Contents

Preface—1
List of Contributors —3

Joao Canning-Clode

General Introduction — Aquatic and Terrestrial Biological Invasions in the 21¢
Century—13

Motivation and Book Structure —13

Brief Discipline History—14

The Invasion Process —15

Challenges in the 215 Century—15

A Final Note on Definitions and Invasion Terminology — 18

Bibliography —19

Part |. Biogeography and Vectors of Biological Invasions

Jodo Canning-Clode, Filipa Paiva
Summary of Part | —22

James T. Carlton, Gregory M. Ruiz

1 Anthropogenic Vectors of Marine and Estuarine Invasions: an Overview
Framework — 24

1.1 Introduction—24

1.2 A Framework for Vector Science — 25

1.2.1 Causes of Invasion—26

1.2.2 Routes of Invasions — 27

1.2.3 Invasion Corridors — 28

1.2.4 Vectors —29

1.3 Propagule Pressure —29

1.3.1 Vector Strength—31

1.4 Epilogue—31

1.5 Bibliography —32

Phillip Cassey, Miquel Vall-Llosera, Ellie Dyer, Tim M. Blackburn

2 The Biogeography of Avian Invasions: History, Accident and Market
Trade—37
2.1 Introduction—37
2.2 Avian Translocations in the Age of Discovery — 39
2.3 Sitting Around in Bars: the Influence of the Pet Trade on Current Avian
Biogeography — 44
2.4 Future Trends — 47

