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Shrews, Chromosomes and Speciation

The chromosome complement (karyotype) often differs between related

mammalian species (including humans versus chimpanzees), such that

evolutionary biologists muse whether chromosomal difference is a cause or a

consequence of speciation. The common shrew is an excellent model to

investigate this problem because of its many geographical races (potential

species) differing chromosomally, and its several sibling species (recently

speciated forms) that are also chromosomally different. This system is an

exceptional opportunity to investigate the role of chromosomes in speciation

and this volume reflects detailed research following these approaches. Highlights

include the demonstration that chromosomal rearrangements can be associated

with complete loss of gene flow and thus speciation, and that selection within

species hybrid zones may lead to de-speciation rather than speciation. This book

represents an extraordinarily detailed consideration of the role of chromosomes

in speciation in one astonishing species, providing insights to those interested in

mammalian diversity, chromosomal evolution and speciation.
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founded a series of triennial international meetings that continued for 21 years
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and has attempted to apply cytogenetic findings to biodiversity, systematic and

phylogenetic issues.
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This new Cambridge series addresses the interface between morphological and

molecular studies in living and extinct organisms. Areas of coverage include

evolutionary development, systematic biology, evolutionary patterns and

diversity, molecular systematics, evolutionary genetics, rates of evolution, new

approaches in vertebrate palaeontology, invertebrate palaeontology,

palaeobotany, and studies of evolutionary functional morphology. The series

invites proposals demonstrating innovative evolutionary approaches to the

study of extant and extinct organisms that include some aspect of both

morphological and molecular information. In recent years the conflict between

‘molecules vs. morphology’ has given way to more open consideration of both

sources of data from each side making this series especially timely.
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11 Is It Really the Chromosomes? 365

patrick basset, glenn yannic and jacques hausser

12 Further Divergence: the Role of Ecology and Behaviour 384

boris i. sheftel, natalia v. moraleva

and jacques hausser

13 Climate, Diversification and Refugia in the Common Shrew:
Evidence from the Fossil Record 407

p. david polly

14 Shrews, Chromosomes and Speciation 455

jeremy b. searle, jan zima and p. david polly

Index 463

Colour plate section found between pages 242 and 243

viii Table of Contents

www.cambridge.org/9781107011373
www.cambridge.org


Cambridge University Press
978-1-107-01137-3 — Shrews, Chromosomes and Speciation
Edited by Jeremy B. Searle , P. David Polly , Jan Zima 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Contributors

Anna A. Bannikova, Department of Vertebrate Zoology, Lomonosov Moscow

State University, Moscow, Russia

Patrick Basset, Forensic Genetics Unit, University Centre of Legal Medicine

Lausanne-Geneva, Lausanne, Switzerland

Larisa S. Biltueva, Institute of Molecular and Cellular Biology, Russian Academy of

Sciences, Novosibirsk, Russia

Pavel M. Borodin, Institute of Cytology and Genetics, Russian Academy of

Sciences, Novosibirsk, Russia

Nina S. Bulatova, A.N. Severtsov Institute of Ecology and Evolution, Russian

Academy of Sciences, Moscow, Russia

Włodzimierz Chętnicki, Institute of Biology, University of Białystok, Świerkowa,

Poland

Sara Churchfield, Department of Anatomy and Human Science, Kings College

London, London, UK

Stanisław Fedyk, Institute of Biology, University of Białystok, Świerkowa, Poland

Jacques Hausser, Department of Ecology and Evolution, University of Lausanne,

Lausanne, Switzerland

Agnès Horn, Department of Ecology and Evolution, University of Lausanne,

Lausanne, Switzerland

Alina Mishta, I.I. Schmalhausen Institute of Zoology, National Academy of

Sciences of Ukraine, Kiev, Ukraine

Natalia V. Moraleva, A.N. Severtsov Institute of Ecology and Evolution, Russian

Academy of Sciences, Moscow, Russia

Svetlana V. Pavlova, A.N. Severtsov Institute of Ecology and Evolution, Russian

Academy of Sciences, Moscow, Russia

www.cambridge.org/9781107011373
www.cambridge.org


Cambridge University Press
978-1-107-01137-3 — Shrews, Chromosomes and Speciation
Edited by Jeremy B. Searle , P. David Polly , Jan Zima 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

P. David Polly, Department of Earth and Atmospheric Sciences, Indiana

University, Bloomington, IN, USA

Jeremy B. Searle, Department of Ecology and Evolutionary Biology, Cornell

University, Ithaca, NY, USA

Nikolay A. Shchipanov, A.N. Severtsov Institute of Ecology and Evolution,

Russian Academy of Sciences, Moscow, Russia

Boris I. Sheftel, A.N. Severtsov Institute of Ecology and Evolution, Russian

Academy of Sciences, Moscow, Russia

Susan Thaw, Department of Biology, University of York, York, UK

Anna A. Torgasheva, Institute of Cytology and Genetics, Russian Academy of

Sciences, Novosibirsk, Russia

Thomas A. White, Lancaster Environment Centre, Lancaster University,

Lancaster, UK

Jan M. Wójcik, Mammal Research Institute, Polish Academy of Sciences,

Białowieża, Poland

Glenn Yannic, Laboratory of Alpine Ecology, University Savoie Mont Blanc, Le

Bourget Du Lac, France

Natalia S. Zhdanova, Institute of Cytology and Genetics, Russian Academy of

Sciences, Novosibirsk, Russia

Jan Zima, Institute of Vertebrate Biology, Czech Academy of Sciences, Brno,

Czech Republic

x Contributors

www.cambridge.org/9781107011373
www.cambridge.org


Cambridge University Press
978-1-107-01137-3 — Shrews, Chromosomes and Speciation
Edited by Jeremy B. Searle , P. David Polly , Jan Zima 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press

