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ABSTRACT

Two main themes to the avian research presented in this thesis are,

1. Deep resolution of birds generally, and

2. Investigation of specific aspects of the New Zealand avifauna.

More specifically, this thesis covers phylogeny, and predictions about palaeognaths,

pigeons, pelecaniforms and passerines.

Significant progress is made in resolving the basal branches of Neoaves. This thesis
examines whether the six-way basal Neoavian split of Cracraft (2001) is, in
principle, resolvable. New mitochondrial genomes are added to improve taxon
sampling, break up long branches, and allow testing of the prior assumptions of six
Neoavian groups. This research shows the six-way split is resolvable, although more
work is required for specific details. From a life-history perspective, it is interesting
that the two bird-of-prey groups (falcons and buzzards) are very divergent, and may
not be sister groups. Molecular dating supports major diversification of at least 12
Neoavian lineages in the Late Cretaceous. Additionally, novel avian mitochondrial
gene orders are investigated and a hypothesis put forward suggesting gene
conversion and stable intermediate forms allows an apparently rare event (gene

rearrangement) to occur multiple times within Neoaves.

One of Cracraft’s six groups, informally called the ‘Conglomerati’, is particularly
difficult to resolve. The pigeons (Columbiformes) lie within the ‘Conglomerati’, and
this chapter examines two aspects along the continuum of pigeon evolution. Firstly
the large South Pacific fruit pigeon radiation is examined with mid-length
mitochondrial sequences. This clade contains a third of all pigeon species, and has
been very successful in island colonisation throughout South East Asia and the
Pacific. Secondly, candidates for the closest relative of pigeons are tested using
analysis of whole mitochondrial genomes. Highest support was found for the

grouping of sandgrouse and pigeon, although they are clearly very divergent.

Also within the ‘Conglomerati’ is the traditional order Pelecaniformes, and their
close allies the Ciconiiformes. These orders (the P&C) are part of an adaptive
radiation of seabird water-carnivores, including loons, penguins, petrels and
albatrosses. This group is separate from the large shorebird water-carnivore group;

although both appear to have begun radiating abut 70 million years ago. The



tropicbird represents a separate, convergent life history and is not part of the

Pelecaniformes, nor within the larger seabird water-carnivore group.

Resolution of the basal phylogeny of oscine passerines is important for interpreting
the radiation of this group out of the Australasian region. Many endemic New
Zealand oscine passerines belong to ‘basal corvid’ lineages, but have not previously
been investigated with mitochondrial DNA. This chapter shows that many ‘basal
corvid’ lineages are actually ‘basal passerine’ lineages, and there is a discrepancy
between nuclear Rag-1 phylogenies (the most commonly used gene in passerine
phylogenetics) and other phylogenies, including mitochondrial, that requires

further investigation.

Taken as a whole, this thesis adds significantly to our understanding of the
evolution of birds, and provides a foundation for future research, not only of
phylogenetic relationships, but also of avian life history, long-term niche stability

and macroevolution.

il



ACKNOWLEDGEMENTS

Firstly to David, thank you for being an amazing supervisor. Thank you for your
incredible ability to read and return comments on just about anything overnight,
for your wide-ranging knowledge, which I can only aspire to, and also for breakfast

meetings!

To my co-supervisors, Matt, Trevor, and Lindell. Although widely dispersed when I
started this project, you all ended up in Australia. I really appreciated visiting you
all there, and meeting up at various conferences. In between times, thank you for

always being at the end of an email.

To Trish, Abby, Matt and Kerryn, thank you for showing me how to do this funny
thing called ‘sequencing mitochondrial genomes’ all those years ago. You guys
taught me so much and I really appreciate it. Special thanks to Trish — you are the

glue that holds this group together.

Thank you to Alan Cooper and Jeremy Austin for hosting me at the Australian
Centre for Ancient DNA, and teaching me the principles of ancient DNA work.
Thank you to Trevor, Jenny and Nic, for looking after me and taking me travelling
around South Australia. With caves, fossils, kangaroos, wombats, and echidnas, you

made my trip there something special.

To Steve, I've really enjoyed our ‘constructive rants’ on phylogeny, birds, New

Zealand, and anything in between. Long may they continue!

Thank you to Joy and Susan for all your hard work behind the scenes and on the
front line! You have always been able to ‘get stuff done’ at a moments notice, and I
really appreciate that. And to Ann and Cynthia, thank you for being understanding

when I put my head round the door for more milk!
On that note, cheers to all who came for a cup of coffee over the years. To Farside

and Pleb labers, Boffin lounge and Goldfish bowl inhabitants. While too many to

name here, you make the AWC a wonderful community to work in.

il



Thanks for Saturday games evenings, Friday SciFi DVDs, and lunchtime New York
Times crosswords. Geeks and loving it! To Mort, Sue, Barbara, Klaus, Rogerio, Tim,
Sylvia, Robin, Bennet, Atheer and Nick. For good food, good wine, good beer (!)

and good company.

Thank you to my friends and family. For sanity, music and understanding, even

when you’re not really sure what I do everyday.
Lastly, thank you to Simon. Without you I might not have started along this route.