2.5 Bibliography —50



Mark D. Sytsma, Toni Pennington

3 Vectors for Spread of Invasive Freshwater Vascular Plants with a North
American Analysis —55

341 Introduction —55

3.1.1 Growth Forms of Freshwater Plants —55

3.1.1.1 Reproduction and Dispersal in Aquatic Plants —55

3.2 Relative Importance of Aquatic Plant Vectors — 64

3.21 Conclusions—67

3.3 Acknowledgements — 67

3.4 Bibliography — 68

George K. Roderick, Maria Navajas

4 Invasions of Terrestrial Arthropods: Mechanisms, Pathways, and
Dynamics —75

4.1 Introduction—75

4.2 Mechanisms and Pathways — 76

4.2.1 Commodities: Release, Escape, Contaminants — 77

4.2.2 Vectors: Stowaways —78

4.2.3 Dispersal: Corridors or Unguided —79

4.3 New Tools and Approaches —79

4.4 The Invasion Process— 80

4.5 Policy and Management — 81

4.6 Risk Assessment — 81

4.7 Living with Invasive Arthropods — 81

4.8 Conclusions—82

4.9 Acknowledgements — 82

4.10 Bibliography — 83

Pam L. Fuller

5 Vectors of Invasions in Freshwater Invertebrates and Fishes — 88

5.1 Introduction—88

5.2 Fisheries/Stocking—90

5.3 Stocking for Sport and Food —90

5.3.1 Stocking for Forage —92

5.3.2 Stocking for Biocontrol —93

5.4 Bait Release — 95

5.5 Aquarium Release — 96

5.6 Aquaculture Escapes —97

5.7 Water Conveyance Structures —99

5.8 Shipping—104

5.9 Recreational Boats and Equipment — 104

5.10 Prayer Releases/Released Food Items —105



5.11 Conclusions —105
5.12 Bibliography —106

Christina M. Romagosa

6 Contribution of the Live Animal Trade to Biological Invasions —116
6.1 Introduction—116

6.2 Captive Animals —117

6.2.1 Pets —117

6.2.2 Competition—119

6.2.3 Religious Purposes — 120

6.2.4 Private Zoos/Tourist Attractions — 121

6.3 Exploitative Trade —121

6.3.1 Food - Wild Sources — 121

6.3.2 Traditional Medicine—123

6.3.3 Commercial Wildlife Farming —123

6.3.4 Bait—124

6.3.5 Scientific Research/Education —125

6.4 Trade for Direct Intentional Introduction —125
6.4.1 Aesthetics—126

6.4.2 Sport—126

6.4.3 Biological Control—127

6.5 Conclusions —127

6.6 Bibliography — 128

Part Il. Biological Invasions in Aquatic Ecosystems and in Host
Parasite Systems

Jodo Canning-Clode, Filipa Paiva
Summary of Part Il —136

April Blakeslee

7 Parasites and Genetics in Marine Invertebrate Introductions: Signatures
of Diversity Declines across Systems — 138

7.1 Introduction—138

7.11 Multiple Lines of Evidence in Marine NIS—139

7.1.2 Genetics and Parasites in Marine NIS—140

7.1.3 Genetic Diversity and Founder Effects — 141

7.1.4 Enemy Release Hypothesis: Parasite Escape — 143

7.1.5 Study Questions — 143

7.2 Methods —161

7.2.1 Data Sources—161

7.2.1.1 Genetic Diversity —161



7.2.1.2 Parasite Diversity — 161

7.2.2 Data Extraction —161
7.2.3 Data Analysis — 163
7.3 Results and Discussion — 164
7.3.1 Trends in NIS Species Classification and Source/Recipient
Regions —164
7.3.2 Comparisons of Parasite Escape, Genetic Bottlenecks, and Haplotype

Diversity across Studies—166
7.3.2.1 Source Area Analysis — 167

7.3.3 Introduction Vector, NIS Taxa, Distance between Source and Recipient
Region, and Time since Introduction — 169

7.3.3.1 Introduction Vector—169

7.3.3.2 NIS Taxonomy —170

7.3.3.3 Distance between Source and Recipient Regions — 172

7.3.3.4 Time since Introduction —173

7.3.4 Do Parasites Demonstrate Greater Losses of Genetic Diversity in Non-
native Regions than their Hosts? —173

7.3.5 Conclusions: Parasite and Genetic Analyses—Implications for their Use
in Marine Invasions — 174

7.4 Acknowledgements —175

7.5 Bibliography —176

Japo Jussila, Al Vrezec, Jenny Makkonen, Raine Kortet, Harri Kokko

8 Invasive Crayfish and Their Invasive Diseases in Europe with the Focus
on the Virulence Evolution of the Crayfish Plague —183

8.1 Introduction—183

8.2 European Crayfish: Indigenous Diversity and Xenodiversity — 184

8.2.1 Signal Crayfish (Pacifastacus leniusculus) — 187

8.2.2 Procambarus Species — 187

8.2.3 Orconectes Species—189

8.2.4 Cherax Species—190

8.3 Signal Crayfish in the Nordic Context —191

8.4 The Diseases of the Invasive Crayfish—192

8.4.1 Crayfish Plague (Aphanomyces astaci) — 192

8.5 The Adaptation of Aphanomyces astaci in Europe —197

8.5.1 The Virulence Evolution of the Aphanomyces astaci — 197

8.5.2 The Adaptation of Aphanomyces astaci to its Native and Alien

Hosts — 197

8.5.2.1 The Effect of the Host Jumps on the Adaptation Process — 198

8.5.3 Selection Pressure by Native Crayfish Hosts in Europe — 199

8.5.4 Selection Pressure in North American Hosts in Europe — 201

8.6 Acknowledgements — 203

8.7 Bibliography —204



Laura Harkdnen, Arja Kaitala

9 Host Dynamics and Ectoparasite Life Histories of Invasive And Non-Invasive
Deer Ked Populations — 212

9.1 Introduction to Ectoparasite Invasions — 212

9.1.1 Host-parasite Interactions — 212

9.1.2 Invasion Process in Temperate Ectoparasites—213

9.2 Effects of Host Dynamics and Deer Ked Life Histories on Population

Invasiveness — 215
9.2.1 Invasion of Fennoscandian Cervids — 215
9.2.2 Life-history Variation in the Deer Ked — 219

9.2.21 Reproduction and off-host Survival — 219
9.2.2.2 Host-specific Life History Variation —221

9.2.3 Current State of Deer Ked Invasion —222

9.2.3.1 Socio-economical Consequences of Deer Ked Invasion —223
9.3 Acknowledgements — 224

9.4 Bibliography — 225

Ane T. Laugen, Johan Hollander, Matthias Obst, Asa Strand

10 The Pacific Oyster (Crassostrea gigas) Invasion in Scandinavian Coastal
Waters: Impact on Local Ecosystem Services — 230

