grazed and:'- ungrazed woodland.
“Grazed” remnants were Jocated in paddocks that were subjccl.io annual or biannual
grazing by sheep. “Ungrazed” remnants had been free from stock-grazing for at least
15 years. We differentiated between grazed and ungrazed rér'im;;l___nts because grazing
may significantly alter vegetation structure (Wilson l990)_"i-potl'éntially influencing

the foraging behaviour of birds.

Methods
Study design

Our study was conducted in two parts. In 1998, PE collecied data at the three
study sites in Dryandra from June I — 12 and July 6 - 17. In 1999, AC collected data
in Dryandra from May 3 - 14 (autumn) and in Dryandra and Yilliminning from June
7 — 18 and July 12 - 23 (winter). For the first part of the study (1998), we tested for
differences between the three study sites and the 2 months (within landscape and
season varation). For the second part (1999), we examined scasonal differences in
foraging behaviour within Dryandra, and landscape differences within the same
season {winter). When analysing landscape differences, we recognised three habitat
contexts: “Dryandra” (unfragmented and ungrazed); “ungrazed” (fragmented and

ungrazed); and “grazed” (fragmented and grazed).

Foraging observations

Foraging observations were made between 0730 — 1630 hrs in fine weather
conditions, Data were collected in the treecreeper territories containing colour-
banded birds and in adjacent territories to increase sample size. Visits to the three
study sites in Dryandra and the grazed and ungrazed sites in Yilliminning were

conducted on a systematic, rotational basis in moring (0730 — 1200 hrs) and
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afternoon (1200 — 1630 hrs) shifts. Additional visits were made to some study sites
to ensure 4 similar number of observations for each and an even distribution
between morning and aficroon visits. |

Tenitories within a site were also visited on a systematic and rotational
basis. In each territory, a single foraging observation was taken regardless of the
number of territory residents (Rufous Treecreepers live in groups of between two Lo
seven individuals; Chapter 3). The observer then moved to the next territory. With
this method, a period of at least 60 minutes elapsed before the same tc’fritory wis
visited again. After locating a bird, the observer waited for 30 seconds beforé’-:taking
a foraging datum to avoid recording moslly conspicuous behaviours that maj;' have
initially attracted the observer’s attention (Recher and Gebski 1990).

Single observations were taken from foraging birds because sequential
observations are generally not considered as statistically independent {(Morrison
1984; Hejl et al. 1990). However, as we revisited sites and territories, we inevitably
recorded multiple observations from the same individuals {generally we could not
identify individual birds when collecting foraging data) resulting in
pseudoreplication problems (Ford et al. 1990). We attempted to address this
limitation by increasing the number of territor.ez. (and individuals) sampled and
maximising the number of foraging observations recorded at each site. The number
of individuals from which foraging observations could potentially be obtained was

approximately 150 at Dryandra and 100 at Yilliminning.

Foraging manoeuvre, location and substrate

For each observation, we recorded foraging manoeuvre, location and
substrate. A foraging manoeuvre was recorded if it was considered that an individual
had obtained or attempted to obtain a prey item (following Recher et al. 1985),
Rufous Treecreepers have two main foraging manoeuvres; glean (obtaining prey
from the substrate surface often while moving rapidly) and probe (inserting bill into
the soil, litter or ground vegetation, under bark or in crevices in trees or logs). They
have also been observed hawking and hang-gleaning (GL pers. ob; see Recher et al.
1985 for a description of foraging manoeuvres). L

Foraging location was divided into five égﬁ:g't:;)ries, which corresponded

approximately to foraging height: 1) ground (< 0.1 m); 2) log (mostly < 1 m); 3)
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trunk (the main stem of primarily cucalypt trees, mostly 0.1 m < 5 m); 4) branch
(other than the matn stem ol a trec, mostly 5 m < 10 m); and 5) cahopy {upper
branches und foliage, mostly = 10 m). Foraging substraics were divided into four
categories: 1) ground (ground vegetation < 6.1 m in height, leaf and bark litter, and
woody debris < 0.1 m in diumeter); 2} deadwood (standing deadwood and logs 2 0.1
m in diameter); 3) bark (smooth, decorticating or fissured bark on the trunks and
branches of woody vegetation — primarily eucatypt trees); and 4) foliage (branchlets,
leaves, buds and flowers). For each foraging observation recorded on trees, we
identified the species used, differentiated between live and dead substrates and

measured the diameter at breast height (DBH) of the largest stem.

Vegetation measurements

In Dryz'l'nclra and Yilliminning, data were collected on vegetation structure
from 10, 20 m X 20 m randomly located quadrats in each territory. Sample size was
determined by an asymptotic relationship (i.e., the number of quadrats required per
territory to stabilise the mean and standard error of the most variable habitat
characteristic measured), In each quadrat, species, DBH of the largest stemn, and
height class (sapling < 5 m, subcanopy 5 < 10 m and canopy 2 10 m) were obtained
for every tree. A 2 m high levy pole divided into 0.1 m height classes was used to
measure ground and shrub cover at 20 evenly spaced (5 m) sampling points within
each quadrat (a total of 200 samples per territory divided by two to give percent
cover). At each sampling point, the pole was placed vertically and a substrate was
recorded if it came in contact with the pole (i.e., presence/absence). The substrates
were litter (leaves, bark and woody debris < 0.1 m in diameter), ground vegetation
(herbs and annuals) and bare ground (each of these were considered as mutually
exclusive), and dwarf (< 0.5 m), small (0.5 < 1 m), medium (1 < 1.5 m) and tall (
1.5 m) woody shrubs (these were not mutually exclusive from each other or from the
ground substrates, for example, litter, dwarf shrub and tall shrub could be recorded

at the same sampling point).

Data handling and analysis
We used multiway frequency analysis (MFA) to examine differences in the

foraging behaviour of the treecreeper. This analysis assesses relationships between
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three or more categorical variables by comparing observed and expected use in each
category. It can be considered an extension of the two-way ¥ test of association,
which is appropriate when there are only two categorical variables, In our analysis,
we used MFA to “scircen for effects”, us described by Tabachnick and Fidell (1996
p. 245), which involves cxamining differences between levels of a particular
variable and interactions between variables (the extension of MFA, loglinear
modelling, was not used). MFA computes a likelihood ratio statistic, G°, which is
distributed as y”. Therefore, we used y” tables to evaluate significance.

We conducted three analyses. The first MFA tested for within season and
within landscape differences in foraging behaviour in Dryandra 1998. The
categorical variables in this analysis were foraging manoeuvre (two levels — glean
and probe), foraging location (four levels — ground, log, lower tree < 5 m and upper
tree = 5 m), site (three levels) and month (two levels — June and July). Foraging
substrate was not used as a variable because it was highly correlated with foraging
location. Specifically, we examined whether, based on our foraging observations,
observed use of foraging manoeuvre and location differed from expected use
(assuming equal use of manoceuvre and location), and if foraging behaviour differed
between sites and months (i.e., were there any interactions between these four
factors). For example, the treecreeper may favour gleaning, but only when it is
foraging on the ground and only at site three in June.

In the second analysis, we examined seasonal differences in foraging
behaviour for data collected in Dryandra in 1999. The categorical variables were
season (autumn and winter), foraging manoeuvre and foraging location (the same
levels as described above). The final analysis examined differences in foraging
behaviour (manoeuvre and location) between the three habitat contexts for data
collected in Dryandra and Yilliminning in winter 1999. In each analysis, foraging
location was reduced to four levels to limit the number of cells with no observations
and to ensure that the total number of observations was at least {ive times greater
than the number of parameters generated by multiplying categorical variables by
levels (Noon and Biock 1990; Tubachnick and Fidell 1996). As we re-sampled the

same sites, and data for Dryandra winter were used in two analyses (multiple
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contrasts), we considered 4 more conservative value of o (0.01) to represent
statistical significance, |

We calculated Bonferroni confidence intervals (sec Neu ct al. 1974; Byers et
al. 1984; and Cherry 1998 for a discussion of this method) to determinc if
treecreepers were usi.ng a particular size class of tree for foraging. Only data from
Dryandra (1998 and 1999) were used in this analysis and all measurements are from
Wandoo trees (the most common tree in the study sites). Based on DBH
measurements, the tree-size classes were small (< 0.11 m), medium (0.11 < 0.24 m)
and large (= 0.24 m). These correspond approximately to the height class of trees
(i.e., 87% of saplings were in the small, 84% of subcanopy trees were in the medium
and §7% of canopy trees were in the large size class).

Data represented as proportions that sum to one are not independent (the
“unit-sum constraint”, Aitchison 1986; Aebischer et al. 1993). This is the case for
the proportional use of the different tree-size classes in Dryandra. To overcome this,
proportions can be transformed to independent log-ratios using the equation

vi=In (xilx;).
Here, x; is the proportion of tree-size class i and x; is the proportion of tree-size class
j» which is used as the denominator in each transformation. Also, a ranking matrix
(from most to least preferred) can be constructed using the equation
INQreilxs) = In(xgilxg).

Here, x,; and x,; are the used proportions of tree-size class i and j respectively, and
Xqi and x,; are the available proportions (see Aebischer et al. 1993 for more details).
We used this method to confirm the results of the confidence interval analysis and to
rank tree-size classes from most to least preferred.

Proportions of litter, bare ground and ground vegetation are also not
‘independent and were transformed to log-ratios before analysis. We used multiple
analysis of vanance (MANOVA) to test for an overall difference in ground and
shrub cover (arcsine transformed) between the three habitat contexts. This difference
was significant (Fgjo4 = 21.06, P < 0.001); therefore, we used univariate analysis of
variance (ANOVA) to determine differences in each cover type, and Tukey's
honestly significant difference (HSD) test for unequal sample sizes to determine

differences between each habitat context,
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Results -
Within season and landscape differences in foraging behaviour

A total of 360 observations (120 per site, 180 per month) were recorded for
the surveys conducted in June and July in Dryundra. There were significant
differences in foraging manoeuvre and location, and significant interactions between
manoeuvre X month and manoeuvre x foraging location X month (Table 1). Rufous
Treecreepers used glean (76%) rather than probe (24%) as their primary foraging
manoeuvre (these proportions are consisient with all of the data collected in our
study). The significant interactions involving manoeuvre, month and foraging
location indicate a change in foraging behaviour between months. Treecreepers
probed more in July (38%}) than June (10%) and this difference is associated mostly

with an increase in probing on the ground (from 5% in June to 31% in July).

Table 1 Within season differences in foraging behaviour in Dryandra 1998. Results indicate
that observed use of particular foraging manoeuvres (glean vs probe) and locations {ground,
log, lower tree and upper tree) differed from expected use. Interactions indicate that foraging
manoeuvre differed between months, but only for particular foraging locations (see text).

Main effects and interactions G df P

Manoeuvre 448 1 < 0.0
Foraging location 196.1 3 < 0.001
Manoeuvre x Month 19.4 1 < 0.001
Manoeuvre x Month x Foraging location 164 3 < 0.001

The significant difference in foraging location can be attributed to the
majority of our observations being recorded as ground foraging (Figure la). Only
21% of foraging observations were on trees and 5% on logs. For all of the data
collected, treecreepers were rarely recorded foraging directly on logs. When not
foraging on the ground, treecreepers used bark (10%) and deadwood {(14%) as their

primary foraging substrates (Figure 1b).
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Figure 1 Percent use of: a) foraging locations, and b) foraging substrates in Dryandra in
winter 1998 (n = 360).

Seasonal differences in foraging behaviour

As there were no significant differences between sites in Dryandra (1998),
we pooled the data for all sites within a particular season in 1999. To increase
sample size, we also pooled the data for June and July (treated together as “winter™)
even though the previous analysis showed a difference in foraging manoeuvre
between months. This was because we were primarily interested in differences in
foraging location rather than manoeuvre. A total of 156 foraging observations were
collected in autumn and 150 in winter in Dryandra.

There were significant differences in foraging manoeuvre and location
(Table 2), as the majority of observations were of treecreepers gleaning on the
ground. There was also a significant interaction between season and foraging
location (Table 2). In autumn, 56% of our observations were of (reecreepers
foraging on trees (trunk. branch or foliage) and only 38% were of ground foraging,
whereas in winter. ground foraging increased to 72% (Figure 2a and b).
Treecreepers used bark and deadwood in relatively even proportions within a given

season, although overall use of these substrates was greater in autumn (Figure 3a
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and b). Also in autumn, the use ol foliage as a foraging substrate (7%) was the

highest recorded in our study.

Table 2 Seascnal differences in foraging behaviour in autumn and winter in Dryandra 1999,
Results for foraging manceuvre and location per Table 1. The interaction indicates that
foraging location differed between seasons (see text).

Main effects and interactions lea df P

Manoeuyre 78.1 1 < (.001
Foraging location 689.7 3 < 0.001
Foraging location x Season 7.7 3 < 0.001

Landscape differences in foraging behaviour

Another 300 foraging observaticns (150 each in ungrazed and grazed
remnants) were collected in Yilliminning during winter to compare with data
collected in Dryandra in the same year and season. In addition to the significam
differences recorded for foraging manoeuvre (more gleaning than probing) and
location (foraging primarily on the ground), there was a significant interaction
between foraging location and habitat context (Table 3). Treecreepers foraged less
on the ground in Yilliminning than Dryandra (Figure 2b, ¢ and d). The proportion of
ground foraging was lowest in ungrazed woodiand (43%), but relatively similar
between grazed woodland (60%) and Dryandra (72%). In ungrazed remnants,
treécreepers used bark as their primary foraging substrate (45%) rather than using
bark and deadwood in relatively even proportions, as was recorded at other sites

(Figure 3b, ¢ and d).

Table 3 Landscape {(habitat context) ditferences in foraging behavicur between Dryandra
and Yilliminning in winter 1999. Results for foraging manoeuvre and location per Table 1.
The interaction indicates that foraging [ocation differed between habitat contexts (see text}.

Main effects and interactions G df P

Manoeuvre 97.6 1 < 0.001
Foraging location 115.6 3 < 0.001
Foraging location x Habitat context 14.9 3 < 0.01
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Figure 2 Foraging locations used in: a) Dryandra autumn (n = 156), b) Dryandra winter (n =
150), ¢) Yilliminning ungrazed winter (n = 150), and d) Yilliminning grazed winter (n= 150) in
1999.
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Figure 3 Foraging substrates used in: a) Dryandra autumn, b) Dryandra winter, c)
Yilliminning ungrazed winter, and d) Yilliminning grazed winter in 1999.
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Tree use |
_ We 'obtaiihéd DBH mecasurcments from 2256 Wandoo trecs in the 30
territorics in Dryandra and 197 .foraging records of treccreepers on this cucalypt.
Based on the availability of our pre-defined size classes, the proportional use of
small and medium-sized wandoo trees was less than expected and large trees more
than expected (Figure 4). This result was confirmed by the ranking matrix of log-
ratioé, which ranked large wandoo trees as the most preferred and small wandoo
trees as the least. The proportional use of size classes at Yilliminning was almost the
same as that recorded in Dryandra (i.e., small: 9.4%; medium: 32%; large: 58.6%).

| Compared to the Dryandra territories, which contained predominantly
‘Wandoo trees, the Yilliminning territories had a greater diversity of eucalypt
species. However, treecreepers did not preferentially foruge on any particular
species. The availability-use of thé three most common species (Wandoo, Morré_!l

and Salmon Gum; availability n = 1648, use n = 72) was 55.6%-48.3%, 22.7%-
15.4% and 10.8%-14.5% respectively.

80 -

70 A

60 -

30 A

OUsed

40 A
M Available

30 4

‘oL E, wandoc trees

20 -

10 4

0

Small Medium Large

Size classes

Figure 4 Percentage of Wandoo trees available {n = 2258) and used (n = 197) in each tree-
size class at Dryandra {small; < 0.11 m, medium; 0.11 < 0.24 m, large; = 0.24 m).
Confidence intervals indicated that small and medium trees were used less than expected
(small trees: observed use 0.10, expected use (p) 0.28, confidence intervals 0.05 < p < 0.14;
medium trees: observed use 0.23, expected use 0.34, confidence intervals 0.17 < p < 0.30)
and large trees were used more than expected based on availability (observed use 0.67,
expected use 0.38, confidence intervals 0.60 < p < 0.74). The ranking matrix of log-ratios
confirmed this result.
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Ground and shrub cover

There was a significant difference in the percent cover of litter (Fass = 18.5,
P < 0.001), bare ground (F>ss= 78.9, P < 0.001), ground vegetation (F>ss = 20.0, P
< 0.001) and shrub cover (Fass = 15.6, P < 0.001) between each habitat context (the
different height classes for shrubs were combined because percent cover was (00
low to justify separating the classes: Figure 5). Post hoc comparisons indicated that
Dryandra had a significantly higher percent cover of litter, ground vegetation and
shrubs than grazed sites (Tukey's HSD, P < 0.01), and a higher percent cover of
litter than ungrazed sites (P < 0.001; Figure 5). Ungrazed sites had a higher percent
cover of bare ground and ground vegetation than Dryandra (£ < 0.02), and a higher
percent cover of ground vegetation and shrubs than grazed sites (P < 0.02). A lack
of shrub and ground vegetation cover illustrates the effects of extensive grazing and.
as might be expected, grazed sites had a higher percent cover of bare ground than

Dryandra and ungrazed sites (P < 0.001: Figure 5).

a8 B b

70

W Dryandra
60 1| < O Ungrazed
50 (- [ Grazed
40 - g e
30 -
20 hvie, (R
10 A
o) |

Litter Bare ground Ground veg. Shrub
Cover types

Figure 5 The percent cover of the different cover types in each habitat context (n = 60).
Values with the same letter (above the columns) are not significantly different between each
context (determined using Tukey's HSD, see text for details).
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Discussion
Foraging manoeuvre, location and substrate |

Gleaning was the most frequently recorded foraging manocuvre used by the
Rufous Treecreeper in our study, in common with all other Australian treecreepers
(Noske 1982: Noske 1985; Recher et al. 1985; Ford ct al. 1986; Brooker et al. 1990;
Recher and Davis 1997). Rufous Treecreepers also foraged by probing into the
. crevices of trunks, branches and logs, and under decorticating bark. Although there
were seasonal differences in foraging location, Rufous Treecreepers were frequently
recorded foraging on the ground. This is also a common foraging location for the
.closely refated Brown Treecreeper Climacteris picumnus (Noske 1979; Ford et al.
1986; Walters ét al. 1999), but other Australian treecreepers appear to be mostly
arboreal (Noske 1985; Recher et al. 1985; Ford et al. 1986, Holmes and Recher
1986; Brooker et al. 1990; Recher and Davis 1997). Ground foraging by_ Rufous
Treecréepers' may be more prevalent in open Wood]and habitats where detection of
predators is easier. In the Jarrah forest of the southwest of Western Australia, which
geﬁ.eru_lly has a higher shrub density than .Wandoo, Wykes (1985) -recdrded
approximately 25% ground foraging for the spe~ies in all seasons.

The foraging substrates used by the Rufous Treecreeper generally represent
the most common substrates available in the woodland habitat of our study areas.
There are large areas of open ground much of it covered with litter or low ground
veg’étation that would provide suitable microhabitats for a range. of invertebrates.
Bark and deadwood are also common substrates that were frequently used by
treecreepers. At a finer scale, treecreepers preferentially foraged on larger Wandoo
trees. Preferential use of larger trees by bark-foraging birds has been recorded in a
nurnber of studies (Flemming et al. 1999; Weikel and Hayes 1999). Large trees have
a greater surface area and would probably harbour a greater biomass of
invertebrates. Therefore, it would be energetically efficient to spend more time
foraging on this substrate.

Logs have been recognised as an important foraging location for Rufous
Treecreepers (Recher 1991), but we rarely recbrdcd direct i’oraging on this substrale
even though logs are common in our study areas (e.g., mean log density in Dryandra

was 41 ha' + s 2.11: Chapter 4). This probably misrepresents the importance of
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logs and coarse woody debris to the specics. Logs in varyingz degrees of decay
provide many microhubitins for invertcbrates, assist in the accumulation of litter,
and return nutrients (o the soil (Lindenmayer ct al. 1999 and references therein).
These factors may influence the high pcrécmugc-of ground foraging by Rufous

Treecrecpers.

Seasonal differences in foraging behaviour

There were seasonal differences in the foraging behaviour of treecreepers
with a greater use of trees in autumn and a shift to primarily ground foraging in
winter. The prevalence of ground foraging appears to continue into the early

breeding seas_oﬁ (GL pers. ob; Recher and Davis 1998) with an increase in tree

foraging occurring around late spring — early summer (GL pers. ob.). Seasonal shifts

in foraging location have been recorded for a number of Australian bird species
(Recher 1989; Ford ct al. 1990; Robinson 1992) and for bark-foraging birds in the
Northern Hem'isphéfe (Morrison et al. 1987, Lundquist and Manuwal 1990).'

A move to pnmanly ground foragmg by insectivores during winter has

‘generally been ass. iated with seasonal changes ln the distribution, abundance

and/or availability of invertebrates (Ford et al. 1990 Robinson 1992). In eucalypt
woodlands in eastern Australia, Ford et al. (1990) found that arthropod abundance |
did not decline seasonally as much on the ground as ‘on bark and foliage. Ground
arthropods may be relatively mdre-common in winter than other arthropod groups
(Recher et al. 1983), but some studies show that bark-dwetling arthropods are also
relatively abundant in winter (Loyn 1985; Recher and Holmes 1985).

Much of the current research on prey abundance has been conducted in
eastern Australin and these data may not be applicable to western eucalypt
woodlands owing to differences in the seasonality of invertebrate communities
(Recher et al. 1996). Correlations between the foraging location of insectivorous
birds and invertebrate abundance and availability need to be established through
extensive sampling of the invertebrate fauna. This has been done in some studies
with equivocal results (Ford et al. 1990; Adums and Morrison 1993). The high
temporal and spatial variability -in- invertebrate distribution and abundance also

means that exhaustive sampling is required, which was beyond the scope of our

. study.
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Landscape differences in fofaging behaviour |

There was a difference in the use of foraging locations between landscapes in
the same year and season. Ground foruging was more prevalent in Dryandra (72%)
than Yilliminning (52%) with the converse for tree foraging (Dryandra 22%,
Yilliminning 43%). This difference is largely attributable to the results obtained in
ungrazed woodland. Reasons for this d_il"'fcrcncc are unclear, but we propose the

following hypotheses that req uire further testing.

Hypothesis 1: Differences in the percent cover of litter, bare ground and ground
vegatation | |

Percent ground cover differed between the three habitat contexts. Ungrazed
woodtand had the lowest percent cover of litter (52%, although not significantly
different to grazed remnants at 57%) and the highest percent cover of ground
vegetation, These differences may have induced a loWer percentage of ground
foraging by treecreepers in the ungrazed habitat. Increased cover of ground:"
vegetation in particular would make it difficult for species that prefer open areas for
foraging. However, interestingly, ungrazed woodland had a significantly higher
percent cover of bare ground (22%) than Dryandra (11%) and other factors besides
overall percent cover may have influenced the behaviour of the species. This
hypothesis could be tested by altering the percent cover of the different ground

cover types and monitoring changes in treecreeper foraging behaviour,

Hypothesis 2: Differences in species assemblage and structure of ground veéemtion

In Dryandra, ground vegetation is comprised almost entirely of native
species that are mostly herbaceous and grow low (< 0.1 m) to the ground. In
contrast, the ungrazed woodiand remnants at Yilliminning contained a greater
proportion of exotic species, particularly tall (= 0.5 m) grasses and pasture weeds
(e.g., wild oats Avena spp. and veldt grass Ehrhiarta spp.) that penetrated into habitat
fragments from adjacent agricultural land. Differenices in plant species ctimposition
may change tne distribution or abundance of ground invertebrates or the
composition of invertebrate communities. The presence of taller vegetation can

make the ground a less attractive place to forage, as it can hinder predator
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surveillance, Differences in vegetation structure may also reduce the availability of
invertebrates to ground-foraging birds, even if abundance und species richness
remain the same as undisturbed sites. Allering ground vegetation struciure (e.g.,
height), as -opposed to percent cov.er. may be useful in (esting this hypothesis.
Comparing invertebrate species assemblages between weed infested and undisturbed
sites could reveal patterns of community change and the potential effects on ground-

foraging insectivores.

HyporheS:'s 3: Adverse changes to ground invertebrate communities in ungrazed
remnants - |

A number of studies have examined the effects of habitat fragmentation and
grazing on the invertebrate communities of remnant woodland in eastern and
western Australia (Abensperg-Traun 1992; Abensperg-T ‘aun et al. 1996; Bromham
et al. 1999). These studies generally detail complex '.'r'elationships between the
distribution, abundance and composition of invertebrate communities and levels of
habitat disturbance. Notably, Bromham et al. (1999) found that ungrazed woodland
had a higher diversity of ground invertebrates when compared to grazed woodland
and pasture. There is no clear indication of how changes to ground invertebrate
communities in ungrazed, fragmented woodland remnants _rﬁay influence the
behaviour of ground-foraging birds. Comparing bird foraging bebaviour and
invertebrate abundance and diversity in the same temporal and spatial context would

contribute to our understanding of this relationship.

Hypothesis 4: Sampling artefact

[t is possible that our result is a sampling artefact. As ungrazed remnants had
taller ground vegetation, observations of ground foraging may have been obstructed
resulting in a lower percentage compared to more open sites. If this is the case,
researchers may need to follow individual birds for extended periods to get a clear
indication of the proportionai use of the various foraging substrates.

As the ground layer is an extensively used foraging substrate for the
treecreeper, the inability to exploit this resource may have detrimental

consequences. We have no data to suggest that the individuals in the ungrazed
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remnants were adversely affected. In fact, nest success and iledgling productivity
were higher in ungruzed compured to gruzed remnants (Chapter 7).

The proportional use of foraging substrates by (reccreepers in Dryandra and
grazed sites was relatively similar, but this gives no indication of differences in
loraging effort (e.g., time spent foraging) or the level of reward (i.e., food intake)
per effort. In a similar study to ours, Walters et al. (1999) compared the foraging
behaviour of Brown Treecreepers in two arcas with different levels of
fragmentation. They llypolhesiéed that birds may spcnd a greater amount of time
foraging in the more fragmented landscape owing to lower food availability, but the
results of their study did not show any differences in the time spent foraging or the
proportional use of ground or trees as foraging substrates. Interestingly, Walters et
al. (1999) recorded similar levels of ground foraging (65%} to our study, with both
of their study areas subject to livestock grazing.

In summary, it appears that the effects of habitat alteration on the foraging
effectiveness of Rufous Treecreepers may be complex. Grazed woodland appears to
be structurally suitable for foraging by having large areas of open ground, but the
diversity of invertebrate species may be reduced in these remnants (Bromham et al.
1999). Conversely, ungrazed remnants subject to weed invasion may be structurally

unsuitable for ground-foragers resulting in the under-utilisation of this resource.

Conservation and management

Our study highlights important considerations for the conservation of not
only the Rufous Treecreeper, but other woodland birds, In Wandoo woodlands, the
ground jayer is an important foraging substrate particularly during critical times of
the year such as the beginning of the breeding season. Recher and Davis (1998)
found that in early spring in Dryandra, 61% of species took more than 20% of their
prey from the ground. These included a number of species that are considered
threatened by habitat alteration (e.g., Western Yellow Robin Eopsaltria
griseogularis, Hooded Robin Melanodryas cucullata and Jacky Winter Microeca
Jascinans). Many ground-foragers are inscctivores and it is vital that the ground
layer is maintained in such a way that it provides suitable microhabitats for

invertebrates and remains u functioning compenent ol the ecosystem.
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v :

Large trees arc recognised as being important habitat components to bird
species in Austraiia (Braithwaite et al. 1989; Ford and Barrett 1995) and clsewhere

(Sedgwick and Knopf 1990; Steeger and Hitchcock 1998}, and the results of our

“study concur with these findings. The preferential use of larger trees by Rufous

Treecreepers gives some indication of the “appropriate structural and age
charucieristics of woodiand habitat suitable for this species. In Dryandra, Rosc

(1993} estimated that Wandoo trees with 2 DBH of 2 0.24 m (the lower limit of our

“large” size class) are approximately 80 years old. Also, hollows suitable for use by

Rufous Treecreepers (an obiigate hollow nester) generally occur in trees estimated
to be 150 years old (Chapter 4; Rose 1993) and younger stands of Wandoo may not
have the appropriate structural characteristics needed to support this species.

In highly modified agricultural landscapes, passive management of
vegetation remnants (e.g., fencing from grazing) may not be sufficient o maintain
them as habitat suitable for particular species. Fenced remnants are still susceptible

to degrading processes like weed invasion, which may result in bird species

.(panicularly ground-foragers) modifying their foraging behaviour,. .pdssibly

influencing foraging effectiveness. Active management (e.g., weed removal) is

required to maintain the integrity of these ecosystems. There is also a need for

‘further research on the effects of habitat alteration on foraging behaviour, as this

may contribute to our understanding of processes that threaten the pchistehCe of

species living in human-dominated landscapes.



CHAPTER 5
HABITAT QUALITY AND FITNESS

SUMMARY

In" cooperative breeders, reproductive success muy be positively correlated
with group size (Chup.wl.:é::i 3), but this relationship may not be independent of habitat
'qual.ity.' [ determined the relationship between the reproductive success and survival
of the Rufous Treccreeper and habital quality at two spatial scales; nest site and
territory. The structural characteristics of the habitat identificd as important
'pre'dicto_rs of the nest-site and territory use of the treecreeper (Chapter 4) were used

as independent measures of habitat quality.

Al the nest-site scale, hollow characteristics that were positively correlated
with the probability of a hollow being used had no relationship with the nest success
of treecreepers. Preferred nest sites did not yield greater success. This result may

Creflect the 1clal1vely unrestncted access. to suitable nest sites in Dryandra or
difficulties in identifying lmporkant nest-site characteristics.

In contrast, the structural characteristics of the habitat that predicted territory
use in treecreepers (territory quality) were positively correlated with each measure
of fitness (annual productivity and survival) except primary female survival rate.
Territory quality was also positively correlated with group size and proQisioning rate
to nestlings, which in turn were correlated with certain fitness measures. These
correlations suggest a complex interaction between territory quality, group size and
fitness. - | -

['used regression modelling to determine if group size was significantly
correlated with fitness once territory qﬁality had been considered. With territory
quality entered first in each model, group size was not related to any fitness measure
except primary male survival rate. In most cases, group living did not appear to offer
additional fitness benefits over and above that of territory quality. This relationship
is complex and requires further investigation, but the quality of territories occupied

by Rufous Treecreepers appears to be a significant factor for breeding group fitness.
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5.1 INTRODUCTION
5.1.1 Overview | |

In Chapter 4, 1 dcmonélruled that Rufous Treecreepers exhibited non-random
use of habitat at multiple spatiul scales. This was the first step in defining habitat
selcciivily. The second step is to determine il preferentinl habitat use has
consequences for fitness (c.g., reproductive success and survival), Clark and Shutler
(1999) argue that a third step is required that links the patiern and process of habitat
selection with adaptive habitat choice through the theory of natural selection.