Thank you for persuading me to do a PhD when I told myself I wasn’t going to.
Thank you for sharing this path with me.

v



TABLE OF CONTENTS

TABLE OF CONTENTS
ABSTRACT 1
ACKNOWLEDGEMENTS 1il
LIST OF FIGURES X
LIST OF TABLES xi

1. Chapter One

Introduction

1.1. STRUCTURE OF THE THESIS

-

1.2. BACKGROUND
1.2.1. Mitochondrial DNA — why is it useful for phylogeny?
1.2.2. Alignments

1.2.3. Model choice, rates across sites

a A b~ WO W

1.2.4. Gene trees vs. species trees
1.2.5. Consilience of induction, generating hypotheses and testing

predictions

o O

1.3. WHAT DO WE DO WHEN WE KNOW THE TREE OF LIFE?
1.3.1. Are the processes of microevolution sufficient to explain
macroevolution?
1.3.2. Evolutionary-Stable Niche-Discontinuity (ESND)
1.4. CONTRIBUTIONS OF OTHERS TO THIS THESE PUBLICATIONS

1.5. REFERENCES

O© o N O

2. Chapter Two

Vicars, tramps and the assembly of New Zealand avifauna — A review of

molecular phylogenetic evidence.

2.1. ABSTRACT 11
2.2, INTRODUCTION 12
2.2.1. A Brief History Of New Zealand 14
2.2.2. Overview Of The New Zealand Avifauna 17
2.3. MOLECULAR VIEW OF THE NZ AVIFAUNA 20
2.3.1. Phylogeny of birds 20
2.3.2. Birds in New Zealand 22
2.4. DISCUSSION 40



TABLE OF CONTENTS

2.4.1. Accumulation and Radiation
2.4.2. A Zealandian element?
2.4.3. Disharmony & Extinction
2.4.4. Dating diversification
2.5. CONCLUSION
2.6. ACKNOWLEDGEMENTS
2.7. REFERENCES
2.8. SUPPLEMENTARY MATERIAL
2.8.1. Latin names of birds referred to in review

2.8.2. Peer reviewed molecular publications

3. Chapter Three

Mitochondrial Genomes and Avian Phylogeny: Complex Characters and

Resolvability without Explosive Radiations

3.1. ABSTRACT
3.2. INTRODUCTION
3.3. MATERIALS AND METHODS

3.3.1. Phylogenetic Analysis
3.4. RESULTS

3.4.1. Phylogenetic Analysis
3.5. DISCUSSION
3.6. ACKNOWLEDGMENTS

3.7. REFERENCES

4. Chapter Four

Two aspects along the continuum of pigeon evolution: a South-Pacific
radiation and the relationship of pigeons within Neoaves
4.1. ABSTRACT
4.2. INTRODUCTION
4.2.1. A South East Asian/Pacific radiation of pigeons.
4.2.2. The closest relative of Pigeons.
4.2.3. Nuclear versus Mitochondrial DNA and the problem of introns in
deep phylogeny
4.3. METHODS

4.3.1. Taxon sampling

41
44
46
48
51
52
52
71
71
72

85
86
92
94
96
99
104
108

109

115
116
116

117

117
119

119



TABLE OF CONTENTS

4.3.2. DNA extraction and PCR 119
4.3.3. Phylogenetic analyses 120
4.4. RESULTS 123
4.4.1. A South East Asian/Pacific radiation within Pigeons 123
4.4.2. Phylogenetic relationships of Pigeons within Neoaves 126
4.5. DISCUSSION 129
4.5.1. The Ducula—Ptilinopus radiation in a biogeographic context 129
4.5.2. Closest relative of Pigeons 132
4.6. ACKNOWLEDGEMENTS 133
4.7. REFERENCES 133

5. Chapter Five
Beyond Phylogeny: Pelecaniform and Ciconiiform Birds, and Long-Term

Niche Stability

5.1. ABSTRACT 139
5.2. INTRODUCTION 140
5.2.1. Consilience of Induction 140
5.2.2. History of the Pelecaniformes 141
5.3. METHODS 144
5.3.1. Taxon Sampling, DNA Extraction, PCR and Sequencing 144
5.3.2. Species for Analysis 145
5.3.3. Alignment 146
5.3.4. Phylogenetic Analyses and Tree Building 146
5.3.5. Molecular Dating 147
5.4. RESULTS AND DISCUSSION 147
5.4.1. Details of New Mitochondrial Genomes and Gene Orders 147

5.4.2. Implications of Core Pelecaniform Gene Duplications for
Phylogenetic Studies 148
5.4.3. Phylogenetic Analyses 150
5.4.4. Resolution of the Core Pelecaniforms 152
5.4.5. The Pelican is not a Pelecaniform 153
5.4.6. The predicted P&C Group 155
5.4.7. The Nature of the Tropicbird 156

5.4.8. Molecular Dating 157

vil



TABLE OF CONTENTS

5.4.9. Water-Carnivory in Neoaves, Adaptive Radiations and Niche

Stability 158
5.5. CONCLUSION 160
5.6. ACKNOWLEDGEMENTS 161
5.7. REFERENCES 161
5.8. APPENDIX 1 167

5.8.1. Predicting the probabilities of observing splits in a new dataset. 167

6. Chapter Six

New Zealand Passerines Help Resolve Basal Oscine Phylogeny.