10.1 Introduction—230

10.2 Invasion History of Pacific Oysters: from Deliberate Introduction to
Establishment of Feral Populations —230

10.3 Invasion Future of Pacific Oysters: from Present to Forthcoming
Distribution—235

10.4 Invasion Impacts of Pacific Oysters: from Ecosystem Engineering to
Community Restructuring—238

10.4.1 Ecosystem Engineers — 239

10.4.2 Impacts on Species-level Interactions — 239

10.4.3 Impacts on Community-level Interactions — 240

10.5 Invasion Consequences of Pacific Oysters: from Perceived Nuisance to
Valuable Resource? — 241

10.6 Acknowledgements — 245

10.7 Bibliography — 246

Antonella Petrocelli, Ester Cecere

1 Invasive Seaweeds: Impacts and Management Actions — 253

11.1 Introduction —253

11.2 Most Widespread Invasive Seaweeds — 254

11.2.1 Codium fragile ssp. fragile (Chlorophyta, Bryopsidales) — 254
11.2.2 Gracilaria vermiculophylla (Rhodophyta, Gracilariales) — 259
11.2.3 Undaria pinnatifida (Ochrophyta, Laminariales) — 262

11.3 Vectors— 266



11.4 Control and Management—266

11.4.1 Policy and Laws — 268
11.5 Conclusion—268

11.6 Acknowledgements — 269
11.7 Bibliography —270

Part Ill. Management and Control of Biological Invasions

Jodo Canning-Clode, Filipa Paiva
Summary of Part Ill — 277

Frederico Cardigos, Joao Monteiro, Jorge Fontes, Paola Parretti, Ricardo Serrao Santos

12 Fighting Invasions in the Marine Realm, a Case Study with Caulerpa
webbiana in the Azores — 279

121 Invasive Marine Species of the Azores — 279

12.2 History of an Invasion - Caulerpa webbiana— 280

12.3 Planning the Mitigation— 281

12.4 Mitigating and Tech Development—283

12.5 Public Involvement—290

12.6 Fighting Caulerpa webbiana— 291

12.7 Lessons Learned — 294

12.8 Next Steps — 297

12.9 Acknowledgements — 298

12.10 Bibliography —299

Richard Shine

13 Reducing the Ecological Impact of Invasive Cane Toads — 301

13.1 Introduction—301

13.2 Background of the Study System — 302

13.3 Classical Approaches to Toad Control—305

13.4 Manipulation of Habitat Suitability — 306

13.4.1 Manipulation of Biotic Interactions — 307

13.4.2 Manipulation of Toad Abundance — 308

13.4.3 Manipulation of Toad Distribution and Population Structure — 309
13.4.4 Manipulation of Toad Behavior—310

13.4.5 Reduction of Predator Exposure to Lethally Large Toads — 311
13.4.6 Increase in Predator Exposure to Non-lethal (Small) Toads — 312
13.5 The Way Forward: Integrated Pest Control — 312

13.6 Acknowledgements — 313

13.7 Bibliography —314



Anibal Pauchard, Rafael Garcia, Sergio Zalba, Mauro Sarasola, Rafael Zenni, Silvia

Ziller, Martin A. Nufiez

14 Pine Invasions in South America: Reducing Their Ecological Impacts
Through Active Management — 318

141
14.2
14.2.1
14.2.2
14.2.3
14.2.4
14.2.5
14.3
14.4
14.5
14.6
14.7

Introduction — 318

Pine Invasions and Their Impacts in South America —323

Tropical and Subtropical Forests —323

Tropical and Subtropical Grasslands, Savannas and Shrublands —323
Mediterranean Forests and Shrublands — 324

Temperate Grasslands and Savannas — 325

Temperate and Sub-antarctic Forests —327

Current Policies and Management Actions on Pine Invasions — 329
The Future: How to Reduce Impacts? — 332

Concluding Remarks — 337

Acknowledgements — 337

Bibliography —338

Mark S. Minton, A. Whitman Miller, Gregory M. Ruiz

15 Implications of Ship Type on Delivery and Management of Ballast
Water—343

15.1 Ships, Biological Invasions, and Ballast Water Management — 343

15.2 Shipping and BW Delivery to the United States — 345

15.2.1 Overseas Arrivals — 345

15.2.2 Overseas Discharge — 347

15.2.2.1 Frequency of Inoculation—348

15.2.2.2 Volume of BW Discharge per Arrival— 349

15.2.2.3 Overseas Discharge by Coastal Region and Ship Type — 350

15.2.2.4 Overseas Discharge to US Ports — 350

15.2.2.5 Source of Overseas Ballast Water — 352

15.2.2.5.1  Ship Type Differences - Nationally —353

15.2.2.5.2  Ship Type Differences — Within Coastal Regions — 354

15.2.2.6 BW Exchange —356

15.3 BW Management——358

15.3.1 The BW Vector——358

15.3.2 Implications of Ship Type Differences — 359

15.3.2.1 Bulk Carriers —359

15.3.2.2 Tankers —360

15.3.2.3 Container Ships—360

15.4 Where We Go from Here? —361

15.5 Bibliography — 362



Part IV. Predictions and New Tools in Biological Invasions

Jodo Canning-Clode, Filipa Paiva
Summary of Part IV—366

Michelle R. Leishman, Rachael V. Gallagher
16 Will Alien Plant Invaders Be Advantaged Under Future Climates? — 368
16.1 Introduction—368

