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Foreword

When wise people first decided to proclaim portions of the Earth’s surface as

‘protected areas’ for environmental conservation purposes in the late nineteenth

century, the last thing they had on their minds were Invasive Alien Species. In fact

at that time I doubt this human construct even existed in the minds of the most

far-sighted of these wise people. Who could have foreseen that the greatest long-

term threat to the integrity of the ecosystems ‘protected’ in these national parks, game

reserves and state forests would turn out not to be the axeman, the hunter or the land

developer, but rather the inexorable spread of alien species. But this is the situation that

protected area managers throughout the world find themselves in today.

Fortunately, as the Invasive Alien Species (IAS) threat to protected areas has

grown, the awareness of the scale of the problem has also grown. Fortunately, too,

our understanding of the nature of the alien invasion phenomenon has also grown

apace, as well as our understanding of the methods of combatting the phenomenon.

The current volume sets out a great deal of the latest knowledge on this complex

topic, and protected area managers will be well advised to read the relevant chapters

with a view to applying the principles that are emerging in their own IAS prevention

and management programmes.

In essence the problem is simple: natural ecosystems are being invaded by a host

of alien species introduced outside their native ranges by human agency. These

IAS vary in the severity of their impacts on the invaded ecosystems, but as a

generalization, none of them should be tolerated in a protected area which should

have the maintenance of its native biodiversity and natural ecosystem functioning

as a top priority goal for the area’s management. In reality, the scale of the problem

is such that one of the managers’ first tasks must be to prioritise on which IAS to

focus their management efforts.

Unfortunately, that preeminent component of modern intelligent IAS manage-

ment, ‘prevention’, is not optimally available to individual protected areas as these

form parts of nations and subcontinents, and it is at the borders of such larger

geographic and political entities that prevention strategies are generally best

applied. However, it is still crucially important that all protected area IAS manage-

ment strategies address this issue of preventing new alien species from entering the

vii



area. In this connection it is absurd that some protected areas still allow the

cultivation of alien plant species in the developed areas within the protected area:

this despite the ample historical evidence from protected areas all around the world

that such introductions have frequently led to serious IAS problems.

Based on my own experience and my extensive reading of the experience of

others in managing IAS in protected areas, a few simple points emerge: IAS

management will only be successful if the nature of the IAS challenge to the

protected area is well quantified, the appropriate IAS management strategy adopted,

the optimum management measures employed and the actual field measures ade-

quately monitored, documented and followed-up. It is crucially important at the

outset to provide accurate estimates of the resources that will be required to

implement the IAS management programme: under-resourced programmes are

invariably doomed to failure and will only lead to ‘decision makers’ later shrugging

their shoulders and declaring the problem insoluble.

Something that you are unlikely to read in the science-based chapters that

comprise this volume is the overriding importance of ‘commitment’: an IAS

management programme implemented half-heartedly by a management team that

lacks a deep commitment to the programme will often fail miserably. The identical

programme (as long as it is based on a sound understanding of the alien invasion to

be managed and is adequately resourced) driven by a management team that is

totally committed to making the programme work will generally succeed. ‘Adap-

tive management’ in which the lessons learned in initial management operations are

rapidly fed back into an improved strategy and or improved tactical measures is

essential.

Hopefully, reading the chapters of this book will lead to heightened levels of

commitment by both decision-makers and managers to combatting the invasion of

our priceless protected areas by alien species throughout the world. The editors and

the chapter authors are to be commended for putting together this useful summary

at a time when protected area managers throughout the world are in desperate need

of such an up-to-date summary on this important management issue.

Ian A W Macdonald

Extraordinary Professor, Sustainability Institute, School of Public Leadership,

Stellenbosch University, South Africa
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Preface

In the distribution of species over the Globe, the order of nature has been obscured through

the interference of man. He has transported animals and plants to countries where they were

previously unknown; extirpating the forest and cultivating the soil, until at length the face

of the Globe itself is changed. To ascertain the amount of this interference, displaced

species must be distinguished, and traced each to its original home.

Charles Pickering, M.D. (Chronological history of plants 1879)

Interest in biological invasions has increased dramatically since introduced

species were mentioned in faunas and floras in the late 1700s, briefly discussed in

the works of Charles Darwin, Charles Pickering and others in the 1800s, and then

brought to prominence in the mid-1900s through the work of, among others,

Charles Elton in his 1958 book on Invasions of Animals and Plants.
Work directed at understanding the drivers and determinants of invasiveness of

species and invasibility of habitats started in earnest, largely as a result of an

international programme under the auspices of SCOPE (Scientific Committee on

Problems of the Environment), in the late 1980s. Elucidation of the intricacies of

the negative impacts of biological invasions has lagged behind. However, through

initiatives such as the Millennium Ecosystem Assessment, there is now consider-

able awareness of the pervasiveness of invasive species and their role, often as part

of a ‘lethal cocktail’ of factors, in driving ecosystem degradation. Considerable

effort is now being devoted towards devising robust methods for forecasting and

quantifying impacts, and developing effective prevention and management inter-

ventions. Dramatic evidence has emerged in recent decades that no ecosystems are

free from invasive species and that even remote protected areas are being affected

by many types of invasive species.

The growing recognition of the impacts of biological invasions on biodiversity

has led conservation fora – such as the Convention on Biological Diversity and the

IUCN World Commission on Protected Areas – to call on the global conservation

community to strengthen prevention and response efforts for invasive species in

protected areas. This became part of a more general process of recognising the

urgent need of active conservation in response to the rapidly increasing pressures

affecting protected areas. It has become obvious that more effective conservation
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action requires significant advances in invasion science. This is one of the reasons

behind the increased number of scientific conferences, symposia and other fora

related to invasive species organised in recent decades, such as the United Nations

Conference on Alien Species in Trondheim, Norway, in 1996, and conferences such

as BIOLIEF (World Conference on Biological Invasions and Ecosystem Function-

ing) and ICBI (International Conference on Biological Invasions).

The primary international forum for deliberations on plant invasions is the

conference series on Ecology and Management of Alien Plant Invasions (EMAPI)

which started in 1992. The concept of examining alien plant invasions in protected

areas was initiated through a special session on the topic at the 10th EMAPI

conference in Stellenbosch, South Africa, in 2009, and was followed up at the

11th EMAPI meeting in 2011 in Szombathely, Hungary. The seeds sown at these

meetings grew into this book, which we hope presents a balanced synthesis of the

current situation of invasive plants in protected areas and stimulates new work to

deal with the massive challenges that lie ahead.

Skukuza, South Africa Llewellyn C. Foxcroft

Průhonice, Czech Republic Petr Pyšek

Stellenbosch, South Africa David M. Richardson

Rome, Italy Piero Genovesi

August 2013
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Stéphane Baret Parc national de La Réunion, La Plaine des Palmistes, La
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Environmental Science, Umeå University, Abisko, Sweden

Andrea Monaco ARP, Regional Parks Agency – Lazio Region, Rome, Italy

Catherine Parks Pacific Northwest Research Station, US Forest Service,

La Grande, USA

Anı́bal Pauchard Laboratorio de Invasiones Biológicas, Facultad de Ciencias

Forestales, Universidad de Concepción, Concepción, Chile

Instituto de Ecologı́a y Biodiversidad (IEB), Santiago, Chile

Jan Pergl Department of Invasion Ecology, Institute of Botany, Academy of

Sciences of the Czech Republic, Průhonice, Czech Republic
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Part I

Setting the Scene: Impacts, Processes
and Opportunities



Chapter 1

Plant Invasions in Protected Areas:

Outlining the Issues and Creating the Links

Llewellyn C. Foxcroft, David M. Richardson, Petr Pyšek,

and Piero Genovesi

Abstract There are numerous excellent volumes on the topic of biological

invasions, some of which deal with conservation-related issues to varying degrees.

Almost 30 years since the last global assessment of alien plant invasions in protected

areas during the SCOPE programme of the 1980s, the present book aims to provide

a synthesis of the current state of knowledge of problems with invasive plants

in protected areas. To set the scene we outline some of the major challenges facing

the field of invasion biology. We discuss the extent and dimensions of problems that

managers of protected areas deal with and what can be learnt from research

and management interventions conducted in protected areas. A virtual tour through

different regions of the world sheds light on the rapidly growing knowledge
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Department of Invasion Ecology, Institute of Botany, Academy of Sciences
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base in different socio-geographical settings, and applies such insights to the

problems that managers face. We hope that this book captures the core concerns

and creates the critical links that will be needed if the growing impacts of alien

plant invasions on protected areas are to be managed effectively. We also aim to

promote the role of protected areas as leaders and catalysts of global action on

invasive species, and key study areas for basic and applied invasion science.

Keywords Conservation • Impact • Invasive alien plants • Management • Nature

reserve

1.1 Protected Areas and Plant Invasions: History

and Threats

The target of conserving 10 % of the world’s ecological regions by 2010 was agreed

to in 2004, at the seventh conference of the parties to the Convention on Biological

Diversity (CBD 2004) and the CBD Strategic Plan for 2011–2020 raised this target

to 17 % (Aichi Target 11). A recent summary estimates that there are about 157,000

terrestrial and marine areas that enjoy some form of legal status as protected

areas (PAs) worldwide. These PAs cover more than 24 million km2 (16 million

km2 terrestrial; IUCN and UNEP-WCMC 2012; http://www.wdpa.org/Statistics.

aspx). The number of PAs grew tenfold between 1962, when there were approxi-

mately 10,000, and 2003 (the 5th World Parks Congress in Durban) when there

were about 100,000 (Mulongoy and Chape 2004). Terrestrial PAs grew from about

3.5 % of the total land area in 1985 (Zimmerer et al. 2004), to 12.9 % in 2009

(Jenkins and Joppa 2009).

Protected areas are the foundation of national and international conservation

initiatives, and are mandated with conserving biodiversity (Dudley and Parish

2006). They are designed to protect representative portions of natural landscapes,

ensure the persistence of biodiversity and key ecosystem processes, provide eco-

system goods and services, and in many cases to contribute significant economic

benefits (Barrett and Barrett 1997; Margules and Pressey 2000). The role that PAs

can play in mitigating the impacts of global climate change is also increasing

in importance (Conroy et al. 2011).

Empirical evidence of the overall contribution of PAs in conserving biodiversity

is scarce. Nonetheless, and despite some conflicting case studies (Bruner

et al. 2001; Mora et al. 2009; Butchart et al. 2012), there is little doubt that, globally,

PAs buffer representative areas of biodiversity from many threatening processes

(Gaston et al. 2008). Protected areas are, however, becoming increasingly isolated

in a matrix of human-altered landscapes (Koh and Gardner 2010). Habitat frag-

mentation not only reduces the total amount of habitat and subdivides it into

fragments, but also introduces new forms of land use (Bennett and Saunders

2010). These landscapes, modified to varying extents for different uses, differ in

their conservation value, and in their compatibility with adjacent PAs. Moreover,

PAs are faced with a number of threats, displacing the species and eroding the
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systems underpinning the reasons for their establishment. Within PAs the growing

global impacts of habitat loss, fragmentation and over-exploitation are often elim-

inated or can be managed to some extent. Many anthropogenic threats to biodiver-

sity are, however, not removed through formal protection. This is especially true for

smaller PAs and those with larger edge/total area ratios. Biological invasions, one

of the most pressing environmental concerns globally, are one such threat.

The concept of setting aside tracts of land for different forms of protection dates

back thousands of years (Mulongoy and Chape 2004), with many being declared as

sacred sites (Dudley et al. 2005). For instance in northern India (2,000 years ago)

and Indonesia (1,500 years ago) areas were protected for religious beliefs and as

homes of the Gods. Estimates suggest that there may be as many sacred sites as

PAs, many of which fall outside formally listed PAs (Dudley et al. 2005). Modern

philosophies behind conservation or protected areas were related to maintaining

vast tracts of wilderness (of which John Muir was a major advocate; Devall 1982),

a landscape ethic (Leopold 1949), the protection of fragments of habitats that were

rapidly disappearing, or to support sustainable utilization or wildlife conservation

(Meine 2010). Wildlife conservation has often focused on the preservation of single

species at high risk of extinction and/or protecting dwindling herds of typically

charismatic large mammals. For example, the preservation of rare or endangered

species, which are also often charismatic, played a major role in leading to the

promulgation in 1905 of Kaziranga National Park in India to protect the one-horned

rhinoceros (Rhinoceros unicornis; Dudley and Parish 2006).

The first national park proclaimed globally (and the first formal use of the term

‘national park’), primarily for protection of its scenic beauty (Dudley and Stolton

2012), was Yellowstone National Park in the United States, in 1872. The procla-

mation of Yellowstone National Park was followed shortly thereafter by national

parks in a number of countries. By 2008, the US National Park system covers

338,000 km2 of PAs, about 4 % of the country, including representative landscapes

of all of the nation’s biomes and ecosystems (Baron et al. 2008). Designation and

management of PAs as an approach to preventing degradation of particular parcels

of land continued with a focus on species populations, maintaining states in

equilibrium (notions of the ‘balance of nature’) or agriculturally based concepts

such as carrying capacity (Rogers 2003). In the 1990s, conservation practices and

management approaches had started moving away from protection of single species

and their habitats, towards the consideration of interactive networks of species and

an ecosystem-based approach (Ostfeld et al. 1997). Species-centric approaches

often developed into crisis-orientated approaches, whereas focusing on large-

scale ecosystems and networks allows for the maintenance of the underlying

requirements on which species depend (Fiedler et al. 1997; Ostfeld et al. 1997).

There is also increasing acceptance by conservation agencies that systems are

dynamic and heterogeneous, and that disturbance is both a driver and responder

of system change (Pickett et al. 2003). Emerging concepts over the last decade

include the growing understanding of the importance of ecosystem resilience

for PAs (Wangchuk 2007; Baron et al. 2008; Hobbs et al. 2010) and that the

interrelatedness of socio-ecological systems in the broader landscape are critical
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to long-term maintenance of PAs (Newton 2011). It is thus within this setting

and new conservation paradigm that insights for invasion science may emerge.

