
Essentials of
Conservation Biology

THIRD EDITION

RICHARD B.J^RIMACK
Boston University

Sinauer Associates, Inc. Publishers
Sunderland, Massachusetts U.S.A.



Contents

IT
I Major Issues That Define the Discipline 1

CHAPTER 1 What Is Conservation Biology? 3
The New Science of Conservation Biology 5 Conservation Biology's Ethical Principles 11

Conservation Biology Complements the Traditional The Origins of Conservation Biology 12
Disciplines 6 European Origins 14

Conservation Biology Is a Crisis Discipline 7 American Origins 16

BOX1 A COMPREHENSIVE APPROACH TO SEA A N e w Science Is B o r n 22
TURTLE CONSERVATION: PROJETOTAMAR IN • Conservation Biology: A Dynamic
BRAZIL 8 and Growing Field 22

CHAPTER 2 What Is Biological Diversity? 27
Species Divers i ty 29 B 0 X 3 KELP FORESTS AND SEA OTTERS:

What Is a Species? 19 S H A P I N G A N 0 C E A N ECOSYSTEM 44

BOX 2 NAMING AND CLASSIFYING SPECIES 31 Ecological Succession 46
The Origin ofNezv Species 33 SPecies Interactions «""»" Communities 47
Species Diversity and Its Measurement 36 Principles of Community Organization 49

Genetic Diversity 39 Keystone Species and Guilds 53
What Is Genetic Diversity? 39 Keystone ^sources 57

Community Diversity 42 Ecosystem Dynamics 57

What Are Communities and Ecosystems? 43 Conclusion 58



viii Contents

CHAPTERS Where Is the World's Biological Diversity Found? 61
Two of the Most Diverse Ecosystems

on Earth 63
Tropical Rain Forests 63
Coral Reefs 64

Patterns of Diversity 65
Factors Affecting Species Richness 68

Variation in Climate and Environment 68
Variation in Topography, Geological Age,

and Habitat Size 68

Why Are There So Many Species
in the Tropics? 69

•How Many Species Exist Worldwide? 71
New Species Are Being Discovered All the Time 71

' Recently Discovered Communities 73
Diversity Surveys: Collecting and Counting

Species 74

BOX 4 CONSERVING A WORLD UNKNOWN:
HYDROTHERMAL VENTS AND OIL PLUMES 75

Estimating the Number of Species 77

The Need for More Taxonomists 80

inr
jj 1

•IL rL,

Valuing Biodiversity &5

CHAPTER 4 Ecological Economics and Direct Economic Values 87
Why Economic Valuation Is Needed 87
BOX 5 INDUSTRY, ECOLOGY, AND ECOTOURISM

IN YELLOWSTONE PARK 90

Assigning Economic Value to Biological
Diversity 91

Evaluating Development Projects 92
Cost-Benefit Analysis 92

Natural Resource Loss and the Wealth
of Societies 94

One Approach to Assigning Economic
Value 96

Direct Use Values 97
Consumptive Use Value 97

BOX 6 HOW MUCH IS A SPECIES WORTH? 98
Productive Use Value 102

BOX 7 MIGHTY MULTITUDES OF MICROBES:
- NOT TO BE IGNORED! 105

CHAPTERS Indirect Economic Values 111
Nonconsumptive Use Value 111

Ecosystem Productivity 112

Protection of Water and Soil Resources 114

Climate Regulation 116

Waste Treatment and Nutrient Retention 116

Species Relationships 117

Environmental Monitors 118

Recreation and Ecotourism 118

BOX 8 THE DECLINE OF FUNGI IN THE FOREST: •
A PREMONITION OF DISASTER 119

Educational and Scientific Value 123

Other Ways of Valuing Biodiversity 124
Option Value 124

BOX 9 CASSAVA MEALYBUGS:
A BIOCONTROL SUCCESS STORY 125

Existence Value 131
Is Economic Valuation Enough? 134



Contents ix

CHAPTER 6 Ethical Values 137
Ethical Values of Biological Diversity 137

Ethical Arguments for Preserving Biological
Diversity 139

BOX 10 SHARKS: A FEARED ANIMAL IN DECLINE 140

BOX 11 RELIGION AND CONSERVATION 145
Enlightened Self-interest: Biodiversity and

H u m a n Development 148
Deep Ecology 151

Threats to Biological Diversity 157

CHAPTER 7 Extinction 159

Past Mass Extinctions 160
The Current, Human-Caused Mass

Extinction 162
Background Extinction Rates 169
Extinction Rates on Islands 170 I
BOX 12 INVASIVE SPECIES AND EXTINCTIONS

