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To our colleagues Graeme Caughley, Jamie Smith, and Peter Yodzis,
who have influenced both our approach to wildlife biology and the
writing of this book.



Preface

Modern principles of sustainable management and conservation of wildlife species
require a clear understanding of demography, animal behavior, and ecosystem
dynamics. Our book weaves together these disparate elements in a single coherent
text intended for senior undergraduate and graduate students. The first half provides
a solid background in key ecological concepts such as demography, population
growth and regulation, competition within and among species, and predator—prey
interactions. The second half uses these key ecological concepts to develop a deeper
understanding of the principles underlying wildlife management and conservation,
including population viability assessment, sustainable harvesting, landscape planning,
and ecosystem management.

New quantitative methods, developed over the last 10 years, are now so fundamental
to management that we have included them at the most basic levels. Several chapters of
the book will be useful to practicing wildlife managers. For example, we have included
modern approaches to estimating animal abundance and habitat selectivity, the use of
age- and stage-structured data in demography studies, and the use of models as efficient
methods for making conservation and management decisions. As a study aid, we have
included a wide variety of downloadable computer programs in R and Mathcad on an
accompanying website. These are intended to help readers develop a solid understand-
ing of key statistical procedures and population models commonly used in wildlife
ecology and management.

In this edition we have arranged the sequence of chapters to reflect the progression
from individuals to populations, communities, and ecosystems. Four new chapters
have been added to cover rapidly developing topics: effects of climate change on
wildlife, the evolutionary response by wildlife populations to rapidly changing condi-
tions, home range use and habitat selection as a consequence of patterns of individual
movement, and the importance of corridor use and metapopulation dynamics for
wildlife populations living in the highly fragmented landscapes that increasingly
characterize the modern world.

Anne Gunn and David Grice were invaluable in bringing together the first edition
of this book after Graeme Caughley fell ill. Fleur Sheard prepared the line drawings
for that edition. Since then we have continued to benefit from the helpful contribu-
tions of a number of people, including Tal Avgar, Andrew McAdam, Cort Griswold,
David Grice, Sue Briggs, Andrea Byrom, Steve Cork, Charles Krebs, Graham Nugent,
John Parkes, Roger Pech, Laura Prugh, Wendy Ruscoe, Dolph Schluter, Julian Seddon,
Grant Singleton, David Spratt, Eric Spurr, Vernon Thomas, and Bruce Warburton. We
also thank the Natural Sciences and Engineering Research Council of Canada for con-
tinuing support over the years.
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xii PREFACE

Our close friend and colleague, Graeme Caughley, died in 1994. We have retained
the substance and spirit of his scholarship, expanding the fields where advances have
occurred since the first edition. For this new edition we are indebted to Sue Pennant
and Anne Sinclair, who are always willing (if not necessarily eager) to provide a fresh
set of eyes for proofreading of the new material.



About the companion website

This book is accompanied by a companion website:
wwwwiley.com/go/Fryxell/Wildlife

The website includes:

e Additional resources

e Powerpoints of all figures from the book for downloading
e PDFs of all tables from the book for downloading

xiii






Contents

Preface

About the companion website

1 Introduction: goals and decisions

11
1.2
1.3
1.4
15
16
1.7

How to use this book

What is wildlife conservation and management?
Goals of management

Hierarchies of decision

Policy goals

Feasible options

Summary

Part 1 Wildlife ecology

2 Food and nutrition

2.1
2.2
2.3
24
25
2.6
2.7
2.8
2.9
210

3 Home
3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
3.9

Introduction

Constituents of food

Variation in food supply

Measurement of food supply

Basal metabolic rate and food requirement
Morphology of herbivore digestion

Food passage rate and food requirement
Body size and diet selection

Indices of body condition

Summary

range and habitat use
Introduction

Estimating home range size and utilization frequency

Estimating habitat availability and use
Selective habitat use

Using resource selection functions to predict population response

Sources of variation in habitat use
Movement within the home range
Movement among home ranges
Summary

