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Introduction to Population Biology

How do plant and animal populations change genetically to evolve and adapt to their local
environments? How do populations grow and interact with one another through competition and
predation? How does behaviour influence ecology and evolution? This second edition of Dick
Neal’s unique textbook on population biology addresses these questions and offers a comprehensive
analysis of evolutionary theory in the areas of ecology, population genetics and behaviour. Taking a
quantitative and Darwinian perspective, Neal uses mathematical models to develop the basic theory
of population processes.

Key features to this edition include new chapters on inbreeding and species interactions and
community structure, a modified structure in Part II, more recent empirical examples to illustrate the
application of theoretical models to the world around us and end-of-chapter problems to help
students with self-assessment. A series of spreadsheet simulations has also been conveniently
located online for students to further improve their understanding of such models.

Dick Neal is Professor Emeritus at the University of Saskatchewan, Canada, having taught under-
graduate ecology for almost 40 years. His thesis on Uganda rodents was conducted at the Nuffield
Unit of Tropical Ecology in Uganda, and he continued this research on the breeding of African
rodents with sabbaticals in National Parks in Kenya (1974-5) and Zimbabwe (1987-8, 1990). Other
research areas have included the impacts of uranium mine effluent on aquatic ecosystems, effects on
the structure and function of plankton communities, and the bioremediation of contaminated pits.

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



www.cambridge.org/9781107605121
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-60512-1 — Introduction to Population Biology
Dick Neal

Frontmatter

More Information

. i X : A2 ( -2 re s '_‘H{_ J ?m‘
{ P " o . : e = B
Eoios - hi A, "

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



www.cambridge.org/9781107605121
www.cambridge.org

CAMBRIDGE

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

N, S—

Introduction to
Population
Biology

DICK NEAL

University of Saskatchewan, Canada

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



www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

CAMBRIDGE

UNIVERSITY PRESS

University Printing House, Cambridge CB2 8BS, UK

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

79 Anson Road, #06—04/06, Singapore 079906

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781107605121
DOL: 10.1017/9781139107976

© Cambridge University Press 2019

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.

First published 2019
Printed in the United Kingdom by TJ International Ltd, Padstow, Cornwall
A catalogue record for this publication is available from the British Library.

Library of Congress Cataloging-in-Publication Data

Names: Neal, Dick, 1943— author.

Title: Introduction to population biology / Dick Neal, University of Saskatchewan, Canada.

Description: Second edition. | Cambridge, United Kingdom ; New York, NY : Cambridge
University Press, 2019. | Includes bibliographical references and index.

Identifiers: LCCN 2018034209 | ISBN 9781107605121 (paperback : alk. paper)

Subjects: LCSH: Population biology.

Classification: LCC QH352 .N43 2019 | DDC 577.8/8—-dc23

LC record available at https://Iccn.loc.gov/2018034209

ISBN 978-1-107-60512-1 Paperback

Cambridge University Press 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.

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



www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

CONTENTS
A\
Preface page Xi
Acknowledgements Xiv
Part | Evolution by Natural Selection 1
1 Darwin Questions the Fixity of Species 3
1.1 Darwin’s Early Life and Education 3
1.2 The Earth’s Crust: Uniformitarian and Catastrophist Theories 5
1.3 The Voyage of the Beagle (1831-1836) 7
1.4 The Experts Provide the Key (1836—-1837) 13
2 Darwin's Evolutionary Theories 15
2.1 Darwin’s Development of Evolutionary Theories 15
2.2 On the Origin of Species 17
2.3 The Reaction to his Theories 26
3 Understanding Natural Selection 27
3.1 Incorporating Genetics into Darwin’s Theory 27
3.2 The Philosophy of Natural Selection 31
3.3 Is Natural Selection a Valid Scientific Theory? 31
3.4 The Argument from Design 32
3.5 Explaining the Seemingly Impossible 33
3.6 Conclusions 42
Part Il Population Growth Models 43
4 Exponential Growth 45
4.1 Introducing Density-Independent Growth 45
4.2 Developing the Geometric and Exponential Growth Models 46
4.3 Applying the Geometric and Exponential Growth Models 49
4.4 Simulating Exponential and Geometric Growth 51

@© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

vi Contents
4.5 Two Examples of Exponential Growth 51
4.6 Summary and Conclusions 54
4.7 Problems 54
5 Logistic Growth 56
5.1 The Logistic Growth Model 56
5.2 Simulating Logistic Growth 58
5.3 Time Lags 60
5.4 Varying the Carrying Capacity 61
5.5 Examples of Logistic Growth 63
5.6 Maximum Sustainable Yield 66
5.7 Summary and Conclusions 67
5.8 Problems 67
6 Life Tables 69
6.1 Developing a Life Table 69
6.2 Different Types of Life Tables 71
6.3 Comparison of Life Tables 80
6.4 Summary and Conclusions 81
7 Growth of Age-Structured and Stage-Structured Populations 82
7.1 Population Growth Rates in Age-Structured Populations 82
7.2 Analysing the Influence of Demographic Variables on Population Growth Rates 91
7.3 Analysing Stage-Classified Life Cycles 94
7.4 Summary and Conclusions 99
7.5 Problem 99
8 Evolution of Life Histories 100
8.1 Reproductive Value 101
8.2 Frequency of Reproduction: Semelparity Versus Iteroparity 104
8.3 Life Span and Aging 107
8.4 Senescence: Comparing Theory and Empirical Observations 115
8.5 Summary 122
Part Il Population Genetics and Evolution 123
9 The Hardy-Weinberg Principle 125
9.1 Terminology 125
9.2 Frequencies of Alleles, Genotypes and Phenotypes 126

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



www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

Contents vii

9.3 The Hardy—Weinberg Principle 127

9.4 Applying the Hardy—Weinberg Principle 129

9.5 Complications 133

9.6 Non-Random Mating 136

9.7 Summary and Conclusions 137

9.8 Problems 137

10 Mutation and the Genetic Variation of Populations 139
10.1 Gene Mutations 139

10.2 The Randomness of Mutations 141

10.3 Mutation Rates and Evolution 142

10.4 Genetic Variation of Populations 146

10.5 Mutation and Genetic Variation in Humans 152

10.6 Summary and Conclusions 155

11 Genetic Drift and Effective Population Size 156
11.1 Genetic Drift in Idealized Populations 157

11.2 Genetic Drift in a Biological Population 161

11.3 Effective Population Size 164

11.4 Examples of Genetic Drift in Nature 166

11.5 Summary and Conclusions 172

12 Inbreeding 173
12.1 Quantifying Inbreeding 174

12.2 Consequences of Inbreeding 178

12.3 Summary and Conclusions 182

13 Migration, Gene Flow and Differentiation of Populations 183
13.1 One-way Migration: the Continent—Island Model 184

13.2 Island Model 187

13.3 Stepping-Stone Model 188

13.4 Populations with Large Continuous Distributions 190

13.5 Quantifying Population Subdivision 193

13.6 Estimating Gene Flow 196

13.7 Summary and Conclusions 200

13.8 Problems 200

14 Haploid and Zygotic Selection 202
14.1 Defining Fitness and Selection 202

14.2 Selection in Action 203

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



www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

viii Contents

14.3 Modelling Haploid Selection

14.4 Conclusions About Haploid Selection
14.5 Zygotic Selection Models

14.6 Conclusions About Zygotic Selection

15 Applying Zygotic Selection Models to Natural Systems
15.1 Industrial Melanism
15.2 Sickle-Cell Anaemia
15.3 Eugenics
15.4 The Balance between Selection and Mutation
15.5 Summary and Conclusions
15.6 Problems

16 Polygenic Inheritance and Quantitative Genetics
16.1 Types of Quantitative Traits
16.2 Polygenic Inheritance
16.3 Partitioning Phenotypic Variation
16.4 Heritability
16.5 Response to Selection
16.6 Empirical Examples
16.7 Summary and Conclusions
16.8 Problem