In the USA, concern over alien species in the national parks was expressed by

National Park Service scientists as early as in the 1930s (Houston and Schreiner

1995). Even earlier, however – shortly after the establishment of the Yosemite

Valley state park in 1864, designated for public use and recreation – concerns

about European weeds invading the park were raised (Randall 2011). In South

Africa’s Kruger National Park (established in 1898) the first official records of alien

plants date to 1937, when six alien species were recorded during general botanical

surveys (Foxcroft et al. 2003). In 1947 Bigalke, writing about the then National

Parks Board of South Africa, published a strongly titled paper “The adulteration of

the fauna and flora of our national parks”. He stated that it should not be permissible

to introduce animals and plants to a national park, and if the principle was not

strictly adhered to the term ‘national park’ would have no meaning (Bigalke 1947).

At a meeting of the American Association for the Advancement of Science (AAAS)

in 1921, the council stated that it “. . .strongly opposes the introduction of

non-native plants and animals into the national parks. . . and urges the National

Park Service to prohibit all such introduction. . .” (Shelford 1926). Similar senti-

ments were expressed in Great Britain by the British Ecological Society in a report

on nature conservation and nature reserves (British Ecological Society 1944).

Despite sentiments like these, some of the best-known examples of alien plant

invasions come from PAs – and in some cases these are due to intentional intro-

ductions by park managers. For example, in Everglades NP, USA, Melaleuca
quinquenervia (melaleuca) forms dense stands, replacing indigenous vegetation,

altering habitats and fire regimes, and using large amounts of water (Schmitz

et al. 1997). Schinus terebinthifolius (Brazilian pepper) has similar impacts, and

has replaced Cladium jamaicense (saw grass) prairie and pineland with monospe-

cific stands (Li and Norland 2001). Mimosa pigra (giant sensitive plant) is consid-

ered a major threat to Kakadu NP in Australia (Cowie and Werner 1993; Lonsdale

1993). Similarly, Morella faya (faya tree) in Hawaii Volcanoes NP has displaced

the endemic Metrosideros polymorpha (‘Ohi’a lehua) over large areas of protected

land (Loope et al. 2014).

1.2 The SCOPE Programme on Biological Invasions

in the 1980s

The last international research programme to focus specifically on invasive species

in protected areas was a working group on invasions in nature reserves, initiated

under the SCOPE (Scientific Committee on Problems of the Environment)

programme on biological invasions in the 1980s (Wildlife Conservation and the

Invasion of Nature Reserves by Introduced Species: a Global Perspective;

Macdonald et al. 1989). The work on nature reserves culminated in a series of six
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papers published in the journal Biological Conservation, addressing invasions

globally in nature reserves on islands (Brockie et al. 1988), on arid land (Loope

et al. 1988), in tropical savannas and dry woodlands (Macdonald and Frame 1988),

in Mediterranean-type climatic regions (Macdonald et al. 1988), and completed by

a search for generalisations (Usher 1988). The central question posed by the

working group on nature reserves was whether an undisturbed community could

become invaded by alien species. The challenge, however, was to define such

communities within which to work. It was felt that the best option would be in

tracts of land that had been set aside to keep anthropogenic impacts on special

features (e.g. wildlife and landscapes) to a minimum (Usher 1988). Using nature

reserves as the sites most likely to accommodate these requirements, the working

group aimed to (i) provide insights into differences between the extent to which

natural and disturbed systems could become invaded; (ii) provide information on

the consequences of invasions for indigenous species; and (iii) based on the out-

comes, to provide management recommendations. The programme on nature

reserves initially aimed to examine a larger list of biomes, but due to the lack of

available information, work focussed on tropical and subtropical dry woodlands

and savannas, Mediterranean-type shrublands and woodlands, arid lands, and

oceanic islands. A total of 24 protected areas served as case studies.

Some findings from this SCOPE programme were that the nature and degree of

invasions differ substantially between protected areas in different regions of the

world. For example, it was suggested that nature reserves in arid regions of the

tropics and sub-tropics have fewer invasive species (although notable exceptions

were found); temperate regions in the northern hemisphere are relatively free of

invasions, while reserves in the southern hemisphere were found to be severely

impacted (Usher et al. 1988). All the nature reserves in the case studies included

invasive vascular plants, comprising about 30 % of the flora on island reserves and

about 5 % of all species in dry woodland and savanna (Usher 1988). Thus one of the

most alarming generalisations of the programme at the time was the finding that all

nature reserves contain invasive species and thus natural systems can indeed be

invaded, some of them quite heavily. The authors also reported that invasions were

found to impact both the structure and functioning of the ecosystems, and they

recommended that priority should be given to species that threaten endemic species

with extinction or those that have strong impacts at a landscape scale (Usher 1988).

An important point was made that tourism poses dangers for invasions of reserves,

as a positive correlation was detected between visitor numbers and numbers of

introduced species (Usher 1988). This is obviously an increasingly concerning

issue, as ecotourism is touted as a prime, low impact source of revenue in many

parts of the world (see also Lonsdale 1999; Foxcroft et al. 2014).

Although the programme produced fundamental information on the invasibility of

natural systems and the status of invasions across a number of regions globally,

the six papers published in Biological Conservation have received less attention than
deserved. Collectively the papers have been cited about 200 times, with half accruing

to the synthesis paper (Usher 1988), Despite the growing intensity of research on

biological invasions and the increasing focus on management issues (Richardson and
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Pyšek 2008; Pyšek and Richardson 2010), there has been no follow-up synthesis on

the topic of plant invasions in PAs in the last two decades. The question of whether

natural systems can be invaded by alien plants has been answered, but many other

issues have arisen.

1.3 Conservation and Policy Conventions

The World Conservation Strategy of 1980, developed jointly by the IUCN, UNEP

and WWF (1980), had three main objectives: the maintenance of essential life

support systems, the maintenance of natural diversity and the sustained utilization

of species and ecosystems. Interestingly, although alien and invasive species (at the

time ‘exotic’ species) were mentioned in the strategy document at various points,

the problem was not listed as one of the 14 priority issues, on par with, for example,

soil erosion and its role in the degradation of catchment areas and watersheds. The

effects of invasive alien species (IAS) were listed as one of the threats to wild

species, impacting on competition for space or food, predation, habitat destruction

or degradation, and the transmission of diseases and parasites. The species of

concern, however, did not include any alien plants, citing only trout, bass, goats

and rabbits. Freshwater systems and islands were indicated as particularly

vulnerable.

It was largely through the SCOPE programme in the late 1980s that a larger,

more detailed body of knowledge began accumulating. This provided the founda-

tions on which improved policies could be formulated, leading to the current

situation where issues related to biological invasions are included at all levels,

from local to international, and in almost all biodiversity or conservation conven-

tions, specialist groups and non-governmental organisations.

We indicate key issues raised by some of these conventions as examples. Highlight-

ing these initiatives provides an indication of the acceptance and growing importance

of biological invasions as an agent of global environmental change. In particular, they

show the increasing concern of the problems to biodiversity and conservation.

1.3.1 The Millennium Ecosystem Assessment

The Millennium Ecosystem Assessment (2005) provided a global account of the

status and trends of the greatest threats to biodiversity and has gained high level

attention. The work highlighted biological invasions as the second most important

global driver of biodiversity loss, and – together with climate change – the most

difficult to reverse. The study stressed the absence of an adequate regulation for

several pathways of introductions and considered the adoption of measures to

control major pathways as a fundamental goal to address the IAS threats to

biodiversity (Goal 6).
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1.3.2 Convention on Biological Diversity (CBD)

The adoption of the CBD by 101 countries in 1992 raised the political profile of

IAS to an international level. The Convention (Article 8h) calls on contracting

parties to “prevent the introduction of, control or eradicate those alien species

which threaten ecosystems, habitats and species”, with a number of key principles

for addressing this threat being adopted (http://www.cbd.int/decision/cop/?

id¼7197). The CBD has also given much attention to the threat of invasive species

to PAs. For example, the joint CBD and UNEP-WCMC report on PAs and

biodiversity (Mulongoy and Chape 2004) stated that “. . . widespread threat is that

of alien invasive species which may be released, deliberately or accidentally, within

a protected area, or may move in from surrounding areas”. At the 10th CBD-COP

(in Nagoya, 2010), the threat of IAS to PAs (http://www.cbd.int/decision/cop/?

id¼12297) was again highlighted as an issue needing greater attention. Recognising

the role of IAS as a key driver of biodiversity loss, the CBD invited the Parties to

consider the role of IAS management as a cost-effective tool for the restoration and

maintenance of protected areas and the ecosystem services they provide, and thus to

include management of IAS in the action plans for implementation of the

programme of work on PAs. At that occasion the CBD-COP adopted the Strategic

Plan for Biodiversity 2011–2020, and 20 Aichi targets, including Target 9: “By

2020, invasive alien species and pathways are identified and prioritised, priority

species are controlled or eradicated, and measures are in place to manage pathways

to prevent their introduction and establishment”.

1.3.3 International Union for Conservation
of Nature (IUCN)

1.3.3.1 Protected Areas Programme

The 5th IUCN World Parks Congress in 2003 (Durban, South Africa) considered

the need to manage IAS in PAs as an “emerging issue”, stating that – “management

of invasive alien species is a priority issue and must be mainstreamed into all

aspects of protected area management”. The Congress adopted a set of recommen-

dations, including Recommendation I stating that pressures on PAs will increase as

a result of global change, including invasions of alien species. The congress

recognised and urged that “the wider audience of protected area managers, stake-

holders and governments urgently need to be made aware of the serious implica-

tions for biodiversity, protected area conservation and livelihoods that result from

lack of recognition of the IAS problem and failure to address it. Promoting aware-

ness of solutions to the IAS problem and ensuring capacity to implement effective,

ecosystem-based methods must be integrated into protected area management
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programmes. In addition to the consideration of benefits beyond boundaries, the

impacts flowing into both marine and terrestrial PAs from external sources must be

addressed” (https://cmsdata.iucn.org/downloads/emergingen.pdf).

1.3.3.2 World Commission Protected Areas Programme

The World Commission on Protected Areas (WCPA) is one of the five IUCN

commissions, administered by IUCN’s Global Programme on Protected Areas. It

is a network of over 1,700 members, spanning 140 countries. The World Commis-

sion on Protected Areas aims to promote the establishment and effective manage-

ment of a world-wide representative network of terrestrial and marine PAs as an

integral contribution to IUCN’s mission. To achieve this, WCPA supports planning

of PAs and integrating them into all sectors, provides strategic advice to policy

makers and strengthens capacity and investment in protected areas.

1.3.3.3 IUCN SSC Invasive Species Specialist Group

The Invasive Species Specialist Group (ISSG, http://www.issg.org/) is one of the

five thematic specialist groups organised under the auspices of the Species Survival

Commission (SSC) of the International Union for Conservation of Nature (IUCN).

The ISSG, established in 1994, is a global network of scientific and policy experts

on invasive species; it currently has about 200 core members from over 40 coun-

tries, and over 2,000 conservation practitioners and experts who contribute to its

work. The three core activity areas of the ISSG are policy and technical advice,

information exchange, and networking. The ISSG provides technical and scientific

advice to, amongst others, the Convention on Biological Diversity, the Ramsar

Convention, and the European Union. The ISSG promotes and facilitates the

exchange of invasive species information, developing and managing the Global

Invasive Species Database (GISD, http://www.issg.org/database/welcome), to pro-

vide information on the ecology of invasive species, their impacts and relevant

management options. The GISD is cross-linked to the IUCN Red List of Threatened

Species as well as the World Database on Protected Areas. The ISSG has worked

with GISP to develop a scoping report on the threat of IAS to protected areas

(De Poorter 2007). In 2012 a task force between IUCN SSC ISSG and the IUCN

WCPA was established to produce guidelines for the management of IAS in PAs. In

2011 and 2012, IUCN and ISSG signed two Memoranda of Cooperation with the

CBD Secretariat to provide support for the implementation of the Aichi targets in

regard to the IAS issue.
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1.3.4 Global Invasive Species Programme (GISP)

In 1996, concern that globalization was having negative consequences on the

environment led the United Nations and the Government of Norway to convene

the first international meeting IAS that was held in Trondheim, Norway (Sandlund

et al. 1998). Participants concluded that IAS had become one of the most significant

threats to biodiversity worldwide and recommended that a global strategy and

mechanism to address the problem needed to be created immediately. In 1997,

The Global Invasive Species Programme (GISP) was established. Working primar-

ily at international and regional levels, GISP aimed to build partnerships, provide

guidance, develop a supportive environment and build capacity for national

approaches towards the prevention and management of invasive species by pursu-

ing three key objectives: (i) facilitating information exchange; (ii) supporting

policy and governance; and (iii) promoting awareness among key public and

private sector decision makers (http://www.gisp.org/about/mission.asp). A GISP

report on IAS in PAs (De Poorter 2007) identified the following key impediments or

challenges to implementing invasive species management in PAs: (i) lack of

capacity for mainstreaming of invasive alien species management into protected

area management overall; (ii) lack of capacity for invasive alien species manage-

ment at site level; (iii) lack of awareness of invasive alien species impacts on

protected areas, of the options for fighting back, and of the urgency of prevention

and early detection; (iv) lack of consolidated information on invasive alien species

issue in protected areas at national, international, and global levels; (v) lack of

information, at site level, on what alien species are present, what risks they pose and

how to manage them; (vi) lack of funding and other resources; (vii) high level

impediment, for example legal, institutional or strategic issues; and (viii) clashes of

interests.

Unfortunately, due to a lack of financial resources the GISP Secretariat closed in

March 2011.

1.3.5 Other International Conventions

The Ramsar Convention on Wetlands has, at different occasions, stressed the

specific threat of invasive alien species to wetlands, and at the 10th COP (held in

Korea, 2008) adopted The Ramsar Strategic Plan (2009–2015; http://www.ramsar.

org/cda/en/ramsar-documents-resol/main/ramsar/1-31-107_4000_0). This docu-

ment highlights IAS among the “challenges that still require urgent attention in

order to achieve wetland wise use under the Convention”. Ramsar has encouraged

parties to develop national inventories of IAS impacting wetlands. Similarly, the

Convention on the Conservation of Migratory Species of Wild Animals (in Bonn,

1979) recognised the threat posed by invasive species to migratory species in

several provisions, and has included the struggle against IAS in the Strategic Plan

for 2006–2014.
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1.4 Why This Book?

