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Detecting and Responding to Alien Plant Incursions

Ecologists, land managers, and policy makers continue to search for the most

efective ways to manage biological invasions. An emerging lesson is that proac-

tive management can limit negative impacts, reduce risks, and save money. This

book explores how to detect and respond to alien plant incursions, summarising

the most current literature, providing practical recommendations, and review-

ing the conditions and processes necessary to achieve prevention, eradication,

and containment. Chapter topics include assessing invasiveness and the impact

of alien plants, how to improve surveillance eforts, how to make timely man-

agement decisions, and how legislation and strategic planning can support man-

agement. Each chapter includes text boxes written by international experts that

discuss topical issues such as spatial predictive modelling,costing invasions,biose-

curity, biofuels, and dealing with conlict species.

john r. wi lson has published close to one hundred papers in peer-reviewed

journals on a wide range of ecological and evolutionary topics,with a particular

focus on invasion science. Based in South Africa, he is a member of the IUCN

Invasive Species Specialist Group, and works across science, management, and

policy.

f. dane panetta has over forty years of weeds-related research experience in

the areas of ecology, risk assessment, and incursion management. He has pub-

lished close to one hundred papers in peer-reviewed journals and has edited or

co-edited three books on weed risk assessment.He resides in Brisbane,Australia.

cory l indgren is an ecologist and biosecurity policy analyst who earned his

PhD from the University of Manitoba.He is a long time director of the Invasive

Species Council of Manitoba and on the organizing committee for the Weeds

Across Borders conference. He has authored numerous peer-reviewed papers

and contributed chapters to books on invasive species.
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The world’s biological diversity faces unprecedented threats.The urgent challenge facing

the concerned biologist is to understand ecological processes well enough to maintain

their functioning in the face of the pressures resulting from human population growth.

Those concerned with the conservation of biodiversity and with restoration also need to

be acquainted with the political, social, historical, economic, and legal frameworks within

which ecological and conservation practice must be developed. The new Ecology, Bio-

diversity, and Conservation series will present balanced, comprehensive, up-to-date, and

critical reviews of selected topics within the sciences of ecology and conservation biol-

ogy, both botanical and zoological, and both ‘pure’ and ‘applied’. It is aimed at advanced

inal-year undergraduates, graduate students, researchers, and university teachers, as well

as ecologists and conservationists in industry, government, and the voluntary sectors. The

series encompasses a wide range of approaches and scales (spatial, temporal, and taxo-

nomic), including quantitative, theoretical, population, community, ecosystem, landscape,

historical, experimental,behavioural, and evolutionary studies.The emphasis is on science

related to the real world of plants and animals rather than on purely theoretical abstrac-

tions and mathematical models.Books in this series will,wherever possible,consider issues

from a broad perspective. Some books will challenge existing paradigms and present new

ecological concepts, empirical or theoretical models and testable hypotheses.Other books

will explore new approaches and present syntheses on topics of ecological importance.

Ecology and Control of Introduced Plants

Judith H.Myers and Dawn Bazely

Invertebrate Conservation and Agricultural Ecosystems

T.R.New

Risks and Decisions for Conservation and Environmental Management

Mark Burgman

Ecology of Populations

Esa Ranta, Per Lundberg and Veijo Kaitala

Nonequilibrium Ecology

Klaus Rohde

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

The Ecology of Phytoplankton

C. S. Reynolds

Systematic Conservation Planning

Chris Margules and Sahotra Sarkar

Large-Scale Landscape Experiments: Lessons from Tumut

David B. Lindenmayer

Assessing the Conservation Value of Freshwaters: An international perspective

Philip J. Boon and Catherine M. Pringle

Insect Species Conservation

T.R.New

Bird Conservation and Agriculture

Jeremy D.Wilson, Andrew D. Evans, and Philip V. Grice

Cave Biology: Life in darkness

Aldemaro Romero

Biodiversity in Environmental Assessment: Enhancing ecosystem services for human well-being

