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Current position
Director, Biomathematics Research Centre, University of Canterbury (1998-present).

Professor of Mathematics, University of Canterbury (since 2002).

Education

PhD in Mathematics Massey University (1989).

Dip. Journalism, University of Canterbury (1985).

MSc (Distinction) in Mathematics, University of Canterbury (1983).
B.Sc.(Hons I) in Mathematics, University of Canterbury (1982).

Honors, Awards and Distinctions

2017 Marsden Fund grant (2017-2019: NZ$650,000)

2014 Promoted to Distinguished Professor

2014 Awarded University of Canterbury annual Research Award

2014 3-year NSF research grant (jointly with Michael Sanderson and Alexis Stammatakis).
2012 Marsden Fund grant (also grants in 1994, 1997, 2000, 2003, 2006, 2009)

2010 Awarded James Cook Fellowship by the Royal Society of New Zealand

2009-2015 Deputy Director of the Allan Wilson Centre (a NZ- government
funded Centre of Research Excellence)

2008 Awarded annual Research Award College of Engineering, University of
Canterbury

2007 Isaac Newton Institute for Mathematical Sciences program co-organiser
2004 Awarded Maclaurin Fellowship (NZIMA)

2003 Elected Fellow of the Royal Society of New Zealand.

2002 Founding PI of the Allan Wilson Centre for Molecular Ecology

and Evolution.

2001 Re-appointed for three years as a programme associate of the

Canadian Institute for Advanced Research (Evolutionary Biology)

2000 Appointed as Associate Editor for Systematic Biology (-2006).



Publication Record

Refereed Journal Articles: 245

Books (edited and co-authored): 3

Book chapters: 6

h-index (Google Scholar, 23/11/2017): 61
Citations (Google Scholar, 23/11/2017): >14,000

Research Interests

Mathematical biology, particularly phylogenetics, molecular evolution, origin
of life, speciation and extinction and biodiversity conservation. Applications of
probability theory and discrete mathematics in biology, philosophy of science,
and systems chemistry.

Professional Service:
Associate editor Bulletin of Mathematical Biology (since 2012-present)

Elected to the council of the Society for Systematic Biology (2012-2015)

Editorial board member of Algorithms in Molecular Biology, and Evolutionary
Bioinformatics

Co-organiser of numerous international workshops and conferences, including a 2017

meeting in BIRS institute in Banff, a 2014 conference on computational models in

evolution at the Simons Institute (UC Berkeley) and a 4-month phylogenetics

programme at the Isaac Newton Institute in Cambridge UK (Sept-Dec. 2007).

Keynote speaker at numerous meetings, including a phylogenetics summer school
and conference in Barcelona (June-July 2017), and in Leipzig (August 2013),
principal lecturer at the NSF-CBMS phylogenetics lecture series at Winthrop (USA)
in July 2014, and at phylogenetic meetings in Singapore and Australia in 2015.

Panelist for the NZ Marsden Fund (2002, 2004, 2005) and PBRF panel (equivalent of
RAE/NSF panel) in 2006. Panelist for Royal Society of NZ awards and new fellows.

Reviewer for ~15 papers each year.



Research Statement

I am an applied mathematician, with a leading international reputation in mathematical
biology (particularly molecular genetics and evolution), statistical modelling in biology
and some foundational work in applied probability.

My research develops and applies new approaches to fundamental questions in
evolutionary biology, based on combinatorial, stochastic and algorithmic techniques,
and other approaches (e.g. differential equation or algebraic methods). I publish
technical papers in the mainstream mathematics statistics and computer science
literature, as well as applied papers in biology journals, and in other disciplines (e.g.
philosophy of science).

Some of my recent discoveries, over the last decade have included:

e Developing new techniques for extracting evolutionary relationships from
species under more realistic models of DNA evolution. A recent paper provides
an explanation of why evolutionary rates appear to ‘slow down’ with time and
lead to estimated ancestral dates that disagree with fossils (published in
Molecular Biology and Evolution).

e A series of papers that have developed a new mathematical treatment of
autocatalysis, which is relevant to the unsolved ‘Origin of Life’ problem. This
work involved extensive use of super computing and is now being cited and
applied by leaders in the origin-of-life field (such as W. Martin, E. Szathmary, S.
Kauffman, N. Lehman and others).

e Developing new techniques for dealing with patchy taxon coverage and lateral
gene transfer (with Michael Sanderson’s group in Arizona) including in a recent
paper published in Science.

e Unexpected new results concerning ancestral state reconstruction (with Olivier
Gascuel), published in the Systematic Biology.

e Results that overturned a much-cited Science paper by showing that the expected
biodiversity loss due to current extinction is likely to be much higher than
previously suggested.

e A detailed mathematical analysis of speciation and extinction models (with
Mooers, Stadler and Lambert). One surprise of this work is that the expected
length of edges under most models turns out to be around 50% of what had
previously been supposed.

e Development of new algorithms for analysing phylogenetic networks, including
the first exact analysis of a model of lateral gene transfers, published in 2014. A
related project let to a published paper in the high-impact journal Proc. Natl.
Acad. Sci. USA in 2012.