Many books and syntheses have been written on biological invasions, covering all

dimensions of the discipline (see for example, Simberloff 2004; Cadotte et al. 2006;

Nentwig 2007; Davis 2009; Richardson 2011). Much work has also been done on

PAs since the SCOPE programme on nature reserves (Fig. 1.1), but the focus of the

work, and areas assessed, varies considerably in different parts of the world.

However, even with the progress in the field and the increasing number of publi-

cations, there has been no synthesis on the topic.

We set three main aims for this book:

(i) To determine the status of knowledge on plant invasions in protected areas

and synthesise these insights;

(ii) To integrate this with current models and theories of plant invasion ecology;

(iii) To determine key knowledge areas for informing the development of suc-

cessful management strategies.
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Fig. 1.1 Cumulative increase in numbers of publications referring to studies on biological
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To achieve these objectives we aimed to cover a wide range of regions, as well as a

variety of types of PAs and problems. We requested authors to specifically explore a

number of issues pertinent to PAs. The book comprises three parts. The first section

examines a number of general questions in invasion ecology; these are cross-cutting

issues relevant to all regions. Here the authors discuss whether protected areas

provide unique opportunities for gaining insights into these focal topics, and how

work in PAs could provide further advances in the field. We also asked how PAs

could be better used as model systems for future research. These topics include the

role of PAs for developing an improved understanding of plant invasions and

succession in natural systems, impacts of plant invasions, human dimensions of

invasions, restoration, and large scale monitoring. The second part consists of case

studies of plant invasions in PAs from 14 regions around the world (Fig. 1.2),

including specific reference to about 135 protected areas. The case studies aim to

capture experiences and to synthesise what has been done on invasive plants in PAs

of different kinds and different sizes, in various environmental settings, and what has

been learned from the research and management experiences in these areas. Case

studies also explored the specific context of the systems and their unique attributes,

and whether these aspects can provide natural laboratories for examining questions

that cannot be studied in other regions. Specific attributes may include the modes and

pathways of introduction and dispersal, impacts on biodiversity (whether species

diversity, habitat structure or ecosystem function), the role of natural disturbance

regimes (and whether these hold clues for understanding anthropogenic disturbance)

and the usefulness of working in a range of sizes and types of PAs.

We also believe that these aims are crucial for providing knowledge that can

contribute to meeting the Aichi target 9, and for ensuring full implementation of the

provisions of Aichi target 11, which calls for effective management of the world’s

PAs. Moreover, effective management of IAPs is embodied in Aichi target 12, as

being essential for reducing the rate of biodiversity loss.

Fig. 1.2 Global map of regions discussed in the book. Numbers refer to the specific chapters
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1.5 Science in Protected Areas: Opportunities

for the Future

The IUCN suggests that the main uses of protected areas are scientific research,

wilderness protection, preservation of species and genetic diversity, maintenance of

environmental services, protection of specific natural and cultural features, tourism

and recreation, education, sustainable resource use and maintenance of cultural and

traditional attributes (Mulongoy and Chape 2004). Invasive alien plants threaten,

can impact on and respond to all these major attributes. As more reliance is being

placed on PAs for ensuring the persistence of global biodiversity and related

services, insight into how invasion processes progress and how systems function,

or are likely to function, in an invaded state is essential for understanding the

potential of PAs to fulfil their mandate. A number of other properties enhance the

appeal of potential research sites: PAs cover a range of habitats and sizes, allowing

for investigations at small plot scales, to large catchment type experiments. Many

PAs are receiving increasing management attention, which can be factored into

developing further understanding, and the outcomes can in return be implemented

in management approaches directly, allowing for adaptation and further learning.

With the increasing attention to PAs in general, a management body can protect or

maintain research sites in the medium- to longer-term. This has already resulted in a

number of PAs becoming focal points for research across a range of disciplines,

which may allow for improved interaction and integration (for example, du Toit

et al. 2003; Sinclair et al. 2008).

1.6 Management of Plant Invasions: The Future Roll

of Protected Areas

Protected areas are crucial for protecting the global diversity and ecosystem

services we all rely upon for our very existence. However, only evidence-based

policy and management, developed through rigorous science, will allow us to

respond appropriately to the growing environmental crisis. We believe that PAs

can and should play a major role in combating invasions, not only by improving the

efficacy of IAS management within their territories, but also raising awareness at all

levels, improving the capacity of practitioners to deal with invaders, implementing

site-based prevention efforts, enforcing early detection and rapid response frame-

works, and catalysing action also beyond the park boundaries (Genovesi and

Monaco 2014). Protected areas can thus be reservoirs of biodiversity, but also

sentinels of invasions as well as of other emerging threats to biodiversity, cham-

pions of best practises, and catalysts of action also at a broader scale than that of

the PAs.
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1.7 Terminology

As with many fields in the conservation and ecological sciences, a plethora of

terminology has arisen for describing issues relating to biological invasions. Much

of the lexicon of invasions is heavily contested. For the purposes of this book we

have adopted a generalised lexicon.

In defining invasions by alien plants we adopt the terminology associated with

the introduced-naturalization-invasion continuum as elucidated by Richardson

et al. (2011) and the proposed unified framework for biological invasions as set

out by Blackburn et al. (2011). These frameworks provide the basis for the

objective classification of the status of introduced species and for the related

discussion of associated processes (see also Richardson and Pyšek 2012).

Many different terms and categories are used to define ‘protected areas’ in

different parts of the world, reflecting the national objectives, societal needs and

approaches to management. The IUCN definition of protected areas is: “A clearly

defined geographical space, recognised, dedicated and managed, through legal or

other effective means, to achieve the long-term conservation of nature with asso-

ciated ecosystem services and cultural values” (Dudley 2008). The IUCN classifies

PAs as one of six categories: Ia: strict nature reserve/wilderness protection area; Ib:

wilderness area; II: national park; III: natural monument; IV: habitat/species man-

agement area; V: protected landscape/seascape; and VI: managed resource

protected area. Similarly, but more simply, the term ‘protected area’ may be used

to designate any area specifically designed or formally proclaimed for the protec-

tion of biodiversity, landscapes (natural or cultural) and processes therein. Different

chapters and case studies refer to specific types of protected areas such as IUCN

WDPA categories, nature reserves, heritage sites, Ramsar wetland sites, marine

reserves or parks, wilderness areas and others.

Acknowledgments We thank Dan Simberloff for his support for this book. LCF thanks South

African National Parks for supporting work on this book and for general support. LCF and DMR

thank the Centre for Invasion Biology, the National Research Foundation (South Africa) and

Stellenbosch University for support. PP was supported by long-term research development project

no. RVO 67985939 (Academy of Sciences of the Czech Republic), institutional resources of

Ministry of Education, Youth and Sports of the Czech Republic, and acknowledges the support by

Praemium Academiae award from the Academy of Sciences of the Czech Republic. We thank
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Chapter 2

The Bottom Line: Impacts of Alien Plant

Invasions in Protected Areas

Llewellyn C. Foxcroft, Petr Pyšek, David M. Richardson, Jan Pergl,

and Philip E. Hulme

Abstract Phrases like “invasive species pose significant threats to biodiversity. . .”
are often used to justify studying and managing biological invasions. Most biolo-

gists agree that this is true and quantitative studies support this assertion. Protected

areas are the foundation of conservation initiatives in many parts of the world, and

are an essential component of an integrated approach to conserving biodiversity and

the associated ecosystem services. The invasion of alien plants constitutes a
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Department of Invasion Ecology, Institute of Botany, Academy of Sciences
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substantial and growing threat to the ability of protected areas to provide this

service. A large body of literature describes a range of impacts, but this has not

been assessed within the context of protected areas. We do not aim to review the

state of knowledge of impacts of invasive plants; rather, we collate examples of

work that has been carried out in protected areas to identify important patterns,

trends and generalities. We also discuss the outcomes of various studies that, while

not necessarily undertaken in protected areas, are likely to become important for

protected areas in the future. We discuss the range of impacts under five broad

headings: (i) species and communities; (ii) ecosystem properties; (iii) biogeochem-

istry and ecosystem dynamics; (iv) ecosystem services; and (v) economic impacts.

Keywords Biogeochemistry • Conservation • Economic impact • Impact

• Management • Nature reserve

2.1 Introduction: Why Are Impacts of Alien Plants

in Protected Areas Especially Concerning?

Phrases like “invasive species pose significant threats to biodiversity. . .” are fre-

quently used to justify the study and management of biological invasions. Most

biologists agree that this is true and quantitative studies support this assertion (see

e.g. Vilà et al. 2011; Pyšek et al. 2012; Simberloff et al. 2013 for recent reviews).

Most ecologists and environmental managers agree that the diversity of life is in

serious decline (Pimm et al. 2001; Pereira et al. 2010; Rudd et al. 2011), with some

indicating that we are witnessing one of the greatest extinction events in our

planet’s history (e.g. Novacek and Cleland 2001). Protected areas (PAs) are part

of an approach to conserve biodiversity and slow its loss (Hansen et al. 2010).

Indeed, in a survey of 93 terrestrial PAs in 22 tropical countries, protected areas

were shown to be effective in halting problems such as land clearing, logging,

hunting, unplanned fires and overgrazing (Bruner et al. 2001); unfortunately

impacts of invasive alien species were not included in the study.

The invasion of alien plants in PAs poses a serious concern for one of the most

pressing conservation initiatives globally. The intensity of research on impacts of

invasive plants varies among regions (Hulme et al. 2013), but there are some

notable cases, for example in Hawaii Volcanoes National Park, where a substantial

body of literature exists (see Loope et al. 2014). In this chapter we do not attempt a

comprehensive review of what is known about the impacts of invasive plants in

general, as many extensive reviews have been carried out on, for example, impacts

of invaders on species, communities and ecosystems (Pyšek et al. 2012), soil

nutrient cycling (Ehrenfeld 2003), mechanisms underlying impacts (Levine

et al. 2003), ecosystem carbon and nitrogen cycling (Liao et al. 2007), hybridisation

(Vilà et al. 2000), competition (Vilà et al. 2004), plant reproductive mutualisms

(Traveset and Richardson 2006) and ecosystem services (Vilà et al. 2010). Rather,

we examine what has been done within PAs, or what is specifically pertinent to

them, due to their unique and essential conservation role.
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Some studies have found that PAs contain fewer invasive species than their

surrounds. A study of 184 PAs globally found about half the number of aliens inside

the parks than outside (Lonsdale 1999). Similarly, across 302 nature reserves

declared between 1838 and 1996 in the Czech Republic, significantly fewer alien

species were found in the reserves (Pyšek et al. 2002). Further, the presence of

intact natural vegetation appears to help slow the establishment of alien plants. A

study examining the role of the boundary as a filter to alien plants in Kruger NP

(South Africa) also showed that in areas where there was more than 90 % natural

vegetation within a 5 km radius of the park, alien plants were significantly less

likely to invade (Foxcroft et al. 2011; Jarošı́k et al. 2011).

Opposite trends are unfortunately frequently reported, for example, showing that

alien plants can invade natural areas that have not experienced anthropogenic

disturbances (e.g. Gros Morne NP in boreal Canada; Rose and Hermanutz 2004).

As early as the 1980s, the SCOPE (Scientific Committee on Problems of the

Environment) programme on biological invasions reported 1,874 alien invasive

vascular plants from 24 case studies of nature reserves globally (Usher 1988;

Macdonald et al. 1989). In southern Africa, only seven out of 307 PA managers

that responded to a survey were of the opinion that no alien species were known to

occur in their reserve (Macdonald 1986). In a 1980 report to Congress in the USA,

300 national park service areas reported 602 perceived threats to natural resources

involving alien plants and animals (see Houston and Schreiner 1995). At around the

same time, at least 115 invasive alien plant species that threaten natural areas, parks

and other protected lands had been identified in Virginia, USA (Heffernan 1998). A

decade later a study reported 20,305 alien plant species infestations, with 3,756

unique alien plants, totalling 7.3 million ha in 218 national parks in the USA (Allen

et al. 2009). A Global Invasive Species Programme report (De Poorter 2007)

identified 487 PAs where invasive alien species were recorded as a threat. More

than 250 wildlife refuges and 145 National Parks in the USA were shown to have

been invaded by invasive alien species (De Poorter 2007). The Nature Conservancy

indicated that of 974 of their projects globally, about 60 % regard invasive alien

plants to be the main threat (2009, unpublished data at http://conpro.tnc.org/

reportThreatCount). In the US national parks, 61 % of 246 park managers indicated

that alien plant invasions were moderate or major concerns (Randall 2011). An

assessment of 110 PAs in South Africa’s Ezemvelo KZN Wildlife conservation

agency found that invasive alien plants represent the greatest threat to biodiversity

in the province of KwaZulu-Natal (Goodman 2003). Based on results of an internet

survey, it has recently been reported that managers of PAs in Europe perceive

invasive species as the second greatest threat to their areas after habitat loss

(Pyšek et al. 2014).

Without doubt, the threat, impact and management problems associated with

alien plant invasions in PAs are increasingly being recognised as a major issue.

Providing science-based evidence of the negative impacts of these invasions is

becoming increasingly important in motivating for resources from frequently

under-resourced conservation budgets. Protected areas face numerous challenges,

including tourism-related issues, wildfire management, poaching and illegal
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harvesting of resources (Barber et al. 2004; Dudley et al. 2005; Alers et al. 2007),

and climate change (Hannah et al. 2002; Huntley et al. 2011). Consequently, alien

species control programmes must compete with these often emotive and charis-

matic management needs for resources. Managers often require evidence of

potential problems within their area of concern and while localised empirical

investigations can provide this information, collaboration across similar situations

and systems can provide a much broader, synthetic understanding (Kueffer 2012).