Roel Slootweg, Asha Rajvanshi, Vinod B.Mathur, and Arend Kolhof

Mapping Species Distributions: Spatial inference and prediction

Janet Franklin

Decline and Recovery of the Island Fox: A case study for population recovery

Timothy J. Coonan, Catherin A. Schwemm, and David K. Garcelon

Ecosystem Functioning

Kurt Jax

Spatio-Temporal Heterogeneity: Concepts and analyses

Pierre R. L. Dutilleul

Parasites in Ecological Communities: From interactions to ecosystems

Melanie J. Hatcher and Alison M.Dunn

Zoo Conservation Biology

John E. Fa, Stephan M. Funk, and Donnamarie O’Connell

Marine Protected Areas: A multidisciplinary approach

Joachim Claudet

Biodiversity in Dead Wood

Jogeir N. Stokland, Juha Siitonen, and Bengt Gunnar Jonsson

Landslide Ecology

Lawrence R.Walker and Aaron B. Shiels

Nature’s Wealth: The economics of ecosystem services and poverty

Pieter J. H. van Beukering, Elissaios Papyrakis, Jetske Bouma, and Roy Brouwer

Birds and Climate Change: Impacts and conservation responses

James W. Pearce-Higgins, and Rhys E. Green

Marine Ecosystems: Human impacts on biodiversity, functioning and services

Tasman P. Crowe and Christopher L. J. Frid

Wood Ant Ecology and Conservation

Jenni A. Stockan and Elva J. H.Robinson

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

Detecting and
Responding to Alien
Plant Incursions

JOHN R. WILSON

Principal Scientist, South African National Biodiversity Institute,

Kirstenbosch Research Centre, Claremont, South Africa, and Core Team Member,

Centre for Invasion Biology, Department of Botany and Zoology, Stellenbosch

University, Stellenbosch, South Africa

F. DANE PANETTA

Honorary Principal Fellow, Faculty of Veterinary and Agricultural Sciences,

The University of Melbourne, Parkville, Victoria, Australia

CORY LINDGREN

Invasive Species Specialist, Manitoba, Canada

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

University Printing House, Cambridge CB2 8BS,United Kingdom

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/9781107095601

C© Cambridge University Press 2017

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 2017

Printed in the United Kingdom by T.J. International Ltd., Padstow, Cornwall

A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data
Names:Wilson, John R., 1977– author.
Title: Detecting and responding to alien plant incursions / John R.Wilson,
F. Dane Panetta, Cory Lindgren.
Other titles: Ecology, biodiversity, and conservation.
Description: [New York] : Cambridge University Press, 2017. | Series:
Ecology, biodiversity and conservation | Includes bibliographical references and index.
Identiiers: LCCN 2016019833 | ISBN 9781107095601
Subjects: LCSH: Invasive plants – Control. | Alien plants – Control.
Classiication: LCC SB613.5 .W55 2016 | DDC 581.6/2 – dc23
LC record available at https://lccn.loc.gov/2016019833

ISBN 978-1-107-09560-1 Hardback
ISBN 978-1-107-47948-7 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.

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

Contents

List of Contributing Authors page ix

Foreword xii

Preface xv

List of abbreviations xviii

1 Introduction 1

Box 1.1 Incursion Response in New Zealand –

Philip E. Hulme 7

2 Prediction (Pre- and Post-Border) 19

Box 2.1 Plant Traits Associated with Impact on

Native Plant Species Richness – Montserrat Vilà,

Rudolf P. Rohr, José L. Espinar, Philip E. Hulme,

Jan Pergl, J. Jacobus Le Roux, Urs Schafner, &

Petr Pyšek 29

Box 2.2 Lag Phases: Theory, Data, and Practical

Implications – Petr Pyšek 33

Box 2.3 Species Distribution Models – Jane Elith 41

3 Detection and Delimitation 52

Box 3.1 Risk Mapping to Underpin Post-Border

Weed Management Activities –

Rieks D. van Klinken & Justine V.Murray 59

Box 3.2 Estimating Detectability Using Search

Experiments – Cindy E. Hauser & Joslin L.Moore 71

4 Evaluation of Management Options 80

Box 4.1 Is it Feasible to Eradicate or Contain Plant

Incursions in the Galapagos Islands? –

Mark R.Gardener 96

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

viii · Contents

5 Evaluation of Management Performance 111

Box 5.1 Allocating Resources – Oscar Cacho 131

6 Legislation and Agreements 139

Box 6.1 Legislation in Antarctica –

Dana M. Bergstrom & Justine D. Shaw 141

Box 6.2 Regulating the Use of Potential Invaders for

Bioenergy – Lauren D.Quinn 161

Box 6.3 Managing Invasive Ornamental Trees:

