PREFACE

Coevolution is a hot topic. Over the past decade the number of
papers on coevolution has increased by an order of magnitude. Research
on coevolution is diverse, ranging from mathematical modeling, to experi-
mental evolution studies, to cophylogenetic reconstruction. In this book we
provide an introduction to coevolution in both microevolutionary (ecologi-
«cal) and macroevolutionary (historical) time. We emphasize the integration
of cophylogenetic, comparative, and experimental approaches in testing
eoevolutionary hypotheses. The overriding question is “how do ecological
~ imteractions influence patterns of codiversification?”

The book is limited to the coevolution of interacting species. The term
eoevolution is sometimes used to describe antagonistic evolution between
- semes within species, or the evolution of molecular interactions, such as
~ those between RNA codons and anticodons. There is even a body of litera-
sure devoted to the coevolution of genes and culture. We address none of
- these. Rather, we restrict our attention to the coevolution of interactions
Between species, particularly those involving external parasites that live on
Bests (rather than in them).
~ External parasites are a diverse assemblage of organisms, ranging from
yorous insects on plants, to monogenean worms on fish, to mites on
=cts, to feather lice on birds. Ectoparasites are great models for studies
eoevolution. They are relatively easy to observe, mark, and count. They
be eliminated to generate “clean” hosts for experiments, and they can
transferred between host individuals, populations, and species. Some
s of host defense, such as grooming behavior, can be experimentally
ated to test the consequences of suboptimal defense on host fit-
Members of ectoparasite communities can be added to hosts in dif-
combinations to study competitive interactions between parasites
share hosts.
=cent work in coevolutionary biology has been successful in demon-
g coadaptation between species in response to reciprocal selection.
few studies have tested the influence of coadaptation on diver-
son of interacting taxa. Short of inventing time travel, unraveling the
‘ different ecological factors in long-term macroevolutionary patterns

: serious challenge. However, we review attempts to do just this, some
sch have met with moderate success. Many of our examples involve
ic lice of birds and mammals, which represent unusually tractable
s for studies seeking to integrate ecology and history.
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Lice are “permanent” parasites that pass all stages of their life cycle on
the body of the host. They are closely associated with hosts in both mi-
cro- and macroevolutionary time. Some lice cospeciate with hosts, yielding
congruent host-parasite phylogenies. Other lice do not cospeciate with
hosts, and there is little or no concordance between their phylogenies. This
variation in cophylogenetic history within a single order of insects is use-
ful; it allows the exploration of ecological factors underlying very different
macroevolutionary patterns without having to compare apples and oranges.
By themselves, congruent phylogenies are not evidence for coadaptation;
however, they are powerful frameworks for studies of coadaptation, as we
illustrate in this book.

Although we frequently turn to lice, we also cover studies of plants, but-
terflies, moths, beetles, ants, fungi, wasps, bacteria, and other groups of
coevolving organisms. In addition to coadaptive processes and cophyloge-
netic patterns, we consider factors that influence parasite dispersal and
population structure, which are lynchpins between micro- and macroevo-
lution. Rates of dispersal are central to evolutionary processes such as gene
flow and random genetic drift. Dispersal arranges individuals and species
into new interactions, altering selective regimes and the fitness landscape,
as summarized by the geographic mosaic theory of coevolution. The ab-
sence of dispersal can reinforce interactions, even over long periods of time.
Acting together, selection and dispersal provide much of the ecological con-
text for host-parasite codiversification.

Studies of coevolution are often restricted to a single group of parasites,
even though parasites seldom live in isolation. Indeed, many hosts support
very diverse communities of parasites. Competitive interactions between
these parasites can lead to character displacement and other forms of co-
adaptation between parasites. We show how interspecific competition in
lice has fundamental effects on host use and diversification. We also show
that broader community interactions, such as the phoretic dispersal of
specialist parasites on generalist parasites, influence patterns of codiver-
sification.

A major goal of this book is to illustrate how cophylogenetic, compar-
ative, and experimental approaches can be integrated to demonstrate the
influence of complex selective interactions on diversification. Reciprocal
selection and coadaptation influence the codiversification of parasites and
hosts, and the coadaptive radiation of parasites on hosts. Unfortunately,
coevolutionary biology has a good deal of arcane terminology—enough to
frighten even the most seasoned evolutionary biologist. We have therefore
taken care to define the terminology we use, and to prepare figures illustrat-
ing relationships among different coevolutionary concepts and processes.
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The book begins with an overview of the basic principles of coevolu-
tionary biology, including both micro- and macroevolutionary approaches
{chapter 1). In chapter 2 we provide an overview of the biology of lice, and
in chapter 3 we survey the effects of lice on their hosts. Chapters 4-6 focus
on coadaptive interactions in microevolutionary time. Chapter 4 reviews
adaptations that mammals and birds have evolved to resist lice and other
ectoparasites. Chapter 5 outlines counter-adaptations that lice have evolved
fo circumvent these host defenses. Chapter 6 reviews parasite competition,
and the role of competition in the coadaptation of different species of lice
that share hosts. Chapters 7 and 8 concern dispersal and population struc-
fure, initiating a transition from micro- to macroevolutionary time.