In this chapter, | e;@plore the' relationship between ha:bitut quality and
measures of fitness at the territory and nest-site scale. In plarticular. I determine if
variability in fitness is correlg'aled with the structural characteristics of treecreeper
habitat identified as significant predictors of habitat use by the models developed in
Chapter 4. Adaptive habitat choice at the nest-site scale is explored by examining
changes in hollow use wlthm and between yedrs Variability in fitness is usually
' considered at the 1nd1v1clual__ level, but in this thesis it generally applies to a
cooperatively breeding group. -

~ The aims of this chapter are to examine the relationships between:

a) the structural characteristics of nest hollows and nest success (nest-site

quality); |

b) nest fate and the fidelity of females to hollows within and between years,

and fidelity and su.bsequent nest success (adaptive nest-site selection);

c) {hc structural chdractensllcs of territories and vanous fitness indices

(territory quallty), and '

d) fitness, temlory__;quallty, group size and the provisioning rate to nestlings.

5.1.2 Habitat quality
Defining quality _

In avian species, habitat “q.ualily"'muy be determined by fd_c}d abundance,
availability of nest sites, suithbilily of foraging substrates and protection from
predators. It is generally recognised that habitats vary in quality and that high quality
sites, which enhance fitness, should be preferentially used over poorer quillily sites

(Fretwell and Lucas 1970; Morris 1987; Rosenzweig 1991: Ens et al. 1992; Yosef
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and Grubb [994; Muller et al. 1997). However, associations between habitat features
and fitness may ‘be difficult 1o demonstrate because normally productive habitals
may be temporarily unsuitable owing to the spatial and temporal 'dy'namics of the
system being studied (Orians and Wittenberger 1..991). |

Defining habitat quality is gencraily undertaken by correlating temporal
andfor spatial variability in fitness with temporal and/or spatial variability in
particular habitat characteristics (e.g., vegetation cover or food abundance). A useful
approach is to determine if certain habitat features are associated with preference for
~and success in particular sites (Matthysen 1990). In birds, fitness measures may
include nest success {the proportion of clutches that produce offspring), the number
of fledglings produced per nest and the number of fledglings produced per season
for breeding pairs or groups (Braden ef al. 1997; Dunk et al. 1997; Langen and
Vehrencamp 1998; McKee et al. 1998; Wilson and Cooper 1998; Roberts and
Norment 1999). These indicative measures of ‘success may not be correlated
(Murray 2000) and it is preferable t.o.:col]e(,;t the r'nosta jd_g__lailed data poSsible. (é.g.,
annual productivity) to provide a close.r ﬁpproximdtion of actual fitness. Broadening
fitness indices to include juvenile survival and recruitment may also strengthen

interpretations of habitat quality.

Nest-site quality

-‘ In hollow-nesting birds, nest-site selection may affect fitness through"
microclimate van'abilit'y, accessibility of nest to predators, or protection from
adverse climatic conditions (e.g., rain or wind). These factors are influenced by
 hollow entrance size, orientation and angle, nest height and depth of nest cup from
hollow entrance (Inouye et al. 1981, Nilsson 1986; Gutzwiller and Anderson 1987;
Hooge et al. 1999). Although habitat selection theory predicts that preferred nest
sites should correlate with higher reproductive success, results from studies of nest-
site selection have been equivocal. In some cases, particular nest-site features used
more frequently by a species correlate with higher reproduction (T. E. Martin 1998;
McKee et al. 1998), but there are many examples where there is little relationship
between these factors (Murphy et al. 1997; Pribil 1998; Wilson and Cooper 1998). A

study of the cavity-nesting Acorn Woodpecker Melanerpes formicivorus found that
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only one out of five preferred nest-site characteristics yielded higher reproductive
success (Hooge et al. 1999).

- There are a number of potential reasons for the lack of a relationship between
nest-site selection and success. Rescarchers may fail to identify important traits that
are both preferred and yield greater success. Interspecific competition for nest sites
may limil optimal nest-site selection (Brawn 1988: Li und Martin 1991).
Conversely, if high quality nest sites are abundant and available to all individuals in
the breeding population, there will he no correlation between nest-site sc]cctipn and
success (Pribil 1998). This highlights the importance of comparing used sites with
random (available) sites to ascertain the level of preference and the potential

abundance or scarcily of nest sites (Pribil 1998: Chapter 4).

Nest fate and hollow fidelity

In a review of nest-site selection stuaies, Clark and Shutler (1999) found that
61% of studies (n = 270) examined pattern thﬁt could be attributed to the theory of
natural selec.tion (comparing used sites with available .sitcs), 54% examined
evidence for the process of natural selection (comparing traits of successful and
unsuccessful ‘nests), but few (10%) determined if the process of natural selection
resulted in subsequent adaptation in nest-site use. For example, preferential use of
nest sites with specific habitat characteristics would be consistent with paitern
pré:d-icted by natural selection, higher reproductive success in these preferred nest
sites would be indicative oi natural selection process, and changes in nest-site
location after reproductive Failure would suggest an adaptive response, particularly if
this change resulicd in subsequent nest success.

Clark and Shutler (1999) argued that more studies should frame questions
about nest-site selection within the context of the theory of natural selection. It is
relatively easy to examine pattern and process arising from natural selection, but
subsequent adaptation may be difficult to test without long-term data of closely
monitored and individually marked populations. Despite having collected data for
only three breeding seasons, my observations of Rufous Treecreeper nest-site use
are conducive to at least an initial investigation of nesting adaptation driven by the

process ¢f natural selection. The use of nest hollows by breeding birds varied from
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using a single hollow for all nesting attempts (up to a maximum of six attempts) to
using a maximum of four hollows. Multiple nesting attempts by individually marked
females that remained in the study sites for more than 1 year allowed me to examine
the relationship between nest fate and hollow fidelity. There may be a higher

probability of a female using a different hollow if the initial nest fails.

Territory quality

In territorial birds, there is relatively strong evidence for variability in
territory quality reflected by changes in fitness (Conner et al. 1986; Newton 1989;
Matthysen 1990; Braden et al. 1997; Langen and Vehrencamp 1998; Davenport et
al. 2000). Preferential use and defence of high quality sites is particularly important
if territories are commonly occupied for extended periods (e.g., generations),
provide most ecological requirements (e.g., foraging and nesting sites) and do not
vary dramatically in quality over time (Matthysen 1990).

Assessments of territory quality commonly correlate structural or floristic
characteristics of territories with success (Hunt 1996; Braden et al. 1997; Huhta et
al. 1998; Roberts and Norment 1999). This procedure is relatively simple and may
result in strong correlations, but more direct measures of territory quality can yield
greater information. Differences in food abundance may be more indicative of
variation in quality, but temporal and spatial variability in food abundance, and
difficulties in accurately measuring useable resources, can preclude the detection of
a clear relationship between abundance and quality. Also, abundance does not
necessarily reflect availability and researchers must have a detailed knowledge of
the specific dietary requirements and foraging limitations of the species they are
studying. Encouragingly, a number of studies have found that the abundance of
invertebrate prey may be positively correlated with preferred structural
characteristics suggesting that measures of habitat structure provide proximate
assessments of food abundance (Conner et al. 1986; Smith and Shugart 1987; Huhta
et al. 1998).

Territory size is another potential measure of habitat- quality (Smith and
Shugart 1987). Habitats that support a high density of comparatively small territories

suggest some underlying relationship with resource abundance and quality, but
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without complementary data on reproductive success this relationship may be
spurious (Van Horne 1983; also see Chapter 6). Some studies have found a negative
correlation between food abundance and territory size, or documented shifts in
territorial boundaries with changes in abundance (Smith and Shugart 1987; Temeles
1987; Eberhard and Ewald 1994). Sherman and Eason (1998) argued that this
relationship depends on the flexibility of territory boundaries and is unlikely to
occur in territorial species with contiguous territories and inflexible territorial
boundaries.

Analyses of the relationship between territory quality and reproductive
success in cooperative breeders must also consider the confounding effect of group
size, which is often positively correlated with reproductive output (Chapter 3). In
Rufous Treecreepers, a further complication occurs when individuals provision
nestlings in territories adjacent to their own. This potentially confounds the
relationship between the quality of a given territory and its reproductive output
because individuals from adjacent territories may bring food from their own territory

to provision nestlings (Chapter 3).

5.2 METHODS
5.2.1 Study sites

My analysis of the relationship between nest-site and territory quality and
fitness was confined to the 30 study territories in Dryandra (all within Wandoo E.
wandoo woodland). As these territories occurred in the same continuously vegetated
landscape, landscape metrics (e.g., patch size) were not considered in this analysis. It
was also beyond the scope of my study to examine differences in habitat quality

between the various woodland types occupied by the treecreeper in Dryandra.

5.2.2 Nest-site quality

For the three breeding seasons combined, I recorded 148 nesting attempts in
76 hollows in the 30 study territories. The structural characteristics of each nest were
measured following the methods described in Chapter 4 (Section 4.2.4). Nest fate
was classified as successful (fledging at least one nestling) or unsuccessful (failing

to fledge a nestling).
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To examine the relationship between hollow attributes and nest success, I
used only the first nest attempt in each breeding season (eggs laid before mid-
October) to limit any effects associated with multiple nest attempts (within years)
and season. Nesting attempts by the same female in different years (using either the
same or a different hollow) results in pseudoreplication. For these cases, I chose a
single nesting attempt (= hollow) at random. Nesting attempts by new primary
females (i.e., replacing the original primary female) were considered appropriate
replicates if a different hollow was used from the original female. Only one nesting
attempt was chosen at random if these new females nested in the following season.

In »Chapter 4, 1 established that the probability of hollow use by the
treecreeper was related to spout angle and hollow entrance size. To determine if
preferential use of hollows, as defined by these characteristics, was related to nest
success, I used the value of Logit (P) as an independent indicator of hollow quality.
Logit (P) was calculated from the regression equation in Chapter 4 (Section 4.3.3)
with the values of the predictor variables (spout angle and size) coming from the
successful and unsuccessful nests considered here. The value of Logit (P) correlates
with the probability of a nest site being used and my aim was to determine if
probability of use correlates with greater nest success. I used logistic regression with
nest success as the dichotomous dependent variable and the value of Logit (P) as a

predictor variable to determine the strength of this relationship.

5.2.3 Nest fate and hollow fidelity

To explore the relationship between nest fate and hollow fidelity, I
determined the proportion of successful and unsuccessful hollows that were used
again within and between years. Patterns of hollow use were only considered for
multiple nesting attempts by the same female. Within year patterns were pooled for
the three breeding seasons (1997 — 1999) because low sample size precluded
analysis of annual differences. For between year patterns, if a female re-nested in the
same hollow in any given year, but only produced fledglings in one of these nesting
attempts, the hollow was considered successful for that year. I also determined the

proportion of subsequently successful nesting attempts for females that used either
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the same or a different hollow when re-nesting after an initial failure, to explore

evidence for adaptive selection.

5.2.4 Territory quality

I measured structural habitat characteristics in each of the 30 study territories
using the methods outlined in Chapter 4 (Section 4.2.3). Based on the territory
model from Chapter 4, I determined the value of Logit (P) for each territory using
the regression equation from the model and the values of the predictor variables
from the new habitat data. Principal component analysis was used to derive factor
scores for the habitat variables Wandoo canopy density (WCDEN) and density of
hollows (DHOL - combined to create the composite variable nest-site (NSITE)),
and tree size (TSIZ) and deadwood biomass (DWBM — combined to create the
composite variable tree age (TAGE)). DWBM was log;o transformed before
analysis. Factor loadings between the original habitat variables and the first two
principal components wereVO.83, 0.74, 0.94 and 0.95 respectively. The value of
Logit (P) was then used as an indicator of territory quality (higher values
representing higher quality territories).

To examine the relationship between territory quality (TQ) and fitness, the
following measures were recorded in each territory for each breeding season (see
Chapter 3 for more details; the abbreviations in brackets are used in tables of
resiﬂts):

a) group productivity (GP) — the total number of fledglings produced per

breeding group per season;

b) fledgling survival (FS) — the total number of fledglings surviving to

independence;

c) recruitment (RT) — the total number of juveniles surviving to the next

breeding season,;

d) primary male survival rate (MSR) — the probability of a primary male

surviving from one breeding season to the next; and

e) primary female survival rate (FSR) — as for primary male.

Cross-territorial provisioning of nestlings confounds the relationship

between the quality of a given territory and group productivity and possibly
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fledgling survival. I removed the years when the occupants of a given territory
received help from territorial neighbours and chose a single year at random as a
representative measure of group productivity and fledgling survival for each
territory. This was suitable because there were no significant differences between
years for any fitness measure (Chapter 3). I used 1998 — 1999 as a representative
year for recruitment (i.e., juveniles born in 1998 remaining on the natal territory
until the beginning of the 1999 breeding season) because averaging across years
would confound relationships with group size (see below).

I also examined the interrelationship between tefritory quality, fitness and the
following ‘;social” measures (see Chapter 3 for more details):

a) group size (GS) — the number of adult birds in a territory at the beginning

of each breeding season;

b) provisioning rate (PR) — the number of visits per hour by adult birds

bringing food to nestlings; and

c) territory size (TS) — 95% minimum convex polygon.

To compare group size with group productivity and fledgling survival, I used
group size values from the representative year, as chosen above. For recruitment, I
used group sizes from 1998 because group sizes from 1999 are not independent of
recruitment (i.e., juveniles recruited in 1999 were included in the measure of group
size). Group sizes were averaged for 1997 — 1998 to compare with primary male and
female survival rates.

Provisioning rates were used as a surrogate measure of food availability in a
given territory. These were averaged across the years when groups did not receive
help from adjacent territories (provisioning rates did not differ between years —
Appendix 3.1). I also controlled for brood size (= two), stage of nesting (= mid -
late), time of day (later than 0900 hrs) and maximum daytime temperature (< 30°
Celsius) because these may influence provisioning rates (Appendix 3.1).

Group productivity and fledgling survival differed between the three study
sites in Dryandra (Chapter 3), but this appeared to be related to differences in group
size (Chapter 3) and territory quality (see Section 5.3.3). Therefore, the relationships
between quality, group size and fitness were consistent for all sites and data were

pooled to improve sample size.
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Spearman rank correlation coefficients were calculated between all variables
to examine the interrelationships between the social measures, territory quality and
fitness. As this involved multiple contrasts of the same data, I adjusted the
significance level using a Bonferroni adjustment (o/m, where o is the significance
level and m is the number of contrasts made). Owing to small sample sizes, I used a
significance level of 0.1 in this calculation to reduce the level of Type II errors.

The distribution of data for group productivity, fledgling survival and
recruitment were discrete, asymmetrical and conformed to a Poisson distribution.
Poisson regression was used to examine the relationship between these measures and
territory quality, provisioning rate and group size. The survival rates for primary
males and females were mostly 0.5 or 1.0 (occasionally 0.0), which were suitable to
use in a logistic regression where survival rates < 0.5 were coded as 0 and rates > 0.5
as 1.

Five different regression models were constructed. In each model, a fitness
measure was used as the dependent variable and territory quality, provisioning rate
and group size were used as the independent variables. Modelling was conducting
using S-Plus 2000 software (Mathsoft 1999) and diagnostic procedures followed
Nicholls (1989). Change in model deviance was used as an indicator of the

relationship between the dependent and independent variables.

5.3:RESULTS
5.3.1 Nest-site quality

A total of 48 hollows (30 successful and 18 unsuccessful) were used in the
logistic regression analysis. The model with Logit (P) as the predictor of nest
success was not significantly different from the constant only model (x 2 = 0.021, P
= 0.88). Preferentially used nest sites were not associated with higher nest success.
To determine if any other measured nest-site characteristics were associated with
nest success, I conducted another logistic regression analysis with all variables
except relative height, which was highly correlated (r = 0.80) with hollow height.
The full model was not significantly different from the constant only model (2 =
9.04, P = 0.43). Comparison of the means between successful and unsuccessful nests

suggested small differences in the nest characteristics measured (Table 5.1).
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Table 5.1 The nest-site characteristics (mean + s.e.) measured at successful (fledging at
least one nestling) and unsuccessful nests. Numbers in brackets are sample sizes. Aspect
class is not included in the table.

Nest-site Successful nests (30) Unsuccessful nests (18)
characteristic'
DBH (cm) 49.0+2.79 46.8 +3.75
DWD (%) 38.4 +3.99 26.1 +3.39
TRHE (m) 17.2 £0.63 17.0£0.93
NHOL 6.9 +0.59 5.2+0.63
HOHE (m) 9.2+043 7.6 £0.55
REHE (m) 0.5+0.03 ’ 0.5+0.04
- SPNG (°) 70.0 £ 3.65 64.2 + 4.51
SIZE (cm) 7.1 +£0.54 7.1x0.76
CANC (%) 36.1 +4.68 522 +7.25

"See Table 4.12 in Chapter 4 for full variable names.

Territory quality may also influence nest success, but is generally not
considered in studies of nest-site selection. I measured nest success in each of my
study territories, for the three breeding seasons combined, by dividing the number of
successful nests (i.e., those fledging at least one nestling) by the total number of
nesting attempts to limit the influence of group size on the likelihood of multiple
broods. This measure of nest success was significantly correlated with territory

quality (Spearman rank correlation, r; = 0.364, P = 0.047, n = 30).

5.3.2 Nest fate and hollow fidelity

There was some evidence that nest fate influenced hollow fidelity. A greater
proportion of successful hollows were used again within a given breeding season,
but this pattern was not repeated in the between year comparison (Table 5.2). This
suggests some immediate rather than adaptive response to previous nest fate.
Table 5.2 The proportion of hollows used again for nesting after the initial nest attempt was
successful or unsuccessful. Fisher exact tests were used to test the specific (i.e., one-tailed)

prediction that a greater proportion of successful hollows would be used again. Numbers in
brackets are sample sizes.

Previous nest fate

Proportion of hollows

used again Successful Unsuccessful P
Within season 59.5 (42) 31.3(16) 0.05
Between seasons 57.9 (38) 64.3 (14) 0.46
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Data on subsequent nest fate, after an unsuccessful nesting attempt, may
provide evidence for adaptive behaviour if treecreepers that used a different hollow
were more successful than those that remained in the original (failed) hollow. My
ability to test this hypothesis is limited owing to small sample size. Within season,
five females used the same hollow after initial nest failure, but subsequent nest
success (80%) was similar to that of the 11 females that used a different hollow
(90%). Also, approximately 40% of females within and between seasons used a
different hollow for nesting even though the initial hollow was successful (Table
5.2). This suggests that the use of multiple hollows is not necessarily adaptive.

Baéed on the data for the three breeding seasons combined, the average
probability of a female treecreeper using the same hollow for multiple nesting
attempts was 62.5% (this figure is adjusted for years when a territory had a new
primary female). This relatively high probability indicates that multiple use of the
same hollow may be an adaptive trait. If this is the case, then subsequent nest
success for females using the same hollow (regardless of initial nest fate) should be
higher than those using a different hollow. Subsequent nest success for females
using the same hollow within season (73%, n = 30) was not higher than those using
a different hollow (82%, n = 28, one-tailed Fisher exact test, P = 0.31), but between
years, hollow fidelity did result in higher subsequent nest success (95%, n = 21 for
females using the same hollow, 68%, n = 22 for females using a different hollow,

oné;tailed Fisher exact test, P = 0.03).

5.3.3 Territory quality

The territory quality, fitness and social measures are summarised in Table
5.3. Mean territory quality varied between study sites; Site A (0.4 + 0.73), Site B
(2.6 £ 1.88) and Site C (3.6 £ 1.26), but this difference was not significant (one-way
ANOVA, F,37 = 1.43, P = 0.26). There were a number of positive correlations
between the social and fitness measures and territory quality (Table 5.4). Territory
quality was significantly correlated with each fitness measure except female survival
rate. Preferential habitat use by the treecreeper, as defined by the structural
characteristics of the habitat, was associated with certain measures of individual

fitness. Territory quality was also correlated with group size (ry = 0.443, P = 0.014)
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and provisioning rate (s = 0. 433, P = 0.017), but these correlations were not

significant at the adjusted level (Table 5.4).

Table 5.3 Quality, fitness and social measures for each of the study territories. Group size
values used in analyses of recruitment and primary male and female survival are not
included. Refer to Section 5.2.4 for full variable names.

Territory  TQ GS TS PR GP FS RT MSR FSR
A1 -1.8 2.0 2.0 29.0 3.0 1.0 1.0 0.5 1.0
A2 0.1 3.0 2.7 245 3.0 2.0 0.0 0.5 1.0
A3 15 2.0 2.0 16.0 1.0 1.0 0.0 05 0.0
A4 4.6 2.0 25 28.0 2,0 2.0 1.0 1.0 05
A5 0.9 3.0 1.7 23.0 1.0 1.0 1.0 0.5 1.0
A6 3.7 2.0 2.2 17.5 1.0 1.0 0.0 0.5 1.0
A7 2.1 2.0 6.0 25.0 1.0 1.0 1.0 0.5 1.0
A8 0.3 3.0 35 19.0 2.0 0.0 0.0 0.5 0.5
A9 1.4 2.0 3.1 16.0 1.0 0.0 0.0 0.5 0.5
A10 1.6 3.0 5.1 16.0 1.0 1.0 0.0 1.0 0.5
B1 9.9 4.0 26 20.0 4.0 40 1.0 1.0 1.0
B2 -0.8 4.0 2.2 16.0 2.0 2.0 2.0 1.0 1.0
B3 5.3 3.0 1.6 17.0 4.0 3.0 1.0 1.0 1.0
B4 -3.7 2.0 2.4 18.5 1.0 0.0 0.0 05 0.0
B5 22 2.0 2.2 18.0 1.0 1.0 0.0 0.5 1.0
B6 5.6 2.0 23 21.0 1.0 1.0 0.0 0.5 0.5
B7 12.8 4.0 2.5 28,0 4.0 4.0 2.0 1.0 1.0
B8 -6.6 2.0 1.8 19.0 2.0 1.0 0.0 0.5 1.0
B9 0.4 5.0 1.9 18.0 2.0 2.0 0.0 05 0.5
B10 1.1 40 3.3 20.0 2.0 1.0 0.0 0.5 1.0
c1 2.8 3.0 2.7 24.0 3.0 2.0 1.0 1.0 1.0
c2 5.8 5.0 1.9 21.0 3.0 3.0 2.0 1.0 0.5
cs3 7.5 5.0 2.9 28.0 4.0 4.0 1.0 1.0 05
c4 7.2 3.0 2.4 225 2.0 2.0 1.0 1.0 1.0
cs5 1.8 3.0 2.2 21.0 2.0 0.0 0.0 1.0 0.5
cé -3.4 40 2.9 22,0 2.0 1.0 0.0 1.0 1.0
c7 1.2 2.0 1.6 14.5 1.0 1.0 1.0 1.0 1.0
cs 5.2 4.0 2.1 27.0 4.0 4.0 4.0 1.0 1.0
c9 8.8 5.0 3.7 26.0 3.0 2.0 2.0 1.0 0.5
c10 1.5 2.0 2.2 21.0 2.0 1.0 0.0 1.0 0.5
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Table 5.4 Spearman rank correlation coefficients between fitness and social measures, and
territory quality {n = 30). The Bonferroni adjusted significance level for these comparisons is
0.013 (0.1/8). Correlation coefficients marked with an asterisk are significant at this level.
Refer to section 5.2.4 for full names of variables.

TQ TS GS PR GP FS RT MSR
TS 0.244
GS 0.443 0.157
PR 0.433 0.242 0.255
GP 0.521* 0.007 0.644* 0.546*
FS 0.634* -0.093 0.623" 0.408 0.775*
RT 0.545* -0.121 0.348 0.456" 0.561* = 0.707*
MSR 0.540* 0.035 0.505* 0.201 0.529* 0.557* 0.569*
FSR ©-0.032 -0.144 0.205 0.165 0.266 0.289 0.314 0.052

Group size was significantly correlated with group productivity and fledgling
survival in accordance with the results from Chapter 3. Interestingly, it was also
correlated with male survival rate, but not female survival rate (Table 5.4).
Provisioning rate was significantly correlated with group productivity and
recruitment. There were no significant relationships involving territory size,
suggesting that demographic constraints (e.g., the presence of territorial neighbours)
may be more influential in defining the space use of treecreepers in Dryandra.

Territory quality, group size and provisioning rate appeared to have a
complex interactive influence on fitness measures such as group productivity
(Figure 5.1). I used Poisson and logistic regression to examine the relative influence
of these factors on each fitness measure. In each model, territory quality was entered
first because I was primarily interested in its usefulness as a sole predictor of
treecreeper fitness. Provisioning rate was entered next to account for the food
availability component of territory quality. This assumes that provisioning rate and
food availability are related. Group size was the last variable to be included to
determine if it explained a significant proportion of variance in the data once quality

and provisioning rate had been considered.
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Figure 5.1 The relationship between territory quality, provisioning rate/hr, group size and group productivity. Each data point on the graph shows the
number of fledglings produced (group productivity) in each of the study territories (n = 30) for a randomly selected, representative year.
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There were strong positive correlations between group productivity and
fledgling survival, and fledgling survival and recruitment (Table 5.4). Treecreeper
groups that produced more fledglings had a higher number reaching independence and
subsequently recruited into the breeding population. I initially modelled these
relationships by including group productivity as a predictor of fledgling survival, and
fledgling survival as a predictor of recruitment in addition to territory quality,
provisioning rate and group size. With these fitness measures included as predictors,
quality, provisioning rate and group size had no significant influence on fledgling
survival or recruitment. Treating each fitness measure independently is not appropriate
because initial reproductive output had a significant influence on subsequent success.
For comparative purposes, I have inclﬁded models of the relationship between each
fitness measure and territory quality, provisioning rate and group size (i.e., excluding
group productivity and fledgling survival as predictors). .

There was a significant positive relationship between territory quality and group
productivity, which translated into a significant relationship between quality and
fledgling survival and recruitment owing largely to the effect of initial reproductive
output on subsequent success (Tables 5.5 and 5.6). Territory quality was also
significantly related to male survival rate. Additional variance explained by
provisioning rate was not significant in any analysis of treecreeper fitness suggesting
thatu\'/egetation structure alone is a useful measure of habitat quality for treecreepers in
Dryandra.

With the territory quality measures considered, group size did not contribute
significantly to any fitness measure except male survival rate (Table 5.5). The positive
relationship with male survival rate suggests a benefit of group living in treecreepers.
The surprising result was that territory quality and group size were not related to female

survival rate.
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Table 5.5 The Poisson and logistic regression analyses examining the relationship between
treecreeper fitness and territory quality, provisioning rate and group size (n = 30). Table shows
change in model deviance (distributed as x°) with the addition of each variable. The models of
fledgling survival and recruitment are included for comparative purposes only because these

fitness measures are not independent of group productivity.

Fitness Territory quality Change in Residual Residual P
measure and social measures deviance df deviance
Group
productivity'  +Territory quality 6.28 28 12.87 <0.025
+Provisioning rate 1.51 27 11.36
+Group size 1.97 26 9.39
Fledglin
survival +Territory quality 12.47 28 16.41 < 0.001
+Provisioning rate 0.36 27 16.05
+Group size 2.35 26 13.70
Recruitment'  +Territory quality 8.98 28 26.86 <0.005
+Provisioning rate 2.18 27 24.68
+Group size 0.40 26 24.28
Male
survival rate® +Territory quality 9.87 28 31.58 < 0.025
+Provisioning rate 0.09 27 31.49
- +Group size 4.15 26 27.34 <0.05
Female
survival rate® +Territory quality 0.21 28 40.84
+Provisioning rate 0.67 27 40.17
+Group size 0.12 26 40.05

"Poisson regression
®Logistic regression
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Table 5.6 The coefficients and standard errors (s.e.) for each of the models examining the
relationship between fitness and territory quality, provisioning rate and group size.

Fitness measure Territory quality and Coefficients s.e.
social measures
Group productivity Constant -0.789 0.813
Territory quality 0.028 0.035
Provisioning rate 0.040 0.034
Group size 0.184 0.130
Fledgling survival Constant -0.941 0.931
Territory quality 0.073 0.041
Provisioning rate 0.019 0.040
Group size 0.232 0.150
Recruitment Constant -2.843 1.355
Territory quality 0.090 0.055
Provisioning rate 0.084 0.061
Group size 0.095 0.146
Male survival rate Constant -2.968 3.124
Territory quality 0.323 0.169
Provisioning rate -0.057 0.126
Group size 1.276 0.730
. Female survival rate Constant -1.639 2.302
Territory quality -0.089 0.104
Provisioning rate 0.077 0.105
Group size 0.162 0.465

To facilitate biological interpretation of the relationships between territory
quality and the fitness and territory measures, I determined Spearman rank correlation
coefficients between the individual components of Logit (P) (i.e., the original habitat
characteristics) and each measure (Table 5.7). This was an exploratory analysis to
examine relative measures of association with no statistical significance implied. This
analysis showed that the density of hollow bearing logs had relatively strong
correlations (s > 0.450) with group size and each fitness measure except female

survival rate. Similarly, the density of Wandoo canopy trees was strongly correlated
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with group size (ry = 0.659), provisioning riute (r, = 0.450), and each litness measure (ry
> 0.450) except female survival. This suggests that these two habitai characteristics
contributed strongly to the association belween territory quality and _Lreecrcep'er fitness,
a]lhfough":3"“simp]e correlitions may not adequately represent the complexity of this
retationship.

Table 5.7 Speérman rank correlation coefficients between fitness and territory measures and
the individual habitat characteristics that contributed to the measure of territery quality (n = 30).

Statistical significance is not attributed to these data, which are presented as relative measures
only.

DHOL WCDEN TSIZ DWEM DHLOG
Territory size -0.110 0.109 0.129 0.017 0.040
Group size 0.229 0.659 -0.077 -0.11 -0.486
Provisioning rate 0.010 0.450 0.032 -0.155 0.269
Groug productivity 0.315 0668  -0.106  -0.220  0.453
Fledgling survival 0.228 0.618 -0.035 - -0.068 0.633
Recruitment 0.069 0.454 -0.041 -0.034 0.618
Male survival rate 0.162 0.534 -(1.331 -0.13 0.638
Female survival rate -0.144 0.036 0.009 -0.040 0.107

5.4 DISCUSSION _
5.4.1 Nest-site quality ' !

" There was no significant relationship between preferential use of hollows with
particular structural characteristics and nest success in Rufous Treecreepers. In Chapter
4, the logistic regression analyses on hollow use predicted that 51% of the 90 random
(unused) hollows selected for comparison with used hollows .'were actually suitable for
treecreeper nesting based on the structural characteristics I measured. Allowing for the
vagaries of statistical modelling and the influence of unmeusured factors (e.g..
interspecific competition), this result indicates that the availability of nest sites in
Dryandra is not a critical limiting factor, particularly in Wandoo woodland. If potential
nest hollows are abundant in any given territory there would be few constraints on nest-
site selection. Therefore. variation between used hollows would be small and nest-site

characteristics would show no correlation with nest success, as was found in my study.
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This result may d!so be influenced by the rc,ldllvcly bm.lll sdmplu size included in my
analysis. Conhdt_n(.t. in the results of the logistic lcgr{.sslon would be strengthencd by '
the inclusion of more unsuceessful Jholtows, but this was not posmb]c owing 1o the
relatively high nest success of treecreepers in Dryandra.