6.1. ABSTRACT 169
6.2. INTRODUCTION 170
6.2.1. Oscine biogeography 170
6.2.2. Limitations of current deep oscine phylogenetic resolution 171
6.3. METHODS 172
6.3.1. DNA extraction, PCR and sequencing of modern samples 172
6.3.2. Ancient DNA protocols 173
6.3.3. Alignment 174
6.3.4. Phylogenetic Analyses 177
6.4. RESULTS & DISCUSSION 177
6.4.1. Mitogenomic features 177
6.4.2. Phylogenetic analyses 178
6.4.3. Ancient DNA sequence verification 179
6.4.4. Phylogenetic analysis of the piopio with broader oscine sampling 180
6.5. FUTURE WORK 183
6.5.1. Dating Passeriformes 183
6.6. CONCLUSION 185
6.7. ACKNOWLEDGEMENTS 185
6.8. REFERENCES 185
6.9. SUPPLEMENTARY MATERIAL 190

7. Chapter Seven

Thesis Summation 191
7.1. FUTURE DIRECTIONS: TO PHYLOGENY AND BEYOND 197
7.2. REFERENCES 198

viil



TABLE OF CONTENTS

8. Appendix One 201

Pratt, R. C., Gibb, G. C., Morgan-Richards, M., Phillips, M. J., Hendy, M. D.,
and D. Penny. 2009. Toward resolving deep Neoaves phylogeny: data,

signal enhancement, and priors. Mol Biol Evol 26: 313-326

9. Appendix Two 215
Phillips, M. J., G. C. Gibb, E. A. Crimp and D. Penny. 2010. Tinamous And

Moa Flock Together: Mitochondrial Genome Sequence Analysis Reveals

Independent Losses Of Flight Among Ratites. Syst Biol 59:90-107

X



TABLE OF CONTENTS

LIST OF FIGURES

FiIGurRE1.1  Five models for the divergence of birds and placental mammals.

FIGURE1.2  Evolutionarily-stable niche-discontinuity between two taxa.

FIGURE2.1  New Zealand and neighbouring islands

FIGURE2.2  Geological timescale

FIGURE 2.3  Phylogeny of birds based on multiple genes

FIGURE 2.4  Phylogeny of passerine diversity

FIGURE 2.5 The effect of taxon sampling on tree interpretation

FIGURE 3.1 Ger}e orders found in avian mitochondrial genome control
regions

FIGURE3.2  Comparison between CR(1) and CR(2) in Aracari (A) and
Osprey (B)

FIGURE 3.3  Primers used to sequence duplicate tThr-CR gene order

FIGURE 3.4 Maximum Likelihood tree of 40 birds

FIGURE3.5 Consensus network for 27 Neoavian birds

FIGURE 4.1 Phylogeny of pigeons with emphasis on the SE Asia/Pacific
radiation

FIGURE 4.2  Bayesian rooted consensus tree of pigeons

FIGURE 4.3 Maximum likelihood tree of birds

FIGurRE5.1  Comparison of duplicated regions in the three core
Pelecaniformes

FIGURE 5.2  Maximum likelihood tree from analysis using RAXML, with 31
taxa

FIGURE5.3  Consensus network of the four analytical methods

FIGURE 5.4 Maximum likelihood tree from analyses using RAXML of 35
taxa

FIGURE 5.5 Maximum clade credibility chronogram of the 31 taxa dataset

FIGURE 6.1  Unrooted maximum likelihood analysis of mt genome dataset

FIGURE6.2  Network of Bayesian analysis

FIGURE 6.3  Network of Bayesian analysis without Turnagra U51734

FIGURE 6.4 Consensus cladograms of passerine phylogeny

FIGURE S6.1 Piopio specimen Turnagra capensis

FIGURE7.1  Network showing splits over 20% of RAXML bootstrap analysis

21

35
45

88

97
98
100

102

124
123
127

148

150

151

152
158
178
180
182
184
190
194



TABLE OF CONTENTS

LIST OF TABLES
TABLE 2.1 New Zealand native passerine diversity and endemicity 36
TABLE S2.1  Latin Names of Birds 71
TABLE S2.2  Peer reviewed publications reporting application of molecular

data to New Zealand birds 72
TABLE 4.1 Accession numbers and mt genes included in analysis of pigeon

phylogeny 120
TABLE 4.2  Accession numbers and species names for birds used in

complete mt genome analyses 122
TABLE 4.3 Testing alternative hypotheses about pigeon relatives using the

SH test 128
TABLE 5.1 Characters previously used to group pelecaniform families 143
TABLE 6.1 Genbank accessions of additional samples used in piopio

analyses 175

xi



TABLE OF CONTENTS

xii