IN ISLAND ECOSYSTEMS 172

Extinction Rates in Water 174

Estimating Extinction Rates with the Island
Biogeography Model 174

BOX 13 CONSERVING ENDEMIC FISH IN
LAKE VICTORIA 177

Extinction Rates and Habitat Loss 180
Assumptions and Generalizations in the Island Bio-
- geography Model 182
Other Methods for Calculating Extinction Rates 183

Local Extinctions 183

CHAPTER 8 Vulnerability to Extinction 189
Endemic Species a n d Extinction 191 BOX 15 WHY ARE FROGS AND TOADS CROAKING? 201
Species Most Vulnerable to Extinction 193 Conserva t ion Categor ies 203
BOX 14 CRISIS AFTER CRISIS FOR THE Natura l Heri tage Data Centers 208

BLACK-FOOTED FERRET 194

CHAPTER 9 Habitat Destruction, Fragmentation, Degradation,
and Global Climate Change 213

The Problem of Human Population
Growth 214

Habitat Destruction 217
Threatened Rain Forests 220
Other Threatened Habitats 225
Desertification 229

Habitat Fragmentation 230
The Effects of Fragmentation on Species Mobility 235
Edge Effects 237
Two Studies of Habitat Fragmentation 241

Habitat Degradation and Pollution 241
Pesticide Pollution 243

BOX 16 PESTICIDES AND RAPTORS:
SENTINEL SPECIES WARN OF DANGER 244

Water Pollution 246
Air Pollution 248

Global Climate Change 252
Changes in Temperate and Tropical Climates 256
Plants and Climate Change' 258
Rising Sea Levels 259
The Overall Effect of Global Warming 260



x Contents

CHAPTER 10 Overexploitation, Invasive Species, and Disease 265
Overexploitation 265 Invasive Species on Islands 279

Exploitation in the Modern World 267 '' Invasive Species in Aquatic Habitats 280
Maximum Sustainable Yield 270 . The AbiUty of Species to Become Invasive 283

BOX 17 ENDANGERED WHALES: Disease 285
MAKING A COMEBACK? 271 The Impl icat ions of Invas ive Species a n d

What Can Be Done to Stop Overexploitation ? 275 Diseases for Human Health 290
Invasive Species 276 Conclusion 291

// \ / Conservation at the Population
.;'(. / and Species Levels 295

CHAPTER 11 Problems of Small Populations 297
Essential Concepts for Smal l Popula t ions 298 B 9 X 1 8 RHINO SPECIES IN ASIA AND AFRICA:

»„• • i / - M n i . - /ArfT/Dfioo i GENETIC DIVERSITY AND HABITAT LOSS 31
Minimum Viable Population (MVP) 298 '
Minimum Dynamic Area (MDA) 299 O t h e r F a c t o r s ^ ^ A f f e c t t h e Persistence

Loss of Genetic Variability 302 o f S m a U P ° P u l a t i o n s 3 2 0

r- r n j J ^ ,. „ . ,.... ,„ , Demographic Variation 321
Consequences of Reduced Genetic Variability 306 a r

T- L T-i L T-. • • r a !• Environmental Variation and Catastrophes 323
Factors Tliat Determine Effective r

Population Size 310 Extinction Vortices 325CHAPTER 12 Applied Population Biology 329

Methods for Studying Populations 331 Population Viability Analysis 344
Gathering Ecological Information 331 Metapopulations 348
Monitoring Populations. 333.- • ' Long-Term Monitoring of Species and

BOX 19 THREE PRIMATOLO'GISTS WHO Ecosys tems 351
BECAME ACTIVISTS 336

CHAPTER 13 Establishing New Populations 357
Three Approaches to Establishing New Social Behavior of Released Animals 365

Populations 358 Animal Reproduction Case Studies 367
BOX 20 WOLVES RETURN TO A COLD WELCOME 359 Establishing Neiu Plant Populations 368

Considerations for Successful Programs 361 Government Regulation of New Populations
372



Contents xi

CHAPTER 14 E^Situ Conservation Strategies 377

Limitations of Ex Situ Conservation 380 Aquariums 392
Ex Situ Conservation Facilities 382 Botanical Gardens and Arboretums 395

Zoos 382 BOX 2 2 SEED SAVERS AND CROP VARIETIES 402

BOX 21 LOVE ALONE CANNOT SAVE Conc lus ion 410
THE GIANT PANDA 384

Practical Applications 413

CHAPTER 15 Establishing Protected Areas 415
Existing Protected Areas 416 Centers of Biodiversity 429
Creating New Protected Areas 418 Wilderness Areas 433
BOX 23 ECOLOGISTS AND REAL ESTATE EXPERTS How Much Protection Is Needed? 435