Nest success did vary and consideration must be g:vun to the possible

explanations for this variation, Hollow characteristics that were not measured in my
study may have differed between nest sites and affected success. Hooge et al.'(1999)
found that microclimate characteristics were correlated - with higher reproductive
success in the cavity-nesting Acorn Woadpecker. Differences in predator activity, nest
parasite (e.g.. ticks) loads and individual behaviour (e.g.; conspicuousness) may also
affect success:

Ditferences in breeder experience and group size are also important factors that
may inﬂuencé nest success. | did not identify any associations between success and
breeder experience(Chapier 3), but my sample size was small and the duration of my
study limited. However, the percentage of successful nests was significantly higher for
groups with greater than three individuals (Chapter 3). Of the 18 failed nest attempts
considered here, only one attempt (5.5%) was associated with a group size of > three
and nest failure may be a result of small group size rather than nest-site selection.
Although, of the 30 successful nest attempts, only six (20%) were associated with group
sizes > three, which is not a significantly higher percentage than unsuccessful nests
(Fisher exact test, P = 0.23). More data are required to test this effect (the power of the
above test is only 0.3), but if suitable nest sites are abundant and there are few
restrictions on site selection, factors other than nest-site characteristics may have_ a

greater influence on success.

5.4.2 Nest fate and hollow fidelity

Within a given season, treecreepers were niore Iikely to move to a new hollow
for re-nesting if they failed to fledge nestlings from the initial nest holiow. This pattern
was not consistent for hollow use between years suggesting an immediate rather than

adaptive response to nest failure. Factors leading 1o nest failure such as predation or
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nest parasite loads may result in treecreepers abandoning a hollow in the short-lerm

(i.e., within a single breeding scason), but may not influence hollow use from one year

- 1o the next; The limited data on subsequent nest success ulso suggested that hollow
infidelity was not an udiuplivc rcsponsé. This result is similar to Clark and Shutler
{1999) who found that, ulthough breeding Mallards Anas platyrhynchos dispersed
I'uriﬁer after a failed nesting attempt, dispersal distance did not influence subsequent
nest success.

Multiple use of the same hollow appéared to be an adaptive trait. Between years,
subsequent nest success of females using the same hollow was higher than those using a
different hollow. Saunders (1982) reported a similar result for the hollow-nesting
White-tailed Black Cockatoo Calyptorhvnchus latirostris. Rufous Treecreepers may
construct a platform of bark strips inside a hollow, on which the nest cup is placed (see
Figure 3.5 in Chapler 3). Similarly, cockatoos may make structural improvements 1o
hollows (e.g., widening entrances or removing debris from inside). I have no data on the
amount of effort required to build a nest platform, but it would appear to be
advantageous for treecreepers to re-use a hollow once a platform had been built,
| especially considering that the primary female does the majority of nest building
(Chapter 3). This would reduce the energetic and time requirements of building the nest,
allowing the female more time to improve her physical condition prior to egg laying,

. Multiple use of the same hollow may also reflect breeder experience and
familiarity with a territory, which potentially improve reproductive performance
(Russell and Rowley 1988). Multicollinearity may occur between hollow use, breeder
experience and nest success, confounding assessments of adaptability in hollow
selection. Long-term studies are required to tease apart these potentially interacting
factors.

Habitat quality varied between territories and this was positively correlated with
nest success (Section 5.3.1). As potential nest hollows appeared to be abundant in my
study sites, territory selection rather than nest-site selection may be more critical to
reproductive success for treecreepers in Dryandra (see helow). Documenting nest

success based on nest-site characteristics without data on broader habitat quality (and
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vice versa) may lead to erroneous conclusions, Reproductive success should be
examined at a number of spatial (and temporal) scales to determine the key factors

influencing fecundity.

5.4.3 Territory quality
Territory size

A number of studies have found that territory size has no relationship with food
abundance or resource density (Askenmo et al. 1994; Butchart et al. 1999). For Rufous
Treecreepers in Dryandra, the relationship between territory size and habitat guality was
positive. where an inverse relationship would be expected if quality strongly influenced
area of use. Brooker and Rowley (1995) reported a stmilar result for Splendid Fairy-
wrens Malurus splendens in habitat that included a Wandoo overstorey. This suggests
that factors other than habitat quality may determine territory size in these species.

For the duration of my study, territorial boundaries appeared to remain relatively
stable (Chapter 3). Sherman and Eason (1998) argued that changes in territory size
resulting from fluctuations in food abundance would only occur in species with flexible
territory boundaries. Boundary flexibility is unlikely to be characteristic of well
defended, contiguous territories, as there may be costs associated with re-negotiating
territorial boundaries: with neighbours (Sherman and Eason 1998 and references
ther:ain).

Treecreeper territories in Dryandra were contiguous and any given territory
could have up to six neighbouring groups (l.he maximum recorded in my study area).
Territorial defence was variable, particularly during the breeding season. but territory
contiguity and boundary sharing with multiple neighbours suggests little opportunity for
most territory occupants to readily change territory size to reflect resource abundance.
That is, demographic factors (e.g., population density) probably have a greater influence
on the space use of treecreepers. This highlights the importance of initial territory
selection for dispersing individuals and reinforces conclusions about the influence of
territory quality on dispersal (Chapter 3). This relationship is complicated by the fact

that certain individuals may access the resources of neighbouring territories during the
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breeding season (Chapter 3), and access to adjacent territories und relationships with

territorial neighbours (genetic or behavioural) may also affect space use by treecreepers.

Habitat structure and quality

_ The habitat characteristics considered the best predictors of treecreeper lerritory
use (Chapter 4) were also correlated with certain measures of fitness supporting
evidence for pattern and process arising from natural selection (Clark and Shutler
1999). A number of studies have demonstrated a positive association between habitat
structure and various fitness measures (Conner ct al. 1986; Matthysen 1990; Braden et
al. 1997; Roberts and Norment 1999), However, structural habitat characteristics are not
always the best predictors of fitness and researchers may need to consider other factors
such as landscape metrics (Wigley et al. 1999} and interspecific competition (Aho et al.
1999).

Determining assoc.iations between food abundance and fitness is important in
assessing habitat quality, but direct assessments of abundance may be difficult (see
Section 5.1.2). Structural or floristic habitat characteristics may be useful surrogate
measures of food abundance if food is correlated with these characteristics (Conner et

al. 1986; Smith and Shugart 1987; Huhta et al. 1998). Examination of the individual

habitat characteristics that defined territory quality for the Rufous Treecreeper showed

fnat the relationship between quality and fitness appeared 10 be strongly influenced by
the density of Wandoo canopy trees and hollow bearing logs (Table 5.7). Large
Wandoo trees were preferentially selected for foraging by treecreepers (Appendix 4.1)
and it is possible that territories that contain a higher density of large trees also have
greater prey abundance. However, in winter and spring the treecreeper is primarily a
ground forager {Appendix 4.1: Recher and Davis 1998} and direct associations between
tree and prey abundance may not be important in these seasons.

Logs. or coarse woody debris. are recognised as being important for many
Australian bird species (Recher 1993; Barrett 1995: Laven and Mac Nally 1998). Logs
harbour a rich diversity of invertiebrates (Taylor 1990; New 1995) and an increased

density of this substrate would increase prey abundance for treecreepers. but it is
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unclear if differences exist between logs with hollows and those without. An important
function of hollow bearing logs, relevant to habitat quality, is prolecting treecreepers
from predators. This is particularly the case for recently fledged young who are weak
fliers and spend most of their time near the ground (pers. ob.). The abundance of hotlow
bearing logs probably has a significant. influence on fledgling survival, which is
suggested by the relatively strong correlation between these variables (Table 5.7).
Hollow logs are also used for protection by adult treccreepers, especiafly when birds are
foraging on the ground (pers. ob.). _

Smith and Shugart (J987) found: that predicted prey abundance based on
vegetation structure was negatively correlated with territory size in Ovenbivds Sefurus
aurocapillus. but there was no reiationship between territory size and actual prey
abundance. They invoked the “structural cues hypothesis” to suggest that Ovenbirds
assessed territory quality (food abundance) based on the relationship between prey
abundance and habitat structure, rather than having direct knowledge of food resources.
Using structural cues to assess territory quality may be important for non-breeding adult
treecreepers searching for breeding vacancies. Indirect assessment via structural cues
would allow rapid evaluation of the quality of surrounding territories, which in most
cases would already be occupied. Accurate assessments of territory quality by non-
breeders may be particularly important iﬁ influencing decisions about whether to
dis;ﬁersc or remain on the natal territory (see Chapter 3 regarding other methods

treecreepers may use to assess territory quality).

Interrelationships with group size and provisioning rate

In the analyses of territory quality and ﬁtneSs_. | included provisioning rate to
nestlings as a surrogate measure of food availability. ulll10ug}1 provisioning rates may
be influenced by a number of other factors including breeder and helper experience,
familiarity with territory. and foraging ability. Also, provisioning rate during the
breeding seuson may not represent generat food availability in o tervitory over an entire
year. The sigmficant correlations between provisioning rate and group productivity and

recruitment ( Table 5.4) suggest a relationship with food availability during the breeding

179



Habitat quality

season, and a more general measure of food availability respectively, However, in the
regression uﬁalyscs, provisioning rate did not contribute significantly to any measure of
- fitness once territory quality (habitat structure) had been considered. This suggests that
food availability may not be a limiting factor causing significant variation in territory
~ quality, or that habitat structure may encapsulate differences in food availability.

Group size did not contribute significantly to any of the relationships considered
in the regression analyses except primary male survival rate (Table 5.5) suggesting that
territory quality may have a greater effect on fitness. However, group size was
positively correlated with territory quality (r; = 0.443, P = 0.014), which complicates
interpretations of its importance. A clue to the relative influence of group size to group
productivity may be obtained by examining the number of fledglings produced by the
same breeding female in the same territory when group size increased from one year to
the next (this assumes that territory quality does not change significantly from one year
to the next; sample size was not sufficient to also control for breeding males). Although
sample size is small (# = 10), an increase in group size only increased group
productivity in 20% of cases when breeding female and territory remained constant.

Territory quality and group size were positively related to the survival rate of
primary males, but not females. It is unclear why the sexes should differ in this respect,
but it raises some importamt hypotheses requiring further testing. The positive
relationship between territory quality and male survival suggests that males would
benefit more from remaining philopatric (particularly in good quality territories) and
should defend resources from intruders. Males are the more philopatric sex in
treecreepers (Chapier 3) and, although all group members assist in territory defence, the
primary male gencrally responded more readily to territory intrusion (pers. ob. based on
response to playback tapes).

As group size increases, primary males and females reduce their provisioning
effort to nestlings (Chapter 3). Primary males freed {rom provisioning responsibilities
could spend more time foraging for themselves and being vigilant against predators.
These benefits are also availuble to primary females, but females may have to direct a

certain proportion of effort into preparing for a second nesting attempt. The likelihood
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that a primary female w.ill produce multiple broods increases with group size (Chapter
3). Primary females living in larger groups may reduce provisioning effort to ahy one
- brood. but have more broods in a scason. Also, the primary f'chialg: invests more than
the primary male in each tcprodumvc ‘(::ﬂ"orl (e.g., building the nest, incubating and
bro.oding). Assuming this effort is?ﬁ'poslly in cnergelic; terms (Perrins 1970}, and may
reduce-individual fitness in tcmdlcq‘ there may be u trade-off between any benefits of
group living and the energetic costs of multiple nests. Hence, fitness benefits associated
with group living may be more pronounced in males,

In considering relationships between territory quality, provisioning rate and
group size, it 1$ important to recognise that increases above a certain level (e.g.. larger
group sizes or better quality territories) may not offer additional fitness benefits to
territory occupants. This is because treecreepers can only produce a restricted number
of fledglings in any given season owing to a relatively srhall clutch size (1.94 £ 0.07)
with little variation (Chapler 3). In the 90 group years of my study, no group produced
more than four fledglings in a season, and ohly one group successfully fledged three
nestlings from one clutch {indicating it is possible to increase fledgling nroduction
above four with multiple nests in a _se'ason). Bearing this in mind, only 14.4% of groups
(in 90 group years) prddﬁc'ed four fledglings in a season (Chapter 3), suggesting that the

~ optimal mix of quality, group size and provisioning rate is rarely achieved.
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Part I11
THE ECOLOGY OF THE RUFOUS TREECREEPER
IN A FRAGMENTED LANDSCAPE

My Woodland Home: Part il

it's gone, my woodiand home
A skeleton but remains
And like a misguided angel
White death rises from below
To carry it to the grave



o CHAPTER 6
HABITAT QUALITY, POPULATION DENSITY AND COOPERATIVE
BEHAVIOUR IN A FRAGMENTED LANDSCAPE

SUMMARY

Variation in  habitat quality between fragmented and unfragmented
landscapes may have significant conscquences for population persisience, but
fragmentation studies often neglect to assess gualitative differences. Population
density may also vary between landscapes, reflecting changes in habitat quality. In
this chap[er, I compare the structure and quality of habitat, and population density,
between Dryandra and Yilliminning. 1 also examine the social organisation and
cooperative behaviour of the Rufous Treecreeper in the fragmented landscape.

Mean habitat quality in each remnant context in Yilliminning was
significantly Jower than the study sites in Dryandra. This was a result of significant
differences in habitat structure between landscapes. Population density was similar
between Dryandra and grazed remnants, despite differences in habitat structure, but
was extremely low in ungrazed remnants. In Yilliminning, density was highest in the
apparently poorer quality remnants. The negative relationship between habitat
guality and population density suggests that demographic and social factors have a
greater influence on density in the agricultural landscape.

Basic demographic parameters (e.g., sex ratio and group size) of the
Yiiliminning population were consistent with Dryandrh, although the number of nest
attendants was generally lower in the fragmented landscape. The influence of
helpers on reproductive success was similar between landscapes. A key difference in
helping behaviour was the positive corre]a&on between provisioning rate and the
number of nest attendants in Yilliminning. This was a result of the primary male and
female maintaining their provisioning cffort despite an increase in the number of
helpers, in contrast to Dryandra where there was a significant reduction in
provisioning effort (Chapter 3). Under constrained environmental conditions (e.g.,
low food availability), primary males and females may not be able to reduce their

provisioning efforl despite the assistance of helpers.
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6.1 INTRODUCTION
6.1.1 Overview

In the following three chapters, [ examine the ecological characteristics and
population dynamics of the Rufous Treecreeper in the agricultural landscape of
Yilliminning, and compare these with the population in Dryandra. In Chapters 6 and
7 conipurisons are made between seven “habitat contexts” for data collected in 1998
and 1999. The habitat contexts are the three sites in Dryandra (Site A, B and C -
each containing 10 territories) and large ungrazed (LU ~ nine territories), large
grazed (LG - eight territories), small ungrazed (SU - six territories) and small
grazed (SG - seven territories) remnants in Yilliminning (see Chapter 2 for more
details). }

In this chapter, I compare the structufe and quality of the habitat used by the
treecreepér in Yilliminning with that used in Dryandra. I also assess differences in
population density between landscapes and the relationship between density and
‘habitat quality, and compare basic population demography (differences in
reproductive success are analysed in Chapter 7). Finally, I examine the role of
helping behaviour in the agricultural landscape and differences in parental response
to the presence of helpers. The aims of this chapter are to compare: |

a) the structural characteristics and habitat quality of territories in Dryandra

and Yilliminning;

b) territory size and population density in each habitat context;

¢) basic population demography (e.g., population sex ratio and group size);

and

d) landscape differences in helping behaviour.

6.1.2 Habitat structure and quality

Habitat fragmentation research has largely focussed on the consequences of
changes to the spatial characteristics of remnant vegetation (Dunning et al. 1992;
Andrén 1994; Collinge 1996). These inéludc differences in remnant size, shape,
isolation and connectedness. These characteristics often differ dramatically between
areas with varying leveis of fragmentation and are an obvious focus for study. This
approach has been strongly influenced by the theoretical frameworks of island

biogeography (MacArthur and Wilson 1967) and metapopulation biology (Levins
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1969; Hanski and Simberloff 1997), where remnant size and isolation are considered
important influential factors in communiiy and population dynamics.

[n addition to variability in the spatial characteristics of remnants, habitat
structure and function within remnants may differ dramaticalty between fragmented
and relatively unfragmented landscapes. 'i‘hc preferred habitat of the Rufous
Treecreeper, Wandoo Encalyprus wandoo woodland, has been reduced lojusl 6% of' .
its original cover (Hobbs and Mooney 1998). Therefore, the habitat used by the
species in highly fragmented regions may differ substantially in structure and quality
~ from habitat used in unfragmented and relatively undisturbed areas. It 1s extremely
_important to document lhesc. differences to provide a more complete picture nf the
_._.'%-.!threats to population persistence and the potential management actions that may be

implemented to alleviate these threats.

6.1.3 Population density _

The population density of a specie's often differs between habitats and
density variation may be used to infer habitat quality (i.e., higher quality habitats
may support higher densities; Van Hdme 1983; Vickery et al. 1992). A number of
studies have found higher population densities of particular bird species in large
compared to small remnants or continuous versus fragmented habitat, supporting the
assertion that highly fragmented habitat is of lower quality (Gibbs and Faaborg
1990; Villard et al. 1993; Wenny et al. 1993; Hhht_a et al. 1998). However, these
patterns may not be consistent for different species studied in the same landscape
(Gibbs and Faaborg 1990; Wenny et al. 1993), or for the .same species studied in
different landscapes (Sabine et al. 1996).

The relationship between population density and habitat quality cah be g
misleading if other factors influence density. For example, dominance hierarchies
and territorial behaviour may force subordinate individuals from high quality
habitat, increasing densities in suboptimal areas (Van Horne 1983). It is imperative
that data on reproductive success are collected from populations that differ in
density to provide a clearer picture of habitat quality relationships (see Chanter 7).
In some cases, reproductive _succe'ss may indeed be correlated with population
density, but there are exilmplcs where success is greatest at lower densities (Vickery

~etal. 1992; Purceil and Verner 1998; Chapter 7). An independent measure of habitat
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quality (e.g.. habitat structure or food availability) would contributc to our

understanding of this relationship.

6.1.4 Demogbuphy and helping behaviour

. Determining differences in basic dcmogruphi.c characlcriétics between
fragmented and uhl‘rugmcmcd landscapes éontrib_u[cs to our understanding of the
- consequences of fragmentation. A “number of studies in North America have
recorded the presence of a greater number of unpaired Ovenbird Sefurus
aurocapillus males in fragmented compared to continuous forest (Gibbs and
‘Faaborg 1990; Van Hom et al. 1995). This suggests that female di.spersal or settling
behaviour may be disrupted by fragmentation (also see Walters et al 1999).
Documenting population sex ratio and site fidelity may assist in understanding these

relatiolnships. |
| For cdbperative breeders, landscape differences in 'helping behaviour may
have significant consequences for population pcrsisle.nce. In Chapter 3, I found that.
group size was positively related to nest success, multibroodedness and fledgling
pfoduction (although this was not independent of habitat quality — see Chapter 5).
There was also a positive correlation between tcrritory quality and group size -
(Chapter 5). If habitat quality is reduced in fragmented landscapes, territories may
not be able to support large groups and any benefits from group living may not be
realised. Conversely, offspring may remain philopatric regardless of territory
quality, potentially leading to large group sizes being a disadvantage if resources are
not sufficient to support rhultipic individuals. The paradox in this situation is that the
assistance of he]pefs may be more critical for reproducti;re success in habitats of low

quality.

6.2 METHODS
6.2.1 Habitat structure and quality

Habitat structural characteristics were measured in .each territory in
Yilliminning fellowing the methods described in Chapter 4. I took measurements in
each of the original 30 territories, including four territories that were unoccupied in
1999 (see Chapter 7). These territories were divided between the liu_bitat co'ntexts.

described in Section 6.1.1. I used multidii::onsional scaling (MDS) to examine
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overall differences in vegetation structure between habitat conlexis, This was as an
exploratory analysis only, used to plot the location of a lerritory in multidimensional
space relative lo other territories in the sume or different habitat context, .I used
changes in the measure of stress to determine the number of dimensions suitable for
analysis (see Hair et al. 19935 p. 505).

A habitat quatity index was caleulated for cach termitory in Yilliminning
using the regression cquation from Chapter 4 and the velues for hollow log density
(DHLOG), deadwood biomass (DWBM), tree size (TSIZ), tree hollow density
(DHOL) and Wandoo canopy tree density (WCDEN). To create the composite
variables of tree age (TAGE = DWBM + TSIZ) and nest sites (NSITE = DHOL +
WCDEN). which were required for the regression cquation (see Chapter 4),
measures for all terntories (Dryandra and Yilliminning) were inciuded in a principal
component analysis so that factor scores represented a relative measure between
territories (DWBM was log,o transformed before analysis). Factor loadings between
the original habitat measures and the first two principal components were 0.93, 0.94,
0.84 and 0.89 respectively, after factors were subject to a varimax rotation.

As a result of the above analysis, the habitat quality indices for the Dryandra
territories were re-calculated to reflect their relative value in relation to the
Yilliminning territones. I calculated a mean quality value for each habitat context
and examined differences between these values using one-way analysis of variance
(ANOVA) and Tukey’s honestly significant difference (HSD) for unequal sample
sizes. I also compared the values of the original habitat measures that comprised the
quality index (i.e., DHLOG, DWBM - log)y transformed, TSIZ, DHOL and
WCDEN) between Dryandra and Yilliminning using multiple analysis of variance
(MANOVA) and Tukey's HSD. Differences in ground and shrub cover are analysed
in Appendix 4.1.

6.2.2 Territory size and population density

Population density was determined by dividing breeding group size with
territory size and calculating a mean value per habitat context. I calculated the size
of each temitory in Yilliminning using the methods described in Chapter 3.
Treecreepers occasionally foraged at woodland-paddock edges, but generally

avoided using agricultural land. Therefore, calculations of territory size were
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'_-'conslmmcd by tcm ____'nl bounddncs .md LXCIUdcd any agncullural I.md lhat was.____--:_-_-

"."_enCOmpas:acd by lhc oulcr pomls of 1hc m1n1mum convcx poly;,on Somc ;,roups .

'-':'-3-'I'-.-w00dl.1nd rcmnant in lhcu lcrrllory In lhcsc Cdb(:b, 1cml0ry size was conmdc d lhe'ﬁ.'_'.f-'_':_

.' T%ffcombmcd arca 0!' lhc woodldnd rcmn.mls used d:srcgardmg lhc dred of (.Icarcd land

& thal was (.rosscd [ ICCOI‘dCd .1 rmnlmum of 40 Iocanoml hxcs pcr tcrnlory, _cxccpl o
L ".'..'the iour temlones that. werc only ocr.up:cd for onc brcedmg season, whcrc I:.

| "".'_-'recorclcd a mmlme of 70 locanonal fixes (the s:zc of lhesc tcmlones mdy bc :

.underestlmated) § compared lcmlory su:c bclween landscapes usmg the M.mn-:

o 'Whllnev test, .md belwcen habnal contexts in Yllhmmnmg usmg cme-way -ANOVA'_"J .

Populdtlon densuy esnmatcs based on lemlory size f.ul to conmder su1ldb1c.'_' o

- unoccupled habitat,’ and overesnmate the tota! populatlon densnly 1n each hdb]tat

context ‘and {he ermrc Iandscape “This was nol a problem for grazed remndnls L

because tree/.recper lemtones covered lhc cnure rcmnant area, but my dcnsuy; T

calculations. for ungrazed remnants are_an overesu_mate because suitable habitat was -
unoccupied. However, density calculations based on group size and lcrr_ildfy hr‘ea .
were the most appropriate Lo compare Ibelween Dryandra and Yilliminnihg, because
it was impossible to determine the percentage of suitable habitat in 'nyandfa that -
was unoccupied. For comparative purposes, [ calculated a total population densuy o

for Yilliminning based on the area of Wandoo woodland (occupied and unoccupled): |

and estimated population size (mcludmg :rrcguiarly monitored territories that were- . |

assigned average group and territory sizes). Assuming that the majority of Wandoo

woodland in Dryandra is occupied, population density in this woodland type would -~

probably be similar to the combined value calculated for the three study sites.
Trends in density were consistent for each habitat context in 1998 and 1999,

so I combined the data from both years to examine differences in mean population .

density between contexts using one-way ANOVA and Tukey’s HSD (data were

square root transformed before analysis). I used Spearman rank correlations to -

examine relationships between habitat quali.y, population density, group size and - -

territory size in Yilliminning,
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6 2.3 Demogrnphy and helping I)Lhavmur ' _ )

1 recorded the Iollowmg demographic ll‘dllb ior lhc 1rchrccpcr populdlron m:._'.'
Yllllmmmng populauan size, sct ratio of .ldullb and ﬂcd;,hng,s, group size, numl)er___ '_ "
of nest: al[cnd.mlq number of nest ancmpts pcr fcmah. lhc percentage of brccdmg._';'

) -moup‘; rc-neqlmg after a suuccsaful- ncsl dtlcmpt- lhc pcrccnlagc of groups

- suuu:ssfuliv raising two bmods 1n a_season. and the pcrccnla;,c of groups rcccwmg_' S

help from neighbours in provmonmg ncst[mgs The dCldll'i of how. lhcsc data were o
B coliecled are in Chapter 3. o |
[ comp.lred group sizes .md the numbcr of nesl auendanls bclwccn hdblldl
. conletts using the Kruskdl Wallts test and a non- parametric multlple compansons o
tesl (Zar 1996), 1 .1150 compared dxffercnccs in the nest success and number of
ﬂedclmos produced by pnm.lry females in Yllilmlnmng wnh at least 1 ‘years'
e breedmg experience, to those assumed lo_\have no prior expencnce (see Chdp{er-3)._
“*The relationship between group size and 'ﬁ:es_tiri_g success and gr-()up-p'rodumiv'_it.y was
also analysed. - | | '

In Dryandra, provisioning rate- 1o. nes_t___lings.Was correlated wiih certain.
environmental and demographic van'aiiles} but had no relationship with the number
of nest attendants (Appendix 3.1). Moreover, there was a significant negative
relationship between the number of nest aitendants and the provisioning ratc of the
primary male and female {Chapter 3). Using the methods described in Chapter 3 and
Appendix 3.1, 1 collected data on the provisioning behaviour of treecrcepers in
Yilliminning to assess the importance of environmenial and dcmogmphié variables
on provisioning rate (these variables are detailed in Appendix 3.1), and changes in
the provisioning effort of the primary male and female with differing levels of help.

Relationships  between provisioning rate/hr  and  environmental and
demographic variables, and the number of nest attendants, were modelled using
Poisson regression (§-Plus 2000; Mathsoft 1999) following the methods of Nicholls

(1989). The relationships between the provistoning rate of the primary male and

female and the number of helpers were analysed using simple linear regression after - -

data were square root trunsformed. In these analyses. scatterplots of residuals were .

examined for violations of regression assumptions.
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. 63RESULTS

_'-6 3 l llalnl.nl struuurt und qu.lhly

l‘hc MDS ldcnllllcd rc.lsonably L!cm dlf!‘cr(.nu,s m vegcldllon slru(.lurc

S --:bclwccn lemloncs To .,159191 in lnlCI‘pI‘CldllOﬂ I heve only lncluded ddld from Sllc B B

j_'m Drydndr.t (prcwous analyses showcd conslstcnl pdllcr‘ns bclwccn srlcs) whlch_ .

.'.___.I-I_th'e compatud with” :..mh Imb.ut coniext in Yllllmlnn:ng, The ma_;omy of lcmloncs :

in {hc ungmzed rcmn.mts (67. 7% n = IS) clustered logclhcr in mulud:mensmnal' '

space scparale, fr()m the: Dryandrd territories (F;gurc 6.1a). Those most similar lo thc

Drydndrd lemtones were gcnemlly from the largc ungra/cd hdblldl context. Mosl of
lhe lemlones in thc smatl grazcd remnants also clustered away from the Drydndra
__lcmtoncs, but the majority of territories in the ldrge grazed habitat context (75%, n
. 8) were- posmoned rclamcly closc to a number of the Dryandra territories (Figure
-6 lb) This su gests some slruclural SllTIl]dnty belwem thesc temloncs \-\thh is
| mle;eslmg conSIdenng SlITIlldI‘ lrcnds in popul.mon densny wcrc dlso |dermf' ed (sec
below). | ' ' | _
Theré'\'veréii‘.:signiﬁcam-differences in quality between the.'habiiél't com_éxls-
(ANOVA, Fgs3 = 1?04 P < 0.001; Figure 6.2). The mean quality of ten’iloﬁcs. in
Sites B and C in l?r_vandra was significantly higher than the mean quality of
territories in each habitat context in Yilliminning (Tukey's HSD; P < 0.05).__ The
mean quality of territories in Site A was significantly higher than the territories in
the small (P < 0.001) and large (P < 0.01) grazed remnants, but there was no
significant difference in quality between the habitat contexts in Yilliminning (Figure
6.2). Values of the original habitat measures that comprised the quality index also
differed significantly between Dryandra and Yilliminning (MANGVA, Fis¢ =

23.52, P < 0.001). All values were significantly lower in Yilliminning (Table 6.1).
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Figure 6.1 The multidimensional scaling analysis of the habitat structure of treecreeper
territories in Dryandra (D) and the large and small ungrazed (LU and SU) and large and
small grazed (LG and SG) remnants in Yilliminning. To aid interpretation, only data from Site
B in Dryandra were used. Plots ‘a’ and ‘b’ show the position of territories in ungrazed and
grazed remnants respectively, and plot ‘c’ shows all territories (the position of territories
does not differ between plots).
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Figure 6.2 The mean quality index (in decreasing order) of territories in each site in
Dryandra (DA — DC) and the four habital contexts in Yilliminning {LU ~ SG, n = 60). Values
wilh the same letter (above columns) are not significantly ditferent.

Table 6.1 Mean (= s.e.} value ot each habitat characteristic that comprised the habitat
quality index, averaged across all territories in Dryandra and Yiliminning. Numbers in
brackets are sample sizes. All differences are significant (Tukey's HSD); signilicance levels
correspondto: *P < 0.05 and ** P < 0.001.

