contents

BOX 1.1

BOX 1.2

Preface xxi
About the Authors  xxv

Why Conservation Is Needed

Humans Are the Dominant Ecological Force 1
The Human Meteorite: Growth and Impact of the Human Population
How Birth and Death Rates Change with Economic Well-Being 5

Significance of Per Capita Consumption and Technological Efficiency
in Analyzing Human Population Impacts 6

A Global Assessment of Human Impacts 8
The Extinction Crisis 8
The Sky Is Falling—Or Is It? 12

Habitat Loss 12
Overexploitation 14
Invasive Species 16

The Importance of Quantitative Thinking in Conservation Science

Global Climate Change 18
The Overuse and Abuse of Fresh Water 19
Alterations of the Nitrogen Cycle 19

Tracing the Origins and Underlying Values of Conservation Science

17

20



CONSIDER THIS

2

BOX 2.1

BOX 2.2

CONSIDER THIS

3

A Long History of Debating “Protection” versus “Use"

as Conservation Ideals 21
The Wilderness Ideal 23
Balance of Nature 24
The End of Nature or a New Dawn? 25
Is De-extinction a Viable Conservation Tool? 30

Biodiversity and Extinction 34

What Are Species, and How Many Exist? 36
The Difficulty of Defining Species 37

The Red Wolf Dilemma 38
How Many Species Exist? 41

Extinction: The Death of Species 44
Some Species Are More Likely to Become Extinct Than Others 45
Estimating the Rate of Extinction from Direct Observation 47

Extinction Is Hard to Prove and Easy to Miss 49

Estimating the Rate of Extinction Indirectly: The Species-Area Approach
Limitations of the Species-Area Approach 53

Functional Extinction and Changes in Abundance as Measures
of Biodiversity Loss 55

Local versus Global Trends in Number of Species 56
Biodiversity within Species: Genetic Variation 57
The Diversity of Ecological Communities 59

Are We, or Are We Not, in the Midst of a Sixth Mass Extinction Event?

Ecosystem Services: Accounting for Nature’s
Value 65

Ecosystem Services Link Conservation with Human Well-Being 67
Intact Ecosystems and Protection of Humans from Catastrophe 67
Ecosystem Protection and Human Health 69
Ecosystem Protection and Poverty Alleviation 70

Categorizing and Assessing Trends in Ecosystem Services 70
Provisioning Ecosystem Services 71
Regulating Ecosystem Services 72

Contents

50

61



BOX 3.1

CONSIDER THIS

BOX 4.1

BOX 4.2

CONSIDER THIS

Habitat or Supporting Ecosystem Services 72
Cultural Ecosystem Services 73
The Global Status of Ecosystems and Ecosystem Services 74

Are Ecosystem Services Connected to Biodiversity? 76

Assigning Monetary Value to Ecosystem Services 81
Benefits and Challenges of Economic Valuation 81
Ways of Estimating Economic Value 84
Choosing among Valuation Methods 88

Payments for Ecosystem Services (PES) 88

Servicesheds and Protecting People against the Loss of Ecosystem
Services 90

INVEST: Integrated Valuation of Ecosystem Services and Trade-Offs
Does Economic Valuation Undermine the Noble Ideal
of Protecting Nature for Nature's Sake? 94
Policy, Protected Areas, and Planning
Policy Responses to Biodiversity Loss
and Ecosystem Degradation 97
The Emergence of U.S. Laws to Protect Endangered Species 99
Challenges in Applying the Endangered Species Act 102
Applying the Endangered Species Act to Salmon 106
The ESA Steeped in Controversy 108
Incentives to Encourage Listed Species on Private Land 108
How Effective Is the Endangered Species Act? 111
Laws for Biodiversity Protection in Other Nations 113
International Conservation Agreements 114
Earth Jurisprudence: Ecuador’s Constitutional Protections for Nature
The Rio Earth Summit and the Convention on Biological Diversity 117
Montreal Protocol as a Model for Success: Why Did It Work So Well?
How Can Science Effectively Inform Policy? 122
Contents

92

115

120

Xi



5 Protected Areas: A Cornerstone of Conservation 125
National Parks—The First Official Protected Areas 127

Terrestrial Protected Areas 128
Global Status and Trends in Terrestrial Protected Areas 128
How Effective Are Terrestrial Protected Areas? 133