Preface

From the earliest studies of chromosome complements (karyotypes) of
animals and plants, it has been found repeatedly that closely related taxa differ in
numbers of chromosomes and the morphologies of those chromosomes. Even
early researchers realised that this need not be a coincidence, and that karyotypes
could be implicated in speciation. Case studies and mechanisms were argued in a
variety of seminal papers, such as Winge (1917; The chromosomes: their
numbers and general importance), Müntzing (1930; Outlines to a genetic
monograph of the genus Galeopsis), Painter and Stone (1935; Chromosome
fusion and speciation in Drosophilae) and Wright (1941; On the probability of
fixation of reciprocal translocations). Cytotaxonomic studies continued and
come the 1970s a remarkable set of books synthesised the considerable know-
ledge that had accrued by that time: Chromosomal Evolution in Higher Plants

(Stebbins, 1971), Plant Speciation (Grant, 1971), Animal Cytology and Evolution

(White, 1973), Cytotaxonomy and Vertebrate Evolution (Chiarelli and Capanna,
1973),Mammalian Karyosystematics (Orlov, 1974) andModes of Speciation (White,
1978). These books influenced the whole field of evolutionary biology, and really
are the bedrock of our understanding of chromosomal evolution and the role of
chromosomes in speciation. Methodical approaches to mammalian cytology
were more complicated compared with plants and other animals (particularly
Drosophila), but once they took off in the 1950s, mammals provided some of the
iconic examples of extreme rapid karyotype evolution of the sort that may have a
relevance to speciation, such as the Indian muntjac (Wurster and Benirschke,
1970; Indian muntjac, Muntiacus muntjak: a deer with low diploid chromosome
number) and the Poschiavo mouse [Gropp et al., 1969; Chromosomenuntersu-
chungenbei der Tabakmaus (M. poschiavinus) und bei Tabakmaus-Hybriden]. It
is interesting that it was in the same period of frenetic activity of cytotaxonomy
that the one existing monograph about the chromosomes of one species of
mammal was published: T. H. Yosida’s (1980) Cytogenetics of the Black Rat:

Karyotype Evolution and Species Differentiation.
Now, nearly 40 years later, we have produced the second such monograph, on

another small mammal, the common shrew Sorex araneus. Without belittling
what Yosida achieved, which was considerable, comparing his volume with ours
is like comparing night and day. Evolutionary biology has moved on so much
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since 1980. Chromosome variation can now be evaluated in the rich context of
speciation theory that has developed since Yosida, including a detailed under-
standing of the processes that occur within hybrid zones and radical new
perspectives on the roles that chromosomes may play in speciation (e.g. Riese-
berg, 2001; Chromosomal rearrangements and speciation). The range of genetic
markers available to study gene flow and colonisation history is hugely expanded.
The study of phenotypes that may be influenced by such gene flow and colonisa-
tion history has also moved on, with the new field of geometric morphometrics.
The cytological methods to study chromosomal structures and phases of meiosis
are massively more sophisticated than they used to be. And so on. All these
improvements have been applied to the common shrew. Furthermore, the
understanding synthesised in this book reflects the dedication of many research-
ers, not just one. We are reviewing substantial sets of data accumulated by many
individuals over the course of more than four decades. This book thus represents
a major update on the state-of-the-art developments since Yosida concerning
the role of chromosomal variation in differentiation within a species and in
speciation. It provides up-to-date, considered reviews of the best studied wild
mammal in terms of chromosomal variation and its consequences. Evolutionary
biology has thrived due to detailed studies of single species or groups of closely
related species, and we believe that our book will be of interest to the large
community of evolutionary biologists working on speciation and the racial
subdivision of species and hybrid zones, and as a resource for those teaching
these subjects at the university level. Also, cytogeneticists of all persuasions will
find this system a fascinating example of the impact that chromosomal
rearrangements can have in the natural world. And for mammal biologists,
shrews are not high on the charisma scale, but they should be!
The researchers who, through enormous dedication over recent years, have

done the bulk of the work on chromosomal variation in the common shrew, have
been an extraordinarily close-knit community and this has benefitted the pro-
duction of this book. Over a 21-year period there were eight regularly spaced
meetings of shrew chromosome researchers, which moulded our understanding
of chromosome variation in shrews – not through competitive interactions, but
through many, many cooperative ventures and friendships where everybody
encouraged and fostered everybody else. It was at the last of those shrew
chromosome meetings in 2008 in York, UK, that the idea of a book was
suggested. Now, 10 years on, and after much scholarly work, the book is
completed and published. We are first and foremost grateful to the authors for
this effort, and the way that they have made their chapters as comprehensive,
balanced and interesting as possible. We are grateful for their patience and their
continued dedication to the project at all times. Taking all the chapters together,

xii Preface
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the book covers a very large amount of ground and provides an extraordinarily
detailed picture of the consequences of chromosomal variation in the common
shrew, and its role in speciation. As well as writing their own chapters, the
authors have advised on other people’s chapters, and that service has been much
appreciated. Nina Bulatova, Svetlana Pavlova and Jacques Hausser have been
particularly supportive and encouraging throughout, and Jacques deserves special
thanks for his wonderfully witty and apposite cartoons throughout the book. As
well as thanking the authors, we are very grateful to the staff at Cambridge
University Press for their patience and friendly help at all times. They have been
a superb support. Finally, we would like to express our sadness that Gregg
Gunnell (series editor) and Włodzimierz Chętnicki and Natalia Moraleva
(authors) are not able to see the published version of the book, because they
died before its completion – we miss them.

Preface xiii
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