Habitat characteristic Dryandra (30) Yilliminning (30) P
Deadwood biomass 194+ 1.88 15.2 2 1.49 i
Tree size (cmy}) 65.5% 3.19 555+278 "
Density of holtows ha'' 110.7 £7.37 62.3 + 6.49 -
Density of holtow bearing logs ha™' 227 x1.62 12.9+1.31 -
Wandoo canopy tree density ha” 70.4 £ 4.35 21.0£1.86 .

6.3.2 Territory size and population density

Tenitory size in Yilliminning (3.5 ha £ 0.34, # = 30) was significantly larger
than Dryandra (2.6 ha = 0.18, # = 30, Mann-Whitney test, Z = 1.99, P = 0.047), but
territory size differed significantly between habitat contexts in Yilliminning
(ANOVA, Fi = 1047, P < (.001). Temitorics in ungrazed remnants were
significamtly larger than territories in grazed remnants (Tukey's HSD, P < 0.05;
Table 6.2). |

Population density did not differ significantly bet'ween Dryandra (1.36 + 0..12 '

individuals ha''y and Yilliminning (1.14 # 0.12 individuals ha'') in 1998 (;-léls[,' sy = :

1.20, P = 0.24), but was significantly higher in Dryandra (1.29 £+ 0. 12 individuals ha’

"Yin 1999 (Yilliminning: 0.86 + 0.12 individuals ha™, s = 3'.14, P =0.003). If
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unocn.uplcd dpp.m,nliy suuab[c h.lblldl is consldt.rt.d total population dcnsny for

' Y|!hmtnn1ng (.wcmg,cd over 1998 and 1999) is rcducud to just 0.21 mdwldu.:!s hd

T his i is 5ubst.nnually less than the .wcmg,c population density for the three study sites-

in Dr_v_.mdr.l (1.33 individuals ha; averaged over 1998 und 1999), which may be

" representative ol'l(.1fiil pupulution density in Wandoo wm_j'dlund in this landscape.

Table 6.2 Terntory size {mean t s.e.} in each habilat conlext in Yﬂl;mmmng Means with the
same letter are not significantly different. Numbers in brackels are ﬂample sizes.

Habitat context Territory size (hil)
Large ungrazed {9) 49+ 0._73‘3:11 e
Large orazed {B) 22: _0,25"'”
Small ungrazed (6) 46=061°

Small grazed (7) 2.5+0.32°

I compared population densily between grazed and ungrﬁzcd.reﬁnanls,'ahd.
Dryandra. for both vears combined because trends were consistent within elac'h.of _
these contexts (Table 6.3). Mcan density differed significantly in this comparson
(ANOVA, Fas; = 11.96, P < 0.001). Ungrazed remnants had significantly lower
density than grazed remnants and Dryandra (Tukey's HSD. P < 0.001). o
Table 6.3 Population density (mean = s.e.} in each habitat conlext. Means with fhe same

letter are not significantly different (comparing combined ungrazed, combined grazed and
Dryandra). Numbe,s in brackets are sample sizes.

Population density (individuals ha")

Habitat context 1998 (60) 1399 (53) QOverall
Large ungrazed 071 -012 0.69+0.09 0.70
Large grazed 1.70 £ 0.27 106+0.13 1.38
Small ungrazed 0.60£0.1% 0.55+0.17 0.58
Small grazed 1.51£0.35 1.10+£017 1.31
Combined ungrazed 0.67 £ 0.08 0.63+0.08 0.65°
Combined grazed 1.61 % 0.21 1.08 +0.10 1.35°
Dryandra 1.36£0.12 1.29£0.12 1.33°

In Yilliminning, larger territories did not support larger groups (r, = - 0.218,
P = 0.245) and temitory size was positively correlated with habitat quality (r, =

0.432, P = 0.017). where a negative correlation would be expected if space use by
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treecreepers was mediated by the quality of the habitat; Mean population density for
_ _-_bd_th. years combincd-'-\i{hs negatively rather than positively correlated with habitat

quality (r, = - 0.308, P = 0.098, 1= 30).

6.3.3 Demography and helping behaviour
Demography

The size of the study population in Yilliminning was 93 in 1998 and 72 in
1999. There was 2 trend for the sex ratio 1o be biased towards males in 1998 (7% =
55:38. Binomial test, Z = 1.76, P < 0.10), but there was no difference in 1999,
although the trend was in the same direction (7:% = 42:30, Z = 141, P > 0.10).
Similarly, there was no difference in the sex ritio of fledglings born in 1998 (£:% =
14:18Y and 1999 (~: = = 15:13). but sample sizes were small.

Group size ranged from one to six individuals (2.8 + 0.13, n = 59 group
years), and the number of nest auendants from two to six (2.9 £ 0.11, n = 82 nest
walches). Group size did not differ between habitat contexts in 1998 or 1999. but the
number of nest attendants differed sigmificantly in both vears (Table 6.4). This was
primanly a result of the high number of nest atiendants at Site C in Dryvandra. The
number of nest attempts per female wus similar between landscapes {(Table 6.5). The
percentage of breeding groups receiving assistance from neighbours in provisioning
nestlings was shghtly higher tn Dryandra for both vears. but the differences were not
significant. In 1999, significantly more groups in Drvandra re-nested after a

successful nesting attempt and raised two broods to fledging (Table 6.5).

Primary female experience

In contrast to the results obtained in Dryandra. there were significant
differences in productivity between primary females with at least | years' breeding
expertence ( 2™ year females) and those assumed to have no prior experience. Nest
success was significantly higher for 2™ year females (62.5%. n = 24 vs 28.3%, n =
14, Fisher exact test, P = 0.04). us was the number of fledglings produced in a

season (1.4 £ 0.29 vs 0.5+ 0.22, Mann-Whitney test. Z=2.05. P = 0.04).
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Table 6.4 Group size and number of nest attendants {mean ¢ s.e.) in each habitat context in
1998 and 1999. Non-paramelric multiple comparisons test indicated that Site C had
signthicantly more nest aftendants that all other contexts except Sile B in 1988 (the tost
failed to identfy which contexts differer i 1999, despite there being an overall difference).
Numbers in brackets are sample sizes (number of territories for babitat context and number
of nest watches ior nest attendants).

_ Group size Nest attendants
Habitat context 1998 71999 1998 1933
Dryandra
Site A {10} 2.4 10,16 2.7 +0.21 25 :0.16° 3.1 £0.19
{16} (t1)
Site B (10) 33:0.33 2.8 +0.36 37+0.3% 3.2 +0.30
(14} (19)
Site C (10) 4.0 =0.56 3.7 + 0.54 5.4 = 0.34° 4.4 £ 0.39
(7 {20)
Qverall 32:025 3.1023 39-024 36019
Yilliminning
LU (9) 3.0:0.24 3.0:0.29 3.4 :037° 27 +0.26
(13} (10)
LG (8! 3.4 0.42 2.4 £0.26 2.7 +0.22° 2.8 £ 0.40
(14) {9)
SU (6/5) 2.5+0.34 2.0:+045 29+0.35 2.8:0.37
(8} . {5)
SG (7) 3.4 +0.61 26 +0.30 33:022 28:0.28
(14) @
Overall 3.1 021 25:0.16 3.1:015 28+0.16
Coniext Hse0 =9.72 Hs 59 = B.04 He 55 = 38.58 Hseg = 14.51
comparison P=0.14 P =024 P < 0.001 P =0.02

Table 6.5 The number of nest attempts per female. percentage of breeding groups receiving
provisioning assistance from neighbours (cross-territorial), angd percentage of females re-
nesting after a successful nest attempt or raising two broods to fledging in a season. Values
marked with an asterisk are significantly different {Dryandra vs Yilliminning. Fisher exact
test, P < 0.03). Numbers in brackels are sampie sizes.

Dryandra Yilliminning
1998 (30) 1999 (30) 1998 (30) 1993 (28)
Nest allempisfemale 1.6 1.9 1.6 1.6
% cross-terntorial 30.0 10.0 16.7 4.2
% re-nesting 40.0 0.0 30.0 35.7°
%5 two broods 26.7 46.7° 13.0 17.9°
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Helping behaviour

In Yilliminning, there were positive relationships between reproductive
success and group size. similar to the reselts obtained in Dryandra (Chapter 3).
Groups of 2 three individuals raised a si_fjﬁiﬁcunlly higher percentage of muitiple
broods 1o fledging (witiliin 4 season), and had a lower percentage of failed nests
{weakly significant; Table 6.6). Groups > three also ruised almost twice a3 many
fledalings (1.64 = (.32, = 14) as groups of twao (0.88 £0.19, n = 26) or three (0.89
+ 23, n = 18). but the difference was only weakly significant {Kruskal-Wallis test,
Hass = 4.71. P = 0.095). Group size was not significantly related to productivity

once other fuactors had been considered (Chapter 7).

Table 6.6 The percentage of failed rests, groups re-nesting after raising a brood to {ledging,
and groups successfully raising two broods in a season for groups of < three and 2 three
individuals. Data were analysed using the Fisher exact test. Numberss in brackets are

sample sizes.

Group size
<3 >3 P
Failed nests {91) 64.0 44.0 0.09
Re-nesting (58} 22.7 42.8 0.18
Two trocds {58) 3.8 281 0.02

Data from 46 nest watches in Yilliminning were included in the analyses of
relationships  between provisioning rate per hour and environmental and
demographic variables, and the number of nest attendants. The Poisson modelling
procedure identified corrclutive relationships between provisioning rate and the
number of nestlings, nest stage and time of day, in accord with the resulis from
Dryandra (Appendix 3.1). In vontrast to Dryandra though, there was a significant
positive relationship between the number of nest attendants and provisioning rate
(Tables 0.7 and 6.8). In fact, the number of nest attendants was associated with the

largest change in model deviance.
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Table 6.7 Change in mode! deviance (distributed as -,;2) with the addition of the independent
variables listed {n = 46).

Change in Residual Residual P
Model df deviance df deviance
Null 45 139.4
No. ol nast attendants 1 33.8 - 44 105.6 < 0.001
No. of nestlings i i7.4 43 88.2 < 0.001
Nest stage 2 10.0 41 78.2 <0.01
Time of day 1 8.1 40 721 < 0,025

Table 6.8 The coefficients and standard errors {s.¢.) of each variable included'in the final
Poisson model. ;

Variable Coetticient 5.e,

Constant 0.687 0.285
No. of nest attendants 0.172 0.039
No. of nestlings 0.359 0.117
Nest stage 1 0.256 0.101
Nest stage 2 0.124 0.038
Time of day -0.043 0.017

The positive relationship between provisioning rate and the number of nest
attendants in Yilliminning suggests care was additive rather than compensatory in
this landscape (see Appendix 3.1). Therefore, the provisioning rate of primary males
and females is likely to remain relatively constant regardless of the number of
helpers. 1 controlled for number of nestlings, nest stage and ume of day. and
examined the relationship between the provisioning rate of the primary male and
female and the number of helpers ut the nest using linear regression. The slope of the
regression was negative for both sexes (Figure 6.3a and b), but there was no
significant relationship between the provisioning rate of the primary male (F) 5 =
0.69, P = 0.41. Adjusted R® = -0.009) or pnmarv female (7 = 0.22, P = 0.64,
Adjusted R* = -0.024) and the number of helpers. Both sexes provisioned at a
relatively constant rate. The decline in provisioning rate was slightly greater in
males (slope of regression -0.146 + (.18} than females (-0.082 £ (1.18). consistent
with the results rom Drvandra, but the difference between the sexes was not

significant {(f,5 = .80, P > 0.10).
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Figure 6.3 The provisioning rate/hr of the: a} primary male, and b) primary female with an
increase in the number of helpers at the nest. Not every datum is shown (n = 34), as cases
with the same value are represented by a single point. The solid line is the tine of best fit;
dotted lines are 95% confidence intervals.
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6.4 DISCUSSION
6.4.1 Habtitat structure and quality

The structure of the habitat used by lréccrccpel‘s in Yilliminning differed
significantly from Dryuandra, particularly in the characteristics that comprised the
habitat quality index (Table 6.1; sce Appendix 4.1 for differences in ground and
shrub cover). Consequently, habitat quality differed significantly between
landscapes. but there were no significant dilferences between habital contexts in
Yilliminning (Figure 6.2). Differences in habitat structurc between landscapes was
influenced to a degree by treccreeper use of different woodland types in
Yilliminning, but most of the original 30 territories (76.7%) were in predominantly
Wandoo woodland. These woodlands have been altered by a number of processes
mostly emanating from the surrounding landscape. Although much of the
fragmentation literature has focussed on remnant spatial characteristics, within-
remnant disturbances also represent substantial threats to population viability.

In the territories occupied by treecreepers in Yilliminning, the mean density
of tree hollows and hollow bearing logs was almost half that of Dryandra, and the
density of Wandoo canopy trees was less than half (Table 6.1). The density of these
important habitat characteristics may not be critically low at the moment, but they
will continue to decline if habitat degradation persists. Current degrading processes
include grazing (which limits seedling recruitment), selective logging, removal of
deadwood for fires or to “clean-up” woodland patches, salinity and altered fire
regimes. A major effort is required 1o ensure that important habitat characteristics
are maintained in woodland remnants in agricultural Jandscapes.

As habitat structure differed between Dryandra and Yilliminning, it would be
necessary to controf for the confounding influence of these differences to determine
the independent effects of remnunt and landscape spatial characteristics on
population viability. However, in highly disturbed landscapes like the Westemn
Australian wheatbelt, there is always likely to be habitat structural differences
between fragmented and untragmented areas. It is important to document these
differences to avoid potentinlly erroneous conclusions about the influence of
remnant spatial characteristics on the ecological traits of species. If differences in
habitat structure are a significunt threat to poputation viability, habitat manipulation

{e.g., scouring the soil 10 encourage scedling recruitment) may confer a greater
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benefit than increasing the size or conncctivily of remnants (Tellerfa and Santos

1995).

6.4.2 Population density

Totul population density was significantly higher in Dryandra compared to
Yilliminning in 1999, but not 1998. This comparison includes an inflated density
estimate for Yilliminning, and when suitable, unoccupicd habital was also
considered, population density in the agricultural landscape was substantial less than
Dryandra. Lower population density may occur in small habitat remnants compared
to larger areas (Gibbs and Faaborg 1990; Villard et al. 1993; Wenny et al. 1993,
Matthysen 1999). Lower density may also be a result of poor habitat quality (Burke
and Nol 1998). but density can still vary in cases where habitat structure is similar
between fragmcnted and unfragmented areas (Wenny et al. 1993).

Significant vanability in population density occurred between habitat
contexts in Yilliminning. Density was extremely low in ungrazed remnants, with-
density in grazed remnants similar to that recorded in Dryandra (Table 6.3).
Differences in density did not appear to be related to changes in habitat quality
because grazed remnants were of a lower quality than ungrazed remnants (Figure
6.2). Also, territory size was positively correlated with habitat quality similar to the
findings of Brooker and Rowley (1995) in their study of the Splendid Fairy-wren
Malurus splendens.

Habitat selection theory generally assumes that species preferentially select
habitat where fitness is maximised (Fretwell and Lucas 1970; Rosenzweig 1991).
This could result in population density being highest in preferred habitat. However,
the distribution of individuals among habitats may be influenced by density-
dependent effects (ideal-free distribution) or territorial aggression by established
breeders (ideal-despotic distribution: Fretwell and Lucas 1970). In the ideal-free
model, density-dependent effects that reduce fitness in preferred habitats may result
in individuals using less preferred habitat with no adverse consequences for fitness
(e.g.. reproductive output would be simitar across habitats). In the ideal-despotic
model, competitively superior individuals may exclude others from high quality

habitat, possibly resulting in low densities, but increased fitness in these habitats
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(Fretwell and Lucas 1970; Van Horne 1983; Rodway and Regeher 1999). In this
situation, population density may be highest in low guality habitat,

The distribution of Rufous Treecreepers in Yilliminning appears 1o be closer
to the ideal-despotic model (which may be cxpected for territorial species),
particularly considering the negative reluationship between density and reproductive
success (Chapter 7). However, patterns in distribution and density could be
complicated by fragmentation effects und the social organisation of the species.
Grazed remnants had the highest population densities, but also had a low percentage
of surrounding native vegetation (Chapter 7). Treecreepers in these remnants had
fewer close dispersal options, which may lead to a crowding effect whereby
individuals choose to remain in a remnant rather than undertake long and potentially
dangerous dispersals.

The social organisation of the Rufous Treecreeper suggests that population
density may be mediated by factors other than, or in addition to, habitat quality. In
Chapter 5. I found that territory size was not correlated with habitat quality, and
argued that territory contiguity and interactions bel\teen territorial neighbours had a
greater influence on space use by treecreepers. This could be disadvantageous in
habitat of poorer quality where individuals may need to maintain larger territories to
ensure access to sufficient resources (Wiens et al. 1985). In Dryandra, breeding
groups formed interactive, ecological neighbourhoods, and sociality may be an
important ecological trait in the treecreeper (Chapter 3). The theory of conspecific
attraction suggests that individuals preferentially select to settle in sites that already
contain conspecifics (Smith and Peacock 1990; Muller et al. 1997). Hence, the
presence of conspecifics is used as a cue to identify sl,li{able habitat.

Therc is no clear reason why social processes that potentially influence
density should differ between grazed and ungrazed remnants, but it may reflect
differences in group stability. In Yilliminning, 16 breeding groups disappeared
during the 2 years of the study (Chapter 8). Eleven of these were from grazed
remnants where group turnover appeared to be comm;on. Group stability in ungrazed
remnants may be higher and territory accupants would be more experienced and
Familiar with their surroundings., which may confer a competitive advantage. That is,

stable groups may be competitively superior at excluding new immigrants.
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Ri:é;l:_\r:d!css of the ji()l(:lﬂiﬂl reasons for differences in population density, an
important coiclusion from these results is that density is an inappropriate indicator
ol habitat quality in Yilliminning, supporting the asscertions of Van Horne (1983).
However, on examining the relationship between density, habitat quality and group
productivity in Dryandra, | found a consistent pattern across the three study siles
whereby density was hosilivc!y reluted with quality and group productivity (Figure
6.4). In relatively undisturbed landscapes like Dryandra, population density may
well be a reasonable surrogate for habitat quality, but the densi ly-ciuali Ly relationship

may be disrupted with habitat fragmentation.
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Figure 6.4 The average population density, habitat quality and group productivity values for:
a) each site in Dryandra, and b} each habitat context in Yilliminning for the duration of the
study. The trend in Dryandra is for increasing density values to correspond with increasing
guality and productivity values. A similar trend was not observed in Yilliminning.
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6.4.3 Demography and helping behaviour
Demuography, helping beltaviour and breeder experience

There was no significant hias in population sex ratio for treecreepers in
Yilliminning, although the trend was towards a greater number of males (Section
6.3.3). This 1s consistent with the results in Dryandra and 18 most likely a
consequence of female-biased dispersal (Chapter 3). Importantly, | did not find a
large number of unpaired males occupying territorics in the fragmented landscape,
as has been found for the Ovenbird in the United States (Gibbs and Faaborg 1990;
Van Hom et al. 1995: Burke and Nol 1998) and the Brown Treecreeper Climuacteris
picumnus in New South Wales (Walters et al. 1999). This includes all territories that
were suveved in the study area (n = <), In 1999, four individuals (two males and
two females) remained unpaired for at least 6 months, but three were eventually
paired by the beginning of the breeding season. Thesc results suggest that the level
of habitat fragmentation in Yilliminning does not significantly impair the movement
of the Rufous Treecreeper between remnants, although it may impact on their ability
to locate potential breeding vacancies (Chapter 9).

There was no significant difference in breeding group size between habitat
contexts, but therc was a significant difference in the number of nest attendants in
both years. This result was influenced by the high number of nest attendants at Site
C in Dryandra (Table 6.4), and the slightly smaller group sizes and low percentuge
of cross-territorial provisioning recorded in Yilliminning. The percentage of cross-
territorial provisioning of nestlings did not differ significantly in either year of my
study (Table 6.3), but the difference was significant with both years combined
(Dryandra 23.3%, n = 60 vs Yilliminning 7.4%. n = 54, Fisher exact test, P = 0.02).

The lower percentage of cross-lerritorial provisioning in Yilliminning may
result from the greater distance between territorics, barriers to movement (e.g.,
roads) and a lower number of icrritorial neighbours owing Lo the size and shape of
habitat remnants. The average number of territorial neighbours for a given territory
in Dryandra (3.9 % 0.21, n = 30) was significantly higher than Yilliminning (2.2
0.21. n = 30, Mann-Whitney test, Z = 441, P < 0.0001). I cross-territorial
provisioning is driven by relatedness between territory owners (Chapter 3), a lower

occurrence in Yilliminning may also be a result ol a relatively high turnover of
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territory ownership (Chapter 8). limiting the opportunities for the cstablishment of
interrelated, interactive neighbourhoods.

In comrast to the results from Dryandra (Chapter 3), primary females in
Yilliminning with it least 1 years’ breeding experience had significantly higher nest
success and produced more lledglings than those assumed 1o have no pror
experience (at least in their adopted temitory). [ propose three possible reasons for
the greater influence ol breeder experience on reproductive success in Yilliminning,
First, environmental conditions were more constrained {(c.g., lower habitat quality
and possibly reduced food availability) and territory familiarity may offer & greater
reproductive advantage to expericnced females. Second, the dispersal distance
travelled by females settling into new territories may be greater in fragmented
landscapes (Matthysen et al. 1995; Breininger 1999) and this could reduce female
condition. Third, most new females in Yilliminning (78.6%, n = 14) began their
reproductive life in pairs, and pairs had a lower reproductive output than larger
groups {Section 6.3.3).

High turnover of territory ownership in Yilliminning meant that
inexperienced breeders were relatively common. Disappearance from a territory
(i.e., death or dispersal} was also more likely after reproductive failure (Chapter 8).
This scenario represents a concerning cycle for treecreepers in the agricultural
landscape. New females have greater reproductive failure, which may lead to them
vacating a territory, which in twrn is occupied by a new female. Therefore, few
territories would have experienced, established breeders, which are often the high

producers of the breeding population (Rowley and Russell 1991).

Compensatory vs additive care

An important result from my study was the landscape differences in
provisioning effort recorded for primary males and females. In Dryandra, there was
a significant negative relationship betweer provisioning rate and the number of
heipers for both primary sexes {Chapter 3). As the number of helpers increased,
primary males and females exhibited compensatory behaviour by reducing their
provisioning cffort. Consequently, total provisioning rate to nestlings was not related
to changes in the number of helpers. In contrast, primary males and females in

Yilliminning did not significantly reduce their provisioning effort in the presence of
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helpers and there was a strong positive correlation between the number of helpers
and provisioning rie to nestlings (Table 6.7), In this instance, care was additive.

A number of cooperatively breeding birds exhibit  compensatory  care
whereby one or both of the breeding patr reduce their provisioning contribution in
the presence of helpers (Brown et al. 1978; Lewis 1981: Curry 1988; Russell and
Rowley 1988: Wright and Dingemanse 19949), Other species exhibit addiive care
{Mumme et al. 1990 Walters 1990; Emlen and Wrege 1991), and in one species
(Long-wailed Tit Aegithaloy candatuy) both “investment strategies” have been
recorded owing to differences in the number of helpers (Hatchwell 1999).

Hatchwell (1999) reviewed the incidence of compensatory and additive care
in cooperative breeders. The main conclusion from this work was that care was
additive when nestling starvarion (resulting in brood reduction) was frequent, and
compensatory when starvation (and brood reduction) was rare. This conclusion was
supported from an analysis of 27 species of cooperative breeders. The incidence of
nestling starvation in the two treecreeper populations examined in my study is
difficult 10 determine owing to limited access to nests, but inferential evidence
suggests that nestling starvation could have been more common in Yilliminning.

Total provisioning rates and food biomass delivered to nestlings was
significantly lower in Yilliminning suggesting that food aviilability was reduced in
this landscape (Chapter 7). This may increase the chances of nestling starvation, but
evidence of this was not found when comparing fledgling weights between
landscapes (Chapter 7). If nestling starvation is more frequent in Yilliminning, nest
success (the probability of fledging at least one nestling) should be lower than
Dryandra and there should be a positive relationship between success and the
number of helpers at the nest. Data from my study support these asscrtions. with nest
success bemng significantly higher in Dryandra (Chapter 7). and a positive
relationship between success and group size in Yilliminning (Table 6.6). However.
this positive relationship was also evident in Dryandra (Chapter 3) where nest failure
{and presumably nestiing starvation) was fow, Importantly though. the level of nest
failure for unassisted pairs in Yilliminning (64%, n = 41) was significantly higher
than Dryandra (36%. n = 25. Fisher exact test, 2 = 0.04).

Further inferential support for nesiling starvation as a primary factor

contributing to the difference in nest success between landscapes is that nest
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predation did not appear 1o be an important determinant of success for Rufous
Treecreepers, and relative predation rutes did not differ between Dryandra and
Yilliminning (Chapter 7). My asscrtion is largely based on results from artificial nest
experiments and further rescarch on the influence of nest predators on the success of
hollow-nesters 1s required.

Nestling starvation would result in brood reduction (Hatchwell 1999) and the
incidence of smaller broods should be greater in Yilliminning, but small broods
appear to be characteristic of the Rufous Treecreeper (a brood size of two is
common - Chapter 3) and any reduction in size could result in complete nest failure.
This raises difficulties when attempting to determine the cause of nest failure for
inaccessible nests because complete nest faiture may be a result of predation, us
opposed to brood reduction through nestling starvation. Determining differences in
the number of breeding groups with a brood size of one muy give some indication of
the incidence of nestling starvation. In this case, brood reduction is unlikely to be a
result of predation because it would be reasonable to expect predators to cause
complete nest failure (this comparison does not account for landscape differences in
clutch size).

If nestling starvation was greater in Yilliminning, a reasonable prediction
would be that brood sizes of one should be more common in this landscape than
Dryandra. Out of the total number of nests that produced fledglings in each
landscape, 1 determined the percentage of nests producing only one fledgling. The
difference between landscapes was in the predicted direction with a slightly higher
percentage of nests in Yilliminning (51.2%, n = 41) producing one fledgling
(Dryandra; 38.7%, n = 80), but this difference was not significant (one-tailed Fisher
exact test, P= 0.13).

Although data on the incidence of nestling starvation in each landscape arc
equivocal, it is clear that parental response to helpers may vary in the same species
under different environmental conditions, and gencralisations for a given species
may not be appropriate. In Yilliminning, habitat quality {and apparently food
availability) was significantly lower than Dryandra. [ predict that in poor quality
habitats where food availubility is limited, the investment stratcgy in nestling care
will be additive rather than compensatory for cooperative breeders. In addition, the

costs to helpers in providing carc may be greatly increased under constrained
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environmental conditions. For example, Boland et al. (1997) found that White-
winged Chough Carcorax melanorhamphos helpers engaged in deceptive “non-
feeding” of nestlings (i.e., carrying food (o nestlings and appearing to feed them, but
consuming the foud themselves) probably as a result of a difficult foraging niche
(Heinsohn and Legge 1999). This behaviour was reduced with the supplementauon
of tood.

I have no evidence that helping was more costly in Yilliminning compared to
Dryandra. A food supplementation cxperiment in Yilliminning would help
determine it lower food availability is a possible reason for the prevalence of
additive care. It would also be useful to examine correlations between seasonal and
annual differences in food availlability. and parenial response to the presence of
helpers. With food supplementation. I predict that parental responses in Yilliminning
would be compensatory rather than sdditive.

Restrictions on the amount of food delivered to nestlings may have adverse
consequences for nestling fitness (e.g., growth rate, weight and survival) and breeder
productivity (Seki and Takano 1998: Siikamiiki 1998: Naef-Daenzer and Keller
1999). For cooperative Lreeders, the role of helpers in constrained environmental
conditions may be even more ¢ntical to reproductive output. However, a trade-off
could exist between habitat quality, group size and reproductive success. More
helpers mecans additional food brought to nestlings, but it would also increase the
demands placed on the habitat. In this case, if territory size and resource availability
are correlated. groups occupying larger territo 2s may be at a reproductive
advantage, as found in my study (Chapter 7). Under constrained environmental
conditions, cross-territorial provisioning could also be extremely important, as non-
restdent helpers may biing food from their own territory to provision nestiings
(Chapter 3). Conversely, if non-residents use helping as a means of accessing
resources in adjacent territories, their presence may have adverse consequences by
increasing the demand placed on u given territory.

The complexity of these relationships and the potential consequences of
habitat fragmentation means that assessing the threats to population persistesice for
Rufous Treecreepers is extremely difficult. An observational study such as mine can
only suggest posstble causal relationships, but it establishes the platform on which

carefully directly, experimental studies can be based. 1 join with Zanelte et al. (2000)
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in calling for more work 10 be focussed on the relutionships between habitat
fragmentation, food  availability, species behaviour, reproductive  suceess and

survival.
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CHAP? 'ER 7
LANDSCAPL DIFFERENCES IN REPRODUCTIVE .SUCCILSS
AND SURVIVAL

SUMMARY o
Lower reproductive success and survival in fmgmcnlcd Iandscapcs mdy”_
_ advcrscly affect the population viability of woodlund dcpcndcnl bII‘dS ”‘IIS is one
possible reason for the decline of these species in the agricultural regions of southern
Australia. 1 compared the reproductive success and offspring survival of the Rufoi_Js_
Treecreeper between the three sites in Dryandra and the four habitat contexts m
Yilliminning. _ o _ | _ | . _ I
Nest success and annual gr_o'up prbduclivily were _si_gni.ﬁcamly higher in
 Dryandra, but varied between sites and contexts within landscapes. In Yilliminning,
nest success was lowest in grazed remnanls and was also influenced by nest-site
selection. Group productivity was positively assocrated with territory size. However,
grazing and ferritory size were related because grazed remnants contained smaller
territories. Fledgling survival rate did not differ between landscapes, but there was a
trend for juvenile survival rate to be higher in Dryandra.

I used artificial nests to compare relative predation rates between Dryandra
and Yilliminning. Overali predation rate was relatively low (33.1%) and did not
differ significantly between landscapes. | also recorded provisioning rates and prey
biomass brought to nestlings to examine inferential evidence for differences in food
availability. Provisioning rates to nestlings and total prey biomuss were significantly
lower in Yilliminning suggesting that food availability may be reduced in this
landscape.