Particular kinds of impacts are likely to be of more concern to different PAs than

to other categories of land use, due to the specific objectives of PAs. Although the

core function of many PAs is to conserve native ‘biodiversity’ in as natural a state

as possible, the concept of ‘biodiversity’ is interpreted differently for different

situations (Mayer 2006). Some PAs focus mainly on rare or single species protec-

tion, others on conservation of ecological processes, and yet others on landscapes,

habitats or patch dynamics (Nott and Pimm 1997). Depending on the goal of the

PA, where plant invasions threaten the specific entity of concern, different kinds of

management approaches may be adopted. Outside PAs there is growing acceptance

of the concept of ‘novel ecosystems’ which posits, among other things, that some

ecosystems should be managed to ensure the continued delivery of particular

services, irrespective of the composition of species in that system (native

vs. alien) (Hobbs et al. 2006). This philosophy is unlikely to be widely adopted

for PAs soon, except in very special cases, although tenets of the novel ecosystem

philosophy will certainly be more widely discussed in general conservation forums

in the future.

2.2 Impacts of Alien Plant Invasions: Species, Ecosystems,

Processes and Economics

The search for general models for conceptualising and evaluating impacts of

invasive alien species has been underway for many years. Early descriptions were

mostly observational. For example Elton’s widely acclaimed book, Ecology of

invasions by animals and plants (Elton 1958), included many anecdotal observa-

tions. The SCOPE programme on nature reserves in the 1980s indicated that all case

studies had examples of presumed effects of invasive species, but that it was

difficult to clearly identify the cause of the observed impact (Usher 1988). Later,

correlative approaches began being employed, comparing pre- and post-invasion

sites, or sites with varying levels of abundance (for example, Parker and Reichard

1998). A generalised model for understanding ecological impacts (Parker

et al. 1999) argued that the net impact of an invasive species should be

conceptualised as the product of the geographic range of the invaders (area

invaded), its abundance (density or biomass) and the per-capita or per-biomass

effect. This model may provide PAs with a usable method for objectively assessing

impacts of different species, especially where the distribution can be accurately
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mapped and abundance precisely estimated. Describing and quantifying the

per-capita effect remains a challenge (Parker et al. 1999).

To avoid discussing the impacts of invasive plants as simply a list of examples, we

used a general outline which clusters related issues (Fig. 2.1). The broad headings we

use are (i) species and communities; (ii) ecosystem properties; (iii) biogeochemistry

and ecosystem dynamics; (iv) ecosystem services; and (v) economic impacts.

Species & communities
• Species composition
• Community composition
• Abundance
• Habitat structure
• Rare & threatened species
• Hybridisation

Ecosystem services
Social - Ecological 

• Water: quality, quantity, retention,
  floods
• Wood
• Tourism & wilderness
• Other resources

Biogeochemistry
• Nutrient cycling & mineralisation
• Detritus
• System drivers
• pH
• Geomorphology

Ecosystem properties
• Fire
• Alternative states

Economic impacts
• Direct economic loss
• Costs of control
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Fig. 2.1 Generalised outline of ecological and economic impacts of invasive alien plants in

protected areas (Photos: Llewellyn C. Foxcroft, Navashni Govender (fire), Ezekiel Khoza

(spraying of Parthenium hysterophorus))
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2.2.1 Species and Communities

Global indicators for IAS under the Convention on Biological Diversity’s 2010

Biodiversity Target show that invasive species are causing a decline in species

diversity of IUCN red-listed amphibians, birds and mammals (McGeoch et al.

2010). In an assessment of impacts on imperilled species in the USA, about 57 % of

1,055 listed plants were threatened by alien species (Wilcove and Chen 1998).

Although a number of such generalised lists indicate the threat from alien

plant invasions to native species (e.g. Mauchamp 1997; Pimentel et al. 2000), there

is still a shortage of quantitative data. Such information is particularly crucial for

advising policy makers, as the value of conservation is currently predominantly

measured by its ability to protect species richness (a common interpretation of

‘biodiversity’, Mayer 2006).

A review of about 150 studies provided a synthetic understanding of general

mechanisms underlying the impacts on plant and animal community structure,

nutrient cycling, hydrology and fire regimes (Levine et al. 2003). These authors

found that many studies examined the impacts of invasions on plant diversity and

composition, but fewer than 5 % test whether these effects arise through competi-

tion, allelopathy, alteration of ecosystem variables or other processes. Nonetheless,

competition was often hypothesised as a primary mechanism, and in nearly all

studies alien plants exhibited strong competitive effects over native species. In

contrast to studies of the impacts on plant community structure and higher trophic

levels, research examining impacts on nitrogen cycling, hydrology and fire regimes

is generally highly mechanistic, often driven by species-specific traits.

An early study that sought to quantify the impacts of alien plants in PAs was in

Theodore Roosevelt Island Nature Preserve in Washington, DC, USA. Here two

species of invasive vines were shown to inhibit the recruitment of native forest

species (Thomas 1980). Lonicera japonica (Japanese honeysuckle) inhibited the

reproduction of dominant forest trees such as Liriodendron tulipifera (tulip poplar),
Prunus serotina (wild black cherry) and Ulmus americana (American elm). Hedera
helix (English ivy) mainly inhibited the recruitment of herbaceous species. The

smaller plants were suppressed, and even established forest trees were eventually

killed through shading (Thomas 1980). Alien vine species may have advantages

due to altered phenologies (e.g. evergreen vs. deciduous) and can often invade low

light habitats (Gordon 1998). In this way, species with different life-forms can

cause patches of native plants to collapse and be completely replaced, thereby

altering, for example, community or species structure and light regimes (Gordon

1998). Floating species, such as Eichhornia crassipes (water hyacinth), native to

north-western Argentina, can invade the total surface area of a waterway,

completely preventing any light penetration (Ashton and Mitchell 1989).

Eichhornia crassipes is one of the world’s worst aquatic invaders, and has been

reported to have invaded PAs in Asia, Australia, New Zealand, Africa, and the USA

(De Poorter 2007).
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Biodiversity indicators, frequently using spiders or beetles, provide information

on the presence of a set of other species in an area (McGeoch 1998) and are

increasingly being used as proxies for quantifying impacts. In Hluhluwe-iMfolozi

Game Reserve (South Africa), Chromolaena odorata (Siam weed) invasion altered

native spider assemblages, with negative changes in abundance, diversity and

estimated species richness. These changes were, however, reversed immediately

following clearing (Mgobozi et al. 2008). In a similar study in Kruger NP, an

assessment of the impact of Opuntia stricta (sour prickly pear) found that across a

gradient of its density, species richness and species density for beetles and spiders

did not change significantly (Robertson et al. 2011). Assemblages for spiders also

did not differ across treatments, but beetle assemblages were significantly different.

In South African National Parks as a whole, 663 alien plant species (813 alien

species in total) have been recorded (Spear et al. 2011), but other than a few isolated

projects, to date little work has been done on quantifying their impacts.

Impacts of invasive plants, primarily C. odorata, have also been reported on

small and large mammals in Hluhluwe-iMfolozi GR (Dumalisile 2008). Small

mammals showed both higher species richness and diversity in uninvaded sites

compared to invaded sites, regardless of C. odorata density. Large mammals also

decreased in richness and diversity as C. odorata invasion density increased.

Invasive alien plants can also, perhaps unexpectedly, even threaten mega-

herbivores. For example, Kaziranga NP in India is a vital habitat for the world’s

largest population of the great one-horned rhinoceros (Rhinoceros unicornis). The
rhino is dependent on grasslands, which have been invaded by Mimosa rubicaulis
(Himalayan mimosa),M. diplotricha (giant sensitive plant) andMikania micrantha
(mile-a-minute weed), hampering the growth of native palatable grasses (Lahkar

et al. 2011). In Kenya, Lantana camara (lantana) invasions reportedly impact on the

habitat of Sable antelope (Hippotragus niger; Steinfeld et al. 2006). Nile crocodile

(Crocodylus niloticus) nesting habitat and sex ratios may be altered by invasions of

C. odorata in KwaZulu-Natal, South Africa, due to shading and cooling of nesting

sites by 5.0–6.0 �C. This can result in a female-biased sex ratio, with potentially

adverse consequences for the population (Leslie and Spotila 2001). The wetlands of

Kakadu NP in Australia, a world heritage and Ramsar site, are renowned for their

high diversity and numbers of water birds, and are under threat fromMimosa pigra
(sensitive plant) and Urochloa mutica (para grass; Setterfield et al. 2014).

By 2000, alien plants had invaded approximately 700,000 ha of US wildlife

habitat per year (Babbitt 1998, as cited in Pimentel et al. 2000). In Great Smoky

Mountains NP (USA) for example, 400 of the approximately 1,500 vascular plant

species are alien, and 10 of these are currently displacing and threatening native

plant species (Hiebert and Stubbendieck 1993). Overall, Hawaii is estimated to

have lost about 8 % of its native plant species, with an additional 29 % still at risk

(Loope 2004; Fig. 2.2).

Invasive plants can also contribute to an increased abundance of other invasive

species, thus facilitating ‘invasional meltdown’ (sensu Simberloff and Von Holle

1999). In Hawaii Volcanoes NP, the widespreadMorella (¼Myrica) faya (faya tree)
significantly increases the abundance of the alien insect Sophonia rufofascia (a leaf
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phloem-feeding insect of Asian origin). In areas where M. faya is present the

abundance of S. rufofascia was up to 19 times more abundant than in areas where

M. faya had been removed (Lenz and Taylor 2001). This is of substantial concern as

the diversity of host plants fed upon by S. rufofascia is extremely broad,

encompassing over 300 species from 87 different families. Among these, 67 species

are endemic or native to Hawaii, and 14 are either endangered or candidates for

listing (Lenz and Taylor 2001).

The loss of genetic purity of a species is an important concern, especially for

those rare and or threatened species which may face extinction, and have been

given sanctuary in PAs. The hybridisation between alien and native species can lead

to genetic swamping and loss of native species’ genetic diversity. These risks are

increased when a rare species hybridises with an abundant species, producing

fertile offspring that can back-cross (introgress; Rhymer and Simberloff 1996).

Invasive species may swamp native species through hybridisation. For example, the

native species Hyacinthoides non-scripta (bluebell), an iconic species in the British
Isles, is being threatened by its conger H. hispanica and its hybrid with the

native Hyacinthoides � massartiana. Both the introduced and hybrid species are

naturalised, and are frequently found within 1 km of H. non-scripta (Kohn

Fig. 2.2 Sectional structure of Psidium cattleianum invasion in Hawaiian lowland rainforest

(a) with closed canopy of P. cattleianum within the forest (b) uninvaded forest (c) aerial view

of P. cattleianum invasion (Figures: Gregory Asner, Carnegie Airborne Observatory, Carnegie

Institution for Science)
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et al. 2009). Thus conservation programmes should strive to isolate rare species

from cross-compatible congeners (Mooney and Cleland 2001).

Invasions can substantially influence plant reproductive mutualisms, while

potentially disrupting mutualistic processes in invaded regions (Traveset and Rich-

ardson 2011). Good evidence exists for such impacts on pollination and reproduc-

tive success of native species (Traveset and Richardson 2011). For example,

invasive plants that are highly attractive to pollinators can reduce overall visitation

of native species (Morales and Traveset 2009; Gibson et al. 2012). These interac-

tions can have consequences for whole communities due to the effects cascading

through the network (Traveset and Richardson 2011). Such effects in PAs could be

profound, by impacting directly on the biodiversity conservation objectives of

the area.

Plant invasions have, to date, caused relatively few plant species to go extinct

(Gurevitch and Padilla 2004; Sax and Gaines 2008). One reason for this is that,

unlike the case with animal extinctions, plant extinctions can take decades or even

centuries to play out (Gilbert and Levine 2013). However, plant invasions have led

to the fragmentation of native plant communities worldwide, many of which

currently survive as the ‘living dead’ (sensu Parker et al 1999, p. 12). This may

be due to the persistence of native species in marginal habitats which, although still

present, are reduced in abundance and distribution (Gilbert and Levine 2013). For

example, serpentine soil landscapes in California include numerous rare and threat-

ened plant species of high conservation concern. Invasions by European grasses

impact on the area and quality of native species habitat, and may cause extinction

hundreds of years after fully transforming the habitat (Gilbert and Levine 2013).

Consequently, equating impact with numbers of absolute extinctions is misleading

and inappropriate. Native species may still persist within an invaded area, but often

be compromised or marginalised to such an extent that they no longer perform

(to the same level, or at all) the functional roles they performed before they were

affected by the invasive species (Wardle et al. 2011). Such changes are pervasive in

ecosystems worldwide, and invasive plant species are increasingly prominent

‘builders and shapers’ of novel ecosystems in many regions (Richardson and

Gaertner 2013). The examples discussed in this chapter show that invasive plant

species very often drive ecosystems beyond thresholds at which ecological states

are irreversibly altered. Such modified systems can sometimes be managed to

deliver desired services, but such conditions are unacceptable in many PAs where

the aim in to conserve species, community, structural and functional diversity.

2.2.2 Ecosystem Properties: Changes in Fire Regime

Ecosystems are the product of interactions between climatic conditions, resource

availability and disturbance, of which the functional diversity of species is a major

driver (Hooper et al. 2005). Biological invasions, often in concert with other global

change drivers, have been shown in many cases to alter species diversity and
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community structure, thus having profound cascading effects on ecosystem func-

tioning (Strayer 2012). The alternative states resulting from the relationship

between invasive plants and fire, or the shading or smothering effect of vines and

other species, are of some of the concerns facing PA managers, due in part to the

irreversibility of such system changes.