Marine Protected Areas: Global Status and Trends 138

Box 5.1 Global Trade and Food Substitutability: Implications for Marine Conservation
and MPAs 141

Other Strategies for Nearshore Marine Conservation 141
The Dark Side of Protected Areas: Displacement of People 142

Beyond Protected Areas: Integrating Economic Development and
Conservation 145

Protecting Nature on Privately Owned Lands 147
Nongovernmental Agents Purchasing Lands for Conservation 148

Conservation Easements and Covenants: Protection
without Land Ownership 150

CONSIDER THIS  Trading Up or Setting a Bad Precedent? 151

6 Conservation Planning and Priorities 155

Establishing Global Geographic Priorities for Conservation 157

Box 6.1 Some Not-So-Hot Consequences of Hotspots 159
Ecoregions as a Platform for Science-Based Conservation Planning 161
Producing a Conservation Plan 164
Identify Conservation Targets and Indicators 164
Inventory the Region for Targets and Threats to Those Targets 165
Set Conservation Goals 167
Design a Network of Conservation Areas 168
Conservation Planning in a Changing World 169

Incorporating People and Ecosystem Services into Conservation
Planning 170

Conservation Planning for the Marine Environment 175

The Future of Conservation Planning 176

xii Contents



BOX 6.2

CONSIDER THIS

BOX 7.1

CONSIDER THIS

8

BOX 8.1

Designing Plans to Balance Conservation and Development Needs

Six Common Mistakes in Setting Conservation Priorities 179

How Science Informs Conservation

Strategies

The Perils of Small Populations 183
Demographic Stochasticity 185

Environmental Stochasticity 188

The Allee Effect 189

The Genetic Problems of Small Populations: Inbreeding
and Genetic Drift 192
Effective Population Size 195
Management Applications of Effective Population Size 202

The "Extinction Vortex” 202

Should Conservation Science Focus More on Prevention
Than on Cure? 204

How Far Will Society Go to Prevent an Extinction? 205

Population Size, Trend, and Viability 211

Estimating Population Size 213
Sampling and Extrapolation 214
Mark-Recapture Techniques 216
Animal Sightings 219
Estimating Past Population Size 220

Why Estimating Trend Is So Challenging 222
A Simple Model of Population Change 223
Randomness Happens 224
Distinguishing Trend from Noise 225

What Goes Up Must Come Down? 226

Demographic Matrix Models 228
A Demographic Matrix for Little Brown Bats 231

Contents

177

Xiii



CONSIDER THIS

9

BOX 9.1

CONSIDER THIS

10

Xiv

Population Viability Analysis 233
A Population Viability Analysis for Little Brown Bats 236
Applying PVA in a Changing World 238

Minimum Viable Population 241

Long-Term Climatic Cycles Complicate Population Predictions 242

Assessing Threats and Choosing Conservation
Actions 246
The Conservationist’'s Toolkit: Manipulative Experiments, Observational
Studies, and Models 248
Case Study: Assessing Threats to Coral Reef Ecosystems 250
Local Threats to Corals: Overfishing and Pollution 251
Case Study: A Demographic Matrix and Two Possible Routes to Recovery
for Loggerhead Sea Turtles 254
Case Study: The Plight of Salmon in the Northwestern United States 258
Spotlight on Dams and the Primary Threat to Salmon 259
Structured Decision Making: Because Scientists Do Not Make
the Decisions 260
A Demographic Matrix to Help Sort Out Multiple Potential Threats 262
Ways to Use Observational Data to “Fish” for Patterns 264

The Power of the Positive: Overcoming Threats by Finding
the Bright Spots 272

Islands of Nature and the Role of Dispersal 276

Using Ecology to Design an Ideal Network of Protected Areas 278
The Equilibrium Theory of Island Biogeography 279
The Choice between Single Large and Many Small Reserves 282
Edge Effects 286
Subdivision of a Single Species into Smaller Populations:
The Metapopulation Concept 287
Mathematical Models of Metapopulation Dynamics 289
Metapopulation Theory and the Management of Endangered Species 292

Contents



BOX 10.1

BOX 10.2

CONSIDER THIS

11

BOX 11.1

BOX 11.2

CONSIDER THIS

Increasing Connectivity: Dispersal Corridors to Link Fragmented
Patches 294

A Manipulative Experiment to Test the Pros and Cons of Corridors 296
Increased Connectedness Also Entails Risks 298