17 Population Genetics: Summary and Synthesis
17.1 Mutations and Genetic Diversity
17.2 Genetic Differentiation of Populations
17.3 Limiting the Divergence between Subpopulations: Gene Flow
17.4 Evolution of New Adaptations
17.5 Epigenetics

Part IV Interactions between Species,
and Community Structure

18 Interspecific Competition
18.1 The Lotka—Volterra Model of Interspecific Competition
18.2 Complicating the Model: Introducing a Removal Factor
18.3 Resource Competition Models
18.4 Evaluating Competition Models

204
206
207
212

218
218
230
232
233
236
236

239
239
239
241
246
247
250
255
255

256
256
258
262
264
267

269

271
274
279
283
290

@© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

Contents ix
18.5 Summary and Conclusions 295
18.6 Problems 295
19 Predator—Prey Interactions 297
19.1 Cycles in Predator—Prey Densities 297
19.2 The Lotka—Volterra Model of Predation 298
19.3 The Rosenzweig and MacArthur Graphical Model of Predation 303
19.4 Functional Responses of Predators 304
19.5 Choosing Where to Forage: Patch Selection 312
19.6 Prey Characteristics that Reduce the Risk of Predation 314
19.7 Summary and Conclusions 324
20 Species Interactions and Community Structure 325
20.1 The Trophic Structure of Communities 325
20.2 The Ecological Niche 327
20.3 Niche Evolution: Reducing Interspecific Competition 328
20.4 Empirical Examples Showing the Relationship between Species’ Niches and
Community Structure 330
20.5 Evolution of Niches: an Example 333
20.6 Predation, Herbivory and Community Structure 337
20.7 Parasites and Community Structure 338
20.8 Mutualism and Community Structure 339
20.9 Summary and Conclusions 343

Part V Animal Behaviour, Altruism

and Sexual Selection 345
21 Animal Behaviour, Altruism and Limiting Aggression 347
21.1 Genetic Basis of Behaviour 347
21.2 The Development of Evolutionary Theories of Altruism 350
21.3 Studies of Kin Selection 353
21.4 Altruism: a Summary and Recent Developments 357
21.5 Aggressive Behaviour and Game Theory 358
21.6 Summary and Conclusions 366
22 Sexual Selection and Mating Systems 367
22.1 Sexual Selection, Parental Investment and Mating Systems 367
22.2 Examples of Sexual Selection 370

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



www.cambridge.org/9781107605121
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-60512-1 — Introduction to Population Biology
Dick Neal

Frontmatter

More Information

X Contents
22.3 Animal Mating Systems 376
22.4 Summary and Conclusions 385
23 Epilogue 386
Glossary 388
Solutions to Problems 400
References 411
Index 429

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



www.cambridge.org/9781107605121
www.cambridge.org

Cambridge University Press
978-1-107-60512-1 — Introduction to Population Biology

Dick Neal
Frontmatter
More Information

PREFACE

WHY | WROTE THIS BOOK

In 1979, I developed an introductory semester course on population biology because I had been
inspired by three books: Wilson and Bossert’s (1971) A Primer of Population Biology, Emlen’s
(1973) Ecology: An Evolutionary Approach and Wilson’s (1975) Sociobiology. Each of these
texts used an evolutionary perspective to synthesize such areas as population ecology, popula-
tion genetics and behavioural ecology, an approach that my students and I found both intellec-
tually stimulating and exciting.

Over the next two decades, I became increasingly frustrated in my attempts to find an
appropriate text for my course. There were excellent texts on evolution, ecology, population
genetics and behaviour, and some included two of these areas, but none covered the breadth of
material that I taught in my course. Consequently, I wrote a draft copy of a book for my course
during a sabbatical in 1998-9, and then tried it out in my class for the following 2 years. The
student feedback was both encouraging and enlightening, and was a great help when I revised it
and submitted it for publication in 2002. The first edition was published in 2004 by Cambridge
University Press.