Fire management has received substantial attention in PAs in many regions. This

is because fire is a key driver of vegetation heterogeneity and patchiness in many

systems, changing the structure, and relationships between trees and grasses (Bond

et al. 2005), and acting as the primary diver of multiple ecosystem functions (Cole

and Landres 1996; van Wilgen et al. 2003). Fire management has also attracted

much attention because fire poses a hazard to infrastructure and human safety in

PAs (e.g. Loehle 2004). Species, communities and even whole biomes have

evolved with a particular tolerance to fire, including frequency, intensity, timing

and vertical position (crown vs. ground). While the changing role of humans has

received considerable attention in explaining and attempting to manage fire regimes

generally (van Wilgen et al. 2003), increasing awareness is being given to changes

in fire regimes, and consequently changes in ecosystem function, due to the

widespread invasions of alien plants in many PAs.

Changes in fire regimes and ecosystem function due to invasions by alien plants

have been documented from a range of habitats. One of the most frequently cited

examples is related to the disruption of the grass-fire cycle (D’Antonio and Vitousek

1992). Invasive plants can increase vegetation flammability in areas where native

species are poorly adapted and unable to cope in the presence of fire. In Hawaii

Volcanoes NP at least one endangered plant and many of the dominant, poorly

adapted, native species have been eliminated by fire (Hughes et al. 1991; D’Antonio

and Vitousek 1992; Loope 2011). An increase in biomass of fine fuels can signifi-

cantly increase the intensity or frequency of fires, or both. Introduced grasses that are

fire adapted, or evolved in the presence of fire, are able to recover quickly after being

burned, creating a positive feedback cycle that favours further invasion (D’Antonio

and Vitousek 1992). In the Wildman Reserve in northern Australia, invasion of

Andropogon gayanus (gamba grass) increased fuels loads by up to seven times, and

increased fire intensity by up to eight times compared to areas with native grasses

(Rossiter et al. 2003). Further, A. gayanus was shown to inhibit soil nitrification,

thereby depleting total soil nitrogen from the already nitrogen-poor soils and promote

fire mediated nitrogen loss (Rossiter-Rachor et al. 2009). Combined with the altered

fire regime, it then forms self-perpetuating positive feedback loops (Rossiter-Rachor

et al. 2009). In Kakadu NP, while Urochloa mutica produces dry season fuel loads

similar to the nativeHymenachne acutigluma (olive hymenchne), the fuel is drier and

taller, increasing the fire intensity. Higher fire intensity and frequency may facilitate

the displacement of H. acutigluma, which is fire sensitive, and damage other fire-

sensitive woody vegetation (Setterfield et al. 2014).

In Mesa Verde NP (USA), successional pathways were altered following high

intensity fires, with woodland-dominated systems being replaced by herbaceous

species (Floyd-Hanna et al. 1993). Significant changes have been experienced in

Dinosaur NP and Snake River Birds of Prey NP (USA), which have been invaded
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by Bromus tectorum (cheatgrass). The fire frequency has been changed from one in

60–100 year, to three in 3–5 year return cycles, converting native shrublands to

alien dominated grasslands (Randall 2011). In the Florida Everglades, marshlands

with sedges, grasses and herbs have been replaced by Melaleuca quinquenervia
(Australian paper bark), creating large stands of swamp forests with little or no

herbaceous understory. Moreover,M. quinquenervia promotes crown fires, whereas

the native plants have evolved with higher frequency, low intensity surface fires

(Randall 2011). Another invasive plant that has caused major changes to the fire

regime in the Everglades is Lygodium microphyllum (Old World climbing fern), a

vine-like fern that climbs on trees and shrubs, forming mats that cause canopy trees

to collapse. Fires that would normally stop at the edge of native cypress sloughs,

travel up the ‘fire ladders’ provided by dry fronds of L. microphyllum to kill tree

canopies (Schmitz et al. 1997).

Should fire regimes be changed significantly, species may become globally,

locally or functionally extinct in a PA. In Table Mountain NP in South Africa’s

fynbos region, fire plays a key role in the maintenance of ecosystems, and native

plants are adapted to the fire regime (Forsyth and van Wilgen 2008). However, the

most common invasive species in the park, a suite of Australian Acacia (Fig. 2.3)

and Hakea species, are also fire adapted, and their ability to produce large numbers

of seeds facilitates their prolific spread after fires (van Wilgen et al. 2012). These

trees and shrubs increase biomass and add to fuel loads, leading to increased fire

intensity and erosion (van Wilgen and Scott 2001). Due to uncontrolled fires

combined with the effects of plant invasions, 13 endemic plant species are known

Fig. 2.3 Acacia paradoxa thickets in Table Mountain National Park (Photo Rafael D. Zenni)
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to have gone extinct since European colonization, with many more facing imminent

extinction (Trinder-Smith et al. 1996).

Where invasive plants provide positive feedback systems to enhance habitat

invasibility by altering, for example, nutrient cycling and fire frequency and intensity

(Rossiter et al. 2003), alternative ecosystem states may emerge (Richardson and

Gaertner 2013). The ability of an ecosystem to recover from such states or severe

degradation depends on the extent of change to functional and structural properties

(Brooks et al. 2010). The degree to which invasion and degradation change the biotic

and abiotic threshold determines the level of intervention required to return the system

to a state allowing natural regenerative process to function (Brooks et al. 2010).

Whether active or passive restoration is necessary may depend on the nature of

these legacy effects (Larios and Suding 2014). In PAs specifically, preventing degra-

dation to the point where alternative states emerge, should be a high priority, not only

to prevent compromising the area integrity, but also to allow the resilience of the

system to recover following control (Jäger and Kowarik 2010). This is also important

due the substantial costs likely to be associated with resource demanding active

restoration programmes (in addition to costs for removal of the invader only).

2.2.3 Biogeochemistry and Ecosystem Dynamics

The ecosystem-level energy budget and biogeochemical cycling involve complex

interactions of many facets at multiple spatial scales. These very interactions

provide the ecosystem services on which humans depend for their existence

(Sekercioglu 2010). Invasive alien plants are implicated in driving substantial

changes to biogeochemical cycling and ecosystem dynamics (Ehrenfeld 2011), by

altering components of the soil carbon, nitrogen, water and other ecosystem cycles

(Ehrenfeld 2003). Invasive plant species have been shown to increase biomass, net

primary productivity and nitrogen availability in many areas. Nitrogen fixation

rates are altered and litter with higher decomposition rates than that of

co-occurring native species is produced (Ehrenfeld 2003). However, the trends

are not always clear. In a review of 56 invasive plants, variations across sites, and

even opposite trends, were found (Ehrenfeld 2003; see also Hulme et al. 2013).

While this work can be generalised across some PAs in similar settings, it appears

that less work has been done on investigating the effects in PAs. Examining site-

specific cases not only contributes to a general understanding of invasion, but can

provide detailed onsite information on the ecological integrity of a PA.

For example, in Hawaii Volcanoes NP, nitrogen-fixing species (Morella faya and
M. cereifera) significantly increase soil nitrogen availability, by up to 400 %

(Vitousek et al. 1987). These changes resulted in altered plant succession trajectories,

promoted increases in populations of alien earthworms, which in turn increased

nitrogen burial rates, thereby further changing soil nutrient cycles (Randall 2011).

In contrast, in northern Australia A. gayanus inhibits soil nitrification, thereby

depleting total soil nitrogen from the already nitrogen-poor soils (Rossiter-Rachor
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et al. 2009). In Picayune Strand State Forest in Florida, Melaleuca quinquenervia
significantly altered both above- and belowground ecosystem components (Martin

et al. 2009). However, the detectability of impacts on the changes in ecosystem

dynamics remains difficult. By the time these changes have increased to the level

where they can be quantified, severe impacts are likely to have already occurred (Vilà

et al. 2011), especially on plant species and communities. This will require a detailed,

long-term monitoring programme to detect changes and determine trends.

2.2.4 Ecosystem Services

Ecosystem services are the benefits or the range of ecosystem functions, on which

human livelihoods and wellbeing depend (Millennium Ecosystem Assessment

2005; Sekercioglu 2010). The impacts of invasive alien plants on ecosystem

services is gaining much interest (Charles and Dukes 2007), and increasing efforts

are being made to understand which ecosystem processes are being disrupted or

altered by biological invasions.

The Millennium Ecosystem Assessment (2005) classified a number of potential

services in four broad classes, including provisioning, regulating, supporting and

cultural services. In brief, provisioning services are those tangible products obtained

from ecosystems, including food, freshwater, fibre, fuel and genetic resources. Reg-

ulating services relate to the governing functions of ecosystems in order to provide

other kinds of resources, such as water regulation (timing and extent of flooding,

runoff, and others), water purification and waste treatment. Cultural services are

non-material benefits, including spiritual or religious values, cultural heritage, recre-

ation/tourism, aesthetic values, and wilderness or values of a sense of place

(Mulongoy and Chape 2004). Supporting services are required for the continued

maintenance of globally encompassing functions, which include photosynthesis,

primary production, nutrient cycling, water cycling and soil formation. While inter-

actions are multi-faceted and complex, the ecosystem services are delivered by

different taxa or trophic levels (e.g. from soil micro-organisms, to vegetation, mam-

mals, or whole communities) and can be assessed in a range of functional groups

(e.g. populations, ecosystems, species, ecosystems; Sekercioglu 2010).

Protected areas, besides their roles in conserving individual species and their

habitats, can be important for maintaining ecosystem function. These functions

underlie much of the ability of ecosystems to provide services. For example, where

whole or large portions of water catchment areas can be protected from invasions or

managed when invaded, the lower impacts on overall ecosystem cycles will allow

for improved delivery of water-related services. The Sabie-Sand river is one of the

healthiest rivers in the Kruger NP. However, by 2002 about 23 % of the upper

catchment had been invaded to some degree, corresponding to a loss of about 9.4 %

of the rivers natural flow (Le Maitre et al. 2002).

There are a growing number of cases where the importance of PAs in providing

and maintaining ecosystems services have been realised. Baekdudaegan Mountains
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Reserve, a unique forest protected area in Korea, explicitly aims to protect whole

mountain ranges to maintain linkages, conserve biodiversity, sustain ecosystem

services, and restore cultures and cultural values (IUCN 2009). Conservation planning

frameworks are also beginning to be used to explore opportunities for aligning

conservation goals for biodiversity with ecosystem services (Chan et al. 2006; Naidoo

and Ricketts 2006).

2.2.5 Economic Impacts

Economic impacts are a crucial consideration in research on invasive alien species

in general, and have been subject to intensive research in the last decade (e.g.

Kasulo 2000; Pimentel et al. 2000; van Wilgen et al. 2008; Vilà et al. 2010).

General studies on economic impacts by invasive alien species should provide

compelling evidence for PA agencies as to the costs associated with inaction, and

thus loss from resources as a result of invasion, and the costs associated with

control, management or eradication. However, little work has been done on the

economic costs of plant invasions in PAs specifically. This is probably because the

situation in PAs is very different from other areas when it comes to economics.

Because of the primary objective of PAs, which is most often to conserve biodi-

versity, standard economic models relating to production are often inappropriate.

For the above reason, economic assessments of plant invasions specifically related

to PAs are scarce. However, some data are available from Europe. For example, the

Czech regional offices for nature conservation of protected landscape areas spent

about 1.8 million CZK (~US$100,000) per year on the management and eradication

of the most important invasive plant species (Linc 2012; Fig. 2.4). Removal and

management costs of Prunus serotina in conservation areas in Germany are estimated

to be € 149 million (Reinhardt et al. 2003). The costs of controlling Rhododendron
ponticum (rhododendron) invasion in the Snowdonia NP, Wales, was estimated to be

£45 million (as at 2002; Gritten 1995; Pyšek et al. 2014).

In Kruger NP, between 1997 and 2011 the Working for Water programme spent

about ZAR90 million (~US$10.7 million, as at September 2012) on control efforts.

In 2008 the control of alien plants within Table Mountain NP cost approximately

ZAR9 million (~US$1.08 million in 2008), with a focus of species of Acacia,
Hakea and Pinus (Table Mountain National Park 2008). For the 2012–2013 finan-

cial year, the budgeted costs are approximately ZAR14 million (Table Mountain

National Park US$1.7 million in September 2012; Foxcroft et al. 2014).

A potentially significant problem, and one in dire need of detailed assessments,

is the relationship between tourism and PAs. Protected areas rely, to varying

extents, on the revenue provided by (eco-)tourism for their long-term sustainability.

Eco-tourism and PA visitation generates a significant proportion of the economic

income of many countries (Eagles et al. 2002). Understandably, the development of

infrastructure for tourism in PAs is being strongly promoted. However, two chal-

lenges arise; (i) invasive alien plants can impact on tourism experiences in various
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ways, and (ii) increased tourism increases the likelihood of new introductions

into PAs.

2.3 Integration and Challenges

The disparity between the needs and focus of PA managers and scientists and the

complexity of managing multiple drivers of invasions are key challenges for the

management of invasive alien plants in PAs.

Scientific research on biological invasions has grown exponentially over the last

decade, but the relevance of much of the research for solving the immediate

problems of policy makers and managers has been questioned (e.g. Esler

et al. 2010). In Spain, for example, an assessment of environmental managers

revealed the concern that not enough attention was being paid to developing cost-

efficient management approaches (Andreu et al. 2009).

With the limited resources available, managers of PAs need to prioritise all types

of activities that are required, including the prioritisation of various control options

across many invasive taxa and invaded areas (Pyšek et al. 2014). This includes taxa

with many types of impacts on different attributes of biodiversity. Invasive alien

plants can also be passengers, or secondary factors that take advantage of habitat

change. For example, in the Haleakala and Hawaii Volcanoes NPs feral pigs are

recognised as a keystone introduced species, as they are the single major factor

Fig. 2.4 (a) Impatiens glandulifera (Himalayan balsam) is an annual plant native to Asia,

currently invasive in many protected areas in Europe (see Pyšek et al. 2014). Introduced as a

garden ornamental and still frequently planted, it spreads into semi-natural plant communities

along water courses (Photo Jan Pergl), and (b) one of the top ten invasive plant species in European

protected areas (see Pyšek et al. 2014), the hybrid taxon Fallopia� bohemica is a noxious invader
in riparian habitats where it forms extensive continuous populations extending over large sections

of river shores and outcompetes native flora (Photo Jan Pergl)
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contributing to the spread of many introduced plants. They not only create open

habitats through digging, but also transport propagules in their hair and faeces

(Stone and Loope 1987). In a similar case in Pasoh Forest Reserve, an undisturbed

tropical forest on the Malaysian peninsular, Clidemia hirta (Koster’s curse), which

was considered unlikely to invade and alter forest regeneration, utilised patches

where light was made available and soil disturbed by wild pigs, for establishment

(Peters 2001). In Forty Mile Scrub NP, Australia, about 73 % of the dry rainforest

and woodland savanna have been invaded with Lantana camara, with up to 5,000

individuals/ha being recorded (Fensham et al. 1994). It appears that root digging by

pigs causes tree deaths, thereby allowing light penetration, which favours

L. camara. The high level of invasion also causes substantially increased fuel

loads and fires have killed canopy trees across a large area of the dry rainforest.