xi

xiii

X NN W=

11
11
11
14
17
20
23
26
27
28
33

35
35
36
38
40
42
42
45
48
51



vi CONTENTS
4 Dispersal, dispersion, and distribution 53
41  Introduction 53
4.2  Dispersal 53
43  Dispersion 55
4.4  Distribution 56
45  Distribution, abundance, and range collapse 61
46  Species reintroductions or invasions 62
4.7  Summary 67
5 Population growth and regulation 69
51  Introduction 69
5.2 Rate of increase 69
9.3 Geometric or exponential population growth 73
54  Stability of populations 73
5.5 The theory of population limitation and regulation 76
5.6  Evidence for regulation 31
5.7  Applications of regulation 85
5.8 Logistic model of population regulation 86
5.9  Stability, cycles, and chaos 88
510 Intraspecific competition 90
5.11 Interactions of food, predators, and disease 93
512 Summary 93
6 Competition and facilitation between species 95
6.1  Introduction 95
6.2 Theoretical aspects of interspecific competition 96
6.3  Experimental demonstrations of competition 98
6.4  The concept of the niche 103
6.5  The competitive exclusion principle 106
6.6  Resource partitioning and habitat selection 106
6.7  Competition in variable environments 113
6.8  Apparent competition 113
6.9  Facilitation 114
6.10 Applied aspects of competition 119
6.11 Summary 122
7 Predation 123
7.1 Introduction 123
7.2 Predation and management 123
7.3 Definitions 123
7.4 The effect of predators on prey density 124
7.5 The behavior of predators 125
7.6 Numerical response of predators to prey density 129
7.7 The total response 130
7.8 Behavior of the prey 136
7.9  Summary 138



CONTENTS vii
8 Parasites and pathogens 139
8.1  Introduction and definitions 139
8.2  Effects of parasites 139
8.3  The basic parameters of epidemiology 140
8.4  Determinants of spread 143
8.5 Endemic pathogens 144

8.6  Endemic pathogens: synergistic interactions with food and
predators 144
8.7  Epizootic diseases 146
8.8  Emerging infectious diseases of wildlife 147
8.9  Parasites and the regulation of host populations 150
8.10 Parasites and host communities 151
8.11 Parasites and conservation 152
8.12 Parasites and control of pests 155
8.13 Summary 156
9 Consumer—resource dynamics 157
9.1 Introduction 157
9.2 Quality and quantity of a resource 157
9.3  Kinds of resource 157
9.4  Consumer—resource dynamics: general theory 158
9.5  Kangaroos and their food plants in semi-arid Australian savannas 161
9.6  Wolf-moose—woody plant dynamics in the boreal forest 167
9.7  Other population cycles 172
9.8  Summary 175
10 The ecology of behavior 177
10.1 Introduction 177
10.2 Diet selection 177
10.3 Optimal patch or habitat use 183
10.4 Risk-sensitive habitat use 186
10.5 Social behavior and foraging 187
10.6 Summary 190
11 Climate change and wildlife 191
11.1 Introduction 191
11.2  Evidence for climate change 191
11.3  Wildlife responses to climate change 192
11.4 Mechanisms of response to climate change 196
11.5 Complex ecosystem responses to climate change 199
11.6  Summary 201
Part 2 Wildlife conservation and management 203
12 Counting animals 205

12.1

Introduction

205



viii ~ CONTENTS
12.2 Total counts 205
12.3 Sampled counts: the logic 207
12.4 Sampled counts: methods and arithmetic 212
12.5 Indirect estimates of population size 220
12.6 Indices 227
12.7 Harvest-based population estimates 228
12.8 Summary 231
13 Age and stage structure 233
13.1 Introduction 233
13.2 Demographic rates 233
13.3 Direct estimation of life table parameters 235
13.4 Indirect estimation of life table parameters 236
13.5 Relationships among parameters 238
13.6  Age-specific population models 239
13.7 Elasticity of matrix models 242
13.8 Stage-specific models 243
13.9 Elasticity of the loggerhead turtle model 245
13.10 Short-term changes in structured populations 246
13.11 Environmental stochasticity and age-structured populations 246
13.12 Summary 249
14 Experimental management 251
14.1 Introduction 251
14.2 Differentiating success from failure 251
14.3 Technical judgments can be tested 252
14.4 The nature of the evidence 255
14.5 Experimental and survey design 257
14.6 Some standard analyses 262
14.7 Summary 271
15 Model evaluation and adaptive management 273
15.1 Introduction 273
15.2  Fitting models to data and estimation of parameters 274
15.3 Measuring the likelihood of the observed data 276
154 Evaluating the likelihood of alternate models using AIC 278
15.5 Adaptive management 281
15.6  Summary 284
16 Population viability analysis 285
16.1 Introduction 285
16.2 Environmental stochasticity 285
16.3 PVA based on the exponential growth model 286
16.4 PVA based on the diffusion model 287
16.5 PVA based on logistic growth 290
16.6 Demographic stochasticity 291
16.7  Estimating both environmental and demographic stochasticity 294