¢ A novel mathematical analysis of the ‘Noah's Ark’ optimization problem in
biodiversity conservation. Our published algorithms have been developed further
by others and included in biodiversity software (e.g. the Tuatara software
developed at UBC, Vancouver Canada).

e Foundational new work on the nature of causality and information loss (with
Elliott Sober) published in the prestigious British Journal for the Philosophy of
Science (2013) and Philosophy of Science in 2014.

Highlights in my earlier work (more than 10 years ago) including developing new
methods that explained why molecular genetic data was at variance with the fossil
record (in a paper that has been cited 960 times), and establishing deep and unexpected
links between apparently very different methods for inferring evolutionary trees (a result
that the noted philosopher of biology, Prof. Elliott Sober described as having ‘great
significance’ (Monist, 85(1)).



Research Output: I have more that 240 refereed publications, in peer-reviewed
international journals (mostly A or A* rated by the Australian Research Council) and as
book chapters, and which range across a range of disciplines: mathematics, systematic
and molecular biology, theoretical biology, systems chemistry, and philosophy of
science. I also publish periodically in high-impact science journals, including in the last
few years: Science, Proceedings of the National Academy of Sciences USA, and a 'news
and views' article in Nature. 1 have co-authored two academic books, both published by
Oxford University Press, one of which has been cited >1000 times in other publications.

Research Impact: My current h-index is currently 61, with >12,000 citations in total
(>5000 since 2012) [Google Scholar, 23 Nov. 2017]. For each of the last 12 years I have
had between 720 and 960 citations per year to my work.

Research grants: My research has attracted considerable external funding from the
Marsden Fund, the NZ Government’s CoRE program, and other agencies (e.g. NSF).

I have been successful in 8 out of 10 Marsden Fund applications (thereby securing
almost continuous funding since this fund was established 23 years ago), the most recent
being the ‘Combinatorics of Reticulate Evolution’ project ($650,000; 2017—2019).
This grant was in addition to 12 years of funding from the Allan Wilson Centre, which
attracts 0.3 FTE to UC each year (plus research funds for projects and students) in my
dual role as a principal investigator (PI) and (since 2008) Deputy Director. The Allan
Wilson Centre (AWC) was a government-funded “Centre of Research Excellence”
(CoRE). I also was awarded a RSNZ James Cook Fellowship and an NZIMA ‘McLaurin
Fellowship’ in the last decade.

In 2014, T was one of four PIs in a successful 3-year research project, Terraces, Large
Trees and Trait Evolution, funded by the US-based National Science Foundation (NSF),
worth $US695,000 over three years. The NSF panel summary recognized the
significance of this work for systematic biology by stating that “there is a potentially
huge impact on the field.”

My recent work on mathematical modeling in origin of life research has led to
invitations to present my work at numerous conferences and institutions, including
College de France (2013), UC Berkeley (2014), Simons Institute (2014), and the Max
Plank Institute for Mathematics in the Sciences (July 2017).

Many of my graduate students and postdocs are now established researchers in the field
of phylogenetics; these include: Professor David Bryant (Otago), Professor Tanja
Stadler (KTH Zurich), Professor Mareike Fischer (Greifswald University), Professor
Leo van Iersel (Delft University), Dr Erick Matson (Fred Hutchinson research Centre).

Proposing challenges for the field: I actively put forth ‘conjectures’ as
challenges for the international community. In 2009, leading probability theorists
from UC Berkeley and MIT solved a particular difficult one (described as a
“striking” conjecture by Roch et al 2010) in a 41-page paper titled “Evolutionary
trees and the Ising model on the Bethe lattice: a proof of Steel’s conjecture”. It
stated “Steel’s insightful conjecture suggests that there are deep connections
between the reconstruction problem and phylogenetic reconstruction.” This result
alone has led to many new (and ongoing) developments.
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