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What determines the direction of evolutionary change?

This book provides a revolutionary answer to this question.

Many biologists, from Darwin’s day to our own, have been satisfied

with the answer, ‘natural selection’. Professor Wallace Arthur is not.

He takes the controversial view that biases in the ways that embryos

can be altered are just as important as natural selection in

determining the directions that evolution has taken, including the

one that led to the origin of humans. This argument forms the core

of the book. However, in addition, the book summarizes other

important issues relating to how embryonic, and post-embryonic,

development evolves.

Written in an easy, conversational style, this is the first book

for students and the general reader that provides an account of the

exciting new field of evolutionary developmental biology (‘evo-devo’

to its proponents).

wallace arthur is in the Department of Zoology at the National

University of Ireland, Galway. He is the author of six previous books.

www.cambridge.org/9780521541619
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-54161-9 — Biased Embryos and Evolution
Wallace Arthur
Frontmatter
More Information

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

Biased Embryos and
Evolution

wallace arthur

Professor of Zoology
National University of Ireland, Galway

www.cambridge.org/9780521541619
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-54161-9 — Biased Embryos and Evolution
Wallace Arthur
Frontmatter
More Information

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

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi – 110025, India

103 Penang Road, #05–06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of Cambridge University Press & Assessment, 
a department of the University of Cambridge.

We share the University’s mission to contribute to society through the pursuit of 
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9780521541619

© Wallace Arthur 2004

This publication is in copyright. Subject to statutory exception and to the provisions
of relevant collective licensing agreements, no reproduction of any part may take 
place without the written permission of Cambridge University Press & Assessment.

First published 2004

A catalogue record for this publication is available from the British Library

Library of Congress Cataloging-in-Publication data

Arthur, Wallace.
Biased embryos and evolution / by Wallace Arthur.

p. cm.
Includes bibliographical references (p. ) and index.
ISBN 0 521 83382 5 – ISBN 0 521 54161 1 (pbk.)
1. Developmental biology. 2. Embryos. 3. Evolution (Biology) I. Title.
QH491.A768 2003
571.8 – dc22 2003062621

ISBN   978-0-521-54161-9   Paperback

Cambridge University Press & Assessment has no responsibility for the persistence
or accuracy of URLs for external or third-party internet websites referred to in this 
publication and does not guarantee that any content on such websites is, or will 
remain, accurate or appropriate.

www.cambridge.org/9780521541619
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-54161-9 — Biased Embryos and Evolution
Wallace Arthur
Frontmatter
More Information

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

Stephen Jay Gould once said that the most noble word of all

human speech is ‘teacher’. In the spirit of that remark,

I dedicate this book to all of my teachers across the years, and

in particular: my mother, my father (in memoriam), Amyan

Macfadyen, Bryan Clarke, Alec Panchen, and, during an

all-too-brief period of sabbatical leave spent at Harvard in

1987, SJG himself. I thank you all.
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Preface

The processes of life work at many different speeds. Some occur

swiftly, others require millions of years; some recur in a cyclical

manner, others are historically unique. The two great processes of

biological creation are embryological development and organic

evolution. Development fits into the rapidly recurring category,

while evolution fits into the complementary category of the unique

and time-extended.

However, in the world of life, always beware of

generalizations. It is science’s duty, and its pleasure, to attempt

them; but they are often wrong or, at the very least, subject to some

ifs, buts, and exceptions. It takes a long time to develop a blue whale

or a Californian redwood from a fertilized egg. That space of years is

more than enough for a microbe with a generation time of half an

hour to evolve resistance to penicillin. So the developmental and

evolutionary timescales overlap, but not by much.

Both of the two great processes of biological creation have

their historical heroes, though those of evolution tend to be better

known than those of development. Darwin and Wallace spring more

readily to most layminds than Fabricius or Roux. The heroes of

genetics are important too, as genes underlie both processes; so we

are also indebted to Mendel, Watson and Crick.

But I am more concerned here with the present and the future

than with the past. For a quiet revolution is beginning in biology,

and as yet its heroes are relatively unsung. While studies on

development and on evolution were carried out in relative isolation

for most of the twentieth century, today there is a thrust towards

synthesis. A new interdisciplinary field is emerging, which goes by
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x preface

the odd shorthand name of ‘evo-devo’, largely because its full title –

Evolutionary Developmental Biology – is rather cumbersome.

How can the small and rapid be productively united in a

conceptual way with the grand and slow? What do embryos tell us

about evolution, or vice versa? Is this a great leap for biology or just

another step? These are the questions I try to answer herein.

Some of the answers that I give to these and related questions

are the same as those that most other biologists would give. Here,

we are in the realm of well-established ‘facts’. But some of my other

answers are new and/or controversial. In particular, the core of the

book deals with a single, controversial question of the utmost

importance: do biases in the ways in which embryos and other

developmental stages can be modified provide a sort of internal

‘direction-finder’ to the process of evolution that interacts with its

external equivalent, namely natural selection? This question first

arises in Chapter 2, and is explored in detail in Chapters 7, 8 and 9.

Its ramifications are considered later, especially in Chapters 16

and 17.

It is this core question – and my proposed answer of ‘yes’ to it –

that gives the book its name. But notice that a complication has

already crept in here in the form of ‘other developmental stages’.

The idea of biased developmental variation extends beyond the

embryo, to all post-embryonic stages. So I have undersold myself in

the title; but then again ‘Biased embryos, larvae, juveniles,

adolescents, etc.’ lacks a certain style.

It is more conventional to put forward new scientific ideas in

the specialist literature. And indeed I have given technical accounts

of developmental bias and the other controversial ideas discussed

herein in the appropriate biological journals. But I couldn’t resist the

challenge of trying to make these important ideas accessible to a

wider audience, which is the aim of this book. I have written it in a

way that I hope will maximize my chances of achieving this aim. So

there are no Latinized species names, no mathematical models, and

only minimal genetics. The book is short; so are most of the
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preface xi

individual chapters. The writing style is casual. I have written the

text as if it were a conversation. There is no stale scientific passive,

which is increasingly out of favour anyhow. I have also thrown in a

few anecdotes about my own life, where these help to introduce a

particular topic in a reader-friendly way. I have avoided jargon

wherever possible, but have included a Glossary to cover things that

I don’t think of as jargon but you might.

So I hope that the book will be accessible to biologists and

non-biologists alike, though the former may wish to ‘fast-forward’

through some of the introductory material (in particular,

developmental biologists may wish to skip Chapter 4 and

evolutionary biologists Chapter 5). Equally, I hope the book will be

accessible to everyone from first-year undergraduates (in any subject)

through to emeritus professors. Not just accessible, but interesting

too, and perhaps, in just a few places, awe-inspiring. If new ideas

about the relationship between the two great processes of biological

creation cannot inspire awe, what can?
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