Genetic Analyses Can Guide Decisions about the Need
for Corridors 298

Using the Inbreeding Coefficient to Measure the Genetic Differences
and Degree of Isolation of Subpopulations 299

Bridging Islands of Wilderness in the United Kingdom Boosts the Eurasian
Red Squirrel’s Genetic Diversity 300

How Measures of Genetic Differences Have Influenced the Design
of Conservation Strategies 303

Creating an Artificial Metapopulation to Reduce Extinction Risk 306

Restoration and Reintroduction: Measures of Last
Resort 310

Restoration: Assisting in the Recovery of Degraded Habitat 312

Different Degrees of Damage Require Different Types of Intervention 312
Different Restoration Objectives Require Different Methods 316
Lost Memories of Past Conditions 319

When History Is Not the Guide to Restoration 320
Can Restoration Pay for Itself? 321
The Reintroduction and Translocation of Species 323

Managing Public Opposition to a Predator Reintroduction:
Wolves in the Greater Yellowstone Area 324

Rebuilding Nearly Extinct Species with Captive Breeding
and Safe Havens 325

Reintroductions Can Sometimes Require Constant Life-Support
Services 327

Rehabilitating Sick or Injured Animals 329

Ex situ Conservation: Zoos, Aquaria, Botanical Gardens,
and Arboreta 330

The Banking and Cloning of Genetic Information 332

Novel Ecosystems Are Causing Conservationists to Rethink
What Is “Natural” 334

Contents XV



12 Adaptive Management and Evidence-Based
Conservation 338

Adaptive Management 340
The Value of Monitoring 346

Box 12.1  Citizen Science in Support of Conservation 350
Evidence-Based Conservation: Seeing the Big Picture 352
The Precautionary Principle 356

CONSIDER THIS  The Hardest Adaptive Management Decision Is When to Give Up 357

IV conservation Challenges in a World
Shaped by Humans

13 Reversing Global Deforestation and Forest
Degradation 362

Forests Are the Largest Terrestrial Habitat for Biodiversity 363
Box 13.1 Is the Human Domination of Forests Really Anything New? 364
Ecosystem Services from Forests 366
Tracking Global Deforestation 368
Box 13.2  Brazil's Remarkable Success at Reducing Deforestation 370
Roads Can Be a Major Liability to Forest Conservation 371

Positive Feedbacks among Fire, Land Management,
and Climate Change 372
The Link between Fire and Land Management 374
Fire and Global Climate Change 376

Positive Directions for the Future of Forest Conservation 377
Alternative Sources of Fiber, Building Materials, and Fuel 377
Sustainable Forestry 378
Economic Instruments to Protect Forests 379
The Challenge of Evaluating the Effectiveness of Forest Protection 380

consiper THIS  Could Managing Forests for Timber Production Be a Win-Win
for Forest Conservation? 383

XVi Contents



14 Balancing Agriculture and Conservation 386
High-Yield, Land-Sparing Agriculture 389
Trade-Offs from Agricultural Intensification: Fertilizers 391
Box 14.1 Deformities in Amphibians Linked to Agricultural Water Pollution 392

Trade-Offs from Pesticide Use 396

The Potential Role of Genetic Engineering in High-Yield, Land-Sparing
Agriculture 398

Is Wildlife-Friendly Agriculture Also Sustainable Agriculture? 400
Vanishing Soils and the Challenge of Maintaining Soil Fertility 400
Natural Pest Control 402
Increasing Habitat Heterogeneity 403

Choosing the Best Strategy for Both Conservation and Agriculture 405

Wildlife-Friendly Agricultural Practices Increase Biodiversity for Some,
but Not All, Groups 406

Wildlife-Friendly Agricultural Practices Decrease Yields for Most
Crop Types 409

Impacts beyond the Field: Nonlocal Effects of High-Yield Agriculture 410
Conservation and Human Needs Meet in Agriculture 410
Can Sustainable Practices Also Generate High Yields? 411

Box 14.2 Growing Coffee, Conserving Biodiversity, and Alleviating Poverty 412

consIDER THIS  What's on the Conservationist’s Dinner Plate? 414

15 Maintaining Sustainable Marine Fisheries 419

Box 15.1  Pollution in the Marine Environment 422
Issues in the Management of Marine Species 423
Overharvest 423
How Common Is Overharvest? 425