Lower reproductive success, juvenile survival and food availability may
threaten the persistence of the Rufous Treecreeper population living in Yilliminning.
Improvements in habitat quality may be required to ensure the future viability of the

species.
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7.1 INTRODUCTION
711 Overview
In the first part of {h’is'chuptc“r. I examine patlerns in nest success, group
productivity and offspring survival between the seven habitat contexts described in
Chuplcr 6 (Scction 6.1.1). 1 then assess correlative rclationships belween |
reproductive success and a number of social. habitat, remnant and landscape
measures. This is a first step to examining some of the processes (¢.g., grazing) that.
may underlie the identified pulleﬁls; In the final section of this chapter, [ analyse
selected threatening processes more directly. These processes are nest predation,
- nest-site selection and food availability. The aims of this chapter are to: -
| a) compare reproductive success and offspring survival between the three
sites in Dryandra and the four habitat contexts in Yilliminning;
b) examine correlative relationships between nest success and group
| :'i:)roduclivily. and a range .of social, habitat, remnant and landscape
measures: and ” - |

c) directly assess selecled threatening processes. -

7.1.2 Patterns in reproductive success

In North America, paterns of decline have been recorded for cerain
Neotropical migrant bird species tn highly fragmented forests (Askins et al. 1990;
Wilcove and Robinson 1990). One of the main reasons for this decline appears to be
lower reproductive output in disturbed. fregmented habitat compared to more
continuous forest (Wilcove and Robinson 1990: Robinson ct ai. 1995). Reduced
reproductive output may be a result of lower population density or lower pairing and
reproductive success in fragmented habitat.

" The results of studies that have compared the reproductive success of
selected Neotropical migrants between continuous and fragmented forest (or large
and small forest remnants) have been equivocal. For example, the reproductive
success of the Ovenbird Seiurus aurocapilius may be reduced in small forest
remnants (Pormneluzi and Faaborg 1999), but these patterns are not always consistent
(Donovan et al. 1995). Lower success in small remnants has also been recorded for
the Wood Thrush Hylocichla muesteling (Hoover et al. 1995; Weinberg and Roth

1998), but not the Worm-cating Warbler Helmitheros vermivorus (Gale et al. 1997).
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-;.Stud.ies 1n El'erbc have also yicidcd '\.rurying. resulls. Opcn-ncsling specics may:
. sulfer lower |cprodm.llvc success in small forest I'cmn.mls ( Kurks and Lindén 1995),
" but Siddleb of hoilow -nesting specws have tound no rcl.lllonshlp between

- fragmcnlulmn and success (TJcrnbcrg et ul. 19931 Mdlthyscn .md Adriaensen 1998,

Nouretal. 1998). o

In Australia, only a handrul of studies have \.(Jmde’Cd the rcpruducuvc -

“success of birds between areus with differing Icvcls of habitat fragmcnt.mon -

Saunders (1977) found that the average number of fledglings produced by the
‘White-tailed Black Cockatoo Calyprorhynchus laitirostris was \wice as high in an
area with large tracts of indigenous vegetation compared to a landscape that was
extensively cleared. A study of the Brown Trcecrécpcr _C'h'nmcréris picumnus found
no difference in reproductive success I:;;:lweén “more” and “less” fragmented habitat
(Walters et al. 1999). The average nest succéés and fledgling production of the
Eastern Yellow Robin Eopsaltria australis was higher in small (55 ha) compared 1o
large (> 500 ha) habitat remnants, although the trends were not consistent between
replicated remnants of the same size class (Zanette 2000).

It is difficult to interpret gencral patlemns from these studies owing to
differences in land-use history, levels of fragmentation, habitat type and the
ecological characteristics of species. The size of remnant vegetation putches may
also differ dramatically between studies. In their study of the Wood Thrush,
Weinberg and Roth (1998) compared reproductive success between a 15 ha “large”
remnant and “small” remnants < 2.1 ha, whereas in a study of the same species,
Hoover et al. (1995) considered remnants < 80 ha as small. These differences may
not be important if there is a linear relationship between reproductive success and
remnant area or level of fragmentation (Robinson et al. 1995), but if the relationship
is nonlinear, or species exhibit threshold effects, careful consideration must be given
to the choice of comparative sites. With little prior knowledge of a species
reproductive capacity under different conditions, it would be prudent to maximise
the difference between sites in order to ascertain any relationships with
fragmentation.

Comparative fragmentation studies often use individual nest success as a

measure of reproductive output (Donovan et al. 1995; Hoover et al. 1995), but this
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“does not account for levels of re-nesting (and ‘subsequent success). More direct

mea_lsurcs of population viability are annual productivity of marked individuals and
survival of juveniles (Murray 2000). Few studies:have compared differences in
annual productivity between remnants of differing size (Weinberg and Roth 1998;

Porneluzi and Faaborg 1999) and even fewer have measured juvenile survival

- (Zanette 2000).

7.1.3 Potential threatening processes _ _
Processes that may cause lower reproductive *success. in- fragmented

landscapes include reduced habitat quality, an increase in nest predation or

parasitism, lower food availability, disrupted dispersal, or changes in species

behaviour. For Neotropical migrants, there is reasonably strong evidence indicating

- that increased nest predation (Paton 1994; Hoover et al. 1995) and brood parasitism

by the Brown-headed Cowbird Molothrus ater (Brittingham and Temple 1983;
Robinson et al. 1995} in fragmented forests are two pn’mafy mechanisms leading to
lower reproductive success. However, a study by Burke and Nol (1998) found that
prey biomass (inveriebrates) for Ovenbirds was significantly lower in small
compared to large forest remnants.

Matthysen and Adnaensen (1998) suggested that, aithough important for
open-nesters, nest predation and brood parasitism may not be the primary processes
leading to the decline of hollow-nesting species in fragmented landscapes. Their

conclusion is supported by the few studies of hollow-nesting birds in habitat

remnants (Kuitunen and Helle 1988: Tjemberg et al. 1993: Nour et al. 1998: Walters

: etal. 1999). In the Western Australian wheatbelt. Saunders {1977) suggested that the

lower fledging success of the hollow-nesting White-tailed Black Cockatoo in the
more fragmented landscape was a result of disrupted foraging and ncsting behaviour
owing to a lack of suitable food near the nest site and reduced connectivity between
foraging and nesting areas. His conclusions were supported by significantly lower
fledging weights for nestlings in the more fragmented site,
Other studies that aave examined differences in food availability (Nour et al.
1998) or foraging behaviour (Huhta et al. 1999: Walters et al, 1999) have generally

failed to document any negative effects of fragmentation on prey availability or
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foruumv and subscqucnl rcpreducuvc succcss Burke .md Nol ( 1998) found lhdt'_;_

S Iower foud .1bunddncc w.ns dbeCldlCd wllh lowcr dcnsmcs of Ovcnblrds .md IOWcr*..:’;

'_.palnng succcas lor tcmlondl mdlcs bul dnd no{ exdmmc rcldtlonshlps wnh R

_reproducuve suceess

There dl‘C .1 numbcr of processes lhal may mflue’nce the rcproductlvc success R

- :_ot blrdb lwmo in I'ragmemcd Iandsc‘lpes Rescarchcrs musl cxamine as many of

- -these as- posmblc 10 adequately assess the relationships bezween fragmentation . and -
B 'populallon pemslencc. These relationships are likely to be complex and interacting,

~and may vary between regions and specics.

7.2 METHODS

7.2.1 Comparisons between habitat contexts

1 compared the reproductive success of the Rufous Treecreeper between'the”“

seven habital contexts during the 1998 and 1999 breeding seasons. The 's.i_te._.s' in

Dryandra were split because reproductive output varied between sites (Chapter 3). | -

The data presented in this chapter for Dryandra are a summary of the more exiensive =

data presented in Chapter 3.
I compared the following reproductive measures between contexts (details of
how these data were collected are presented in Chapter 3): | o
a) nest success — a nest was con51dered suCCessful if it produced at least ont,: -

fledgling;

b) - group productivity — the total number of fledglings produced per

breeding group per season (i.e., annual productivity);
c) fledgling survival - the total number of fledglings su'rviving'.'_--:te'-i
independence (30 days post-fledging); o C
d) fledgling survival rate — the probability of a fledgling survwmg to-.i.'-,--" |

independence;

e) juvenile survival - the total number of juveniles survwmg 10 the

beginning of the next breeding season; and _
f) juvenile survival rate — the probability of a juvenile surviving to the

beginning of the next breeding season.

i
-_—
2
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s Ddld werc cx.lmmcd for dcpdrlurca from normdilly dnd were lransformcd if |
"--Pt)ssrblc or .lnalyscd usmg non- pammclnc mclhods I’crc.cnl nu,t succcss was
'__'j.malysed using d chi- qudrc cquwdlem test for mulllplc proporllons and a Tukcy- §

lypc multlple compamons test (Zar 1996 p. 559) Group producll v1ly was dndlyqed

" : usmg a one- way analysis of variance (ANOVA) and Tukcy s honestly significamt o

o _"'dlfft.rence (HSD) for uncqud] s.lmp]c sizes after data were squarc root trdanormcd :

_ Homogenclly of variances was examined using chcnc s test, | dld not lcsl for B
“differences in the number of fledglings andJuvcmles-surwwn_g because thesc data

| _.__are not mdependcnt of group productivity (scc Chapter 5).

Landscape differences in fledgling and _;uvcm]c surviv val rates Were testc 4

‘using the computer program CONTRAST (Sauer and Willianis 1989). [ dxd not test . o

_ f‘pr differences between each habitat context owing to low sample sizes and large
- standard errors. The survival rate measures assume that all disappeaﬁng birds died.
 This is unlikely to be the case, but the level of error should be comparable between |
the two landscapes. In all analyses, [ combined the data for 1998 and 1999 ow;ﬁg to

‘small differences between years.

7.2.2 Correlative relationships with reproductive success _

| I examined correlations between reproductive succﬂess (dcpendeut variable) - -
and a number of social, habitat, remnant and landscape mc’ésures (Table 7.1). These
relationships were only examined in Yilliminning (data fo__é'l 'Dryandru are analysed in
Chapter 5), and only for nest success and group producli\i:"ily (survival data were not
sufficient to analyse). Nest success was analysed using:i-glbgistic regression models
and group productivity was analysed using Poisson regré;séion with the S-Plus 2000
statistical package (MathSoft 1999). Correlations bet\fj_}cen independent variables
were examined using Spearman rank corfcia__;_ion. Hiil_:ghly correlated (ry > 07)
variables were not included in the same model. Modellir:;g and diagnostic procedures

followed Nicholls (1989). o |
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Table 7.1 The social, habitat, remnant and landscape measures {independent variables)
used in the regression models examining refationships with reproductive success.

Moasnrements (variable type)

Methods of data collection

Social measures
Group size {continuous)

Tersitory density (continuous)

Territory size (cantinuous)

Habitat measures
Habital quality {continuaus)

Woadiand type {categorical)

. Ramnant measures

Remnant size {categorical)

Aemnant shape (continuous)

Grazing (categarical}

Distance to edge (continuous)

" Landscape measures

Percent cover of native vegetation (remnants 2 3
ha}in a 500 m, 1 km and 2 km radius [rom the
centre of the focal territory (continuous).

Percent cover of Wandeo woodland (2 3 ha) in
ihe areas listed abeve (continuous),

Measured per Chapter 3.

The numbher of territories within 2 500 m radius of
the centre of the focal territary, Measured direclly in
the field.

Measured per Chapter 6

Measured per Chapter 6

Woodland type was determined by the predominant
overstorey species and categorised as Wandoo
Eucalyptus !andoo, Mosrel E. for 3icomis or Malleit
E. astringen .

Remnants w‘are arbitrarily categarised as small (<
30 ha) ar large (= 80 ha).

Determined for each remnant using the equation of
Pation (1975): Shape = —r— where P is the

2JAxn
perimeter length of & remnant and A is the area.
Perimeter and area values were calculated using
ARCVIEW.

Grazed remnants were in paddocks subject to
annual or biannual grazing by sheep, ungrazed
remnants had been free from grazing for at least 15
years.

For nest success, distance was from the nest site to
the nearest edge abutting agricuttural {and. For
group preductivity, it was from the centre of the
focal territory to the nearest agricultural edge.
Distances were measured directly in th2 field using
a 100 m tape.

Calculated using ARCVIEW from the GIS database
of Yilliminning vegetation cover {see Chapter 2).

As above.
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In the nest success model, [ used only the first nest attempt of the scason and
one attempt per female (i.c., one attempt for the 2 years) to avaid pscudoreplication.
Nesting altempts by new primary females were included if the new female used a
different hollow 1o the female she replaced. For group productivity, I used the
number ol tledglings produced in onc year only (chosen at random) if the same
group occupied a territory in both years, If the breeding group or primary female
changed from one vear to the next, I used both years’ data. Four territories that were
occupied in 1998 were unoccupied by a breeding group in 1999, I localed
replacement territories for three of these (in the same habitat context), which were
used in the analyses. The remaining territory and another containing onty a primary
female (both in-small ungrazed remnants) were not used. I also excluded data where
a breeding group received help from neighbouring birds in provisioning nestlings.

In all analyses, I assumed that success in one territory was independent of
success in another territory in the same patch, but there appeared to be a fevel of
spatial dependence in the data (see Discussion). Also, these data are
pseudoreplicated in the sense that multiple terntories occupied a single remnant, but
were considered replicates. This was unavoidable owing to the low number of
remnants available for use, and the need to assess ths social organisation of the
species, which is strongly influenced by territory contiguity (Chapter 3). Also, this
experimental design has the advantage of providing productivity data for entire
remnants, which is useful for source-sink analysis and identifying highly productive

remnants in the landscape (Chapter 8).

7.2.3 Potential threatening processes
Nest predation

I examined a number of potential processes that may have contributed to
landscape differences in the reproductive success of the treecreeper. Nest predation
was difficult to measure directly because nests were generally inaccessible.
Therefore, 1 used artificial nests to measure relative predation rate between
landscapes and habitat contexts, Artificial nests were placed in nhtural hollows, 1.5 —

3 m above the ground, in eucalypt trees. There was no significant difference in the
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microhabitat characteristics of the artificial nest sites used in Dryandra and
Yilliminning (Appendix 7.1).

If the hollow had no base, & cardboard disk was placed inside the hollow at
arms length. On tap of the disk or natural hollow base, | placed 4 handlul of nesting
material (c.g.. grass, [caves, bark, feathers and fur) obtained from accessible
treecreeper nests, In each antificial nest, ! placed a fresh, cum.mcrcially produccd
quail cgg (approximately 20 mm x 30 mm, cream colourcd with brown and black
speckling) and a smaller plasticine cgg (approximately 15 mm x 20 mm, cream
coloured and unmarked). Rubber gloves were used when handling cggs. Metal tongs
were used to place artificial nests and eggs in hollows with narrow internal
dimensions. The real egg provided an olfactory cue to potential predators and the
plasticine egg was used to record visits by smaller predators, which m.a.y not have
be=n able to break the shell of the quaii egg (Haskell 1995; Maier and DeGraaf
2000), but could leave indentations in the soft plasticine.

I conducted two nest predation experiments during the 1999 breeding season,
one between October 4 — 20 and one between December | — 17, In each experiment,
i placed 40 nests in each landscape over a period of 2 consecutive days (1 day per
landscape). The nests were divided evenly among the three sites in Dryandra (13 -~
14 nests at each site) and the four habitat contexts in Yilliminning (10 nests in each
context). One nest was placed in each of the monitored treecreeper territories, and
additional nests were placed in adjacent termitorics or nearby areas. If possible, a
different hollow (in the same territory) was used in the second experiment. Nest
location was marked using flagging tape placed around a tree 10 — 20 m away from
the nest tree at a recorded compass direction.

Nests were exposed for 17 days, equivalent to the incubation period of the
Rufous Treecreeper (Rose 1996), and were not re-visited during this period. A nest
was considered preyed upon if one or both of the eggs were removed from the nest,
broken (quail egg) or had clear indentations (e.g., bill or teeth) in the surface
(plasticine cgg). At the end of each experiment,'nesl contents and cardboard base

were removed from the hollow.

216
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Nest-site selection

To dclcrmim& it nest-site sclection differed hetween landscupes, | measurcd
the structural chur‘:n_clcrisiics of hollows and nest trees used by treecreepers in
Yilliminning and culmpurcd these with the results from Dryandra (Chapter 4). The
characteristics measured and the methods of data collection are detailed 1n Chapter
4. Landscape differences in nest-site selection were analysed using multiple analysis
of vartance (MANOVA) with post hoc multiple comparisons (Tukc);."s HSD for
unequal sample sizes) after data were transformed (see Table 7.5). Normal
probability plots of residuals were examined for lincarity.

Nest-site selection differed significanily between landscapes (see Section
7.3.3). To determine if any nest-site characteristic correlated with nest success for

treecreepers in Yilliminning, I used the modelling procedures (logistic regression)

associated with nest success. Therefore. hollow height was included in subsequent
models that examined the relationship between this characteristic and the measures

detailed in Table 7.1, and nest success.

Food availability (provisioning rates)

Food availability was measured indirccfly by recording provisioning rates to
nestlings by adult birds. Nest watches were conducted in Dryandra and Yilliminning
following the methods described in Appendix 3.1. When comparing provisioning
rates between habitat coniexts, I used only the first nest attempt of the season and
controlled for brood size (= two), time of day (later than 0900 hrs), nest stage (mid -
late) and maximum daytime temperature (< 30° Celsius) becausc these may
influence nestling provisioning (see Appendix 3.1 and Chapter 6). Differences in
provisioning rate were analysed using two-way ANOVA with year and habitat
context as the independent, fixed factors. Post hoc comparisons were conducted
using Tukey's HSD for unequal sample sizes. In this analysis, the sites in Dryandra
were combined and treated as one habital context (there were no significant
differences between sites - sce Appendix 3.1) and territories in the small grazed and

ungrazed remnants were also combined owing to small sample sizes.
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To further assess differences in food availability, adults provisioning
nestlings were video-taped at 10 nests in each landscipe during 1999, In these nest
wiltches, 1 controlled for brood size, maximum daytime temperature and nest stage.
All nests were taped for 4 hours hetween 0730 and 1230 hrs using a video camera
mounted on it inpod.

The purpoese of the video tuping was to assess differences in food biomass
being bought to nestlings. Provisioning rates may differ between landscapes, but
lower rates may simply mean adults are provisioning their nestlings with larger food
items. Treecreepers generally carry food items in their bill before feeding nestlings.
Therefore, the size of food parcels for each visit was classified relative to the size of
a treecreepers bill (i.c.. smaill — smaller than bill: medium — same size as bill; and
large — larger than bill). These size categories were given a weighting (i.c., small =
1, medium = 3, large = 9} to represent the relationship between prey length and
biomass (following Cale 1999). Provisioning rate and prey biomass were determined
dunng playback of video tapes. Visits where prey size could not be identified were
allocated to each size category in proportion to the known contribution made in each
category. Differences in total prey biomass between Dryandra and Yilliminning

were analysed using a 7-test for independent samples.

7.3 RESULTS
7.3.1 Comparisons between habitat contexts
Nest success

Overall nest success was significantly higher in Dryandra (77.4%, n = 103)
than Yilliminning (46.0%, n = 91, Fisher exact test, P < 0.001). Nest success was
similar between sites in Dryandra (Chapter 3), so I combined these data and
compared average nest success in Dryandra with each habitat context in
Yilliminning. There was a significant difference between these contexts (33 =
2825, P < 0.001; Table 7.2). Breeding groups in Dryandra had higher nest success
than groups in the large (g = 7.35, P < 0.001) and small grazed remnants (g = 4.30,
P <0.025), and groups in the large ungrazed remnants had higher nest success than

groups in the large grazed remnant (¢ = 4.27, P <0.025; Tablc 7.2).
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Group productivity

Annual group productivity was twice as high in Dryandra (2.2 £ 0.14, n =
00) compared to Yilliminning (1.1 £ 0.14, n = 58, Mann-Whitney test, Z = 3.82, P <
0.001), but productivity varied depending on habitat context. | have alrcady
established that group productivity differed between the three sites in Dryandra
(Chapter 3), so | examined differences between the Dryandra sites and the habitat
contexts in Yilliminning. | combined the data for small remnants owing to smali
sample sizes (i.e., two territories in small ungrazed remnants were not occupied in
1999 reducing the sample size to four). There was a significant difference in group
productivity between habitat contexts (Fss2 = 7.91, P < 0.001). All sites in Drvandra
produced more fledglings per year than groups in the large grazed remnant (Tukey's
HSD, P < 0.01; Tuble 7.2). Groups in Site C also produced':.morc fledglings than
groups in the small remnants (P < 0.05), with a trend for productivity to be higher
than groups in the large ungrazed remnants (P = 0.07). There were also trends for
group productivity 1o be higher in the large ungrazed (£ = 0.06) and small remnants

(P = 0.07) compared to tne large grazed remnant.

Fledgling and juvenile survival rates

Fledgling survival rate did not differ between landscapes (Dryandra 0.76

0.06 vs Yilliminning 0.66 £ 0.11, CONTRAST, %2 = 0.64, P = 0.42), but there was

a trend for juvenile survival rate to be higher in Dryandra (0.41 * 0.07) than

Yilliminning (0.22 £ 0.08, CONTRAST, x? = 3.19. P = 0.07). Fledgling survival

rate was very low in the large grazed remnant (sample size was small, as only six
fledglings were produced), but was comparable between the other habitat contexts
(Table 7.2). No juvenile survived to the following breeding season in the large
grazed remnant (only two fledglings were produced in 1998) and survival rate was

also low in the small grazed remnants.
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Table 7.2 Measures of reproductive success and survival in each habitat context {mean t s.e.). Numbers in brackets are sample sizes (i.e.. number of
breeding groups for habitat context and number of nesting aitempts for nest success;.

Dryandra Yilliminning
Year  Site A (10} Site B (10) Site C (10) LU (9) LG (8) SU (4-6) SG (7) T
% nest success 1998  81.3{16) 71.4 {14) 76.5(17) 61.5(13) 14.3 (14) 50.0(8) 50.0 {14)
1998  76.5(i7) 73.7 (19) 85.0 (20) 66.7 (12) 33.3 (12) 50.0 (6) 41.7 (12)
98/99 78.9 72.6 80.8 64.1 238 50.0 459
Group productivity 1998 1.6 +0.27 1.8 +0.39 241031 1.4+044 0.3+0.16 1.0x036 1.7-0.36
1999  1.9:0.28 2.4 +0.40 291031 1.4+ 0.34 0.5%0.19 0.8+0.48 1.3 0.5
98/99  1.8+0.19 2.1+028 27+022 1.4£0.27 0.4 £0.13 09:0.28 1.5£0.33
Fledgting survival 1998  1.1+0.18 1.5+0.34 2.0+0.36 1.2+£043 0.110.13 0.5+0,34 1.4 = 0.30
1999 1.3+0.30 1.810.42 2.2+0.39 1.2+0.28 0.1 +0.13 0.8+ 0.48 063043
98/99 1.2:0.47  1.7+021  21:026 124025  01:008  06:027  1.0:028
Fledgling survival rate 1998 069 0.1 0.83+0.13 0.83+0.08 'D.8510.11 0.50 - 0.50 + Q.28 0.82 £ 0.09
1999 0681013 0751092 0.7610.09 0.85 + 0.08 0.25+0.25 1.00 - 0.46 + 0.10
98/39  0.69+0.08 079+0.10  0.79+0.07 0.85 + 0.06 0.38 + 0.21 0.75 + 0.21 0.64 £0.12
Juvenile survival 1998-99  0.7+0.16 061022  1.11041 061018 0.0 0.310.21 0.3:0.18

Juvenile survival rale 1898-99 0.44 + 0.08 0.33:+0.10 0.46 +0.12 0.38 + Q.14 0.0 633017 0.17 £ 0.09




Differences tn reproductive success

7.3.2 Correlative relationships with reproductive success
Nest success

There was w high degree of intercorrelation (r, 2 0.7) between the social,
habitat. reminant and landscape variables, A number of variables were also related to
nest success. Grazing resulted in the largest change in deviance when entered into
the model separate from albl other variables. With grazing in the model, there were
no significant changes i deviance with the addition of other variables. [ also
examined ali two-way interactions, but none were significant.

The final model included grazing as the single best predictor of nest success
(Table 7.3); wreecreeper groups in grazed remnants had lower success. This result
was strongly influenced by the low nest success of groups occupying the large
grazed remnant. Importantly though. grazing was negatively correlated (r, = -0.80)
with the percent cover of native vegetation within a 2 km radius of the focal
territory, and positively correlated (r, = 0.71) with temitory density. The first
correlation suggests thut treecreepers in gruzed remnants had fewer close dispersal
options {i.e.. little surrounding vegetation) and the second indicates that territories in
grazed remnanis were more tightly packed. This second relationship is intriguing
because il suggests a possible density dependent association with nest success (see

Discussion).

Table 7.3 The nest success mode! including grazing as the best predictor of nest success in
Yiliminning (n = 34). Territories in ungrazed remnants had higher success than those in
grazed remnants.

dt Change in Residual df Residual F
deviance deviance
Null model 33 47.13
+ Grazing 1 10.22 az 36.91 < 0.005
Coefficients 5.2,
Constani 0.178 0.414
Grazing 1.208 0.414
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L Group producavrry

lhc modclhng proc.cdurt_ l'or group producuvuy followcd lhdl of ncs{“_.

succcss ['hc only VdI‘IdeL o be slbml"(.anlly assocmlcd with group produclmly was
o ;lemlory wc (!ogm lranbtm mcd Table 7 4) Groups occupymg Idrgur temtoncs had
' _.hlgher annual producllwly Territory size was also I'IC}.,dllVCIy ‘correlated w1lh' |
.' - grazing (s = -0.78) r.-..llccnng the positive rclauonsiup between grazing and territory
' densily' (sec above). Impormmly, lcmlory qualny, which was significantly refated to

group productivity in Dry.mdm (Chaplcr 5), had no rclationshlp with productivity in

Yilliminning. I also examined bivariate correlations bclween productwlty and cach.__- o

habitat characteristic measured, but none were mgmﬂcam.

Tahle 7.4 The group productivity model including (log.g) territory size as the best predictor
~ of group productivity {n = 43). Groups occupying larger territories had higher productivity.

df Change in Residual df Residual P
deviance deviance
MNull modet 42 5%3.30 -
.~ +(log) Territory size 4 561 a1 53.69 <0025
Coefficients s.e
Constant -1.104 0.462
(log) Termilory size 1.813 0.762

7.3.3 Potential threatening processes
Nest predation
There was no difference in predation rate of artificial nests between

experiments (October and December) in Dryandra (chi—sq'u'are, x s =020, P>0.10)
or Yilliminning (% = 3.84, P > 0.10), so data _{were'combined to examine ové’:\‘z‘lll.

landscape differences. There was no difference in total nest predation rate between
landscapes (Dryandra 36.9%, n = 80 vs Yilliminning 28.8%, n = 80, Fisher exact
test, P = 0.31). Variation in predation rate was greatest in Yilliminning, being_40% -
- for nests in the large grazed remnant and 20% for nests in the large ":L;mgrazed'_
- remnants (Figure 7.1), but there was no significant .dif_ference between . the four

~ habitat contexts (x3 = 1.52, P> 0.10).
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Figure 7.1 Differences in the level of nest predation between Sites A — C in Dryandra and
the four habitat contexts in Yilliminning (n = 160).

For nests that were preyed upon (1 = 53}, nest predalors were classified using =
the imprints left in pldSlICll’le eggs. The most common nest predalors were smali-
(47.8%}) and large (34 8%) mammals only 8 7% of nests were preyed upon by avian -

predators.

Nest-site selection o
There was a significant difference in the structural characteristics of the nest .-

sites used in Dryandra and Yilliminning (MANOVA, F; 35 = 9.66, P < 0.001), Post'

hoc comparisons showed smaller tree diameter at breast height (GBH), and tree and"’*":";":"' |

.
hollow height measures, and larger percent deadwood and hollow entrance s_lze"

measures for nest sites in Yilliminning (Table 7.5).

The structural nest-site characteristics were included in a logistic regreséion
model to assess relationships with nest success. This mode! identified hollouf height
as having a significant negative association with success. Average hollow height of
successful nests was 4.8 m (% 0.49) and unsuccessful nests 7.1 m (+ 0.52, n = 34).
Subsequent modelling that included hollow height with the measures detailed in
Table 7.1 found that height was associated with the greatest change in model
deviance, but grazing was still a significant predictor once hollow height had been

considered (Table 7.6).
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Table 7.5 Differences in the structural characteristics of nest trees and hollows in Dryandra
and Yilliminning (mean ¢ s.e.). Numbers in brackets are sample sizes. Characteristics

marked with an asterisk are significantly different at P < 0.02 (Tukey's HSD). Table also
shows a summary of transformations conducted prior to MANOVA,

Nest-site characteristic Dryandra {90) Yilliminning (43) Transtormation

Tree DBH (cm)* 468 + 1.89 38.5 +2.26 _

% deadwood"® 37.2+2.99 60.5 £5.10 Square root - arcsine

Tree height {m)* 16.3 £ 0.48 112059 .

Ne. of hollows ' B6:0.58 6.5 + 0.80 | Square root

Hollow height (m}* 8.5+0.37 6.4 +0.40

Spout angle (°)’ 67.92.53 8.7 + 2.76

Hollow entrance size {cm}* 7.2 £0.31 9.1 £0.57 Logie

% cancjy cover 37.6+3.39 36.1 £ 4.81 Square root - arcsine
'Spout angle was not included in parametric analyses as distribution could not be impraved with data
transtormations.

Table 7.6 The final nest success mode! including hollow height and grazing as S|gnmcam
predictors of nest success (n = 34).

df Change in Residual df Residual P
deviance deviance

Null model 33 47,13

+ Hollow height 1 10.54 . 32 36.59 < 0.005
+ Grazing 1 6.62 31 29.97 < 0.025

_ Coefficients 5.e,

Constant 7.474 2647

Hollow height -0.641 0.252

Grazing 2.307 0.973

Food availability (provisioning rates) |

There was a significant difference in provisioning rate between habilat -
contexts (Faq4 = 7.01, P <0.001), but no difference between years (Fy 4 = 2.54. P>
0.10). Provisioning rates in Dryandra were significanily higher than those in the
large grazed and ungrazed remnants {Tukey's HSD, P < 0.05) and tended to be.
higher than thosc in small remnants (P = 0.09), but there was no difference in

provisioning rates between the habitat contexts in Yilliminning (Figure 7.2).
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Figure 7.2 Provisioning rate/hr in each of the habitat contexts (mean + s.e.). Data from the
three sites in Dryandra, and small grazed and ungrazed ramnanis (SM}, ware combined (n
= 54 nests). Values with the same lefter (above columns) are not signiticantly different
{(although there was a trend for provisioning rates in Dryandra to be higher than the small

remnants — see text).

Total prey biomass deii_i'e_r_(_:é_i\:__é')lo nestlings was also significantly highez' in
Dryandra (190.1 = 11.8) than .Yi]__liminnin_g '(129._3 +9.11; 113 =4.08, P <0.001). The
relative proportions of differeif;";.;i'zed_prcy itéms were similar between landscapes
(Figure 7.3), so the difference in biomass was a result of the "‘-h.igher provisioning

rates in Dryandra.

