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Abstract
The main subject of this PhD research is the study of the underlying processes of evolutionary
changes that lead to biological diversity. Such processes include those operating within and between
populations (population divergence), as well as those operating among species (speciation), above
the species level (e.g. genera and families) and the mechanisms that promote these divisions.
Fundamental to these processes are the effects of genetic, demographic, geographical, ecological,
behavioural and environmental factors on diversification. Rails (Aves: Rallidae) are used as an
example to address central questions related to how these biological entities originated, when was
that biological diversity generated, and why this biodiversity is distributed as it is. This thesis has
been divided into four main chapters/papers for convenience to achieve this aim. In the first chapter,
complete mitochondrial genomes and fossil data are used to provide a likely estimated time of rail
ecology. I estimated that the origin and diversification of crown group Rallidae was during the
Eocene about 40.5 (49–33) Mya with evidence of intrafamiliar diversification from Late Eocene to
Miocene time. This time is much older than currently available fossils assigned to Rallidae, but
more direct evidence of fossils with reasonable taxonomy are likely to emerge. This estimated time
implies that rail diversity originated deep in the avian tree supporting an inference of deep ancestry
of terrestrial/walking habits among Neoaves. In addition, in the second chapter I used neutral
molecular data (nuclear and mitochondrial gene fragments) to reveal the degree of historical
biogeographic signal and net diversification in the current lineage distribution using the most
complete species-level hypothesis for ralloids. This comprehensive intrafamiliar molecular
phylogeny allowed to infer spatial and ecological diversification in Rallidae associated with
morphological innovation (frontal shield, body size and flightlessness) and the global retention of
diversity in several lineages caused by dispersal, adaptation and exploitation of ecological
opportunities. In the third and fourth chapters I explored historical patterns of diversification in a
biogeographic context (in spatial and temporal scales) within a clade (Porphyrio but focused on the
type species Porphyrio porphyrio) and a highly polymorphic species (Gallirallus philippensis). In
the third chapter, a dated phylogeny and the tools of population genetics were used to gain insights
into the congeneric relationships, diversification, and the history of expansion of one of the most
peculiar clades within Rallidae. I found that the Porphyrio clade arose during the Mid-Miocene,
apparently in Africa, with a single Long-Distance Dispersal (LDD) event occurring into the
Americas and several other LDD events to the North-East around 10 Mya. Porphyrio porphyrio
was not found to be a natural group with P. melanotus appearing in Australasia during the
Pleistocene (600 kya). Dispersal, isolation, adaptation and selective pressure accounted for most of
the variation found within this clade. On a finer scale, the fourth chapter explored genetic changes
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within populations of the supertramp and great speciator Gallirallus philippensis using a
mitochondrial DNA marker to recognise the genetic changes caused by founder events and provide
important insights into the microevolutionary processes that drove the early stages of
diversification. This study found that abrupt genetic changes of founder events are related to
dispersal, colonisation, range expansion, gene flow, isolation and strong selection forces. The
consequences of such processes for speciation and how they affected the population demography
and evolutionary history of Gallirallus philippensis in the south western Pacific are discussed.
These independent but linked studies within this thesis yield important clues to the evolutionary
history that has shaped the diversity of rails. This research contributes to our understanding of
Tertiary vertebrate evolution and establishes a bridge between macro– and micro–evolution.

Key words: Aves, biogeography, colonisation, dispersal, diversification, DNA, ecology, evolution,
extinction, gene flow, isolation, phylogenetics, population genetics, Rallidae, speciation.

ii

Acknowledgements

At this stage is pleasant to look back and recall the names of those who in one way or
another have helped me to complete this project.

First I would like to thank to the magnificent natural world that has always intrigued me
and is my inspiration to go as deep as I can to discover all its wonders.

Nothing in this project would have been realised without my supervisors. Thanks to Isabel
Castro for her support, encouragement and feedback especially in those times when a word
in my language was needed. The continuous questions and discussions with Steve Trewick
were like a road map in the search of a treasure (answers) within this amazing topic,
exploring fascinating places and learning about this remarkable group of birds. Thanks for
his help and for sharing with me his never-ending passion for evolution, genetics,
biogeography and so on.