Bycatch 429

Fishing down the Food Web 432
Overcoming the Tragedy of the Commons: Sustainable Solutions
for Marine Management 434

Restricting Fishery Access: From Marine Protected Areas to
Fishing Gear Regulations 436

Sustainability Certification 437

Contents Xvii



BOX 15.2

BOX 15.3

CONSIDER THIS

16

BOX 16.1

BOX 16.2

BOX 16.3

CONSIDER THIS

17

XViii

The Shared “Ownership” of Fisheries 439
Trawler Buyback in California 440
Can Humanity Get More Food from the Ocean? 442

Can Certification Schemes Make Aquaculture More Sustainable? 444

Close the High Seas to Fishing? 446

Managing Fresh Water for People and Nature

The Conservation Value of Freshwater Ecosystems 449

Major Threats to the Quantity and Quality of Fresh Water
Taking More Than Our Share 451

Water for an Urban Planet 454

Disrupting the Flow 454
Water Pollution 456

Balancing the Pros and Cons of Dams 458
Potential Solutions 458
Endocrine-Disrupting Contaminants 460

Reducing Water Pollution 462

Restoring the Flow 462

Economic Valuation of and Payments for Ecosystem Services
Reducing Waste and Inefficiency 469

Managing Water across National Borders 471

Getting Practical about Introduced Species
Routes of Species Introduction 477

From Introduction to Invasion 479
The Tens Rule 480
Why the Tens Rule May Provide False Comfort 481

Toward a Predictive Theory of Invasiveness and Invasibility

The Effects of Introduced and Invasive Species 486
Changes in Ecosystem Processes and Patterns of Disturbance
Threats to Native Taxa 488

Contents

448

451

466

475

482

486



BOX 17.1

BOX 17.2

CONSIDER THIS

18

BOX 18.1

BOX 18.2

Has Tamarisk Been Wrongly Vilified? 490

Effects on Biodiversity at Local Scales 491

Effects on Biodiversity at Regional and Global Scales 492

Economic Effects 493
A Pragmatic Approach to Reducing and Managing Species
Introductions 496

Prevention: An Ounce of Prevention Is Worth a Pound of Cure 496
Will the Impending Invasion of Asian Carp into the Great Lakes
Be Prevented? 498

Eradication: Shoot First, Ask Questions Later 499

Managing Established Invaders: In It for the Long Haul 502

Should Species Be Judged by Their Effects Rather Than Origins?
Climate Change Demands New Conservation
Strategies 506
A Climate Primer: Factors That Control Earth’s Temperature 507
Evidence of Recent Global Climate Change 508
How Are People Changing the Global Climate? 512
What Do Models Project for the Future Climate? 514
Will a Better-Informed Public Be More Likely to Support Emissions
Reductions? 516
Observed Biological Impacts 519
What Models Project about Future Biological Impacts 522
Climate Change Is Already Disrupting the Delivery of Key Ecosystem
Services 524
Provision of Fresh Water 524
Protection from Coastal Flooding 525
Disease Regulation and Human Health 526
Food Production 526
How Conservationists Can Respond to Climate Change 528
Mitigation 528
Could Geoengineering Provide Solutions to Climate Change? 532
Adaptation 534
Contents

502

XiX



CONSIDER THIS

19

BOX 19.1

BOX 19.2

CONSIDER THIS

XX

Will Assisted Migration Become Mainstream in the Face
of Climate Change? 537

Making Conservation a Success Story 541

Ingredients for Conservation Success 544

Revitalizing the Traditional Conservation Approach: Protected Areas

Expanding the Conservation Toolbox 547
Leveraging Corporate Concern for Reputation into Action for Nature
Leveraging Consumer Preferences into Truly Sustainable Practices

Leveraging Concern for Humanity into Action for Nature 551
Broadening Public Support for the Conservation Movement 553
Embracing Human Diversity 554
Connecting Future Generations to Nature 555
Will Biophilia Drive the World toward Conservation Success? 556

Offering a Positive Vision for the Future 558
The Anthropocene as a Call to Action 561
The Outlook for Human Population Growth 562

Evidence-Based Science Will Drive Conservation Success 565

Glossary 569
References Cited 579
Credits 620

Index 622

Contents

545

547