Conlicting Views and Values in Hawai‘i –

Curtis C. Daehler 164

7 Strategies and Actions 169

Box 7.1 National Strategies for Dealing with

Biological Invasions: South Africa as an

Example – Brian W. van Wilgen 170

Box 7.2 Costing Invasions in the UK – Richard H.

Shaw 188

8 Implementation 193

Box 8.1 What is a Cooperative Weed Management

Area? – Al Tasker 200

Box 8.2 The European and Mediterranean Plant

Protection Organization: Coordinating the

Response to Invasive Plants Across Borders –

Sarah Brunel 201

Box 8.3 Invasive Species Early Detection and Rapid

Response (EDRR): A Land Conservation

Challenge for the Twenty-First Century –

Randy Westbrooks & Steven Manning 207

Box 8.4 Raising Awareness About Invasive Plants in

Portugal – Elizabete Marchante & Hélia Marchante 211

9 Conclusions and Future Directions 217

Glossary 228

References 238

Index 263

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

Contributing Authors

dana m. bergstrom – box 6.1

Australian Antarctic Division, Kingston, Tasmania, Australia

sarah brunel – box 8.2

European and Mediterranean Plant Protection Organization (EPPO/

OEPP), Paris, France

oscar cacho – box 5.1

UNE Business School, University of New England, Armidale, New

South Wales, Australia

curti s c. daehler – box 6.3

Department of Botany, University of Hawai‘i at Manoa, Honolulu,

Hawai‘i, USA

jane el ith – box 2.3

School of BioSciences, University of Melbourne, Parkville, Victoria,

Australia

josé l . espinar – box 2.1

Estación Biológica de Doñana (EBD-CSIC), Isla de la Cartuja, Sevilla,

Spain

mark r. gardener – box 4.1

School of Plant Biology, University of Western Australia, Crawley,

Western Australia, Australia

c indy e . hauser – box 3.2

School of BioSciences, University of Melbourne, Parkville, Victoria,

Australia

phi l ip e . hulme – box 1.1, box 2.1

Bio-Protection Research Centre, Lincoln University, Lincoln, New

Zealand

www.cambridge.org/9781107095601
www.cambridge.org


Cambridge University Press
978-1-107-09560-1 — Detecting and Responding to Alien Plant Incursions
John R. Wilson , F. Dane Panetta , Cory Lindgren 
Frontmatter
More Information

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

x · Contributing Authors

j. jacobus le roux – box 2.1

Centre for Invasion Biology, Department of Botany and Zoology, Stel-

lenbosch University, Stellenbosch, South Africa

steven manning – box 8.3

Invasive Plant Control Inc., Nashville, Tennessee, USA

el izabete marchante – box 8.4

Centro de Ecologia Funcional, Department of Life Sciences, University

of Coimbra, Coimbra, Portugal

hél ia marchante – box 8.4

Centro de Ecologia Funcional, Department of Life Sciences, University

of Coimbra, Coimbra, Portugal, and Coimbra Agriculture School, Poly-

technic of Coimbra, Coimbra, Portugal

josl in l . moore – box 3.2

School of Biological Sciences, Monash University, Melbourne, Victoria,

Australia

justine v. murray – box 3.1

CSIRO, EcoSciences Precinct, Brisbane, Queensland, Australia

jan pergl – box 2.1

Institute of Botany, The Czech Academy of Sciences, Průhonice, Czech
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Foreword

Invasion science has a relatively short history. Islands, as the parts of our

planet most conspicuously invaded by non-native biota, gave rise to the

irst books on invasion science (Thomson 1922; Elton 1958). However,

it was immediately clear that many continental areas had been heavily

invaded as well. At the end of the last century, an organised and inter-

national biological invasions research efort (Simberlof 2011) centred

around four basic questions:

(1) What makes some taxa more or less invasive?