In chapters 9-12 we review patterns of codiversification between ectopar-
 asites and their hosts, and the influence of different ecological parameters
on these patterns. Chapter g explores the influence of cospeciation, host
switching, and other processes on macroevolutionary patterns of associa-
Son. In chapter 10 we consider the role of ecological factors, such as host

- resistance and parasite competition, in the dissimilar cophylogenetic his-
- tories of different groups of lice and their hosts. In chapter 11 we review the
- imfluence of coadaptation on the diversification of lice within single host
species, and across multiple host species. Finally, in chapter 12 we explore
- the relationship of coadaptation to codiversification across a wider range of
eoevolving systems. We emphasize the need for more studies that integrate
~ eoadaptation and codiversification.

- * x

- Much of the work described in this book was carried out by a series of
sutstanding students and postdocs with whom we have had the privilege
of working. These talented people are the lifeblood of productive labs, in-
wiading ours. We are extremely grateful to the following individuals, whose
work is represented herein: Richard Adams, Heidi Campbell, Devin Drown,
- Bradley Goates, Chris Harbison, Dukgun Kim, Jennifer Koop, Patricia Lee,
Ja=l Malenke, Brett Moyer, Vincent Smith, Wendy Smith, David Reed, Daniel
mpkins, Scott Villa, Jessica Waite, Bruno Walther, and Jason Weckstein.
are particularly grateful to Scott Villa for allowing us to use unpublished
2 from his ongoing thesis work.

We also wish to thank the following current members of our labs, whose
aments improved the book: Julie Allen, Andrew Bartlow, Therese Can-
ach, Emily Diblasi, Daniel Gustafsson, Sarah Knutie, Sabrina McNew,
3 Scott Villa. We are grateful to two anonymous reviewers, one of whom
ided a 12-page single-spaced review of an early draft of the book. The
iments of these reviewers, and those of series editor John Thompson,
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improved the book immeasurably. We are grateful to Mary Corrado for out-
standing copyediting.

We thank the following colleagues for discussions related to various
aspects of the book: Anurag Agrawal, Craig Benkman, Seth Bordenstein,
Gerald Borgia, Butch Brodie III, Judie Bronstein, Stephen Cameron, Lissy
Coley, Colin Dale, Jim Demastes, Hector Douglas, Lance Durden, Doug
Futuyma, Franz Goller, Mark Hafner, Tom Kursar, Jessica Light, Jeb Owen,
Rod Page, Ricardo Palma, Tom Parchman, Town Peterson, Roger Price,
Heather Proctor, Ben Roberts, Mike Shapiro, Doug Schemske, Bruce Smith,
Vincent Smith, Jason Weckstein, Kazunori Yoshizawa, and others who we
have undoubtedly forgotten to mention (and to whom we apologize!). We
thank Noah Whiteman and the Department of Ecology and Evolutionary
Biology, University of Arizona, for sponsoring a mini-sabbatical for D. H. C.
and S. E. B. in 2011, during which work on the book was initiated.

We are grateful to the following individuals for help acquiring figures
and/or permission to use them: Jacquie Greff (Tonal Vision), Paul Weldon,
and Koichiro Zamma. We thank Martin Turner for allowing us to use his
spectacular scanning electron micrographs (SEMs) of lice. We are grateful
to Karen Zundel for many forms of assistance, including tracking down
obscure literature and help with the Literature Cited section. We thank
Lynette and James White for providing an ideal writing retreat. We thank
our families and friends for long-suffering patience over the years that we
worked on the book.

We thank the staff of the University of Chicago Press, beginning with the
late Susan Abrams, who frequently shared her love of books with D. H. C.
when he was a graduate student at Chicago. We are extremely grateful to
editor Christie Henry for her sensible advice and endless supply of patience
and enthusiasm. We thank John Thompson for gentle guidance: “Do you
really think you can get it done in a year?”

Finally, we are grateful to the National Science Foundation for uninter-
rupted funding of our work over many years, including an NSF-OPUS (Op-
portunities for Promoting Understanding through Synthesis) grant support-
ing the preparation of this volume.
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