MINGLE ATTHE NATURE CONSERVANCY 419 Ttie IUCN System of Classification 435
Identifying Priorities for Protecting Establishing Protected Areas with Limited Data 436

Biodiversity 420 Size and Effectiveness 437
Prioritization Systems 422 Linking New Protected Areas to Reserve
National Priorities for Establishing Protected Areas Networks 439

4 2 6 Gap Analysis 440
Determining Which Areas Should Be

Protected 427

CHAPTER 16 Designing Networks of Protected Areas 447
Issues of Reserve Design 448 Linking Reserves with Habitat Corridors 457

Creating Adequately Sized Reserves 449 • - Habitat Corridor Case Studies 461
Reserve Design and Species Preservation 453 Landscape Ecology and Park Design 463
Minimizing Edge and Fragmentation Effects 454 BOX 24 NATIONAL WILDLIFE REFUGES 467

Conservat ion N e t w o r k s 456 Conclus ion 468

CHAPTER 17 Managing Protected Areas 473

Monitoring as a Management Tool 475 Managing Water 484
Identifying and Managing Threats 476 Managing Keystone Resources 484

Managing Invasive Species 478 Managing Parks and People 486
Managing Habitat 479 Regulating Activities inside Protected Areas 492
BOX 25 HABITAT MANAGEMENT: Park M a n a g e m e n t Resources 495

THE KEY TO SUCCESS IN THE CONSERVATION
OF ENDANGERED BUTTERFLIES 481



xii Contents

CHAPTER 18 Outside Protected Areas 499
The Value of Unprotected Habitat 501 Case Studies 514
BOX 26 IN DEFENSE OF WILDLIFE... SEND IN Managed Coniferous Forests 515

THE MARINES! 504 African wildlife outside Parks 516

Multiple-Use Habitat 507 Community-Based Wildlife Management K

Ecosystem Management 509 '« Zambia 519

CHAPTER 19 Restoration Ecology 525

Damage and Restoration 526 ' Restoration of Some Major Communities 533
Ecological Restoration Techniques 528 Wetlands 533

Practical Considerations 529 Lake5 534

Case Studies 531 BOX 27 EASIER SAID THAN DONE:
Wetlands Restoration in Japan 531 RESTORINGTHE KISSIMMEE RIVER 535

The Grand Canyon-Colorado River Ecosystem 531 Prairies 537
Restoration in Urban Areas 532 TroPical DnJ Forest in Costa Rica 540

' The Future of Restoration Ecology 543
i

Conservation and Human Societies 547

CHAPTER 20 Conservation and Sustainable Development
at the Local and National Levels 549

Conservation at the Local Level 551 Conservation Ethics 567
Land Trusts 551 Conservation Efforts That Involve Traditional
Local Legislation 554 Societies 571

r m c m r a t J n n a f f u A i ^ ^ , ] T Q,«,i W BOX 28 PEOPLE-FRIENDLY CONSERVATION IN THE
Conservat ion at the Na t i ona l Level 555 H |LLS 0 F S 0 U T H W E S T | N D | A 5 7 8

National Legislation 556
_ , , , _ _ , , „ . „ __„ Evaluating Conservation Initiatives That Involve
The U.S. Endangered Species Act 558 Traditional Societies 583

Traditional Societies, Conservation, and
Sustainable Use 565



Contents xiii

CHAPTER 21 An International Approach to Conservation
and Sustainable Development 587

International Agreements to Protect National Environmental Funds 605
Species 589 Debt-for-Nature Swaps 606

BOX 2 9 THE WAR FOR THE ELEPHANT: Marine Environments 607 >
IS THE ARMISTICE OVER? 591 International Development Banks and

International Agreements to Protect Ecosystem Damage 608
Habitat 593 Development Lending Case Studies 608

The Earth Summit, 1992 597 Reforming Development Lending 612
International Funding 601 BOX 3 0 HOW MUCH WILL THE THREE GORGES DAM
The World Bank and the Global Environment REALLY COST? 613

Facility 602 Increased Funding Is Necessary for the
Case Study: Funding in Latin America 603 Future 618
Is the Funding Adequate and Effective? 604

CHAPTER 22 An Agenda fpr the Future 623

Ongoing Problems and Possible Solutions 624 Challenges for Conservation Biologists 632
Conservation Biologists' Role in Protecting Achieving the Agenda 633

Biodiversity 629
BOX 31 ENVIRONMENTAL ACTIVISM CONFRONTS

THE OPPOSITION 630

Appendix 639

Bibliography 645

Index 679