In Gros Morne NP (Canada) moose (Alces alces), a non-native herbivore, appears
to be the primary dispersal agents of alien plants, dispersing propagules and

creating or prolonging disturbance by trampling (Rose and Hermanutz 2004).

The interaction of climate change and invasive alien plants is also becoming

more concerning (see Dukes 2011 for a comprehensive review). One such concern

is that the invasibility of habitats is likely to be increased. With the adaptability of

introduced species to a wider range of climatic conditions, and the ability to rapidly

exploit these changes, this may lead to an increase in distribution and abundance of

invasive plants (Dukes 2011). There are a number of implications for PAs, with

some suggesting that the impact may be greater in PAs than the broader landscape

as the composition of species changes and vegetation types shift (e.g. Hannah

et al. 2007; Gaston et al. 2008). While scientific models provide general recom-

mendations, managers face the threats directly and are forced to develop and

implement practical strategies, and thus need to be involved as collaborators in

designing climate-change integrated conservation strategies (Hannah et al. 2002).

One of the approaches recommend to enhance landscape connectivity between PAs

against climate-change induced landscape and habitat shifts is implementing buffer

zones around PAs, especially where conservation and compatible options are

available (Hannah et al. 2002). However, many PAs already occur within a mosaic

of highly transformed or disturbed landscapes, and heavily impacted areas can, for

example, cause forest margins to retreat (Gascon et al. 2000), facilitating further

invasions.

2.4 Conclusions

The range and severity of impacts of invasive plants in PAs is, in many areas, only

starting to be realised. Examples of well documented impacts come from a few

PAs, many of which are mentioned in this chapter. The extent of impacts are well

documented for some of the best-studied PAs (e.g. Everglades NP and Hawaii

Volcanoes NP, USA; Kakadu NP, Australia; Table Mountain NP, South Africa);

these offer dire warnings that many types of invasive plants can cause many types
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of dramatic impacts. There is growing evidence that many other types of impacts

are increasing in severity and extent in many other PAs; these include impacts that

are driving the displacement of wildlife and changes to fire regimes, which under-

mine the justification for the existence of the PAs. More subtle effects of altered

nutrient cycles and pollination and seed-dispersal networks are emerging more

slowly, but will most likely result in significant and irreversible impacts.

Protected areas exclude different factors, to varying levels, extents and scales;

this facilitates the examination of specific issues without the confounding effects

that many factors associated with human dominated ecosystems typically bring to

ecological studies. In the SCOPE programme (Usher et al. 1988) nature reserves

were considered as useful outdoor laboratories where artificial impacts are

minimised, and this is now even more important in a rapidly transforming world.

While commendable efforts are being made to quantify the impacts in some PAs,

improved knowledge transfer could certainly facilitate better uptake in manage-

ment agendas worldwide. If PAs are to fulfil their role in the global conservation

arena it is important that the mechanisms by which alien plant invasions degrade

system attributes are understood, to enable appropriate response.
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Chapter 3

Plant Invasions in Protected Landscapes:

Exception or Expectation?

Scott J. Meiners and Steward T.A. Pickett

The disappearance of plants and animal species without
visible cause despite efforts to protect them and the irruption
of others as pests despite efforts to control them must in the
absence of simpler explanations be regarded as symptoms of
sickness in the land organism. Both are occurring too
frequently to be dismissed as normal evolutionary events.

Aldo Leopold 1949 – A Sand County Almanac

Abstract While protection may alleviate some concerns within protected areas,

should protection also be expected to mitigate the likelihood of invasion by alien

species? Plant community dynamics may be thought of as generated by three broad

classes of drivers: site availability and history, species availability and species

performance. As all plant communities are dynamic and plant invasions may be

involved in these dynamics, this framework may be useful in exploring the role of

protection in invasion. In reviewing examples of individual drivers of plant com-

munity dynamics, the potential for mechanisms that lie outside local control to lead

to invasion is found to be great. This suggests that alien plant invasions should be

expected in most landscapes, even those with some level of protection. Linkages

with management practices are also highlighted.

Keywords Invasion • Conceptual framework • Disturbance • Dispersal • Species

pool • Herbivores • Nutrient deposition • Acid deposition • Climate change
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3.1 Introduction

Nature preserves typically revolve around the protection of a unique species,

community or landscape that holds some biological or cultural value. This neces-

sarily means that preserves are synonymous with threats; if the site were not

threatened there would be no need for preservation or protection. As granting a

site preserve status is largely a legal process that limits the types of activities that

can occur within the area, it does remove some of the more immediate threats such

as the anthropogenic conversion to non-habitat and resource harvesting. However,

legal protection does nothing to ameliorate the context from which the site was

originally threatened. There is no magic preservation bubble that appears to seal off

the area from the outside influences that may continue to threaten the biological

integrity of the system. In fact, threats to the system may already be present within

the protected boundaries.

The threat of particular interest to this chapter and book is that of biological

invasion. The focus of this chapter will be to highlight the ways in which alien species

may colonise and come to dominate protected systems. To do this, we will first

review the mechanisms of plant community dynamics using a hierarchical frame-

work to aggregate these mechanisms into three primary drivers of community

change. As biological invasions are also a type and mechanism of community

dynamics, this framework should be useful in organizing mechanisms of invasion

and in placing them in an appropriate ecological context. From there, we will visit

examples of each major driver of community dynamics and explore how these may

be related to biological invasions. At the end, we will return to the question posed in

the title and discuss the utility of the hierarchical framework in guiding when we may

expect biological invasions to occur in protected areas and plan for them accordingly.

3.2 A Hierarchical Framework for Community Change

Plant ecologists have identified a large number of individual drivers of commu-

nity structure and dynamics over the past 100 years. These include such disparate

topics as disturbance, competition, dispersal limitation, soil microbial interac-

tions, herbivory, and resource availability among a long list of many, many

others. An exhaustive list would be daunting, particularly if one was interested

in using these potential drivers to establish a management plan for biological

invasions. The laundry list approach is also not particularly useful in understand-

ing the relationships among drivers. There are clear data in support of each of

these controllers of community dynamics, but we would certainly not expect all to

be equally important within a given community type or situation. What is neces-

sary is a conceptual framework to help to organise these individual drivers into a

logical order. One such framework is a hierarchical view that groups community

drivers into three broad categories – site conditions and history, species
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availability and species performance (Pickett et al. 1987, 2011; Pickett and

Cadenasso 2005). Each of these broad categories then contains individual drivers

of community dynamics (Table 3.1). Variation in any of these processes,

expressed as differentials, may then lead to changes in the composition and

structure of a plant community.

The broad categories of drivers contain three discreet aspects of community

dynamics. (i) Site conditions and history contain aspects of disturbance regime,

resource availability, and site history. (ii) Species availability encompasses the

ability of species disperse into a site or persist within that site by forming persistent

seed banks. This driver also contains aspects of the landscape and the behaviour of

dispersal agents. (iii) Species performance contains all aspects of the ecological

sorting of species within a community. Variation in performance generates patterns

of species dominance and microhabitat specificity within communities. This driver

of community dynamics is by far the most active area of research and is populated

by a large array of factors that may determine a species’ success. The three broad

drivers of dynamics appear to be conceptually complete as they encompass all of

the known individual mechanisms of community change and should be sufficient to

contain new developments. For example, this conceptual framework predates the

more contemporary realization that feedbacks mediated by soil microbial commu-

nities can be very important in determining the structure and dynamics of plant

communities (e.g. Bever 2003). This mechanism of species sorting clearly fits into

the differential performance driver of community dynamics. Similarly the role of

propagule pressure in biological invasions fits into species availability quite nicely.

Though there is no specific relationship among the broad categories of drivers

suggested by the hierarchical framework, it can be manipulated to fit a range of

systems. For biological invasions into protected areas, we may rearrange the

hierarchical framework into a filter model of community dynamics that is more

appropriate (Fig. 3.1). In this rearrangement, site conditions and history set the

context for invasions, differential species availability across a site or landscape

determines the pool of potential invaders, and differentials in species performance

Table 3.1 The hierarchical conceptual framework for community dynamics. Community dynamics

are generated by three broad drivers, which each contain many individual mechanisms. Variation

within any of these broad drivers can result in changes in community composition or structure

Community dynamics

Site conditions and history Species availability Species performance

Disturbance history Vagility Competition

Resource availability Dispersal mode Growth rates

Climatic conditions Seed longevity Reproductive rates

Soil structure Behaviour of dispersers Herbivore damage

Location of fruiting plants Interactions with soil biota

Landscape connectivity Chemical interactions

Pathogens
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determine the success or failure of the invasion, the dominance achieved by the

invader, and its impacts on the recipient plant community. This directionality is not

absolute, however, as there may be interactions across community drivers. For

example, invasion by a nitrogen fixing legume may alter resource availability,

shifting the performance of other species in the community. Similarly, disturbances

in the protected landscape may alter the movement patterns of dispersal agents that

may increase or decrease invasion risk. It must be noted that this filter model only

deals with processes occurring within a given site or landscape and therefore

primarily reflects local processes of invasion. Other conceptual frameworks deal

with the broader geographic patterns of species movements, initial establishment

and spread in invaded areas (Catford et al. 2009; Blackburn et al. 2011; Foxcroft

et al. 2011). It should also be noted that while the conceptual framework presented

here was initially developed in the context of plant community dynamics, there is

no inherent reason that a similar structure would not be informative for animal

communities.

The following sections will provide a few examples of how these drivers may be

associated with alien species invasion in reserves and discuss their management

implications. These examples are illustrative only of some of the major invasion

opportunities for problematic species and are by no means an exhaustive list. There

are also clear linkages even among the brief set of examples discussed here. It is

impossible to fully separate such things as disturbance and herbivore activity from

resource availability. Likewise, global climate change will likely lead to cascading

impacts over longer time periods and may alter site conditions, disturbance

regimes, and populations of dispersers.

Site conditions
& History

Species
availability

Species
performance

Fig. 3.1 Rearrangement of

the hierarchical framework

into a filter model that

organises the broad drivers

of community dynamics to

illustrate key aspects of the

invasion process. The

dominant component

mechanisms within each of

the broad drivers will vary

based on the identity of the

system and the invader.

Similarly, not all of the filter

components will be

important in all invasions
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3.3 Site Availability and Conditions

In our rearrangement of the hierarchical framework, variation in site availability

and conditions represents the first of the filters for invasion. The individual mech-

anisms under this broad driver of community dynamics set the context for the

community and for any potential invasions. Species which disperse into the site as

seeds or spores (species availability), but which cannot tolerate local conditions,

will not become members of the community that differential performance can then

act upon. Similarly, an alien species under one level of soil resources may be

competitively inferior to the resident natives, but become invasive under another.

In this section we will briefly discuss disturbance (contemporary and historical) and

atmospheric deposition as factors that may mitigate invasion in protected areas, but

which are not easily managed.

3.3.1 Disturbance History

Disturbance and the invasion of alien plant species have been mechanistically

linked for decades and was one of the earliest noted causes of invasion (Fox

et al. 1986; Hobbs and Drake 1989; Mack and D’Antonio 1998; Huston 2004;

Moles et al. 2011). The linkage with disturbance may be related to the life history

characteristics of alien plant species in the case of those species associated with

agricultural, logging or other anthropogenic activities. In such cases, the presence

of disturbed soils is necessary for germination, establishment and reproduction. For

these alien species, mitigation can largely rely on the removal of anthropogenic

disturbances (Meiners et al. 2002, 2007). However, disturbances can also provide

opportunities in space and time for the initial establishment of an alien species into

an otherwise closed community.

All plant communities naturally experience some level of disturbance, such as

tree fall gaps in forests or soil disturbances from fossorial mammals in grasslands.

These local disturbances may allow alien species to persist within the community

and potentially displace similarly adapted native species. For species that require

disturbance for establishment, the physical opportunity provided by a disturbance

may be sufficient to gain entry into a community and then spread. For those alien

species which can alter the disturbance regime, there can be large impacts on

resident species as populations of the alien species increase. The conversion of

tropical rainforests in Hawaii, South America and other areas to grazing lands

planted with alien grasses brings fire into a system not adapted to fires (D’Antonio

and Vitousek 1992; Mack and D’Antonio 1998; Rossiter et al. 2003). As fires occur,

native plants susceptible to fires are killed, leading to the expansion of the alien

species. These alien grass communities may persist even in the absence of fire as

they are recalcitrant to tree colonization and establishment (Holl et al. 2000).
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Disturbance is typically thought of as a factor that affects current interactions

within the plant community – a tree falls and subordinate individuals compete to

reach the canopy. However, there can also be important historical effects of

disturbance, particularly when dealing with agricultural disturbances. Soils may

bear the impacts of agriculture for decades to centuries (Koerner et al. 1997;

Verheyen et al. 1999; Walker et al. 2010). The effects of disturbance history may

then also be reflected in the plant communities that are supported by those soils

(Foster 1993; Flinn and Marks 2007; Kuhman et al. 2011). Differences among sites

in their disturbance history may therefore result in differentially invasible commu-

nities. For example, in the southern Appalachians of North America, agricultural

areas that had been abandoned 100 years previously had higher abundances of

several alien species than similar aged areas that had not been ploughed (Kuhman

et al. 2011). Such long-term effects of disturbance on invasion are likely both

species and system specific and provide real challenges to management.

