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Apparently several cladists regard their dendrograms as final
scientific achievements, but what precisely must the

taxonomists do with them — frame them to hang them on the
wall? [A. D. Meeuse]




iv

Contents
Acknowledgments. ... ......... ... ... X
Abstract. . . ... ... xii
Introduction
AGuidetotheThesis. .. ....................... 1-2
Prospect. . ... ... ... ... ... 1-5
References. . ... ............. ... .00, . 1-7

New Zealand and the New Biogeography

Of Flies and Phylogenetics. . . .. ................. 2=3
Croizat and the Poverty of Biogeography . . . .......... 2-6
The New YorkSchool. . . ....................... 2-9

The False Opposition Between

"Vicariance" and "Dispersal”. . . .. ................ 2-12
New Developments in New Zealand . . . ............ 2-13
Geology and Geomorphology . . ... ............... 2-16
ETOETREIE . s v svv iy ot o DBk u B R s 4 2-20
Acknowledgments. ... ....................... 2-20
References. . ......... ... ... ... ... ...... 2-21

Tracks and Trees in the Antipodes:
A Reply to Humphries and Seberg
Tracks and Spanningtrees. . .. ................... 3-3
Tracksand Parsimony . . ................... 3-4
Croizat Did Draw Minimal

SpanningTrees. . ....................... 3-6




Relationships or Proximity?. .. .............. 3-8
Cliques and Component Analysis. . . ............... 3-9
Nelson’s Consensus Method
IsaCliqueMethod. ..................... 3-10
AWorkedExample. . .................... 3-11
The Relationship Between
Biogeography and Systematics. . .. ............... 3-15
The FicusExample. . . ................... 3-17
ACladisticVersion. . . ................... 3-18

Coevolution as a

Model for Biogeography . . . ... ............. 3-19
An Alternative.View ..................... 321
Conclusion. .. ............. ... ... ......... 3-22
Acknowledgments. . .. ....................... 3-23
References. . ... ....... .. ... ... ........... 3-24

4. Quantitative Cladistic Biogeography:
Constructing and Comparing Area Cladograms
Constructing Area Cladograms. . . . ............... 4-2
TheProblem. .......................... 4-3

Confusion about

Componentsand Consensus . . . .. ............ 4-5
MiSSING AYEBS.. « . cvv v vmisn s 5005 mbmbmens s 4-6
Widespread Taxa. . .. .................... 4-6

Do Assumptions 1 and 2

Discard Evidence from Characters?. . . ......... 4-8
Redundant Distributions . . . . .............. 4-10
Algorithms. . . ....... ... ... ... .. .. ... .n... 4-11
Measuresof Fit. . ... .................... 4-12




B:

vi

Pairwise Tree Similarity . . . . ............... 4-14
Generalizing Pairwise Distances. . ........... : S b

Comparing Multiple Equally

Parsimonious Area Cladograms. . ............ 4-17
Statistical Test. . . .................covuuuuo... 4-18
Why Biogeography Needs Statistics. . . ........ 4-18
NullHypotheses. . . ..................... 4-19
TestProtocol. . ........................ 4-20
General Area Cladograms . . . ... ................ 4-22
Implementation and Applications. . . .............. 4-23
Discussion. ................... . ........... 4-26
Acknowledgments. . ......................... 4-27
References. . .............................. 4-28
APPERAIX .« i« v vt i it S s e d e e s n 4-34
Algorithm for Assumption1. ............... 4-34
Algorithm for Assumption2. ... ............ 4-37

Comments on Component-Compatibility in

Historical Biogeography

The Rationale for Assumption2. ... ............... 5-2

Implementing Assumptions land2. . .............. 7
Constructing Area Cladograms . . . . ........... 5-8
Xiphophorus asanExample. . . ............... 59
PAUP and "Nelson’s Problem". . ............. 5-13

Explaining the "Unexplained Jumps". . . . ........... 5-15
Platnick’s Reanalysis of
Rosen'sData.......................... 5-16
A Statistical Digression. . ... .............. 517
What is Nelson’s Consensus Method?. . . .. ... .. 5-20




vii
Acknowledgments. . ... ...................... 5-24
References. . ......... ... ... .............. 5-25
Appendix. . . ... 5-29
Nelson Consensus Tree. . . ................ 5-29
Algorithm. . .............. ... ... ...... 5-30
6 Component Analysis: A Valiant Failure?
Making Area Cladograms . . . . ................... 6-2
Wiley’s Critique of Component Analysis. . ........... 6-4
What is Component Analysis?. ... ........... 6-5
MissingAreas. . ..........c0uiiinrennnnn. 6-6
Widespread Taxa. . .. .................... 6-8
Wagner Parsimony in Biogeography. . ............. 6-11
The Difference between
Rules and Algorithms . . ... ............... 6-11
Homoplasy in Wagner Trees . . . . ............ 6-13
Mapping Trees — an Alternative
Parsimony Criterion. . .. ...................... 6-16
Mapping Between Trees . . . ... ............. 6-17
Assumptionsland2..................... 6-20
Widespread Taxa. . .. ................... 6-20
Redundant Distributions . . . ., .............. 6-23
Implementation and Application. . ................ 6-25
Summary............. . 6-28
Acknowledgments. . ........... B2 oy e = MY 6-30
REFETOTIICE, v v wsm s 5 4025 Bmwon s 2 mimin s w1k & 9110 6-31
A COMPONENT: A MS DOS Program for Component Analysis
DACHVEHDIE . v g s 5 g5 tie 5 @ W5 2 v o s v e e & s 7-1
Peatures. . . ..ovicivnrnminnnommvsnnnsnsesnn. 7-2