(2) What makes some individual ecosystems more or less invasible?

(3) What are the impacts of invasive taxa?

(4) What should be done if impacts are economically and/or environ-

mentally undesirable?

The usual assumption of the last question is that impacts have already

been recognised. Indeed,attempts to control or even eradicate non-native

weeds and pests have a long history in agriculture, forestry,and health care.

More recently, such attempts were extended to protected areas such as

nature reserves and national parks. However, with enormous investment

into control eforts, it very soon became clear that introduction preven-

tion and fast eradication after early detection of new invaders represent

the most cost-efective and ecologically efective strategies.Still, decisions

about whether and when recently introduced taxa should be monitored,

contained, or eradicated remain a grey area. To date well over 100 books

have been published on plant invasions.However,how to detect and how

to respond to initial stages of plant invasions have not been systematically

covered in any book publication until now.

For a long time, this ‘knowing–doing’ gap in invasion science has been

recognised (Esler et al. 2010;Abella 2014;Matzek et al. 2015). This book,

by John Wilson,Dane Panetta, and Cory Lindgren, substantially helps to

close this gap. Because the book does not deal with speciic invasions, it

does not provide a cookbook for speciic situations. Instead, using many
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examples, the reader is guided through the tools we have for (a) predic-

tion of invasiveness and impacts; (b) detection and delimitation of new

incursions of non-native plants; (c) eradication and/or containment fea-

sibility; (d) evaluation of management results; (e) implementation and

development of efective legislation and regulations; (f) prioritisation and

development of feasible strategies; and (g) implementation of those strate-

gies. To incorporate as much relevant knowledge as possible, 26 invited

authors contributed text boxes summarising their respective expertise.

These boxes provide perspectives and insights from across the globe,

bringing the reader up to speed on the current state of invasion science.

The Glossary and over 400 references will make this volume particularly

useful.

Among books on biological invasions currently available on the mar-

ket, this one is a unique achievement. I greatly look forward to using this

book, and am conident that plant ecologists and managers around the

world will ind it both a valuable resource and a pleasure to read.

Marcel Rejmánek

University of California, Davis
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Preface

Alien plants can be managed most cost-efectively either before they have

begun to spread or in their earliest stages of invasion, what we call in

this book ‘incursions’. When distributions are small in extent, it is pos-

sible, through coordinated control strategies, to achieve eradication or

prevent further spread (i.e. containment). There has been an increasing

focus on these management goals from a theoretical perspective and in

relation to on-ground management, but much of the theoretical work

either does not support current on-ground practice or fails to address the

needs of managers and decision makers. A major aim of this book is to

draw together the scattered literature and provide recommendations for

how the management of incursions can be improved.

In this book we argue that incursions can be managed efectively, pro-

vided a few simple steps are taken.First, there is a need to predict,prevent,

and prepare. This will help reduce the rate of new arrivals, and increase

the rate at which incursions are detected. Second, when an incursion is

detected,it is important not to wait,but to make an initial decision regard-

ing whether or not to act. If the decision is to act, management options

should be evaluated in a structured manner. Finally, for management to

be efective it needs to be properly monitored so that performance can

be evaluated and goals revisited if required. The success of an incursion

response also depends on a host of facilitating activities and mechanisms –

for example, legislation, strategies, action plans, and organisational

structures.