50 -
0
; 8 40 -
E
-_% 30 - W Oryandra
'5 20 O Yilliminning
£ 10 1
a
0 - —

Small Medium Large
Prey size category

Figure 7.3 Percent biomass {(mean + s.e.} of food delivered to nestlings in each prey size
category in Dryandra and Yifliminning {n1 = 20 nests).

If food availability is lower in the agricultural landscape, nestling or
fledgling weight may also be lower. T controlled for brood size (only using nests that
produced two fledglings) and compared the weight of female fledglings betweeh

landscapes. There was no difference in the weight of fledglings between Dryandra |
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s (”7 3 gmms + 034) und Yllhmmnmg (’78 6 grams i 0 SI .'-lcsl !45 = l 4'? P > |

i 0: 10)

7.4 DISCUSSION | _
7.4.1 Patterns in rcproducllve success and survival .
At the landscape level, the reproductive sucess of the Rufous Trcccrccper in
- the irdﬂmtnlcd agricultural district of Yilliminning was mgmﬁcant]y lower than the
'conunuously vegetated landscape of Dryandra. These results concur with the study
- of Saunders (1977) on White-tailed Black Cockatoos in the Western Australian
- wheatbelt, but are contrary to most other studies of hollow-nesting species
(Matthysen and Adrigensen 1998; Nour et al. 1998). Interesﬁng]y, thgy -also
éo.ntradict the résulls of Wallers et al. (1999)_', who smdied the close]y rcla[e_d Brown
Treecreeper in the New En'crland.-agﬁcull'ural rc'gfon of eastern Australia. Differences
~between the Brown and Rufous Treecreeper may be a result of variation in
'_ecfg_lc)gmal characteristics or iandscape type. Habnal dlsturbance in cenain
' agé\é'h"l'_iur.al regions of New South Wales has resulted in a “variegated” landscape of
' vaﬁabilc native vegetation cover rather than one of discrete habitat fragments
surrounded by an unusable matrix, as found in the Westemn Australian wheatbelt
(Mclntyre and Barrett 1992). |
For Rufous Treecreepers, lower reproductive success in the agricultural
landscape has significant implications for population persistence, particularly
considering that the majority of reproductive output was confined to rélalively_ few
breeding groups. In Yilliminning, 64% of breeding groups (n = 58) i;rodliéed < one
fledgling per season. Consequently, only 36% of groups produccci"'ﬂ% of total -
fledglings (n = 62). These groups also tended to be spatially clumped in the same
remnant or close group of remnants. If remnants containing clusters of productive
groups are lost from the landscape, this may adversely affect population permstence -
(Chapter 8). In Dryandra, reproductive output was much more evenly spread. Only |
30% of breeding groups (n = 60) produced £ one fledgling and 70% of groups
praduced 88% of total fledglings (n = 130). o
Landscape level patterns were consistent in both years of the study, but thIS. o

| '_ masked the significant variability that occurred within landscapes In Dryandra Slte- "

[
-3
(=]
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- C produced more. ﬂedghngs th.m the olher snlcs owmg pnman[y lo Site C havmg,

L Iqrucr gmup svcs and, on. .wcrdgc better qua[ny lcmlones (bec Ch.lplcrs 3 .md S) T

o _Tlm. demom:tmlcs that le‘ldblllly bclwecn spatiatly . dlSCI’LlL sites cun oceur in lhe" .

s same conunuously \’L‘L_,L{dlbd ldndsc.lpe In fragmented systems, rcsearchers must be -

'-"aware-oi other factors that may cause between remnant variability bcsuics lhose'
. speuﬁcally associated with fragmentation {¢.g., remnant size or lsolallon) _
| In Yllhmmnmo nest suceess and group productivity dlffcred bctw::cn hdbrldt;;__"_' '
"._-'comeus ‘but there was no consistent relationship between reproductive. success and .-
remnant size. Grdzmg appeared to be an important ‘contributing factor to Iowcr nesl -
success (Tub[e 7.3). but this relationship was slrongly mﬂuenced by lhc results from
i _the large grazed remnanl Although most groups n lhe small grazed remnams also .
- had low nesl success. SR el )
| Grazmg may lead to soil compacuon and reduce shrub .md ground vegetatlon :
o coyer and complexlly (Wilson 1990_). In turn,: lhls-may dller _mvertebrate_.specnes
"'aseemblades (Abenépereﬁraun et al. 1996; Bromharz': etal. '1999)'p'oésibly reducing
food avanldbr)lty and subsequent reproductwe success for ground- foragmg
. insectivores llke the Rufous Treecreeper 1 have no ewdence of lower’ food
availability in grazed compared to ungq_g}ged remnants. The use of foragmg”.;y
substrates in grazed remnants was similar to that recorded in Dryandra (Appendix
4.1), and provisioning rates to nestlings were similar to ungrazed remnants (Section
7.3.3). The relationship between grazing and food availability for ground-foragers -
needs to be assessed more directly by collecting data on invertebrate abundance and
diversity,

Territory size was the only measure significantly correlated with group
productivity in Yilliminning (Table 7.4); groﬂps occupying smaller territories
produced fewer fledglings. Territory size had no relationéhip with productivity m
Dryandra where fledgling production was significantly related to terr'itory quality |
(Chapter 5). In Yilliminning, territory size was negatively correlated with grazihg'
and territory density. Territories were smaller and more densely packed in gr_aze.d |

remnants, but this appeared to put breeding groups at a reproductive disadvantage.-

" This suggests that, in the agricultural landscape, reproductive success may be .-

- density dependent, mediated by habitat quality (see below).
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A Conbcqucncé ST i Htver' group p'rodut:tivil}' in Yiliin’iinning: was that fewer
ﬂedglmgs survwcd to mdéﬁ::ndcnce compdrcd to Dryandra Howcvcr ﬂcdgllng_'
survival rate was slmli.n br-twccn ldndsupcs mdmdtmg no su,mf jcant adverse
-.'-."lclanonshlp belwccn h.lb[ldl dltcrallon dnd survival to mdcpcndcnce Survival rate
'_ was rel__alwely_low_lor ﬂcdghngs in lhc Iargc ;,ra.aed__rcmndnl (Fablc 7.2), but sample
size was :very small. More importantly, there was a'lrcn_d for juventle survival rate to
b¢._lb\_§;¢|‘_ in Yilliminning, particularly in the grazed remnants {once again sample
. sizes were smﬁl]). This may have adverse consequences. for population viability

* because it indicates a reduced number of potential future breeders.

-71.4.2 Potential threatening processes
Nest predation
Nest predation appears to play a deOI‘ role in the lower repmductwe SuCCess
of open-cup and ground-nesting species in fragmented !andscapes (Robinson et al.
1995; Weinberg and Roth 1998). There _1s _no evidence suggesting a similar
relationship for hollow-nesters. In my study, relative predation rates on artificial
nests did not differ significantly between landscapes or habitat contexts. Rates of
predation were also relatively low compared to artificial open-cup or ground nests
(Luck et al. 1999b; Zanette and Jenkins 2000), although this variation may be
attributed to differences in methodology or predator assemblages.
 There is some evidence to suggest that birds are common predators of open
nests (Angelstam 1986; Andrén 1992; Zanette and Jenkins 2000) and may be more
inclined to prey on artificial compared to natural nests (Willebrand and Marcstrom
1988; Maclvor et al. 1990). The abundance of generalist avian predators may also
increase in fragmented landscapes or near habitat edges (Andrén 1992; Luck et al.
1999a). In my study, mammals appeared to be the main predators of artificial hollow
nests based on imprints in the plasticine eggs. Habitat alteration of eucalypt
woodlands may result in a reduced abundance of native mammal predators (e.g.,
Yellow-footed Antechinus flavipes) and a replacement of native predators by
introduced species like the House Mouse Mus musculus and Black Rat Rarrus rattus.

Therefore, there may be no significant increase in the abundance of species likely to
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prey on hollow nests. The lack of difference in predation rate between Dryandra and
Yilliminning suppotts this possibility.
Importantly though, my study only measured predation rates on eggs.
‘Nestling predation may be a significant cause of nest failure and may differ between
landscapes. Predators of nestlings may also differ from predators of eggs und usc
dit‘f‘erent cues {c.g., nestling begging) to locate nests. For example, the Cal Felis
* catus may prey on nestlings, and the abundance of this species is likely to be greater
in the agricultural landscape of Yilliminning owing to predator control measures in

Dryandra.

Nest-site selection - |

A number of nest-site characteristics differed significantly between
landscapes (Table 7.5) and these differences may have influenced variation in
reproductive success. Nest hollows in Yilliminning had a lergcr :ﬁean entrance size,
which may have exposed eggs and nesl]inge to a broader range of predators or
greater microclimate variability. Hollow entrance size was one of only two
characteristics identified by the regression model in Chapter 4 as being significantly
associated with nest-site selection by the treecreeper in Dryandra. This indicates that
restrictions to optimal entrance size selection may have adverse consequences,
Restrictions to nest-site selection are likely to occur when hollows become limiting
or competition for nest sites increases. Hollow density was significantly lower in
Yilliminning (Chapter 6) and the abundance of some hollow nesters (e.g., Australian
Ringneck Barnardius zonarius and Galah Cacatua roseicapilla) may increase in
modified agricultural landscapes (Saunders and Ingram 1995). Current hollow
density 1n Yilliminning does not suggest a critical shortage of this resource, but this
situation may change in the future owing to relatively low seedling recruitment,
especially in grazed remaants.

Hollow height, another potentially important nest-site characteristic, was
significantly lower in Yiiliminning (Table 7.5). Some studies have found a positiveg:
relationship between hollow height and nest success, as hollows lower to the ground |
may be more accessible to tree-climbing terrestrial predators (Hooge et al. 1999).

Interestingly, I found a negative relationship between hollow height and nest success
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in Yilliminning (Table 7.6). This non-intuitive result may reflect greater exposure of

higher nests to climatic extremes in the agricultural lundscape, particularly if |
coupled with large hollow entrance sizes. Also, nest-site characteristics not
measured in my study (e.g., internal structure or micruclimate varia'bi!ity) may have

differed between landscapes, resulting in differences in nest success.

Food availability (provisioning rates)

Provisioning rates and total food biomass delivered to nestlings were
significantly lower in Yilliminning providing inferential evidence for reduced food
availability. Variation in provisioning rate and food biomass between landscapes
corresponded with differences in reproductive success, but there was no consistent
pattern betw een habitat contexs in Yilliminning. Lower food availability may result
in lower fledging weights for nestlings (Séundérs 1977), but I found .no 1aﬁdscape
differences in fledging weight for treecreepers. These data are limited because I was
unable to control for differences in fledging date or time of measurement.

Recent studies have found that prey abundance for primarily ground-foraging
insectivores may be reduced in small remnants (Burke and Nol 1998, Zanette et al.
2000). Zanette et al. (2000) established that lower invertebrate volume and dry mass
in small remnants corresponded to fewer feeding visits by males to incubating
females, and nestlings receiving fewer large prey items (although total provisioning
-rate to nestlings did not differ between large and small remnants). Therefore,
estimates of the food biomass provided to incubating females and nestlings may
serve as indicative measures of food availability if more direct measures are
unavailable. o

In fragmented landscapes, the influence of lower food availabi.l.i.ty""'or;_
reproductive success may have been underestimated owing to the strong focus
placed on nest predation and parasitism, and the difficulty of accounting for the
extreme temporal and spatial variation that often characterises invertebrate
distribution and abundance. Examining the importance of food availability for
insectivores requires comprehensive studies of invertebrate assemblages, bird

species diet and foraging behaviour (e.g., time budgets) and subsequent reproductive
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success. In light of recent evidence, it appears that these siudies are desperately

needed.

7.4.3 Habitat quality and density dependence

There were significant differences in habitat structure and quality between
landscapes (Chapter 6) and this may explain the differences in reproductive success.
However, on the sc.le of ind_ividual territories, there were no correlative
relationships between habitat quality and group productivity in Yilliminning. This is
contrary to the results in Dryandra where there were strong correlations between
territory quality and certain measures of reproductive success (Chapter 5). The mean
quality index for each habitat context (see Figure 6.2 in Chapter 6) suggested «
pattern of decreasing quality with increasing disturbance. Habitat contexts in
Yilliminning were ranked, in order of decreasing quality; large ungrazed, small
ungrazed, large grazed and small grazed. Interestingly, if all measures of
reproductive success (i.e., nest success, group productivity and fledgling and
juvenile survival rate} are used to rank habitat contexts from most to least successful
(see Table 7.2), this ranking is similar to the one based on mean quality. The only-
difference is the transposition of large and small grazed remnants.

The average quality of a particular remnant or habitat context may be more
closely associated with reproductive success than the quality of an individual
territory. Processes that influence tetritory quality may operate at scales -above that
of individual territories. Fodd availability in one territory may influence availability
in neighbouring territories despite differences in habitat structural characteristics.
For insectivores, food distribution could be strongly influenced by the population
dynamics of invertebrates, which are themselves responding to habitat changes
associated with fragmentation. This type of situation may scale upwards, whereby
processes operating in one remnant may intluence neighbouring remnants regardiess
of habitat differences. g
) An important consequence of this scenario is that there may be a de-coupling
of any relationship that exists between habitat structure and quality. In the relatively
undisturbed landscape of Dryandra, structural habitat characteristics may indeed

have some relationship with habitat quality (e.g., food avaitability) and provide cues
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for potential breeders. The link between habitat structure and quality (if one exists)
may be disrupled in YiIIiminnihg owing to hubitat disturbance and changes in
_ecosystem function. The important point is that it structural cues are used as
indicators of habitat quality, but have no relationship with quality owing to other
factors. then certain hubitat patches may act as “ccoiogicul traps” (sensu Gates and
Gysel 1978) whereby reproductive success in apparently suitable habitat is very low.

It is also possible that the measure of habitat quality derived in Dryandra,
based on vegetation structure, has no relationship to the system in Yilliminning, This
could occur if habitat structural characteristics are surrogate measures for other
critical components o.f habitat quality (e.g., nutrient cycling) in Dryandra, but these
components are missing or reduced in Yilliminning despite habitat structural
characteristics still being present.

In the fragmented landscape, there were complex correlative relationships
between reproductive success, grazing and territory size. Reproductive success was
lower for treecreeper groups occupying grazed remnants or relatively small
territories, but small territoies occurred mostly in grazed remnants apparently as a
result of territory packing. Consequently, population density was significantly
higher in grazed than ungrazed remnants, but was similar to that recorded in
Drysndra (Chapter 6). [ propose that high population density in grazed remnants
coupled with lower habitat quality led to lower reproductive success. That is,
repioductive success in Yilliminning was density dependent. A similar relationship
was not found in Dryandra because habitat quality was sufficient to support a
relatively high population density with no adverse consequences for reproductive
output. '

Low reproductive success in habitats with high breeding densities has been
noted in other studies (Vickery et al. 1992; Porneluzi et al, 1993; Purcel] and Verner
1998} and illustrates the limitations of using density as an indicator of habitat quality
(Van Home 1983). Data must be collected on demographic parameters (e.g.,
fledging success) before any assessment of habitat quality can be made. Also,
reproductive output per remnant (per unit area) should be determined because

remnants with high breeding densities, but low per capita success, may produce a
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similar numhcr.of offspring to remnants with low densities and higher success (this
wis not the case in Yi[lirﬁinning —see Chapter 8).

There also appesred to be a level of spatial dependence in the reproductive
success of ireecreeper groups. All groﬂps in the large grazed remnant had low
success, whereas most of those in one of the Jarge ungrazed remnants had relatively
high success rather than there being a substantial degree of variability between
territories in the sume remnant. Therefore, any site-specific effects unique to a given
remnant may be confounded with habitat context owing to the low replication of
remnants in my study and the use of breeding groups as replicates. To address this
problem, a large number of remnants (with different contexts) containing one or two
randomly chosen territories would be required. However, this greatly increases the
fogistic demands of a project and does not address issues such as the influence of
social organisation or territory density on reproductive success. From a conservation
perspective, it is also extremely important to determine the overall productivity of
remnants within a landscape to identify highly productive remnants that may warrant

preferential protection.
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Appendix 7.1: Artificial nests

Appendix 7.1 STRUCTURAL CHARACTERISTICS OF TREES AND
HOLLOWS USED AS ARTIFICIAL NEST SITES
IN DRYANDRA AND YILLIMINNING

Table 1 Nest-site characteristics of artificial nests (mean + s.e.). Numbers in brackets are
sample sizes. Overali differences between nest sites are not significant (MANOVA, Fias47 =

1.12, P =0.30).

Nest-site characteristics Dryandra (80) Yilliminning (80)
Tree DBH {cm) 293+ 1.85 29.6 + 1.61
% deadwood 71.0£5.59 66.7 £5.70
Tree height (m) 124 £0.69 10.2 £0.84
Ne. of hollows 461043 3.5+ 0.67
Hollow height {m) 23+0.24 - 22+0.14
Spout angle {°) : 7781262 73.5+£3.17
Haliow entrance size {cm) 8.8+0.69 9.2 £ 0.55
Hollow depth (cm) 243+2.87 29.4 +2.99
% canopy cover 253+4.10 27.3+4.14




_ CHAPTER 8
SPATIAL STRUCTURE AND POPULATION DYNAMICS

SUMMARY

Documenting the spatial structure and demographic traits of subdivided
populations living in fragmemted landscapes is fundamental 1o assessing population
viability, Metapopulation and  source-sink thecory have influenced ccologist’s
thinking on population dynamics in fragmented habitat. In this chapter, I assess the
usefulness of these - theories in interpreting the dynamics of the subdivided
treecreeper population in Yitliminning.

[ identified 12 local populations in Yilliminning based on the frequency of
interaction between neighbouring breeding groups. For eight of these, I recorded the
annual productivity of female fledglings, and primary female and juvenile survival
rates to determine if each local population could replace itself without immigration.
Only one local population was above replacement. Fledgling productivity and
survival in the remainder were not sufficient to compensate for primary female
mortality. Consequently, six of the eight local populations were predicted to decline
to extinction within 20 years without immigration. A simulation model based on the
average demographic rates for the entire Yilliminning population also predicted that
it would decline to extinction within 20 years without new immigrants moving into
the study area.

_ However, there appeared to be sufficient movement between iocal
populations, and into the study area from nearby remnants, to slow or halt the
decline of most local populations. Although population size declined slightly from
1998 to 1999, most local populations were close to equilibrium when levels of
immigration and emigration were considered.

The temporal and spatial scale of my study precluded a comprehensive
examination of metapopulation and source-sink theory, but within- and between-
population dynamics appeared to be important to the persistence of treecreepers in
the fragmented landscape. The level of movement between local populations
suggested that the structure and dynamics of the subdivided populatior in
Yilliminning fell somewhere along the continuum between a patchy population and

a true metapopulation.
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8.1 INTRODUCTION

8.1.1 Overview
In this chapter, [ examine the spatial structure and dynamics of the

subdivided trcecreeper population in  Yilliminning. This is fundamental to
understanding population viability in the agricultural landscape. T also determine the
level of movement between spatially discrete “local populations™ and the importance
of within- and between-population processes for the persistence of Rufous
Treecreepers in Yilliminning. This is an empirical assessment of current spatial and
demographic theory closely associated with habitat fragmentation. The aims of the
chapter are to determine: |
a) how well spatially discrete groups of treecreepers fit the concept of local
populations;
b) the population dynamics {e.g., rates of replacement and population
growth) of local populations without imihigrati()n or emigration,
¢) the level of movement cccurring between local populations; and

d) the spatial structure and dynamics of the Iccal population network,

8.1.2 The dynamics of spatially structured populations

Metapopulation theory

Spatially structured populations may occur in heterogeneous environments
where a species exhibits a preference for particular habitat types. A common
approach to studying spatially structured populations is 10 view them as a
metapopulation (Levins 1969; also sce Chapter ! p. 3 for definition). In the Levins
(1969) metapopulation model, a balance between the extinction of local populations
and re-colonisation of empty habitat via extant populations leads to the persistence
of metapopulations through time. Metapopulation theory is frequently invoked by
researchers studying the population dynamics of organisms living in
anthropogenically fragmented landscapes (Opdam 1991; Verboom et al. 1991:
Arnold et al. 1993). Fragmentation often creates spatially discrete habitat remnants
with identifiable boundaries, which may contain, at least in a spatial sense, localised
populations, Movement between these populations may be influenced by the

location of habitat remnants,
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Although the theory of metapopulation dynamics has become increasingly
popular in recent times (see Figure | in Hanski and Simberloff 1997 p. 6), the
approach still suffers from theoretical limitations and certain assumptions are
difficult to test empirically. In a series of reviews on the empirical evidence for
metapopulation dynmﬁics, Harrison (1991, 1994) and Harrison and Taylor (1997)
questioned any strict interpretation of the theory, They found that there is scant
evidence in nature for the “classic” (i.e., Levins) metapopulation mode! where a
collection of discrete, similar sized populations exist because of a balance between
local extinction and colonisation. Har‘risdn (1991) described a nu_mbcr of situations
where p0pulati0n_s are spatially structured yet differ from the Levins model in key
aspects (Figuré. 8.1). These situations are referred to as: |

a) mainland-island (core-satellite) metapopulation consisting of a large,

persistent population and a series of.'.smaller, satellite populations prone
to extinction; |

b) patchy population where movement between the local populations is so

frequent that it functions as a single interacting population rather than a
metapopulation;

¢} non-equilibrium metapopulation where local populations" suffer

extinction, but there is no re-colonisation; and |

d) an intermediate case that combines the features of the Levins

metapopulation and the above three, | |

The observations of Harrison (1991) suggest that spatially structured
populations lie along a continuum of varying population types. A spatially structured
population may not fit into any of the above categories, but exhibit characteristics
common to a number of categories. Given the variability of spatial structure and
dynamics in real populations, broad application of metapopulation theory may not
be appropriate (Harrison and Taylor 1997). However, various authors have
suggested that the theory is useful in developing a mechanistic understanding of
habitat fragmertation on the persistence of subdivided populations (Doak and Mills
1994; Harmson 1994; Hanski 1998; Holyoak and Ray 1999). It encourages
researchers to collect data on movement and birth and death rates in different patch

networks, which is vital in developing effective conservation strategics for
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individual species. Empirical investigations of fragmented populations should

consider all possible variations on the classic metapopulation structure and evaluate

the relative importance of within- versus between-local-population dynamics on the