9.

viii

What COMPONENT Doesn’t Do—Yet. .. ........... 7-4
Cladistics with Confidence: The Bootstrap Revisited

Confidence Intervalsfor Trees. . .. ................ 8-3
PracticalIssues. . . ... ................... ... .. 8-6
An Example —Kluge's Epicrates Data.. . . . ........... 8-9

Congruence. .................0........ 8-10

ConfidenceIntervals. . ................... 8-13
Summary. . ..., 8-18
REfCTENERE .« von 5 v« amt b o8k o b ¥ in o« s v womt B ot 8-19

Temporal Congruence and Cladistic Analysis

of Biogeography and Cospeciation

Temporal Congruence. . . .................. 9-4
Materialsand Methods . . . .. ................. ... 9-6
Overview. . ... ... .. ... ... . . . ... .. 9-6
Data....... ... ... . ... . ... 9-7
PArSITIONG 1 4. o o500 5 5 5158 ok v e @i o s 8 55 0 o 9-7
Test fora MolecularClock . . . . ............. 9-10
Phylogenetic Inferrence witha Clock . . . .. ... .. 9-12
Component Analysis. . ................... 9-13
RESUMS... . o s 4 dtvn s i dom tim s € B x x w5 s g 9-15
IsThereaClock?. ... .................... 9-15
Phylogenetic Estimates. . . ................. 9-20
Component Analysis. . ................... 9-24
Discussion. .................. S b e B S 9-34
Limitations of the Analysis. . . .............. 9-34
Temporal Congruence. . . ................. 9-36
Acknowledgments. . ... ................ ... ... 9-37
References. . .............................. 9-38




ix

Appendix9.2. .. ... ... ... ... .. 9-45
Appendices
L COMPONENT User’s Manual
1L Graphs and Generalized Tracks: Quantifying Croizat’s
Panbiogeography.




Acknowledgments

Brian McArdle happily took me on as a student, although he freely admitted
his ignorance of cladistics. It has become clear over the last four years that his
ignorance was rather less than he thought, while my ignorance was much
greater than I had ever imagined. I thank Brian for giving me both the
freedom and the facilities to follow whatever line of enquiry I chose.

Robin Craw’s 1978 essay '"Two biogeographical frameworks:
Implications for the biogeography of New Zealand" in Tuatara first kindled
my interest in biogeography. I thank Robin for his interest in this work, and
for some astute advice. I spent many a long lunchtime in the Senior Common
Room discussing biology and evolution with Russell Gray. The time was well
spent, and I thank Russell for challenging a closet empiricist to think about
process and theory. Professor Pat Bergquist gave Russell and I the
opportunity to teach an MSc course in systematics and biogeography for two
years. That experience was invaluable, and I thank the students who took the
course — although I fear I learnt more than they did.

The single most important event during my studies was my trip to the
United States. I am indebted to Joel Cracraft for the invitation to attend the
symposium on biogeography held at New Orleans, and I thank him and Dave
Ritchie of Tony’s Britannia Ltd for the financial assistance that made my
attendance possible. Contacts made on that trip have been invaluable. I
especially thank Gary Nelson and Norman Platnick for their continued

interest in my work. The editorial staff and reviewers of the journals Cladistics




xi

and Systematic Zoology improved much of the content of this thesis: in

particular I thank Jim Carpenter and Robert Zink.




xii

Abstract

This thesis develops a quantitative cladistic approach to panbiogeography.

Algorithms for constructing and comparing area cladograms are developed

and implemented in a computer program. Examples of the use of this

software are described.

)

)
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The principle results of this thesis are:

The description of algorithms for implementing Nelson and Platnick’s
(1981) methods for constructing area cladograms. These algorithms

have been incorporated into a computer program.

Zandee and Roos’ (1987) methods based on "component-compatibility"

are shown to be flawed.

Recent criticisms of Nelson and Platnick’s methods by E. O. Wiley are

rebutted.

A quantitative reanalysis of Hafner and Nadler’s (1988) allozyme data
for gophers and their parasitic lice illustrates the utility of information
on timing of speciation events in interpreting apparent incongruence

between host and parasite cladograms.
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In addition the thesis contains a survey of some current themes in
biogeography, a reply to criticisms of my earlier work on track analysis, and
an application of bootstrap and consensus methods to place confidence limits

on estimates of cladograms.