CONTENTS ix
16.8 PVA based on demographic and environmental stochasticity 296
16.9 Strengths and weaknesses of PVA 296
16.10 Extinction caused by environmental change 298
16.11 Extinction threat due to introduction of exotic predators or
competitors 298
16.12 Extinction threat due to unsustainable harvesting 300
16.13 Extinction threat due to habitat loss 302
16.14 Summary 302
17 Conservation in practice 305
17.1 Introduction 305
17.2 How populations go extinct 305
17.3 How to prevent extinction 315
17.4 Rescue and recovery of near-extinctions 316
17.5 Conservation in National Parks and reserves 317
17.6  Community conservation outside National Parks and reserves 322
17.7 International conservation 323
17.8  Summary 324
18 Wildlife harvesting 325
18.1 Introduction 325
18.2 Fixed-quota harvesting strategy 325
18.3 Fixed-proportion harvesting strategy 329
18.4 Harvesting in practice: dynamic variation in quotas or effort 332
18.5 No-harvest reserves 334
18.6 Age- or sex-biased harvesting 335
18.7 Commercial harvesting 340
18.8 Bioeconomics 340
18.9 Game cropping and the discount rate 344
18.10 Summary 346
19 Wwildlife control 347
19.1 Introduction 347
19.2 Definitions 347
19.3 Effects of control 348
19.4  Objectives of control 348
19.5 Determining whether control is appropriate 349
19.6 Methods of control 350
19.7 Summary 356
20 Evolution and conservation genetics 357
20.1 Introduction 357
20.2 Maintenance of genetic variation 358
20.3 Natural selection 359
20.4 Natural selection and life history tradeoffs 361
20.5 Natural selection due to hunting 363
20.6  Natural selection due to fishing 365



X CON

TENTS

20.7

20.8

20.9

20.10
20.11
20.12
20.13
20.14
20.15
20.16

21 Habita
21.1
21.2
21.3
21.4
21.5
21.6
207
21.8
219
21.10
21.11

Selection due to environmental change
Ecological dynamics due to evolutionary changes
Heterozygosity

Genetic drift and mutation

Inbreeding depression

How much genetic variation is needed?

Effective population size

Effect of sex ratio

How small is too small?
Summary
t loss and metapopulation dynamics

Introduction

Habitat loss and fragmentation

Ecological effects of habitat loss
Metapopulation dynamics

Territorial metapopulations
Mainland—island metapopulations
Source—sink metapopulations
Metacommunity dynamics of competitors
Metacommunity dynamics of predators and prey
Corridors

Summary

22 Ecosystem management and conservation

22.1
22.2
22.3
22.4
22.5
22.6
22.7
228
229
22.10
2211
22.12
2213
22.14
22.15

Appendices
Glossary
References
Index

Introduction

Definitions

Gradients of communities

Niches

Food webs and intertrophic interactions
Community features and management consequences
Multiple states

Regulation of top-down and bottom-up processes
Ecosystem consequences of bottom-up processes
Ecosystem disturbance and heterogeneity

Ecosystem management at multiple scales
Biodiversity

Island biogeography and dynamic processes of diversity
Ecosystem function

Summary

367
372
374
375
376
377
378
379
380
380

381
381
381
384
386
389
390
391
392
393
394
398

399
399
400
400
400
400
402
404
405
407
408
410
411
413
415
417

419
423
435
489



1.1
book

How to use this

Introduction: goals and decisions

This book is structured as two interlocking parts. The first provides an overview of
wildlife ecology, as distinct from that portion of applied ecology that is called wildlife
management and conservation. The chapters on wildlife ecology (Chapters 2—-11)
cover such topics as growth and regulation of wildlife populations, spatial patterns
of population distribution, and interactions among plants, herbivores, carnivores, and
disease pathogens. While these topics are often covered in introductory biology or ecol-
ogy courses, they rarely focus on the issues of most concern to a wildlife specialist. A
solid understanding of ecological concepts is vital in formulating successful wildlife
conservation and management policy. In particular, you will need an understanding
of the theory of population dynamics and of the relationship between populations,
their predators, and their resources if you are to make sensible judgments on the likely
consequences of one management action versus another.