persistence of a specics,

~~~~~~~~

Figure 8.1 An example of five different metapopulations (maodified from Harrison 1991).
Circles represent habitat remnants; filled = currently occupied by the species of interest,
untilied = vacant. The size of circles is proportional to local population size and dotted lines
represent local population boundaries. Arrows indicate movement between remnants.
Metapopulation types are: a) Levins, b) mainland-island (core-satellite), ¢) patchy
population, d) non-equilibrium, and e) an intermediate case.
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| Components of spatially structured population dynamics

In the study of subdivided pOpﬁlalions. it is important to determine if
spatially discrete lbcal populations exist and the level of movement that occurs
between them, Hanski and Simberloft’ (1997 p. 1) defined a local population as
“set of individuals that live in the same habital.patch and therefore interact with each
other...populations living in such small patches that all individuals practically share
a common environment.” Based on this relatively broad definition, the presence of
local populations is common to a number of studies of spatially structured
populations (Harrison et al. 1988; Hanski and Thomas 1994; Driscoll 1998;
Lindberg et al. 1998; Mousson et al. 1999), but the characteristics of these local
populations may differ dramatically between studies. For example, Lankester et al.
(1991) classified a small clan of badgers;__:(up to seven individuals) occupying a
single territory as a local population and interactions between clans as
metapopulation dynamics. Spendelow el_a__l..__.’-'(1995) and Lindberg et al. (1998)
considered large breeding colonies (in somé cases > 1000 breeding pairs) of birds as
local populations.

Although there is no numerical limitation in the definition offered by Hanski
and Simberfoff (1997), as local population size increases, demographic traits within
populations (e.g., birth and death rates) may have more influence on population
persistence than between population processes (e.g., migration). Before
metapopulation theory is applied to spatially structured populations, researchers
should carefully consider the relative importance of within- versus between-
population dynamics (Harrison 1994).

Recording movement rates between local populations is extremely important
in the study of spatially structured populations. Movement between local
| populations should have “...a significant impact on either the demography or genetic
structure of each component population” (Stacey et al. 1997 p. 268). Empirical
studies of spatially structured populations have documented movement rates varying
from relatively low (Thomas and Jones 1993: Moilanen et al. 1998) to moderate or
high (Verboom et al. 1991; Sether et al 1999). Frequent movement results in patchy
population dynamics (Szacki 1999), whereas extremely low rates of movement may

lead to non-equilibrium dynamics (Driscoll 1998). Movement rates may also differ
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within species based on szx (Lindberg et al. 1998), age class (Sjdgren-Gulve 1994)
or Ih(. spatial characteristizs of the habitat (Smith et al. 1996).

The consequences of variation in movement rates must be conszdcrcd in
relation to the ccological traits of the specics being studied and the extinction
probability of each local population. Infrequent movement is of relatively less
concern i species are long-lived (which may increase populdtion persistence time}
or the extinction probability for local populations is low. Of greater concern are
species with low movement rates, but short life spans and moderate to high
extinction probabilities for local populations (e.g., the butterfly Hesperia comma,
Thomas and Jones 1993).

Arguably the most important prediction from metapopulation theory is that
the persistence of spatially structured populations results from a balance between the
“extinction and colonisation of local populations. Establishing the 1mpor\dnce of
extinction- colomsatlon dynamics for species living in fragmented habitat is critical
to developing’ appropndte management strategies that ensure long-term persistence,
but documenting extinction and colonisation events in nature can be extremely
difficult.

One of the major problems that empirical investigations must confront is the
temporal scale on which particular species operate. A number of species reporied to
exhibit Levins type (or s Imllar) metapopulation dynamlcs are relatively short- lived
making local extinctions easier to document (Hanski and Thomas 1994; Hanski et al.
1994; Moilanen et al. 1998), Spatial scale can also be a barrier to empirical
investigations of extinction-colonisation dynamics. It is easier to track changes in
local populations of invertebrates and small, dispersal-limiicd vertebrates, than
larger, more mobile species. For long-lived species operatlhg at large spatial scales,
the importance of extinction-colonisation dynamics for population persistence may

be difficult to determine.

8.1.3 Spatial variation in population viability
For species living in spatially structured populations, demographic rates
(e.g., births and deaths) may vary between local populations. Spatial variability in

demography can be modelied using the theoretical framework of source-sink
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dynamics (Plolt 1985; Pulliam 1988; Pullizm and Daniclson 1991). In source-sink
models, local populations occupy source habitat when reproduction exceeds -
mortality and a net surplus of individuals is produccd, whereas when reproduction IS
less than mottality and there is u net deficit of individuals, populations occupy sink
habitats (Pulii.u:m 1988 Daniclson 1992). Morcover, the stability of a network of
local populations-(e.g., a metapopulation) may rely on the dispersal of surplus
individuals from source to sink habitat (Morris 1991; Dias 1996).

This net flow of individuals from sources to sinks is a key prediction of the
source-sink model, which differentiates it from balanced dispersal models where
equal movement occurs between all habitat patches (Doncaster et al. -1997;
Diffendorfer 1998). Morris (1'991) argued that dispersal to sink habitats is only an
evolutionary stable strategy if some individuals return to sources. Therefore, sink
habitats may play an important role in the pcréistence of subdivided populations by
temporarily housing individuals that are able to return to fill vacancies in source
habitats, and.increasing total population size (Howe et al. 1991). The preéencc of -
highly productive source patches is critical to population persistence, but the
potential contribution of sink habitats should not be underestimated. Also, habitat
that is a sink to one species may be a source to others (McCoy et al. 1999).

A number of empirical studies have invoked the source-sink model when
assessing differences in reproductive success between habitat remnants or
landscapes that differ in the level of fragmentation (Donovan et al. 1995; Brawn and
Robinson 1996: Hatchwell et al. 1996; Zanette 2000). However, recent reviews have
highlighted the difficulty of identifying true source-sink dynamics (Watkinson and.
Sutherland 1995; Dias 1996; Diffendorfer 1998). Criticisms of empirical studies
include a lack of detailed demographic data (including survival rates), little or no
data on movement between habitats, and short temporal scales, which may not
account for cyclic fluctuations in demographic traits. Density dependent effects may
also complicate identification of true habitat sinks. “Pseudosinks” may exist Where
low reproductive success is a result of high population densities in poor quality
habitat (Watkinson and Sutherland 1995, see Chapter 6 and 7). At lower densities,
reproductive success may increase and the habitat may exhibit churaéteristics of a

population source,
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The importance of assessing source-sink dynamics in subdivided populations
is well recognised (Dias 1996; Dilfendorfer 1998). Although it may be difficult to
identify true source and sink habitats, it is important o document differences in
demographic traits and movements between local populations in a fragmented
landscape. As with mctapopulation theory, source-sink dynamics encourages a
mechanistic understanding of the threats to population persistence. Empirical
researchers should focus on the temporal and spatial differences occurring between
local populations rather than attempting to apply inflexible classifications to

particular systems (Thomas and Kunin 1999).

8.2 METHODS
8.2.1 Defining local pepulations
The first objective in examining the spatial structure of populations is to
determine if local population boundaries can be identified. In Yilliminning, 1
delineated local population boundaries based on territory contiguity and level of
interaction (actual or potential) between territory occupants (Figure 8.2). Interaction
between territories could include territorial disputes or cross-territorial provisioning.
A spatial cluster of territories was classified a local population if territories:
a} were contiguous, confined to a spatially discrete habitat remnant and the
likely or actual level of interaction between terntory occupants was high
(e.g., locail population (LP) 1 - Figure 8.2);
b) occurred in spatially discrete remnants, but the distance between
remnants did not prevent regular interaction {e.g., LP 5); and
¢) occurred in the same remnant as other territories, but the distance
between territories precluded regular interaction (e.g.. LP 8).
Occasionally, single territories were considered local populations because
they were spatially and demographically (based on the criteria above) discrete (e.g.,
LP 9 and 10 - Figure 8.2). Dispersal between territories was not used as a criterion
to delineate local population boundaries because the number of recorded dispersals
was relatively low (see Section 8.3.3). Local population boundaries could be
modified with more extensive data on inter-territory movements. There was no

numerical criterion for the delineation of local populations in Yilliminning, but ali

1
=
hes



Spatial structure and population dynamics

populations were small enough to suggest that between population processes (e.g.,
dispersal) should have a significant influence on population persistence. My
classification of local populations also fits the definition of Hanski and Simberloff
(1997 — see Section 8.1.2) because all territory occupants shared a common
environment. For comparative purposes, I also designated the three study sites in
Dryandra as local populations (although they may be subsets of a continuous
population). I did this to compare rates of increase and population projection models

for the Dryandra sites with the local populations in Yilliminning.

Figure 8.2 The location and boundaries (dark red ellipses) of local populations (LP) in
Yilliminning. Red asterisks = the 30 closely monitored territories, blue asterisks = irregularly
monitored territories with banded individuals, and black asterisks = irregularly monitored
territories with unbanded individuals. Dark grey shading is remnant native vegetation or
revegetation, and light grey shading is agricultural land. Solid lines between remnants are
roads or other linear features associated with vegetation corridors.
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8.2.2 T.he population dynamics of local populations

The survival rate of primary males and females in Yilliminning was
determined using the methods described in Chapter 3 (Section 3.2.6). Survival rate
for 1998 — 99 was culculated as the probability of a4 primary male or female
surviving from the beginning of one breeding season to the next, and for 1999 - 00 |
the probability of surviving from the beginning of the 1999 breeding season Lo mid-
July 2000 (the end of the study). Adult survival rate was compared between each
habitat context in Yilliminning (i.e., large ungrazed, large grazed, small ungrazed
and small grazed) and between Dryandra and Yilliminning using the computer
program CONTRAST (Sauer and Williams 1989).

A complication in these calculations was the regular disappearance of entire
groups from certain territories (see helow). The fate of these groups was unknown
because they were not re-located during the course of my study. It is possible that
these disappearances represented group dispersals (to outside the study area) rather
than mass mortality because new groups occasionally dispersed into vacated
territories. They may also reflect a breaking up of.\.\ groups and movement of
individuals after the death of one of the primary birds (see Discussion). Irrespective
of the reasons for group disappearances, primary individuals did not remain in the
study area and did not contribute to the reproductive output of any local population.
Therefore, I treated these disappearances as deaths in the calculations of survival
rate.

I assessed local population dynamics in two ways to determine if a local
population could persist without immigration or emigration. Firstly, I determined if
recruitment within a local population was sufficient to compensate for adult
mortality using three measures: a) the mean number of {emale offspring per primary
female per year; b) juvenile survival rate (from fledging to the following breeding
season); and c) primary female survival rate. The first two measures represent
recruitment of female offspring into the breeding population. Juvenile survival rate
was based on all juveniles rather than just females because the estimation of female

only survival wi:s complicated by high dispersal levels (see Chapter 3).
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If a population is replacing itsclf then (following Pulliam 1988; Donovan ct
Cal 1995) | |
(1 ~ primary female survival rate) = (mean number of female
offspring/primary female/ycar X juvenile survival rate).

If recruitment does not compensate for primary female mortality then the population
is declining, or if it is greater than mortality the population is increasing. The
calculation of each component of the equation was based on the methods described
in Chapter 3 and the data collected from the local populations in Dryandra (the three
study sites) and Yilliminning.

I also examined local population dynamics by constructing population
projection models for each local population in the absence of immigration and
emigration. These models predict population growth over time based on the survival
and reproductive rates recorded during the study. Population growth was modeiled
following Donovan et al. (1995) as

| | Nut+ 1= (NarX Sap) + (Nag X Fy X p).

Here, t = year of simulation, N, = number of primary females, N, = the number of
primary__females I year ¢, S, = the survival rate of primary females from one
br'eédihé season to the next, F, = the mean number of female offspring per primary
female in year 1, and §; = the survival rate of juveniles in year 7 to the following
breeding season (¢ + 1).

" T used the number of all aduit females (primary and helpers) in each local
population at the beginning of the 1998 breeding season as the starting population
for each model. If alocal population contained irfegularly monitored territories (e.g.,
LP | - see Figure 8.2), demographic rates (e.g., number of adult females and female
offspring production) were assigned to these territories based on values averaged
across all other territories in the same local population. I also constructed population
projection models for the three sites in Dryandra to compare with Yilliniinning. All
rates used in the Dryandra and Yilliminning models were based on data averaged
across the [998 and 1999 breeding seasons, and population growth or decline was
modelled over 20 years. | _

Population projection models were also constructed foﬁt?. the entire

Yilliminning population based on all known territories. I averaged demographic

245



Spatial structure and population d ynamics

rates across all territories and modelled population growth or decline over 20 years.
In thesc analyses, | cxamined the consequences of removal of certain local
populalions on overall population projection by re-calculating population growth or
decline based on average values excluding the removed local population. This was a
useful exercise because it simulated the consequences of the removal of habitat
remnants from the landscape (e.g., through habital clearance or fire) on the

probability of persistence for the entire population.

8.2.3 Dispersal and group turnover

I recorded all inter-territory movement of banded birds in Yilliminning. This
movement involved cross-territorial provisioning of nestlings (examined in Chapter
6), natal dispersal and other temporary movements. Dispersal by birds bom prior to
the commencement of the study (whose status as helper or primary individual was
unknown) was considered to be natal rather than breeding dispersal (see Chapter 3
for definitions). These dispersers obtained a breeding position in their new termitory
while other individuals of the same sex remained in the originating territory.
Therefore, the disperser was assumed to be a helper undertaking natal dispersal, and
the individuals remaining in the originating territory were assumed to be the primary
male or female. ”

Temporary movements involved the dispersal of an individual from its
originating territory to another territory (or nearby area) in the study landscape
where the individual remained in the area for a short period (1 — 2 months). The
eventual fate of these dispersers was unknown. Group dispersals also appeared to
occur because some vacated territories were occupied by adult birds with juveniles
(assumed to be their offspring), The fate of groups that disappeared and the origin of
new groups was unknown.

I calculated the distance of all natal dispersals and temporary movements by
banded individuals. Dispersal distance was measured in a straight-line between the
centre of the originating territory to the centre of the destination territory. Shot
dispersals (< 2 km) were measured directly in the field using a {00 m tape, pacing or

- an odometer, Dispersals > 2 km were measured from topographic maps.
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T categorised dispersal distances into | km distance intervals (ie., 0 < 1,... 9
< 10 km). The resuiting distribution of distances was biased owing toa finite study
area and uncven census effort in each temitory. I adjusted the distribution using
similar methods to Matthysen ¢t al. (1995) and Cale (1999). For cach territory
containing banded individuals, 1 counted the number of territories in cach distance
interval (e.g., I <2 km) surrounding the tcrritdry, which were censused at least once
during the study. These territories were weighted according to the number of census
visits made during the study. This gave a weighted number of territories censused in
each distance class surrounding every territory with banded individuals. These
values were averaged acrbss'all territories to give a mean value per distance class.
This value was used to weight the observed dispersals in each distance class to give
an expected distribution of dispersals. I aiso examined the relationship between
territory quality and natal dispersal using the QUaIity index derived in Chapter 3
(Section 3.3,7). |

Logistic regression was used to examine :correlations between group
disappearance and selected demographic and habi;at variables (following the
methods of Nicholls 1989). These variables were:

a) territory quality — from the quality index derived in Chapter 6;

b} group size — per Chapter 6;

¢) territory size — per Chapter 6;

d) habitat context — large ungrazed, large grazed, small ungrazed and small

grazed; and | -

e) reproductive success — groups were considered suceeséfu1'- if they

produced at least one fledgling in a season.

8.2.4 Spatial structure and interactions between local populations

A comprehensive analysis of source-sink dynamics in a network of local
populations requires knowledge of births (B), deaths (D), immigration (I) and
emigration (E). Thomas and Kumﬂ (1999} argued that rigid categorisation of local
populations as sources or sinks mayJ be inappropriate because elements of population

dynamics may change over__,__tiﬁicj‘_re'ﬁe_cting characteristics of different categories.

\_.".
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The status of local populations defined by the four demographic parameters (B, D, |
and E)} may vary along a continuum rcl'lcéting changes in dcmographic traits.

The position of a local population can be plotted in “demographic space” at
any given pointin time (Thomas and Kunin 1999), This space is defined by the axes
B minus D (B — D) and I minus E (I — E; Figurc 83). For any given local
population, the values of B ~ D and I - E can be used as coordinates to plot its
location in demographic space. Populations with high positive values of B = 1) and
high negative values of I — E could be considered population sources (Figure 8.3).
These values can be expressed per capita by dividing them by local population size.

This allows the comparison of the position of different sized local populations.

net consurner |-E

classical

|
F 4
Compensation ]
Axis :

. Source net exporter

Figure 8.3 The demographic space defined by the axes births minus deaths (B —~ D) and
immigration minus emigration (| - E; modified from Thomas and Kunin 1999)., Local
populations may be defined by their position along the compensation axis. This position may
change over time reflecting variability in demographic rates. .

The location of local populations in demographic space may fall along a line
referred to by Thomas and Kunin (1999) as the “compensation axis” (Figure 8.3).
This axis is defined by the equation (B + I) — (D + E) = 0. The compensation axis is
a measure of population equilibrium and variability in the four demographic
parameters. Local populations characterised by low demographic or environmental
stochasticity and strong density dependence will be located close to the axis,
whereas those with grealer stochastic variation and weaker density dependence will

be positioned further from the axis (Thomas and Kunin 1999). The important point
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is that any given local population may change its position over time, ﬂuctualiﬁg
between source, sink and equilibrium status.

I used the methods of Thomas and Kunin (1999) to plot the location in
demographic space of euch local population in Yilliminning for the periods August
1998 — August 1999 (the beginning of the breeding scason) and August 1999 — July
2000 (the end of the study). For comparative purposes, I also plotted the location of
local populations (the three study sites) in Dryandra for 1997 — 1998 and 1998 —
1999, I calculated per capita measures of B, D, I and E for each local population as
follows:

B = the number of female fledglings produced during each breeding season;

D = the number of primary females, and female fledglings failing to reach

independence, disappearing from local populations during the defined

periods;

[ = the number of new females entering a local population and remaining for

at least one breeding season (as breeder or helper); and

E = females born during the defined periods, reaching independence and

subsequently disappearing.

Only considering the position of a local population along the compensation
axis treats each population in isolation. If movement occurs between populations,
the relative importance of interactions between populations in a network needs to be
considered. To account for this, Thomas and Kunin (1999) proposed using a
“mobility axis” defined as (I + E) — (B + D). The position of a local population along
the mobility axis gives some indication of the relative importance of movements in
and out of the population on population dynamics (high positive values represent a
high level of movement).

The mobility axis is orthogonal to the compensation axis and the location of
a local population can be plotted in this new demographic space based on its value
along each axis (Figure 8.4). The collective location of local populations in a
network gives some indication of the nature of the subdivided population (e.g., a
patchy population or source-sink). The position of a local population along the
mobility axis also gives an indication of the relative importance of within- versus

between-population processes. For example, the dynamics of local populations with
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f

high posi'tive valucs on the md:hility axis would be strongly influenced by movement
between populations (as in a patchy population), I plotted the location of each local
population in Yilliminning and Dryandra in the demographic space defined by the

compensation and mobility axes.

Mobility Axis

a P 31
2 } 0y O O 2
" © % D o
0% o1 No O
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0O . . 1%
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Figure 8.4 Examples of distributions of local populations (unfiled circles) on the
compensation and mobility axes {from Thomas and Kunin 1999). The size of circles is
proportional to local population size. The relative position of each local population in the
network may be used to classity population structure: a) mainland-island {core-satellite), b)
source-sink, c) patchy population, and d) mixed.

8.3 RESULTS
8.3.1 Local populations

I identified 12 local populations in Yilliminning based on inter-territory
interaction between birds (see Figure 8.2). The number of territories in each local
population ranged from one to 12 (3.3 % 0.61) and local population size (for females
only) ranged from one to 16 (3.9 + 0.79; Table 8.1). The number of territories and
tocal population size declined from 1998 to 1999, but no local population went

“extinct” during this period.

250



Spatial structure and population dynamics

Table 8.1 The number of territories and population size (females only} in 1998 and 1999 for
each local papulation (LP} in Yilliminning.

Local No. of No. of Population size  Population size
population territories 1998  territorles 1999 (7)) 1998 (V) 1999

LP 1 12 10 16 i
LP 2 7 6 9 8

LP 3 2 2 2 2

LP 4 8 6 9 6

LP 5 2 2 2 2

LP 6 2 1 2 1

LP 7 2 2 3 2

LP 8 2 2 2 2

LP g 1 1 1 1

LP 10 1 1 1 1

LP 11 2 2 3 3

LP 12 2 2 3 3
Total 41 37 53 42

8.3.2 The population dynamics of local populations.
Adult survival

On average, adult survival rate was lower in Yilliminning than Dryandra
(Table 8.2). but there were no significant landscape differences between average
primary male (Dryandra 0.77 £ 0.08 vs Yilliminning 0.63 + 0.09, CONTRAST, %2
= 1.35, P > 0.10} or female survival rate (0.67 £ 0.09 vs 0.53 + 0.09, CONTRAST,
X1 = 1.21, P > 0.10) for the period 1998 — 99. Survival rate varied slightly between
habitat contexts in Yilliminning (Table 8.2), but nohe of these differences were

significant. The greatest variation was for males in 1998 — 99 (CONTRAST, X5 =
4.51, P =0.20).
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Table 8.2 The survival rates of primary males and females in each habitat context in
Yilliminning.

¢ strvival ? survival
Habitat context 1998 - 899 1989 - 00 1998 - 99 1393 - 00
Large ungrazed 0.67 £ 0.17 0.78 £ 0.15 0.55 £0.18 0.89 +0.17
Large grazed 0.63 +0.18 0.6310.18 Q.50+ .19 0.63 £0.17
Small ungrazed 0.33 £ .21 0.50 £ 0.29 0.50 £ 0.22 0.80 + 0.17
Smalt grazed 0.86 £0.14 0.71 +0.18 0.57 £0.20 0.57 £ 017
Qverall 0.63 £ 0.08 0.73 £0.09 0.53 £0.09 0.78 £ Q.08

Rates of replacement

I modelled rates of replacement based on the actual mean number of female
fledglings produced in each local population for 1998 and 1999 combined, and a
range of primary female and juvenile survival rates. I used primary female survival
rates ranging from 0.5 — 0.8 and juvenile survival rates from 0.1 — 0.4, close to the
extremes recorded in my study. The results are presented in Table 8.3. In this table,
actual productivity and survival rates for each local population (including Dryandra)
are presented in bold text. Corresponding replacement levels (in red) indicate the
number of female fledglings required for a local population to meet replacement at
the observed survival rates. Non-bold text demonstrates how changes in the survival
rates affect the number of fledglings required (in blue) for each local population to
meet replacement (or as close as possible),

For example, in LP 1, actual primary female and juvenile survival rates were
0.6 and 0.1 respectively, and the mean number of female fledglings produced per
territory was 0.19. At these survival rates, the local population would need to
produce an annual average of four female fledglings per territory for the local
population to replace itself without immigration (Table 8.3). If primary female and
juvenile survival rates increased to the extreme values of 0.8 and 0.4 respectively,
only 0.5 female fledglings per territory per year would need 10 be produced to meet
replacement. This figure is still higher than the actual annual productivity recorded
in LP 1, so improvements in primary female and/or juvenile survival rate and
fledgling productivity are needed for the local population Lo meet replacement

without immigration.
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Table 8.3 The actual survival rates for primary {emales and juveni'es (J), and fladglings
produced (bold values), in each local population (LP) and the entire population at
Yilliminning and Dryandra. Corresponding replacement values {in red) show the number of
female fledglings required for each local population to meet replacement with the observed
survival rates. Comparing values for mean Hedglings and replacement provides an
indication of how far behind or ahead of replacement local populations were, Population
status indicates whether a local population was below replacement (-}, meeting replacement
() or above replacement (+). Non-bold values are the maodeliing rasults, which show how an
increase or decrease in survival rales changes the level of replacement required (in biug).

Local Survival Mean (%) Survival Replacement  Population
population rate (/') fledglings rate (J) status

LF 1 0.6 0.19 0.1 4.00
0.8 0.19 0.4 0.50

LP 2 0.8 0.47 0.4 0.50 '
0.8 0.47 04 0.580

LF 3 0.8 0.33 0.1 2.0C .
0.8 0.33 0.4 0.50

tP4 0.6 1.20 0.2 2.00 -
0.6 1.20 0.4 ' 1.00
LP5 0.5 0.50 0.4 1.25
0.8 0.50 0.4 0.50

LP & 0.7 1.33 0.3 _ 1.00 +
0.6 1.33 . 0.3 . 1.33
LP7 05 050 0.1 5,00
0.8 0.50 0.4 0.50
LP 8 0.5 0.50 0.4 1.25
0.8 0.50 0.4 0.50
Site A 0.7 0.80 0.4 0.756
0.7 0.80 0.4 0.75

Site B 0.8 0.90 0.4 0.50 _ +
0.7 0.90 0.4 0.75

Site C 0.8 1.30 0.4 0.50 +
0.5 1.30 0.4 1.25
Yilliminning 0.6 0.60 0.2 2.00
0.8 0.60 0.4 0.50

Dryandra 0.8 1.00 0.4 0.50 +
0.6 1.00 0.4 1.00

In contrast to LP I, LP 2 was just meeting replacemeni at current
productivity and survival rate levels. LP 6 was the only local population in
Yilliminning that was ahead of replacement, producing (.33 more female fledglings
per territory per year than required (Table 8.3). Model results indicated that if female
survival rate in LP 6 dropped to 0.6, the local population would just meet

replacement all else being equal.
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Out of the eight local populations studied in detail in Yilliminning, six (75%)
did not meet replacement levels with the recorded survival and productivity rates. In
contrast, all “local populations” in Dryandra cither met or were ahead of
replacement. Bused on mean values across all locul populations, the entire
population in Yilliminning was well below replacement at recorded productivity
ratcs and would only be slightly ahead of replacement if pﬁmary female and

juveniles survival rates improved to the maximum recorded in my study (Table 8.3).

Population projection models

The trends identified in the analyses ql_f replacement rates were mirrored in
the population projection models for. the lc;cai populations in Yilliminning and
Dryandra. Without immigration, all Jocal populations in Yilliminning, except LP 6,
were predicted to decline over the next 20 years, most to extinction (Figure 8.5a).
Local populations with small population sizes (two to three females) were
particularty vuinerable, all declining to extinction within 10 years. The most
dramatic decline was for LP 1, which went from a local population size of 16
females to extinction in approximately 11 years. This local population occupied the
large grazed remnant, which had a high population density (Chapter 6), but very low
levels of fledgling productivity (Table 8.3 and Chapter 7).

LP 6 was the only population where growth was predicted to occur (Figure
8.5a). This growth was the result of a single territory producing surplus female
fledglings. LP 2 had a higher local population size (nine females) and although it
declined over the 20-year period, it represented the most stable local population in
the network. This population occupied the large ungrazed remnant, one of the most
undisturbed remnants in the study area. In contrast to Yilliminning, all local
populations in Dryandra were predicted o increase over the next 20 years. Sites B
and C showed exponential growth, while growth in Site A was relatively marginal
(Figure 8.5b). |

Based on values averaged across all local populations (including
unmonitored territorics), the entire population in Yilliminning was predicted 1o
decline to extinction within 20 years without immigration from outside the study
area. With the selective removal of the more productive local populations, the time

to extinction was shortened by approximately 5 - 6 years (Figure 8.5c¢),
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Figure 8.5 Population projection models for: a) each local population in Yilliminning, b) each
study site (local population) in Dryandra, and c) the entire population in Yilliminning. The
models predict population growth or decline over 20 years based on the demographic rates
recorded during the study. Mode! {c) shows predicted population decline after the removal of
certain local populations (w/o = without) from the landscape.
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8.3.3 Dispersal and group turnover

Dispersal

I recorded nine natal dispersals and one temporary movement within the
Yilliminning study area (Figure 8.6). A total of 50% of movements were to
contiguous or nearby territories (0 < 1 km), but dispersals of up to 7 km were
recorded (2.2 + 0.8 km). Adjusting for census bias, short-distance dispersals tended
to be overestimated and longer dispersals underestimated (Figure 8.7). Four
dispersals were by males, three of these were to contiguous territories and one was 4
km (mean distance 1.2 km). In general, dispersals by females were longer than

males; four out of six dispersals were = | km (mean distance 2.5 km).

Figure 8.6 Natal dispersals and temporary movements of banded individuals in Yilliminning.
Black arrows show natal dispersals to adjacent or nearby territories (indicated by white
circles), pink arrows are long distance (> 1 km) natal dispersals (solid line) or temporary
movements (dashed line).
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Figure 8.7 The number of dispersals recorded in each distance ciass during the study
(observed) and the number expected after correcting for census bias.

In addition to the movement of banded birds, unbanded individuals were
recorded dispersing into habitat remnants -where all known residents were banded
(i.e., there was a low probability of this being an intra-remnant movement). These
dispersals were either temporary movements (5ix) .01.: dispersals to a primary
(breeding) position (eight). Most (71.4%) were by females, probably reflecting the
female-biased dispersal recorded in Rufous Treecreepers (Chapter 3). The 'abq\ff:
evidence suggests that movements between habitat remnants in Yilliminning were
not séverely restricted.

" Based on the territory quality index derived in Chapter 3, natal dispersal
decisions did not appear 'to be influenced by territory quality. Out of the nine natal

dispersals, just over half (55.6%) were to a higher quality territory.

Group turnover

During 1998 ~ 99, nine groups disappeared from territories in which they
attempted to breed. Two territories were re-occupied by dispersers from adjacent or
nearby territories, three territories were re-occupied by new groups (one pair and
two groups of three) and four remained unoccupied to the end of the study. During
1999 — 00, seven groups disappeared, two were from the same territories that had
becn vacated by another group the previous year and only one territory had been re-

colonised up to the end of the study.
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In total, 16 groups disappeared from territories during the study. These
disappearances almost always occurred post-brecding scason during summer and
autumn (January — May) and the fate of disappearing groups was unknown. I
examined correlative relationships between group disappearance and the
demographic and habitat (independent) variables described in Section 8.2.3 using
logistic regressidn. None of the independent variables were highly correlated (r 2
0.7). Only one variabi;’;e was significantly related to the disappeuarance of treecreeper
groups (Table 8.4). Groups were more likely to disappear if they failed to fledge a
nestling during the breeding season. The timing of group disappearances and the fact
that they occurred mostly after reproductive failure suggests that these

disappearances may be movements rather than mass mortality.

Table 8.4 The final logistic regression mode! inciuding reproductive failure as a significant .
predictor of group disappearance. Change in deviance is distributed as ¥°.

df Changein Residual Residual P
deviance df deviance
Nult model 2t 43.86
+Reproductive 1 10.62 30 33.24 < 0.005
failure
Coefficients 5.6,
Constant 0.264 0.430
Reproductive 1.276 0.430
failure

8.3.4 Modelling spatial structure

The local populations in Yilliminning were spread along the compensation axis
defined by the values B — D and I - E (Figure 8.8). For the period 1998 — 99, LP 3,
LP 7 and LP 8 showed characteristics of population sinks or pseudosinks, whereas
LP 4 -6 could be categorised us sources (Figure 8.8a). Interestingly, almost all local
populations were positioned close 1o the compensation uxis, characteristic of

populations with a level of stability.
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Figure 8.8 The position of each local population in Yilliminning (unfilled squares and bold
numbers} and the three study sites in Dryandra (unfitled circles) in the demographic space
defined by births minus deaths (B — D) and immigration minus emigration (| - E). The size of
the squares is proportional to local population size and the dotted line is the compensation
axis. The three figures show population status for: a) 1998 ~ 99 (1997 — 98 for the Dryandra
sites), b) 1999 - 00 (1988 — 99 for Oryandra), and ¢) both periods combined.



' 8.80). )

Spatial structure and population dynamics

The position of local populations for the peiiad 1999 — 00 differed from the
prévious year (Figure 8.8b). No population sho;-,#iﬁed clear sink characteristics except
possibly LP 5, whereas LP 6 was the onl y p0pulali?n ~with clear source
characteristics, Mosi local populutiohs were positiOncd neur':_t_he compensation aklis
and most exhibitéd the eqhilibrium dynzimics' of “classic” (balanced) populations.
Importantly though, a number of populations were positioned differently in
demographic space compared to the previous year. For example, LP-5 moved from a
source towards being a sink, LP 2 moved from equilibrium towards being a source,
LP 3 and LP 7 moved from sinks to equilibrium, and LP 8 swapped from sink to
sotirce (Fi.gure 8.8b). The combined values for the two survey periods showed each
local population (including the three sites in Dryandra) positioned on or close to the

compensation axis with a distinct spread between population source and sink (Figure

The addition of a mobility axis yielded some interesting patterns in

_population structure (Figure 8.9), What is most striking about these patterns is that

almost all local populations clustered near the centre of the demographic space,
although there were movements from one year to the next (compare Figure 8.9a and
b). Values along the mobility axis were mostly negative indicating that within-
population processes (i.¢., local births and deaths) had a stronger influence on
population size than movements between populations. This would be expected from
sedentary, resident species where dispersal into a local population generally only
occurs when a breeding position becomes vacant,

The spatial structures illustrated in Figure 8.9 for the local pOpulatiﬁhS' in
Yilliminning show a network at or near equilibrium, although the negative values
along the compensation axis are indicative of a gradual decline in population
numbers, Negative mobility values also suggest thal any sudden decline in local

population size is unlikely to be arrested by an influx of immigrants.
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Figure 8.9 The position of each local population in Yiiliminning (squares — size of square is
proportional o local population size) and the three sites in Dryandra (circles) in the
demographic space defined by the compensation and mobility axes. The three figures show
population status for: a) 1998 - 99 (1997 — 98 for Dryandra), b) 1999 - 0C {1998 - 99 for
Dryandra), and c) both periods combined.
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8.4 DISCUSSION
8.4.1 The spatial structure of the subdivided population in Yilliminning

The treccreeper population in Yilliminning was divided into spatially
discrete clusters of territorial groups occupying a single remnant-or 4 close group of
remnants. The level of interaction between temritories within clusters was greater
than between clusters. Movements between clusters generally involved natal
dispersal to fill a breeding vacancy rather than frequent interaction between
neighbouring groups. A'though the temporal scale of my study precluded a detailed
analysis of the level of interaction (e.g.,. dispersals) between clusters, current
evidence suggests that this interaction was not sufficient to classify the collection of
treecreeper territories as a single population with frequent mixing of. individuals.
The demographic discreteness occurring between the spatial clusters was probably
adequate to categorise them as local populations, but the spatial and demographic
structure of the popuiation did not fit neatly into the classic (i.e., L.evins) definition
of a metapopulation. During my study, the subdivided population in Yitliminning
fell somewhere along the continuum between a patchy population and a classic
metapopulation. |

No local population was large enough to be considered resistant to
extinclion. Analyses of replacement rates and population projection models
indicated that atl but one local population in Yilliminning would decline to
extinction without immigration. The one local population that produced surplus
individuals during the study period was comprised of two breeding groups in 1998
and one in 1999, Therefore, all local populations were projected to decline at
observed demographic rates or were so small that they were at risk of extinction
from demographic stochasticity (Shaffer 1981; Caughley 1994). Local population
instability with all local popufations at some risk of extinction is consistent with the
Levins theory of metapopulation dynamics (Moilanen and Hanski 1998: Hanski
1998). This theory appears to be most appropriate when local population size is
small (Moilanen et al, 1998) or stochastic and/or deterministic processes threaten the
persistence of even relatively large local populations (Hanski and Thomas 1994:

rianski et al, 1994),
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Population structure in Yilliminning was not characteristic of mainland-