16.2 The Naturalization-invasion Continuum as a Framework
for Understanding Potential Climate Change Influences on Alien
Plants—369

16.2.1 Arrival of Propagules to New Areas —370

16.2.2 Establishment, Increased Abundance and Spread —371

16.2.2.1  Elevated CO, 372
16.2.2.2 Changes in Temperature and Rainfall—375
16.2.2.3 Changes in Disturbance Regimes Including Extreme Climatic

Events — 376

16.2.2.4 Interactions Between Macro- and Local-scale Climate Change
Drivers—376

16.3 Will There Be a Shift to Alien-dominated Vegetation Assemblages under
Climate Change? — 377

16.4 Issues of Management of Invasive Plants under Climate Change —379

16.4.1 Weed Risk Assessment— 379

16.4.2 Controlling Weeds — 379

16.4.3 Management Following Extreme Climatic Events — 380

16.4.4 Weed Management in the Wider Context of Biodiversity
Planning—380

16.5 What Research Is Needed to Inform Successful Management of Invasive
Plants under Climate Change? — 381

16.6 Acknowledgments — 382

16.7 Bibliography —383

Mario Santos, Rita Bastos, Joana Vicente, Uta Berger, Britaldo Silveira Soares Filho,
Hermann Rodrigues, Joaquim Alonso, Carlos Guerra, Jodo Martins, Jodo Honrado,
Jodo Alexandre Cabral

17 Anticipating Invasions and Managing Impacts: A Review of Recent
Spatiotemporal Modelling Approaches — 389

17.1 Introduction —389

17.1.1 Individual-Based Models (IBMs)—390

17.1.2 Stochastic Dynamic Methodology (StDM) — 392



17.1.3
17.1.4
17.2
17.3
17.4

Species Distribution Models (SDMs) —396
Dinamica EGO—400

Discussion— 402
Acknowledgements — 405
Bibliography — 406

Frédérique Viard, Thierry Comtet

18

18.1
18.2
18.2.1

18.2.2
18.2.3
18.3
18.3.1
18.3.2
18.4
18.4.1
18.4.1.1
18.4.1.2
18.4.2
18.4.3
18.4.4
18.5
18.6

Applications of DNA-based Methods for the Study of Biological
Invasions — 411

Introduction—411

A Need for Powerful Non-Native Species Identification Tools — 412
Molecular Barcoding: A Popular Approach for Aliens’

Identification — 415

Early Detection: A Challenging But Critical Task — 417

Revealing New Cryptic NIS — 417

Tracing Back Introduction and Expansion Processes — 418

Routes and Pathways of Colonization — 418

Spread Dynamics and Temporal Changes — 421

Long-Term Establishment and Consequences on the Ecosystems — 423
Insights about the Evolutionary Potential of the Invaders — 423
Evidence in Favor of the Emergence of Rapid Adaptation — 423
Studying Mechanisms That May Promote Rapid Adaptation — 424
Linking Hybridization and Invasiveness — 425

Examining Species Interactions — 426

Monitoring Community Diversity and Structure — 427
Acknowledgements — 427

Bibliography — 428

Theo Light, Peter Moyle

19
19.1
19.2
19.3
19.3.1
19.3.2
19.3.3

19.4
19.5
19.51
19.5.2
19.6

Assembly Rules and Novel Assemblages in Aquatic Ecosystems — 436

Introduction—436

Assembly Theory and Novel Assemblages — 437

Assembly Rules and Invasions: A Biogeographic Perspective — 438
Biotic Resistance — 440

Human Activity and Propagule/Colonization Pressure — 440

Are Non-Native Species the Drivers or Passengers of Native Species
Declines? —441

Case Histories— 443

Discussion — 449

Conclusions — 452

Management Implications — 452

Bibliography — 454



List of Figures —— 458
List of Tables — 464

Index — 466