OBJECTIVES OF THE BOOK

The book was designed for second- or third-year students seeking a broad introduction to
population biology. Beginning with a historical account of how Darwin developed his evolu-
tionary theories, particularly natural selection, the book uses this as an underlying theme to
introduce some basic principles in three main areas: population ecology (basic population
growth models including matrix models, and the evolution of life histories), population genetics
and some aspects of behavioural ecology (evolution of altruism, limitation of aggressive
behaviour, sexual selection and mating systems). Students require a background in Mendelian
genetics, algebra and calculus, although the latter is not essential.

The book provides a brief historical perspective of the various subject areas to show how our
understanding has developed, and continues to develop, over time. In addition, most areas are
treated quantitatively, developing mathematical models in a step-by-step manner that students
can follow and understand. This is augmented by providing spreadsheet instructions in Excel
for most of the basic equations, so that students can explore the outcomes or predictions of the
various models and see how they may change when the variables are modified. In addition,
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Xii Preface

there are many worked examples in the text to show how the equations are applied to biological
questions, and students can test their understanding by answering the problems at the end of
many of the chapters. Their solutions are detailed at the end of the book. Finally, each chapter
ends with a series of empirical examples to illustrate how our mathematical models apply to the
world around us.

WHAT IS DIFFERENT IN THIS SECOND EDITION

Organization of the Book

The second edition is similar in structure to the first edition, but I have made three significant
changes.

New Chapters

There are two new chapters in the second edition: one on inbreeding (Chapter 12) and an
entirely new chapter (Chapter 20), which investigates how different interactions between
species (competition, predation, herbivory, parasitism and various mutualisms) can influence
the structure of communities. The subject of inbreeding was part of the chapter on genetic drift
in the first edition, but has now been expanded and includes the consequences of inbreeding in
populations.

Unified Coverage for Growth Models of Single Populations

In response to suggestions by some instructors who used the first edition, the exponential and
logistic growth models in Part II and the life tables, demographic growth models and review of
life histories in Part IV of the first edition have been combined into Part II in the second edition,
which now contains five chapters.

Simulations Moved Online
In the first edition, eight chapters had appendices with instructions to format spreadsheets to
simulate the outcomes of various population models. These are now conveniently gathered on a
website that can be accessed at www.cambridge.org/IPB. More simulations have been added,
particularly where data from the literature has been analysed. For example, Olaus Murie’s
(1944) data for the life table of Dall mountain sheep has been completely reanalysed so that the
life tables for data collected at two different time periods can be compared for the first time.
The website also includes the figures (some in colour) and tables from the text that can be
downloaded for PowerPoint presentations by both students and instructors.
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Preface xiii

More Empirical Examples Throughout the Text

Much of the text has been rewritten to include more empirical examples, many of them recent,
to illustrate the application of theoretical models to the world around us. Two examples
illustrate some of this new material. First, the topic of epigenetics, where gene expression is
modified in response to the environment, is introduced in Chapter 3 and then expanded in
Chapter 8 to show how it may influence the rate of senescence, and finally Chapter 16
demonstrates how it may influence the success rate of small new immigrant populations.
Secondly, in Chapter 20 we explore how the ecological niches of populations may evolve over
time, and use the magnificent research of Peter and Rosemary Grant (2014) on how the beak
size of the medium ground finch (Geospiza fortis) has changed over a 40-year period.

Making Space for the New Material

To include all the new examples, I needed to streamline some of the material from the first
edition. The transfer of the appendices in eight of the chapters to the new website helped, and
I also reduced the amount of biographical information in Part I (Darwin and natural selection)
by approximately 25 per cent, as students should already understand what led Darwin to
seriously consider the subject of transmutation.

The purpose of the new edition remains unchanged from the first edition: a one-semester
course for upper-level students that provides an up-to-date survey of some of the major areas of
population biology. It will be difficult to cover all areas of the book in that time, but will allow
instructors to pick and choose to some extent, concentrating on various topics and either
omitting or briefly reviewing others according to their particular interests and objectives.
I sincerely hope that instructors and students alike share my interest and enthusiasm for this
area of biology.
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