Though disturbance can clearly lead to invasion, it is too simplistic to argue for

the removal of disturbance from communities. Many native plant species are

ruderals (sensu Grime 2001) and therefore depend on disturbances for regeneration.

Furthermore, the preservation of some landscapes and species specifically require

disturbances and the prevention of succession to a community type that may be

more resistant to invasion. Such systems include: savannas, intermediate between

grassland and forest; open shrublands, intermediate stages of succession in areas

that support forest; and traditional agroecosystems, which often support species of

interest as well as preserve cultural heritage. These systems often contain charac-

teristic species that require intermediate successional communities to maintain their

populations. Management decisions to incorporate disturbance will need to balance

current threats to a community with the needs of native species in the system. For

example, many butterfly species depend on early successional plants as larval food

sources or for nectar. As agricultural disturbances are removed from systems, these

species may decline along with their hosts. In Mediterranean landscapes where

agriculture is being stopped, butterfly diversity is increased by removal of forest

understory vegetation for fire management (Verdasca et al. 2012). Similarly,

grazing in semi-natural European grasslands can be used to manage lepidopteran

communities (Pöyry et al. 2004). While both of these management strategies

increase early successional plant species, they would clearly also lead to opportu-

nities for alien plant invasion. Ultimately, the decision to prevent or manage a

particular invasion may lead to the decline or loss of other species from the system,

just as management decisions to increase a native species may.

3.3.2 Nutrient/Acid Deposition

Anthropogenic effects are currently much broader than the physical footprint of

human activity because of the regional alteration of rainfall chemistry by the

combustion of fossil fuels. Nutrient deposition affects massive areas of nearly all
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continents and may dwarf pre-industrialization inputs into ecosystems. For

nitrogen-limited terrestrial ecosystems, the addition of nitrogen through rainfall

may alter competitive interactions and lead to changes in plant community com-

position (Stevens et al. 2006; Hautier et al. 2009). As resource availability is often

linked with invasion (Burke and Grime 1996; Davis et al. 2000), anthropogenic

nitrogen deposition may increase the potential area that meet an invader’s N

requirement or may alter existing communities to become more invasible. Nutrient

deposition not only alters plant distribution, but may also affect interactions with

soil microbial communities (Carreiro et al. 2000; Chung et al. 2007), mycorrhizal

associations (Treseder 2004; Kjøller et al. 2012) and herbivory (Throop and Lerdau

2004). Together, these effects may cascade through the community, resulting in

changes in plant community composition and opportunities for invasion.

Nutrient deposition occurs simultaneously with the acidification of soils and

surface waters. While the fertilization effects of anthropogenic deposition receive

most of the attention, acidification may also be problematic for terrestrial systems.

Acidification has resulted in losses of cations, particularly Ca+, from forest soils and

may alter soil pH in areas where the buffering capacity has been exceeded. The

implications of this nutrient loss are less well understood, but may also have large

impacts on plant communities (DeHayes et al. 1999; Juice et al. 2006). There may

also be cascading effects of calcium loss through altered soil fauna such as snails

and the organisms that feed on them (Graveland et al. 1994).

Nutrient and acid deposition pose unique challenges for land managers. Accu-

mulation of N in soils may ultimately shift a high quality protected area from being

relatively resistant to invasion to susceptible once a threshold of nutrient availabil-

ity has been reached. In habitat restoration, reduction in soil fertility can be

achieved by removing plant biomass, removing topsoil or by chemical immobili-

zation. This is particularly important in restoring plant communities on nutrient-

poor soils where agricultural fertilizer application generates high fertility that

persists after abandonment. In restoring heathland and other plant communities in

The Netherlands, topsoil removal can lead to compositional shifts towards target

communities (Verhagen et al. 2001). However, soil manipulations often occur

before restoration is initiated. Reducing fertility in an intact plant community

may be much more difficult, particularly as deposition is likely to continue.

Acidification of soils may be ameliorated by addition of lime as is commonly

done in agricultural ecosystems. Such amendments are likely only feasible in

small, high priority areas.

3.4 Species Availability

Species availability encapsulates all of the ways in which a species can enter a plant

community, whether from the seed bank, from seeds produced from a local

individual, or from a long-distance dispersal event. For this reason, species avail-

ability combines species characteristics such as dormancy and longevity with
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inherently spatial issues such as where reproductive individuals are located in the

landscape and the movement patterns of dispersal agents. This section will focus on

the spatial aspects of species availability as this is where most of the management

challenges for alien species invasions will lie.

3.4.1 The Matrix as a Source of Invasion

Protected areas lie within a matrix of non-protected areas that represent the most

immediate source of alien invasive species to colonise a site. Seed dispersal of alien

species is a spatially constrained process with most of the seeds that enter a site

arriving from nearby areas. For this reason, the alien species pool of adjacent areas

is the most important factor in determining the composition and number of colo-

nizing individuals (Rose and Hermanutz 2004; Dawson et al. 2011). The original

mode of introduction to an area may also be important in determining a species

invasion potential as it should be strongly associated with species’ characteristics.

For simplicity, mode of introduction here is divided into accidental and deliberate.

The major source of anthropogenic disturbance in most landscapes is that

associated with agricultural activities – crop production, livestock rearing and

timber harvesting. These activities place very clear and strong selective filters on

the alien species that can disperse into and spread within a site, even though the

introductions are not deliberate. Species introduced accidentally through agricul-

tural practices will predominately be classic ‘weed’ species (Baker 1965; Bazzaz

and Mooney 1986). These species will depend on agricultural practices for their

persistence in communities as they are typically shade intolerant and may require

soil disturbances for establishment. Such agricultural weeds will likely decrease in

abundance with succession and should not pose persistent problems in the system,

though they may be maintained in the matrix and continually disperse into the

protected area. Habitat management in this case may focus on enhancing succes-

sional transitions (Luken 1990; Walker et al. 2007). However, if the alien species

are able to inhibit successional processes, they may require more direct intervention

(Meiners et al. 2007).

Many alien plants are the result of deliberate introduction (Mack and Erneberg

2002) with ornamental species becoming an increasingly important component of

the species pool the longer they are present in a region (Pyšek et al. 2003).

Ornamental plantings represent a major source of alien species in many landscapes

and the continued maintenance of these plants may be strongly linked with their

ultimate invasion success (Mack 2000; Pyšek et al. 2009). Species deliberately

introduced for ornamental purposes are often specifically selected for characteris-

tics that may make them successful under local conditions. These traits often

include adaptation to local climactic conditions, good growth rates (for horticultural

production and success in plantings) and reproductive characteristics such as

abundant flower production and attractive fruits (Dirr 1997; Li et al. 2004; Franco

et al. 2006). These same traits may translate into species that are particularly well
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suited to becoming invasive. For example, alien woody species invasive in the

metropolitan New York, USA area were more likely to have fleshy fruits (Aronson

et al. 2007). Fruit displays, particularly large and showy ones, are commonly valued

characters in selecting horticultural varieties and can lead to efficient spread of

seeds across landscapes. The screening processes involved in selecting and breed-

ing horticultural plants may enhance the potential for invasive alien plants that can

persist and spread in protected areas (Li et al. 2004). The filtering processes

involved in deliberate introductions may make horticultural species a much greater

invasion risk.

From a management perspective, the reduction of alien plant species in the

matrix that surrounds a protected area is largely unfeasible. The best strategy for

dealing with the matrix is to use it to inform monitoring efforts. Knowing the

composition of the potential invader pool and their abundance in the surrounding

matrix should provide a reasonable estimate of the threats to the protected area.

Particularly useful may be exploring natural habitats within the matrix to determine

which alien species have the potential to establish local populations. For example,

urban woodlots are often invaded by many of the species that are invasive in local

forests (Godefroid and Koedam 2003; LaPaix et al. 2012). These urban populations

indicate alien species that are not only suitable for the local environment, but are

available within the local species pool. As such, they may be useful indicator

habitats for predicting future plant invasions.

3.4.2 Dispersal in Fragmented Landscapes

To understand the role of dispersal in the invasion of protected areas, it is necessary

to use a landscape perspective. Many protected areas, particularly large ones, are in

landscapes with less anthropogenic disturbance. These areas are often available for

conservation because they have little value for other activities (Pressey 1994; Scott

et al. 2001). Areas preserved in this way may not represent the overall diversity of a

region, but may face fewer invasion and other conservation issues. Smaller

protected areas which occur in more modified landscapes with greater anthropo-

genic pressures may face a much greater risk of invasion.

While the species pool of the surrounding area determines the identity of potential

invaders, landscape configuration is critical in determining which areas may become

invaded. In areas of more or less contiguous habitat, the contrast between the

protected and unprotected areas may be low. This may occur when a high quality

patch is acquired for protection within a larger expanse of habitat that remains in

private ownership. In the case of a forest reserve in a contiguous forest, the surround-

ing landscape may serve to buffer the protected area from invasion by non-forest

species or at least minimise their spread. In many preserves, however, the matrix

represents a structurally different habitat which generates a discernible edge with the

protected area or the reserve itself may be a mosaic of habitat patches. Edges and

habitat corridors may concentrate the activity of birds and other dispersers, allowing
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the initial colonization of alien species (Thompson and Willson 1978; Brothers and

Spingarn 1992; Levey et al. 2005). Increased abundance at edges is not constrained to

vertebrate-dispersed species as abiotic dispersal may also be highest at fragment

edges (Cadenasso and Pickett 2001). Alien species that establish at edges may then

expand from those initial populations into the interior of the protected areas as

conditions allow.

The perimeter of the protected area is not the only conduit for alien plant

invasion. Most reserves, particularly large ones, contain inholdings and other

incursions into the interior of the reserve. These may be from roadways, existing

private landholdings and previous land conversion. Incursions, and more impor-

tantly the species contained within them, represent opportunities for alien plant

species to colonise the interior of the protected area. Continued land use activities

may maintain alien species populations and the maintenance of alien horticultural

species may bring new potential invaders into the protected area. Roads and

pathways may also provide corridors that allow the spread of alien plants into the

interior of protected areas (Benninger-Truax et al. 1992; Forman and Alexander

1998; Kuhman et al. 2011) though these species may remain restricted to habitats

along the incursion (Pauchard and Alaback 2004; Flory and Clay 2006). In tem-

perate parks in the Chilean Andes, alien plant species located in the surrounding

matrix also occurred along roadsides within the protected areas (Pauchard and

Alaback 2004). While the alien species present responded to elevational con-

straints, many appeared able to establish in protected areas composed of higher

elevation forests. This study highlights the hierarchical controls on invasion

imposed by site conditions (elevation) and species availability (landscape context).

From a practical perspective, dispersal is difficult to directly manage, but

understanding it can provide guidance for monitoring and targeted intervention.

Minimizing inholdings within protected landscapes may be helpful, but would be

difficult in most situations. Similarly, as many protected areas serve the dual

purposes of protecting habitats and allowing access, roads and trails are largely

necessary. Monitoring alien plant species should focus on dispersal corridors,

inholdings and habitat edges (Pauchard and Alaback 2004). Edge habitats, and

potentially roadways may also be planted with native species to reduce seed

dispersal and opportunities for establishment (Cadenasso and Pickett 2001).

3.5 Species Performance

This section will explore two mechanisms that may alter the differential performance

of species, leading to the opportunity for invasion, or for the opportunity for a current

alien species restricted to low abundance to increase and become problematic. For this

section two processes have been chosen that will likely operate at spatial scales much

larger than an individual nature reserve. Though the abundance of large herbivores is

critical to many local plant communities, the controllers on herbivore abundance

likely operate at landscape and regional scales. Similarly, global climate change
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operates at scales vastly larger than any nature preserve, but can subtly and

profoundly change how species interact within local plant communities.

3.5.1 Alteration of Herbivore Abundances

Herbivores have an amazing ability to influence the structure and composition of

plant communities through their feeding activity and can exert strong evolutionary

pressures on plant species. Specifically, the selectivity of herbivores can differen-

tially impact plant species and alter competitive hierarchies. While invertebrate and

small mammalian herbivores are less affected by the human activities that may lead

to the necessity for habitat preservation, large mammals are much more likely to be

affected. Large herbivores require larger areas in which to forage and are controlled

by larger predators, which are themselves often actively hunted to decrease real or

perceived interactions with humans or their livestock. The movement, foraging, and

other activity of large mammals may also be important in generating soil distur-

bances or in seed dispersal that also may impact plant communities (Myers

et al. 2004; Rose and Hermanutz 2004; Bressette et al. 2012). Both increases and

decreases in the abundance of large herbivores can change plant communities and

lead to plant invasions.

Within eastern North America, the native whitetail deer (Oidocoileus
virginanus) has gone through large changes in abundance over the last century.

After suffering habitat loss and hunting to near extinction, the species has under-

gone a dramatic recovery following some early remediation. Because of the frag-

mentation of forest habitat, this species, which naturally favors edge habitats and

diverse landscapes, has become overabundant in much of Eastern North America

(Alverson et al. 1988; Côté et al. 2004). The lack of large predators such as wolves

(Canis lupus) and coyotes (Canis latrans) and the lack of hunting in many suburban

areas have also encouraged large populations. Overabundance of deer may lead to

the loss of preferred forage species from forest understories, the reduction or

elimination of tree regeneration (Côté et al. 2004), and to the synergistic invasion

of alien species released by removal of potential competitors and disturbance of soil

by trampling (Baiser et al. 2008; Eschtruth and Battles 2009). Preserves in areas

with overabundant deer are equally subjected to deer pressure as unprotected areas

in the same regions. Targeted hunting within reserves may temporarily reduce deer

pressure but allows animals in surrounding areas to move in and increase local

density once again. The fragmented context of most reserves makes adequate

control of these herbivores problematic unless the site can be fenced, a large

expense which excludes both deer and other mammals.