The second section deals with wildlife conservation and management (Chapters
12-22). These chapters cover census techniques, how to test hypotheses experimen-
tally, how to evaluate alternative models as tools for conservation and management,
and the three major aspects of wildlife management: conservation, sustained yield, and
control. In closing, Chapter 22 places the problems of wildlife management into the
context of the ecosystem. Species populations cannot be managed in isolation because
they are influenced by, and they themselves influence, many other components of the
ecosystem. In the long run, wildlife management becomes ecosystem management.

Many of the key issues in wildlife ecology are of a quantitative nature: processes
of population growth, spatial distribution, or interactions with the physical environ-
ment or other organisms. Coping with these topics demands conceptual understand-
ing of quantitative ecology. Mathematical models are also an essential component of
decision-making in both wildlife conservation and management, for the simple reason
that we can rarely rely on previous experience to identify the most appropriate choices.
Every problem is unique: new species, new sets of challenges and constraints, all taking
place in a continually changing physical environment. Mathematical models provide a
useful tool for dealing appropriately with these uncertainties. Moreover, mathematical
models help to clarify the logic that guides our thinking.

To assist in developing the requisite skills, many of the models and statistical
analyses covered in the book can be obtained via a link at Fryxell’s departmental Web
page (http://www.uoguelph.ca/ib/people/faculty/fryxell.shtml). This provides a set
of text files suitable for application using “R,” a nonproprietary (i.e. free) software
package that has been developed by a hard-working and highly committed group

Wildlife Ecology, Conservation, and Management, Third Edition.

John M. Fryxell, Anthony R. E. Sinclair and Graeme Caughley.

© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
Companion Website: www.wiley.com/go/Fryxell/Wildlife



2 Chapter 1

1.2 What is wildlife
conservation and
management?

1.2.1  Kinds of
management

of professional scientists and statisticians from all around the world. By learning
to perform the examples used to illustrate this book, you will both expand your
familiarity with useful mathematical principles and hone the problem-solving skills
involved in modern wildlife ecology, conservation, and management. This can prove
invaluable in future professional endeavors.

The R package provides a powerful set of integrated tools for numerical computa-
tion, statistical analysis, and graphical depiction of data and results. More information
about R can be found at the R project homepage, www.r-project.org, while instruc-
tions on how to download R can be found at the CRAN repository for R materials,
http://cran.r-project.org.

The remainder of this chapter explains what wildlife management is, how it relates
to conservation, and how it should operate. We discuss the difference between value
judgments and technical judgments and how these relate to goals and policies com-
pared to options and actions; we enumerate the various steps involved in deciding
what to do and how to do it; and we describe decision analyses and matrices and how
they help in evaluating feasible management options.

Wildlife is a word whose meaning expands and contracts according to the viewpoint
of the user. Sometimes it is used to include all wild animals and plants. More often
it is restricted to terrestrial vertebrates. In the discipline of wildlife management it
designates free-ranging birds and mammals, and that is the way it is used here. Until
about 25 years ago, “wildlife” was synonymous with game: those birds and mammals
that were hunted for sport. The management of such species is still an integral part of
wildlife management, but increasingly it embraces other aspects too, such as conser-
vation of endangered species.

Wildlife management may be defined for present purposes as the management of
wildlife populations in the context of the ecosystem. That may be too restrictive for some,
who would argue that many of the problems of management deal with people and,
therefore, that education, extension, park management, law enforcement, economics,
and land evaluation are legitimate aspects of wildlife management and ought to be
included within its definition. They have a point, but the expansion of the definition
to take in all these aspects diverts attention from the core around which management
activities are organized: the manipulation or protection of a population to achieve
a goal. Obviously, people must be informed as to what is being done; they must be
given an understanding of why it is necessary, their opinions must be canvassed, and
their behavior may have to be regulated with respect to that goal. However, the most
important task is to choose the right goal and to know enough about the animals and
their habitat to ensure its attainment. Hence, wildlife management is restricted here
to its literal meaning, thereby emphasizing the core at the expense of the periphery
of the field. The broader extension and outreach aspects of wildlife management are
dealt with thoroughly in other texts devoted to those subjects (Lyster 1985; Geist and
McTaggert-Cowan 1995; Moulton and Sanderson 1999; Vasarhelyi and Thomas 2003).

Wildlife management implies stewardship; that is, the looking after of a population.
A population is a group of coexisting individuals of the same species. When stew-
ardship fails, conservation becomes imperative. Under these circumstances, wildlife
management shifts to remedial or restoration activities.