island (Harrison 1991) or corc-satellite (Boorman and Levitt 1973) type
metapopulations, but the spatial scale of my study and arbitrarily defined study arca
limit this interpretation. Some larger habitat remnants containing (reecreepers
occurred outside the study area. Although I am unaware of population size or
demographic rates in these remnants, the area of suitable habitat was sufficient for
them to act as possible mainlands to the “island” remnants in Yilliminning. Also,
their distance from the study area (< 10 km) was within the dispersal range of the
treeéreeper (based on the fongest dispersal recorded at Yilliminning), and it
appeared that movements into and out of the study area were occurring.” In
retrospect, a much larger study area was required to 'adcquately determine the
poputation dynamics of the Rufous Treecreeper in the fragmented landscape.
However, it was clear that the subdivided population at Yilliminning was unlikely to
persist without immigration from surrounding remnants.

One of the key tenets of the Levins metapopulation model is that local
populations persist in an equilibrium between local extinctions and colonisations
(Harrison and Taylor 1997; Hanski 1998). During my study, no local population
went extinct, but the limited temporal scale of my observations relative to the life
span of the Rufous Treecreeper precluded a comprehensive analysis of this
phenomenon. uvreeding groups went “‘extinct” in that whole groups disappeared from
territories, which were generally rte-colonised by other groups or individual
dispersers. Extinction-colonisation was observed at a level of organisation below
that of local populations in what might be termed “metagroup” dynamics. This type
of metagroup dynamics was rarely observed in the unfragmented landscape of
Dryandra (Chapter 3},

Considering the small size of most of the local populations (nine out of 12
contained only one to two breeding groups), it is not difficult to “scale up” from
metagroup dynamics to metapopulation dynamics characterised by local extinction
and colonisation. Indeed, some local populations were close to extinction by the end
of the study. For example, LP 3 contained only two single females in separate

territories for the majority of 1999, and LP 6 comprised a single territory for most of
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the study, as an adjacent, previously occupied territory remained unoccupied for 18
months. |

The level of movement between local populations (and from outside the
study area) appeared to be sufficient to rescue most from complete cxpiration (the
“rescue cffect”; Brown and Kodric-Brown 1977). This pushed the local population
network along the structural continuum towards the patchy population dynamics
described by Harrison (1991, 1994). One could argue that the subdivided population
at Yilliminning consisted of a mixture of well defined local populations with
infrequent dispersal between them {e.g., LP | and 2) and a patchy distribution of
individual territories (.g., LP 8 ~ 10). |

The tescue effect is dependent on the number of potential dispersers,
mortality rates during dispersal and the isolation of local populations. In years .when
there are few dispersers, small, isolated local populations may not be rescued from
extinction. Dispersa] decisions are also influenced by the ecoldgy of the species in
question. Being a cooperative breeder, the Rufous Treecreeper represents an
interesting case because a certain proportion of young will remain philopatric. This
reduces the number of dispersers that may rescue declining local populations from
extinction. Conversely, it may help to maintain local population size over longer
periods because all offspring do not automatically disperse from their natal territory.

Even infrequent dispersal may be sufficient to maintain metapopulation
stability (Temple and Cary 1988; Simberloff et al. 1992}, but the reproductive rate of
breeding groups in Yilliminning was not sufficient to produce enough potential
dispersers to fill vacancies caused by breeder mortality (disappearance). For
example, in 1998, 18 female fledglings were produced. Using relatively high"{.
fledgling and juvenile survival rates (0.7 and 0.4 respectively), only five of these
females would survive to the following breeding season, This calculation does not
consider dispersal related mortulity, but a recent study on two cooperatively
breeding bird species found that dispersal mortality in another fragmented landscape
in the wheatbelt was very low (i.e., 0.00072 and 0.00075; Brooker et al. 1999). With
a relatively high primary female survival rate of 0.7, nine out of 30 females would
die annually. Hence, the production of potential breeders in Yilliminning was about

half that required to meet replacement.
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The subdivided population at Yilliminning would not persist if the
demographic rates observed during my study are consistent over the long-term. It
appeared that dispersal from outside the study area assisted in maintaining
population stability. Indeed, the location of the local population network in the
demographic space defined by the mobility and compensation axes (Figure 8.9)
suggested that the subdivided population was near equilibrium, although declining
slightly (negative values on the compensation axis). Any observed short-term
decline may also be a cyclic fluctuation in population dynamics and longer-term
data are required for a comprehensive analysis of population stability.

Although current evidence suggests a population structure lying somewhere
between classic metapopulation and patchy population dynamics, it is important to
recognise the potential for change in dynamics over time. The network of local
populations may move around in demographic space reflecting variability in B, D, I
and E (Thomas and Kunin 1999). Changing the spatial scale of the investigation
may also result in a re-classification of population structure (Thomas and Kunin
1999). Given these caveats, the persistence of the subdivided population at
Yilliminning appeared to be dependent on both within-population dynamics of
spatially discrete clusters of breeding groups and movement between clusters, and a

metapopulation approach appears to be generally applicable.

8.4.2 Source-sinks and the demography of local populations

Significant differences in reproductive output between particular local
populations in Yilliminning (e.g., LP 1 and 2; see Chapter 7) suggests that source-
sink theory may be an appropriate framework for assessing population dynamics.
However, the data on movement between local populations are insufficient to
determine if the flow of movement is likely to be from local populations with
relatively high productivity generating a surplus of potential dispersers (net
exporter), to local populations with low productivity (net importer). This directional
flow of movement is an important assumption of traditional source-sink models
(Diffendorfer 1998). In species like the Rufous Treecreeper, directional flow cannot
be inferred from differences in reproductive success because dispersal between local

populations is a function of the mortality rate of breeders. A local population may
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have relatively high reproductive output, but if breeder mortality is also high, it may
not be a net exporter of individuals.

The position of each local population along the compensation axis defined by
B — D and I - E (Figure 8.8) indicated that most fluctuated around population
equilibrium. Some local populations exhibited traits of a source or sink in the first
year of the study, but were positioned differently in demographic space in the
second year. Local populations with demographic rates near replacement may
fluctuate between being sources or sinks (S@ther et al. 1999). A fixed demographic
categorisation of the subdivided population in Yiliiminning is not appropriate
because local populations may be spatially and temporally dynamic. Substantial
changes in position in demographic space may be relatively more common among
local populations with small population size, because minor changes in B, D, I and E
could result in large differences in demographic characterisation from one year to
the next. Only small changes in the position of larger populations should occur
unless environmental stochasticity has a strong influence on popﬁlation dynamics.
This was the case for the local populations at Yilliminning (Figure 8.8) and would
be expected from K-selected species living in a relatively stable environment.

Although there were no statistically significant differences between
landscapes, adult survival rate in Yilliminning was slightly lower than Dryandra for
both males and females. Variation in adult female survival rate may have a greater
effect on population growth rates than changes in reproductive success (Lande
1988), particularly when reproductive output is less than replacement (Sather et al.
1999). Improving survival rates may be extremely important for population viability.
This may be achieved by improving habitat quality, although I found no relationship
between quality and primary female survival in Dryandra (Chapter 5). It is also
sobering to observe that six out of the eight local populations in Yilliminning were
still below or just at replacement with a primary female survival rate of 0.8 (the
maximum recorded in my study; Table 8.3). In some instances, an increase in
reproductive output and/or juvenile survival rate would also be required for local
populations to meet replacement.

The projected decline of all but one local population without immigration

(Figure 8.5) suggests that the entire network of local populations in Yilliminning
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may have been a population sink. For the population to persist, habitat remnants
outside the study area would be required to act as sources. On an even larger scale,
highly productive populations in the relatively undisturbed habitat of Dryandra may
act as a source to areas like Yilliminning. This type of regional source-sink
dynamics has been suggested in other studies (Brawn and Robinson 1996), but
owing to the spatial scale involved it would be almost impossible to ascertain the
influence of population dynamics in Dryandra on the subdivided population at
Yilliminning with observational data only. Genetic data are required to provide an
indication of the potential for mixing to occur between populations.

An important result from my study was that local population (and remnant)
size was not related to source-sink status. LP 1 was the largest local population in
Yilliminning, but had the lowest reproductive output and very low survival rates
(Table 8.3). Interestingly, LP 1 could have been categorised as a pseudosink
(Watkinson and Sutherland 1995) because low productivity appeared to be related to
high population density (Chapters 6 and 7). At lower densities, LP 1 may exhibit the
characteristics of a population source.

The temporal and spatial scales of my study were inadequate to make strong
conclusions about source-sink dynamics, but there were demographic differences
between local populations consistent with certain predictions from source-sink
theory. Longer-term data on bird movements and possible manipulation of
population density are required to contribute to our knowledge of source-sink
dynamics in Yilliminning. The data on rates of increase and population projection
models should also be interpreted with caution because they are based on
observations from only two breeding seasons. The dynamics of the subdivided
population in Yilliminning during 1998 — 2000 may have represented a temporary
decline in a series of longer-term cyclic fluctuations. This is a consistent problem in
short-term studies of long-lived species that operate over large spatial scales, but
there is sufficient evidence to suggest that spatial variability in demographic rates
and movement between local populations have an important influence on the

persistence of the Rufous Treecreeper in the fragmented agricultural landscape.
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8.4.3 Further differences between Dryandra and Yilliminning

With relatively few data on dispersal, it is difficult to determine if dispersal
behaviour differed between landscapes. Increasing fragmentation may result in
reduced dispersal (the fusion response) or an increase in dispersal distance and
frequency (the fission response; Ims et al. 1993). A positive correlation between
dispersal distance and level of fragmentation has been found for certain species
(Diffendorfer et al. 1995; Matthysen et al. 1995) generally as a result of an increase
in the distance between territories. Breininger (1999) found that Florida Scrub-jays
Aphelocoma coerulescens living in an urban environment dispersed greater distances
than those in a less modified environment containing groups of contiguous
territories. I predict similar results for the treecreeper populations in Dryandra and
Yilliminning. In Dryandra, any given territory was surrounded by many
neighbouring territories within a relatively short distance, which represented
potential destinations for a dispersing individual. The distance between territories
was much greater in Yilliminning, particularly for individuals living in the small
local populations. An increased distance between territories limits the opportunities
for helpers to assess prospective territories for breeding positions (see Chapter 9).

A striking difference between the treecreeper populations in Dryandra and
Yilliminning was the rate of disappearance of entire breeding groups. In 90 group
years in Dryandra, the loss of all territory residents within a short period of time
(i.e., 1 month) occurred on only two occasions (2.2%). In Yilliminning, 16 groups
disappeared in 59 group years (27.1%). The disappearances in Yilliminning were
more likely to occur after reproductive failure.

Cale (1999) also recorded group disappearances in his study of the
cooperatively breeding White-browed Babbler Pomatostomus superciliosus in the
heavily fragmented Kellerberrin district of the Western Australian wheatbelt. Cale
suggested that these disappearanceé represented group dispersals (where groups did
not return to the study area) or visits (where groups eventually returned to the study
area) rather than mass mortality or the breaking up of groups. Babbler groups were
more likely to move in summer if their habitat supported a relatively low abundance
of prey items (invertebrates) suggesting that habitat quality may have influenced this

behaviour.
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For Rufous Treecreepers, group disappearances may have been group
dispersals to remnants outside the study area because new groups were occasionally
recorded moving into vacated territories. It is possible that these disappearances
were also a result of groups breaking up after the death (or disappearance) of one of
the primary sexes. This is a possibility because many groups occurred in simple
pairs and it may take a prolonged period for breeding vacancies to be filled.
Therefore, some territories may be occupied by an individual bird for an extended
period (this occurred in 1999, where four territories were occupied for at least 6
months by single birds). In these circumstances, an individual may decide to move
rather than waiting for a disperser of the correct sex to locate their territory. This
situation rarely occurred in Dryandra because most breeding vacancies were filled
within a month (Chapter 3).

A greater probability of dispersal after reproductive failure has been recorded
in other species (Doligez et al. 1999) and may reflect an adaptive response to sites
yielding low success (Clark and Shutler 1999). This has significant implications for
population dynamics in fragmented landscapes like Yilliminning where habitat
quality and reproductive success were relatively low. It suggests a level of instability
in territory occupancy, the possibility of small local populations going extinct,
greater movement between remnants (and a possible increase in dispersal related
mortality), and a reduction in the proportion of experienced breeders in the
population. Experienced primary females had significantly higher reproductive
success in Yilliminning (Chapter 6), but it is unclear if experienced females moving
from one remnant to another between breeding seasons were at a reproductive
disadvantage. The important point is that habitat familiarity is probably
advantageous to breeding birds. This cannot occur with a frequent turnover of

groups.
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 CHAPTER Y |
SYNTHESIS AND CONCLUSION -

9.1 THE CONSEQUENCES OF HABITAT FI{AGMEN'FA'I‘ION FOR THE
RUFOUS TREECREEPER N

%.1.1 Social and-:'_spatial organisation
'. This thesis atempted to determine the consequences of habitat fragmentation
for the Rufous Treecrceper by comparing the ecological traits of the species in &
relatively undisturbed landscape with those in a highly modified agricultural
| laﬁdgchpe. The “quasi-experimental” approach of comparing fragmented and
Llnfragmented landscapes is a surrogate for more manipulative pre- and post-
fragrﬁentation comparisons, but for species that operate at relatively large spatial and
.t'emporal scales, it is one of the most viable options for assessing the threats to
population’ persistence. I chose certain ecological traits for detailed comparison.
Traits such as social organisation and codperative breeding are more closely aligned
with behavioura! ecology than conservation biology, but some authors have recently
highlighted the need to develop a stronger link between these discip]incs' (Lima and
Zollner 1996; K. Martin [998). A clear understanding of species behaviour can only
strengthen conservation efforts, and a melding of behavioural ecology with other
c_lisciplines'offers e_x.citin'g prospects for future research (Lima and Zollner 1996;
Sugg et al. 1996). | ’

The social organisation of the Rufous Treecrceper appears to be
hierarchically structured, influenced by habitat heterogeneity and the social
dynamics of the species (Figure 9.1). Each level of the hierarchy can be identified by
the frequency of interaction occurring between constituents. The basic unit at the
lowest level is the breeding group where individuals interact on a daily basis,
Breeding groups occupying contiguous or nearby territories may regularly interact
under certain circumstances (e.g., the cross-territorial provisioning of nestlings
during the breeding season) to form ecological or social nei gh.bourhoods {(sensu Cale
1999, but not used in the same context). Social neighbourhoods may be linked by
frequent, short-distance dispersal to form dispersal neighbourhoods (Figure 9.1).

Neighbourhood boundaries are likely to show temporal variability owing to changes
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in the frequency of interaction among adjacent groups and variation in population

dynamics.
Breeding group.
(territory)
Social -
neighbourhood
boundary

1 .'a
; Y
_ Y
' ! Y
\ J T
\\
DispersaI/ Metapopulation :
i neighbourhood boundary »
: boundary : :

Figure 9.1 The hierarchical social organisation of the Rufous Treecreeper. Breeding group
(territory) and social neighbourhood boundaries were identified during this study; dispersal
neighbourhood (= local population} and metapopulation boundaries are hypothesised to
exist based on evidence in the literature.,
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- My data on treecreeper dispersal arc not suff icient to determine if dispersal
ncighbourhoods exist for this specics, but research on other cooperatively breeding
“birds suggests that dispersai frequency among nearby breeding groups is probably
high (Zack 1990; Cale 1999; Danicls and Walters 2000). Disp.crsal neighbourhoods
may be analogous to the local population concept from metapopulation dynamics
(Hanski and Simberloff 1997). The level of interaction between dispersal
neighbourhoods would then help to define the appropriateness of metapopulation
.lheory. to understanding thé population dynamics of species with this type of
demographic structure. _
| The demographic structure described above is similar to that proposed by
Cale _(1999) in his study of the White-browrd Babbler Pomatostomus superciliosus
in the highiy fragmented central wheatbelt. This type of demographic structure may
be imposed on a-species by habitat fragmentation, but it appeared to be characteristic
of the Rufous Treecreeper population living in the unfragmented landscape. Habitat
heterogeneity couplcd with the habitat selectivity of treecreepers (Chapter 4) would
result in spatial subdivision in the distribution of the species even in continuously
vegetated landscapes. Therefore, the Rufous Treecreeper has probably evolved to
cope with & certain level of population discontinuity. The patchy distribution of
populations characteristic of frz{gmented landscapes may not represent a significant
disruption to the population dynamics of the species, especially if there are few
_resirictio_ns to movement between spatially discrete groups. Indeed, spatial
subdivision may reduce the threat of 'envi_ronmentai stochasticity or catastrophes
affecting all local populations simultaneously (Shaffer 1981; Goodman 1987,
Letcher et al. 1998). |
Too much subdivision is detrimental to population viability and a key area
for future research is determining the level of habitat fragmentation particular
species are able to cope with (Andrén 1994; With and Crist 1995; Fahrig 1998). If
the maintenance of social and dispersal neighbourhoods is important for the
persistence of the Rufous Treecreeper, then relatively fiﬁe—grained fragmentation
that leads to neighbourhood subdivision is likely td have adverse consequences.
An important prediction from this assumption is that treecreeper populations

in fragmented landscapes like the wheatbelt will be distributed in spatially clustered
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groups more frequently than individual, isolated territorics. i;'l‘hc distribution of
territories in Yilliminning provided equivocal evidence to support this hypothesis -
(see Figure 8.2), although the sample size qu not sufficient for 4 robust assessment.
Regional surveys of breeding group distribution are required. These surveys would
contribute greatly to our understanding of the consequences of fragmentation for
Rufous Treecreepers. Data on the incidence of a species in a wide range of
remnants, particularly if collected over a time serics, can also be input into
:“incidence function™ models to assess metapopulation dynamics (Ha.nski 1994).

In addition to sociality, habitat suitability and quality influence the spatial
aggregation of breeding groups and this must be considered when docurﬁcnting the
 distribution of a species in fragmented ]andséapes. Although the absence of a species
from a remnant may be the result of a myriad of factors, assessing the suitability of
the habitat is fundamental to understanding this relationship. The habitat models
developed in my study (Chapter 4) may assist others undertaking presence/absence
surveys of Rufous Treecreepers to determine whether remnants are unoccupied _
simply because .the habitat is unsuitable, or whether the habitat is suitable, but
unoccupied owing to stochastic or deterministic processes’ hffecting population
dynamics. |

| Assessments of habitat'selection in Rufous Treecreepers may be complicated
by the apparent sociality of the species. If the maintenance of social neighbourhoods
is important, non-preferred woodland types adjacent to Wandoo Eucalyptus wandoo
may be used by some breeding groups so that neighbourhood interactions are
maintained. This hypothesis predicts that non-preferred habitat will be used more
frequently when it is close to preferred habitat that already contains treecreepers, and
preferred habitat that is distant from other breeding groups (and may only support
one or two territories) will remain unoccupied. This hypothesis is consistent with the
theory of conspecific attraction (Smith and Peacock 1990; Muller et al. 1997) and
could be tested by removing breeding groups from selected habitat patches and
monitoring re-colonisation by new individuals.
The consequences of sociality are that individuals may repeatedly
attempt to breed in poor quality habitat while more suitable habitat remains

unoccupied. The viability of treecreeper populations in fragmented landscapes
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would be enhanced by maintaining remnants of high quality habitat (old growth "
Wandoo) that are sufficiently large, or in close enough proximity. Lo support social

and dispersal neighbourhoods.

9.1.2 Cooperative breeding and dispersal

Cockburn (1996) suggested that phylogenetic history might be an important
“determinant of cooperative breeding. This predicts that cooperative breeding will
occur throughout a species’ range. This is consistent with predictions from the life
history hypothesis, which suggest that certain life history traits (e.g., low
reproductive rates and high survival) predispose a species to breed cooperatively if
~ environmental conditions (e.g., relatively stable climate) allow year-round territory
occupation {Armold and Owens 1998; Hatchwell and Komdeur 2000). The
characteristic life history strategies of cooperative breeders are strongly K-selected,
and are expected to occur in predictable environments supporting stable populations
(Mat_:Ar[hur and Wilson 1967; Pianka 1970).

The phylogeny and ecological traits of .thc Rufous Treecreeper predispose
the species to cooperative breeding (Chapter 3). Like many cooperatively breeding
~ Australian passerines, its evolution is probably closely aligned with the aseasonality
of the habitats it tends to occupy (Ford et al. 1988). Cooperation may be the best
reproductive strategy for relatively stable populations living in aseasonal conditions.
To assess the consequences of habitat fragmentation for the species, it is therefore
important to determine if fragmentation and degradation disrupt ecological processes
and popu.lation stability sufficiently to make cooperation a maladaptive trait in
fragmented landscapes. |

High annual survival is a primary factor believed to influence cooperative
breeding in certain avian lineages (Arnold and Owens 1998)."-’[—f§bitat change leading
to reduced survival rates may have adverse consequences for cooperative behaviour.
In Yilliminning, the survival rate of primary males and females was lower than
Dryandra (Chapter 8}, although the difference was not statistically significant, There
was also a weakly significant trend towards lower juvenile survival rates in the
fragmented landscape {Chapter 7). The consequence of these trends is that breeding

vacancies would occur more frequently in Yilliminning than Dryandra. This is
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magnified by the fact that group disuppearances were also much more éommon in
Yilliminning. I we assume that restricted brecdiﬁg opportunities is one factor
lcading to philopatric offspring, then philopatry may become a maladaptive trait
under circumstances where breeding opportunities are much more common. In these
situations, it may be more profitable for offspring to begin scarching for a breeding
position much sooner than would normally be the case.

The tendency for offspring to remain philopatric means that some brcedfng
groups may be without a breeding male or female for extended periods. This could
possibly lead to these groups breaking up and abandoning their territory. In
Yilliminning, a number of territories remained unoccupied for > 12 months and
some were occu.pied by single birds for periods of up to 6 months (see Chapter 8),
This was not a result of there being insufficient potential breeders within the
population, as a number of groups had additional males and females. I propose that
this occurred because of the combined effects of the evoluticnary trait of philopatry
in offspring, and habitat {ragmentation adversely affecting the ability of potential
dispersers to locate breeding vacancies. |

Many studies have examined the effects of habitat fragmcntatitjn on the
movement of birds between relatively isolated habitat patches (Saunders and de
Rebeira 1991, Haas 1995; Lynch et al. 1995; Sieving et al. 1996; Brooker et al.
1999), but few studies have determined the effects of {ragmentation on dispersal
behaviour (Martin et al. 2000). Movement is simply getting from point A to point B;
dispersal is a process that involves decision making by individuals at a number of
levels. For Rufous Treecreepers, the process may involve a complex coSt-beneﬁt-
trade-off between remaining philopatric, short-distance dispersal to familiar,
adjacent territories, or long-distance dispersal to an unknown destination. The ability
to move between habitat patches is only a component of the dispersal process.

In Yilliminning, sufficient movement occurred between remnants to suggest
that the level of fragmentation in this landscape did not cumpletely disrupt the
abtlity of individuals to move between sites (Chapter 8). However, 1 contend that the
fragmented landscape adversely affected the dispersal process for Rufous
Treecreepers. Potential dispersers had limited opportunities to assess the quality or

status of potential destination territories owing to fewer neighbours and an increase
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‘in the distance between territories. In Chapter 3, I suggested thal cross-territorial
provisioning waus an avenue for non-breeders to assess the qualily and 'slaqu,“bf |
adjacent territorics. This probubly assists non-breeders to make informed decisions
regarding dispersal, which has been suggested as an imporiant component of the
dispersal process (Zack 1990; Reed et al, 1999). Territory contiguity facilitates
informed dispersal in treecrcepers, but this is severely disrupted with incrcaéing
fragmentation. | | '
Disrupting the dispersal process could result in high qua]ily territories
remaining inoccupied for extended periods or potential breeders remaining unpaired
(Walters et al, 1999), The sparse distribution of territories in Yilliminning, which is
likely to be characteristic of fragmented landscapes, means that dispersers must
travel long distances before locating a breeding vacancy. Long-distance dispersal
may be energetically costly and dangerous, particularly if vegetative cover providing
protection from predators is sparse. Also, movement may only be possible in
particular directions if birds use vegetation corridors as conduits and are reluctant to
cross unvegetated gaps of a certain distance (Brooker et al. 1999). Wi{h little
knowledge of the surrounding landscape and potential | breeding vacancies,
dispersers are likely to invest considerably more effort in their search for.a breeding
vacancy in fragmented compared to unfragmented landscapes.
Dispersal is a complex process that is poorly understood even for some of the
mosl intensively studied species. Extremely long-term data sets are required to
'adequately assess dispersal behaviour in highly mobile and relatively long-lived
organisms like birds (Daniels and Walters 2000, Koenig et al. 2000). Sex-biased
dispersal and issues such as inbreeding avoidance (Pusey 1987; Pusey and Wolfl
1996) also complicate interpretations of behaviour. There is a desperate need for
comprehensive data on the consequences of habitat fragmentation for bird dispersal.
The dispersal behaviour of individuals in fragmented landscapes is fundamental to
assessing the validity of metapopulation theory, which is the current vogue in

conservation biology.
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9.1.3 Reproductive success and population dynamics

At the level of individul breeding groups, reproductive success in Dryandra

appeared to be a fuctor of territory quality uand possibly group size (Figure 9.2). Itis
(difficult to determine ihe independent effects of cither because better quality
territories generally supported larger groups (Chapter 5). In Yilliminning, the factofs
correlated with reproductive success formed a much more complex model (Figure
9.3). Grazed remnants of low habitat quality supporting high population densities
(and consequently, small territories) had vefy Jow success. Experimental
~manipulatior. of population density in grazed remnants would help to determine if
reprodudive success”in Yilliminning is density dependent. If population density is a
factor of sociality in treecreepers, as suggested above, this reinforces the need to
improve the quality of the habitat occupied by the species.

| Owing to low reproductive success and relatively low survival in
Yilliminning, all but one local population was below replacement (Chapter 8). My
definition of a local population was limited because of few data on dispersal
frequency between clusters of territories. However, current evidence suggests that
the entire population at Yilliminning is unlikely to persist without immigration into
the study area. Within- and between-population dynamics appear to be important for
the persistence of Rufous Treecreepers in this landscape.

The subdivided population at Yilliminning fulfilled reasonably well three of
the four prerequisites required for regional persistence to be considered dependent
on classic metapopulation dynamics (Hanski et al. 1995; Méilanen et al. 1998).
Firstly, local populations occupied spatially distinct habitat patches owing to
suitable habitat being patchily distributed among mostly unusable agricultural land
or other native vegetation types (e.g., shrubland). Secondly, no local population was
large enough to be considered resistant to extinction. Thirdly, local population
dynamics were sufficiently asynchronous to suggest that simultaneous extinction of
all local populations was unlikely. Independent fluctuations in demographic rates
may reflect localised differences in habitat quality. I have limited data to assess the
fourth condition, which predicts that migration (dispersal) is distance dependent and
population dynamics are sirongly influenced by the spatial configuration of the

habitat.
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SuUCCess

Group size

Figure 9.2 The interactions between factors that are likely to infiluence reproductive success
in the unfragmented fandscape of Dryandra. Solid arrows are probable relatienships,
dashed arrows are possible relationships. Habitat structure and food availability defines
habitat quaiity, which in turn is correlated with reproductive success. Higher quality
territories support larger groups, and group size is also correlated with reproductive
success, A feedback loop occurs between group size and success because the size of a
breeding group is generally defined by prior reproductive output.
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Figure 9.3 The interactions betwsen factors that are likely to influence reproductive success
in the fragmented [andscape of Yilliminning. Solid arrows are probable relationships, dashed
arrows are possible relationships. Habitat modification affects habitat structure and probably
food availabilty, which is detrimental to habitat quality and subsequently reproductive
success. Changes in habitat structure may also limit nest-site selection affecting nest
success. Sociality may lead to high population densities and small territeries, which appears
to have adverse consequences for reproductive success if the underlying habitat quality is
low.
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9.2 RESEARCH LIMITATIONS AND FUTURE DlREC'l_‘iONS
My study was limited in a number of ways. Replication of territories or sites
within remnants or landscapes is, in essence, pscudoreplication (Hurlbert 1984). At
least onc more unfragmented and fragmented landscape would have strengthened
my conclusions, but replication at large scales is extremely difficult (Hargrove and
Pickering 1992). Even if suitable rcpliéatcs can be focated, there arc logis'lic
constraints to monitoring large areas. In this instance, it is best to treat research such
as mine as a case study of a particular region(s), and to use the results to generate
hypotheses that can be tested in similar landscapes. It would be wrong to extrapolate
my results to all fragmented landscapes in the wheatbelt.
Tt was apparent in Yilliminning that the 10,000 ha study arca was not large
endugh to comprehensively document the population dynamics of 'lrcccrcepcrs
(Chaptér 8). This i1s a constant problem when studying highly mobile species like
birds. Populations bounded by natural or anthropogenic barriers (e.g., confined to
oceanic islands) may be sufficiently “closed” that most influences on dynamics
~occur within a clearly defined area. However, the di'stributi:on of the Rufous
Treecreeper spans thousands of:-square kilometres and any arbitrarily defined |
population may be open to influences from adjacent populations such that its
dynamics are difficult to understand in isolation. It is yét to be determined if the
level of fragmentation in the wheatbelt is sufficient to create disjun.cl populations
that are effectively closed tb external influences. It Would be extremely valuable to
-identify and study such populations. _

Conclusions from short-term studies of rélalively long-lived species also
need to be cautious. Cyclic fluctuations in dynafnics may be misinterpreted as
longer-term trends, or non-linear responses may provide misleading results (Wiens
1994). There is an urgent need in ecology for detailed, long-term case studies on
selected species or systems (Brussard 1991; Golley 1998). This is beyond the scope
of a singie PhD study, but the opportunity exists for future research to build on the
work presented here with the aim of generating long-term (e.g., 20+ year) data sets
on the consequences of habitat fragmentation for the Rufous Treecreeper and other

woodland birds.
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Single-species studies have been criticised because of limited generality 1o
conservation planning and the fact that we do not have the time or resources (o study
the dynamics of cvery organism (Franklin 1993; Wicns 1994; Lambeck 1997;
Simberloft 1998; Monkkdnen and Reunanen [999). To address the issue of
generality of single-specics research, approaches that use certain species as
surrogates for others in the community have been proposed. These inciude the
indicator (Landres et al. 1988), umbrella (Launer and Murphy 1994; Williams and
Gaston 1994), keystone (Paine 1995) and focal (Lambeck 1997) species approaches.
Each differs in emphasis and methodology, but a general premise in all approaches
is that by managing for the requirements of a singie or sclected suite of species,
other Spec'ics in the same community will also be preserved. The attractiveness of
this approach is that we would only need to know a few species well to effectively

ianage entire eébsystems. Although these concepts have theoretical appeal,
unequivocal erhpin'cal evidence of their validity is lacking (Simberloff 1998,
Lindenmayer 1999). |

The use of surrogates attempts to meld single-species research with the
pursuit of general ecological principles. One of the most important guestions in
ecology is whether general principles exist, or if every species needs to be treated as
a special case (Lawton 1999). The search for generality must continue, but not at the
expense of detailed empirical investigations of selected species. Single-species
studies have contributed substantially to the development and testing of ecological
theory (e.g., metapopulation dynamics). General theories may be severely limited
without a detailed understanding of a species’ biology (Simberioff 1[994).
Conversely, single-species research should be conducted and interpreted within the
appropriate theoretical frameworks. It is the combination of natural history and

underlying theory that drives ecology forward.

9.3 THE CONSERVATION OF WOODLAND BIRDS IN AGRICULTURAL
LANDSCAPES '

The future of wood!and birds in the agriculturat regions of Australia is in the
balance (Recher 1999; Ford et al. 2001). Studies of the mechanisms of decline and
the ecological traits of species that make them susceptible to the adverse

consequences of habitat fragmentation are desperately needed (Mac Nally et al.
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2000; Ford ct al. 2001). These studics arc best focussed on dcc.lining species that
were once common in Lhe agricultural region of interest rather than historically rare
specics or those near the limits of their distribution (Barrett et al. 1994; Reid 1999),

The once common Rufous Treecreeper is a declining species and the
‘wheatbelt of Western Australia is arguably the centre of its distribution (Ford 1971).
My study provides an insight into the complexity of processes that threaten the
persistence of this species in agricultural landscapes. It is this complexity that
' und.er'm'incs' approaches to predict specics-spccific re.sponscs to fragmentation based
on 1 few key ecblogicul traits (Mac Nally and Bennett 1997, Mac Nally et al. 2000).
However, generating and testing predictions is a valuable approach to understanding
the consequerces of habitat fragmentation. My study generates a number of
predictions about the effects of fragmentation on the Rufous Treecreeper and future
reseﬁrch should be designed to assess these predictions.

Conserving woodland birds in agricultural landscapes requires the active
management and restoration of remnant native vegetation. Future directions for
landscape restoration have been outlined in detail by other researchers (Recher 1993;
Barrétt et al. 1994) and the results of my study support these conclusions. In
sufﬁmary, management actions must involve removing disturbance (e.g., grazing)
from remnant vegetation, ensuring regeneration of endemic species and maintaining
important habitat characteristics (e.g., large trees). A key result from my study was
the strong correlation between habitat quality (at the territory scale) and fitness in
the Rufous Treecreeper population in Dryandra (Chapter 5). The consequence of this
is that habitat modification is likely to result in reduced fitness.

I contend that increasing remnant size and improving landscape connectivity
will not be sufficient to conserve many woodland birds in agricultural landscapes
unless subsequent improvements are made to habitat quality. Good quality habitat
for the Rufous Treecreeper appears to be Wandoo woodland (or similar, e.g.,
Salmon Gum E. salmonophloia) characterised by a high density of large trees,
hollows and hollow logs. The challenge for future studies is determining what
constitutes good quality habitat for the many other woodland birds that are declining

in the agricultural regions of southern Australia,
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A narrow management focus on just remnant native vegetation is unlikely to
ensure the persistence of all specics. Sympathetic management of the entirc
fandscape is required thut addresses the effects of current land-use practice on native
species. An important area for [uture rescarch is the consequences of changing the
predominant land use (e.g., from cropping to agroforcstry) on the processes
occurring in remnant vegetation.

~ The conservation of woodland birds, and all other species, will not be

~ achieved by managing ecological processes and threats in isolation. The underlying

causes of the conservation crists are social, political and economic (Brussard 1991, -

: Dailys-!__99?_: Czech 2000; Naveh 2000; Prugh et al. 2000). Substantial changes to the
current socio-economic and political enyiron'mcnt are required to ensure the
preservation of our biological diversity. This is a major challenge for society, but it

is a challenge we all must face as we search for the road to sustainability,
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