The reader should not be overly concerned with the large number of

alien plants that occur in diferent parts of the world. Most alien plant

incursions pose a negligible threat and do not need to be managed (nor

could they be,given the limitations on resources available).The irst com-

ponent of incursion response is deciding whether or not to act, and a

proper response often will not involve on-ground management. A major

motivation for writing this book has been to provide tools to help with

this decision.
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The book has been written for a range of potential readers, including

land managers, policy makers, students, and researchers.While it is gener-

ally aimed at the science–policy interface, some parts review key emerg-

ing principles (e.g. assessing which species pose the greatest threat),while

elsewhere we focus on outlining existing protocols (e.g. how to assess

progress towards eradication). In some cases the discussion might there-

fore be too esoteric to be of direct value to land managers, and in other

cases, where the state of knowledge is more advanced, the focus will be

on how to do things in practice without discussing the fundamentals at

length. We hope the reader will beneit from at least a cursory exam-

ination of all chapters, but as a rough guide: Chapters 2 and 3 address

why and where plant invasions happen;Chapters 4 and 5 focus on decid-

ing on the goal of an incursion response and how to monitor progress

towards that goal; and Chapters 6,7, and 8 discuss the policy and enabling

environment in terms that often apply to all plant invasions.

Plant invasions are context-dependent – spatially, temporally, and

socio-economically. Hence management needs to be adaptive. As such,

we try to avoid being prescriptive and address the theories and man-

agement practices as we know them. We do, however, end each chap-

ter with some general recommendations. Throughout the book interna-

tional experts have contributed text boxes that elucidate particular topics

of interest. These text boxes are vignettes that highlight real examples of

what has, and has not, worked.

There are a couple of things that the book does not address. First, it is

not going to ‘make the case’. Invasive plants are a serious global threat to

biodiversity, the environment, economies, trade, and human health. If you

need convincing, there are some excellent reports available (e.g. Boy and

Witt 2013;Box 7.2). Second,we elected not to discuss classical biological

control as a management option.Classical biological control can provide

substantial beneits in terms of reducing rates of spread and so should be

used where and when practical. There is also much to be said about the

proactive development and testing of agents. But, to date, biocontrol is

only implemented once an incursion has become a widespread invasion.

Finally,we do not discuss restoration. Invasions can sometimes be passen-

gers rather than drivers of global change,and control eforts will only have

long-term beneits if substantial efort is placed into restoring ecosystems,

as otherwise the area treated might simply be recolonised by the same or

another alien plant. However, the theory and practice of restoration is

well discussed elsewhere. Moreover, if the impact of an invasion is such
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that restoration is required, the opportunity for coordinated control will

have likely well and truly passed.

The book would, of course, not have been possible without the sup-

port of our friends, colleagues, and families.We are indebted to S.Raghu,

Marcel Rejmánek,Dave Richardson, Brian van Wilgen, and Bruce Wil-

son for their comments and insights on earlier versions of the book; to

the Invasives in the Cape Discussion Group, SANBI’s Invasive Species

Programme, and the past and present staf, students, and post-docs of the

Centre for Invasion Biology for useful insights, enthusiasm, and debates;

to the text box authors for providing much needed colour and poetry to

the prose; to Michael Usher for encouragement and advice on writing a

book; and to the publishers at Cambridge University Press. Finally, Dave

Richardson provided the impetus for the book – without his enthusiasm

it would not have been written.

A substantial part of this work is based on research supported by the

National Research Foundation of South Africa (UID# 85412), and the

DST-NRF Centre of Excellence for Invasion Biology.
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Abbreviations

AWRA: Australian Weed Risk Assessment scheme, see Gordon et al.

(2010) for an overview

CBD: Convention on Biological Diversity, a global agreement

addressing all aspects of biological diversity (www.cbd.int)

CWMA: Cooperative Weed Management Area (Box 8.1)

EDRR: Early detection and rapid response

EICAT: Environmental Impact Classiication for Alien Taxa, see

Hawkins et al. (2015)

EPPO: European and Mediterranean Plant Protection Organisation

(www.eppo.int)

FAO: Food and Agriculture Organisation of the United Nations

(www.fao.org)

IPPC: International Plant Protection Convention (www.ippc.int),

overseen by the FAO

ISPMs: International Standards for PhytosanitaryMeasures,produced

by the IPPC

IUCN: International Union for Conservation of Nature (www.iucn

.org)

RPPO: regional plant protection organisation
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