My sincere thanks also go to Peter Kemp for advocating and trusting me to conduct this
PhD. I would like also to thank the Doctoral Research Committee of the Graduate Research
School. Additionally, thank you to the reviewers of my first year confirmation and my
thesis examiners, Professors David Penny, Ian Anderson and Allan Baker and Dr Adrian
Paterson. For her patience and for taking the time to teach me different software and
analysis, my sincere thanks go to Gillian Gibb. Thanks to all the staff and students in the
Ecology group for companionship, laughs and sharing our progress and experiences.
Thanks to the Phoenix group for time to share papers, ideas and knowledge. Thanks to
Prasad Doddala and Kyle Morrison for their friendship and taking time for a joke, a laugh
or a beer. Thanks also to Trish McLenachan for making my thesis a bit easier to read. To
Gaye and John Philpott for trusting me since the first moment we met. Special thanks to
Elizabeth and Bruce Robertson for their support and help at all times when my family and I
needed it.

iii

My sincere thanks to the researches and staff of institutions, universities and museums
around the world that have helped me to obtain the huge tissue sampling collection needed
to carry out this research. Thank you to the people around the world who also gave
permission to use their photos and other images; see the acknowledgment section in each
chapter for complete names. Thanks to Graeme Elliot and Kath Walker for the nice time
and huge help during the fieldtrip in Golden Bay and sampling in the Auckland islands.

Thank you to my parents for their support and love, my sister and my nephew, and motherin-law. My deepest gratitude to Ana-Maria for her unconditional support, love and positive
attitude, and my children Tane and Camila: your smiles have inspired me to reach the stars
and have filled my life with magic.

I must express my sincere thanks to the institutions that funded my studies and research.
My Doctorate studies were supported by the Massey Doctoral Scholarship and the New
Zealand International Doctoral Research Scholarship. Additional support for my project
came from The Hutton Fund from the Royal Society of New Zealand and The Institute of
Agriculture and Environment at Massey University.

Thank you to New Zealand (Aotearoa -the land of the white cloud-): this beautiful and
peaceful country where my dreams come true every day.

iv

Contributions of others to this thesis: So far three chapters from this thesis have been
submitted for publication in peer-review journals and the last chapter is in preparation for
submission. I carried out all the laboratory work, data analyses and writing of drafts. Coauthors for all the manuscripts provided various levels of advice and discussion on drafts.
Some data used in Chapter 4 were provided by Leo Joseph at the Australian National
Wildlife Collection (ANWC), Greg Adcock at the University of Canberra (UC), and Faye
Lux and Julian Reid at the Australian National University (ANU).

v

Table of Contents
Abstract

...................................................................................

i

Acknowledgements

...................................................................................

iii

Introduction

...................................................................................

1

Chapter 1

Eocene diversification of crown group rails (Aves:

Chapter 2

Gruiformes: Rallidae) ................................................

16

Abstract ......................................................................

17

Introduction ................................................................

18

Materials and Methods...............................................

20

Results ........................................................................

26

Discussion ..................................................................

29

Acknowledgments .....................................................

33

References ..................................................................

34

Supplementary material .............................................

43

Deep global evolutionary radiation in birds:
diversification and trait evolution in the

vi

cosmopolitan bird family Rallidae .............................

46

Abstract ......................................................................

47

Introduction ................................................................

48

Materials and Methods...............................................

50

Results ........................................................................

53

Discussion ..................................................................

61

Acknowledgments .....................................................

70

References ..................................................................

71

Supplementary material .............................................

78

Chapter 3

Chapter 4

Discussion

Dispersal and speciation in purple swamphens
(Rallidae: Porphyrio) .................................................

85

Abstract ......................................................................

86

Introduction ................................................................

87

Methods .....................................................................

89

Results ........................................................................

95

Discussion ..................................................................

102

Acknowledgments .....................................................

105

References ..................................................................

106

Supplementary material .............................................

114

Appendix ...................................................................

117

The role of gene flow in speciation from a
colonizing rail bird in Oceania...................................

118

Abstract ......................................................................

119

Introduction ................................................................

120

Materials and Methods...............................................

122

Results ........................................................................

128

Discussion ..................................................................

136

Acknowledgments .....................................................

140

References ..................................................................

141

Supplementary material .............................................

146

...................................................................................

153

vii