A related, but opposite issue is seen in the loss of wisents (Bison bonasus) from
Europe’s primeval forests. The wisent, a large herbivore of forested systems, once

occurred across most of Europe and fed primarily on woody plants (Pucek

et al. 2004; Kowalczyk et al. 2011). While this species has been reintroduced into

Poland’s Białowieża forest, the loss of wisent feeding patterns has probably had
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major impacts on deciduous forests across Europe. While overabundant herbivores

may exert too much influence on plant communities, the lack of selective herbi-

vores is equally problematic. Plant species that would normally be selectively fed

upon may be released and increase abundance. This release may also include alien

species or changes in forest structure that favor invasion.

Herbivore pressure, particularly feeding by large mammalian herbivores, is

easily altered by anthropogenic activity. Any change in herbivore pressure can

lead to shifts in competitive hierarchies and can provide opportunities for alien

species invasion. While managing large herbivore pressure in small preserves may

be difficult, some activity by these animals may be necessary to generate regener-

ation opportunities, reduce competitive exclusion, and generate heterogeneity

(Knapp et al. 1999).

3.5.2 Global Climate Change and Invasion

Though we may include alien species invasions as a form of global change

(e.g. Ricciardi 2007), invasions may themselves respond to climatic changes in

complex ways (Bradley et al. 2010). The most obvious aspect of climate change is

increasing temperature and its influence on growing season length and in limiting

cold-intolerant species. However, to plant communities, changes in the seasonality

and amount of rainfall, extreme high and low temperatures, increased severe

weather events, and increased CO2 may all be important in determining species

abundances and success. Most of the effects of climate change are contained within

the species performance component of the hierarchical model of community

change, though it may impact all levels.

In response to the varied effects of global climate change, plant species are

expected to migrate as their potential habitats shift (Iverson and Prasad 2002;

Malcolm et al. 2002). Migration may be hampered by the rate at which species

disperse across the landscape and the loss of native species from some communities

may provide opportunities for alien plant invasion. The characteristics of alien plant

species that make them good invaders may also allow them to preferentially expand

in response to climate change (Dukes and Mooney 1999; Simberloff 2000). Path-

ogens and insect herbivores are often critical in regulating plant populations and

relative abundances in plant communities. These species may also experience range

changes, often through alleviation of cold limitation at higher latitudes (Bale

et al. 2002; Jepsen et al. 2008; Dukes et al. 2009). Together, the combined and

complex effects of global climate change make their influence on the interactions

that regulate plant communities difficult to predict (Tylianakis et al. 2008).

Controlling global climate change is clearly beyond the ability of individual land

managers, as is preventing the inevitable shifts in species abundance that occur with

changing conditions. The challenge for land managers will be in minimizing the

opportunities for alien plant invasions that result from climate change. Some native

plant species will certainly decrease in abundance, while others will likely increase.
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Opportunities for alien plant establishment will occur during such species transitions

(Davis et al. 2000). When species are lost from a system and not replaced by resident

natives, assisted migration may be required to ensure that an appropriate suite of

native species colonise the site to maintain ecosystem integrity. It is also likely that

climactic changes may increase the suitability of the environment for alien species

that are not currently problematic, allowing them to expand their populations

(Simberloff 2000). With the exception of insect or pathogen outbreaks and cata-

strophic disturbances, the changes brought about by climate change should be gradual

and allow for the development of an adaptive management plan.

3.6 Conclusions

The examples listed here illustrate that the potential for alien plant invasion within

protected areas is great. While the examples above involve various aspects of plant

community dynamics, they are similar in that they involve factors that are either

external to the protected system or are beyond the control of local land managers. It

is also important to note, that while these examples are discussed within one of

three broad drivers of community dynamics, there are interactions among these

drivers, as indicated by the interconnecting arrows in Fig. 3.1. For example, the

manipulation of herbivore density most directly alters competitive hierarchies and

so belongs within species performance. Herbivores also may act as seed dispersers,

generate local disturbances, and alter rates of nutrient cycling. Shifts in the com-

position of the plant community from herbivory may have similar effects on rates of

nutrient cycling, and the abundances of other consumers. The connections among

drivers and implications of changes to any one part can lead to complex dynamics.

Using the conceptual framework of community dynamics to understand plant

invasions provides a useful way to organise the many mechanisms by which alien

plants may come to invade and dominate protected areas. In fact, one can easily

replace the individual drivers of plant community dynamics with the many mech-

anisms that have been proposed as reasons for the invasion and success of alien

species (Table 3.2). All of these invasion hypotheses neatly fit within the three

broad categories that capture plant community dynamics. Within site conditions

and history are contained in hypotheses dealing with resource availability and

disturbance. Species availability contains ideas such as propagule pressure, repro-

ductive output and dispersal ability. Finally, species performance contains most of

the interaction-based mechanisms of invasion such as competitive ability, plasticity

and natural enemies. In total, the components of the hierarchical model of invasion

are remarkably similar to the components of the conceptual model for community

dynamics. The applicability of the same conceptual framework to both community

dynamics and plant invasions suggests that both processes are essentially the same.

Alien species invasions are merely special cases of community dynamics, much in

the same way that succession is a special case of the broader community dynamics

(Pickett and Cadenasso 2005).
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We need to view our protected areas as dynamic plant communities that are

constantly shifting in response to contemporary and historical influences. Among

contemporary influences, alien plant invasions are a potentially critical driver.

While protection removes some threats, particularly anthropogenic disturbances,

it does little to remove regional influences on the plant community. The natural

dynamics of communities in protected areas will generate opportunities for inva-

sion regardless of the type or intensity of management. Therefore, we should expect

and plan for plant invasions within protected areas. This should entail identification

of local threats, monitoring susceptible areas for invasion, and mitigation of

invasions when warranted.

This chapter started with a quote from an early North American champion of

conservation and land management, Aldo Leopold. He placed plant invasions into a

broader context of what he termed ‘land sickness’. While this view is a bit too

Clementsian for most ecologists today, it does suggest that plant invasion as a

process is integrated with many other challenges to plant communities. Whether

alien plant invasions are the cause of Leopold’s land sickness or merely an

accompanying symptom, their remedy clearly needs to involve the whole system.
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Côté SD, Rooney TP, Tremblay J-P et al (2004) Ecological impacts of deer overabundance. Annu

Rev Ecol Evol Syst 35:113–147

D’Antonio CM, Vitousek PM (1992) Biological invasions by exotic grasses, the grass/fire cycle,

and global change. Annu Rev Ecol Syst 23:63–87

Davis MA, Grime P, Thompson K (2000) Fluctuating resources in plant communities: a general

theory of invasibility. J Ecol 88:528–534

Dawson W, Burslem DFRP, Hulme PE (2011) The comparative importance of species traits and

introduction characteristics in tropical plant invasions. Divers Distrib 17:1111–1121

DeHayes DH, Schaberg PG, Hawley GJ et al (1999) Acid rain impacts on calcium nutrition and

forest health. BioScience 49:789–800

Dirr MA (1997) Dirr’s hardy trees and shrubs: an illustrated encyclopedia. Timber Press, Portland

Dukes JS, Mooney HA (1999) Does global change increase the success of biological invaders?

Trends Ecol Evol 14:135–139

Dukes JS, Pontius J, Orwig D et al (2009) Responses of insect pests, pathogens, and invasive plant

species to climate change in the forests of northeastern North America. Can J For Res

39:231–248

Eschtruth AK, Battles JJ (2009) Acceleration of exotic plant invasion in a forested ecosystem by a

generalist herbivore. Conserv Biol 23:388–399

Flinn KM, Marks PL (2007) Agricultural legacies in forest environments: tree communities, soil

properties, and light availability. Ecol Appl 17:452–463

Flory S, Clay K (2006) Invasive shrub distribution varies with distance to roads and stand age in

eastern deciduous forests in Indiana, USA. Plant Ecol 184:131–141

Forman RTT, Alexander LE (1998) Roads and their major ecological effects. Annu Rev Ecol Syst

29:207–231

3 Plant Invasions in Protected Landscapes: Exception or Expectation? 57



Foster DR (1993) Land-use history (1730–1990) and vegetation dynamics in central New England,

USA. J Ecol 80:753–771

Fox MD, Fox BJ, Groves RH (1986) The susceptibility of natural communities to invasion. In:

Ecology of biological invasions. Cambridge University Press, Cambridge, pp 57–66

Foxcroft LC, Pickett STA, Cadenasso ML (2011) Expanding the conceptual frameworks of plant

invasion ecology. Perspect Plant Ecol Evol Syst 13:89–100

Franco JA, Martinez-Sanchez JJ, Fernandez JA et al (2006) Selection and nursery production of

ornamental plants for landscaping and xerogardening in semi-arid environments. J Hort Sci

Biotechnol 81:3–17

Godefroid S, Koedam N (2003) Distribution pattern of the flora in a peri-urban forest: an effect of

the city-forest ecotone. Landsc Urban Plann 65:169–185

Graveland J, van der Wal R, van Balen JH et al (1994) Poor reproduction in forest passerines from

decline of snail abundance on acidified soils. Nature 368:446–448

Grime JP (2001) Plant strategies, vegetation processes, and ecosystem properties. Wiley,

Chichester

Hautier Y, Niklaus PA, Hector A (2009) Competition for light causes plant biodiversity loss after

eutrophication. Science 324:636–638

Hobbs RJ, Drake JA (1989) The nature and effects of disturbance relative to invasions. In:

Biological invasions: a global perspective. Wiley, Chichester, pp 389–405

Holl KD, Loik ME, Lin EHV et al (2000) Tropical montane forest restoration in Costa Rica:

overcoming barriers to dispersal and establishment. Restor Ecol 8:339–349

Huston MA (2004) Management strategies for plant invasions: manipulating productivity, distur-

bance, and competition. Divers Distrib 10:167–178

Iverson LR, Prasad AM (2002) Potential redistribution of tree species habitat under five climate

change scenarios in the eastern US. For Ecol Manag 155:205–222

Jepsen JU, Hagen SB, Ims RA et al (2008) Climate change and outbreaks of the geometrids

Operophtera brumata and Epirrita autumnata in subarctic birch forest: evidence of a recent

outbreak range expansion. J Anim Ecol 77:257–264

Juice SM, Fahey TJ, Siccama TG et al (2006) Response of sugar maple to calcium addition to

northern hardwood forest. Ecology 87:1267–1280

Kjøller R, Nilssom LO, Hansen K et al (2012) Dramatic changes in ectomycorrhizal community

composition, root tip abundance and mycelial production along a stand-scale nitrogen depo-

sition gradient. New Phytol 194:278–286

Knapp AK, Blair JM, Briggs JM et al (1999) The keystone role of bison in North American

tallgrass prairie. BioScience 49:39–50

Koerner W, Dupouey JL, Dambrine E et al (1997) Influence of past land use on the vegetation and

soils of present day forest in the Vosges Mountains, France. J Ecol 85:351–358

Kowalczyk R, Taberlet P, Coissac E et al (2011) Influence of management practices on large

herbivore diet – case of European bison in Białowieża primeval forest (Poland). For Ecol
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Chapter 4

Global Efforts to Address the Wicked

Problem of Invasive Alien Species

Jeffrey A. McNeely

Abstract As the globalization of trade continues to expand, species inevitably

have more opportunities to spread. Some are intentionally traded and become

established in new ecosystems, thereby potentially changing the functioning of

the now-modified ecosystem. Invasive alien species are gaining greater public

attention, especially when their spread becomes dramatic and threatens ecosystems

that people value. But by the time an invasive alien species becomes a problem, it

may be too late to effectively respond. Perhaps worse, some people may welcome

the alien species, making it even more difficult to implement eradication or control

measures. This can make invasive species a ‘wicked problem’, challenging the

building of the consensus necessary to reach a solution. But building public

awareness about the impacts of invasive species can help to provide the necessary

support, drawing on broad government support through international agreements

such as the Convention on Biological Diversity. Practical measures to address the

problems posed to native biodiversity (at the level of genes, species, and ecosys-

tems) by invasive species of plants are the subject of active research and practical

experience, posing some hope that even a problem as ‘wicked’ as invasive alien

species can be successfully addressed.
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4.1 Introduction

In July 2012, the popular press in the United States grabbed onto the news that a

Burmese python 5.20 m long and weighing 74.5 kg had been killed in Florida’s

Everglades National Park (ENP), the largest Burmese python yet reported from the

park. Even more worrying to some was that it was a female and had 87 eggs in its

oviduct, ready to be laid. But this should have come as no surprise, as Burmese

pythons (Python molurus bivittatus) have been known in ENP for over 30 years

(Meshaka et al. 2000). While the capture of such a large individual was exciting for

readers, it is a disaster for the Everglades ecosystem, which is included on the

UNESCO World Heritage List for the outstanding universal value of its native

biodiversity. Since the species first arrived (probably released by a pet owner), the

populations of potential prey species have been declining rapidly. Marsh rabbits

(Sylvilagus palustris), cottontails (Sylvilagus floridiana), grey foxes (Urocyon
cinereoargenteus), red foxes (Vulpes vulpes, itself an invasive alien species) and

opossums (Didelphis marsulialis, also invasive alien) are now seldom seen (Dorcas

et al. 2012). The pythons are also known to feed on American alligators (Alligator
mississippiensis), crocodiles (Crocodylus acutus), endangered Florida panthers

(Puma concolor coryi), and the endangered wood stork (Mycteria americana).
While this is a dramatic story, it is only a symptom of a much larger problem.

Over 137 species of animals are recognised as invasive in Florida (Krysko

et al. 2011) and ENP supports five other invasive alien reptiles besides the Burmese

python, as well as nine invasive mammals and eight invasive birds. Florida also has

76 species of invasive alien plants (IAPs), with another 76 plant species established

and potentially invasive. The Everglades alone has 69 species of IAPs, including

many that are widespread and invasive in other parts of the world, for example,

Eichhornia crassipes (water hyacinth), two species of Casuarina, Lantana camara
(lantana),Melaleuca quinquenervia (melaleuca) andMimosa pigra (giant sensitive
plant; FLEPPC 2011). Established to conserve native species, the Everglades has

instead become a magnet for invasive species of alien plants and animals.

Other states, such as California (California Invasive Plant Council 2006) and

Hawaii (Loope et al. 2013), have fared far worse than Florida, and few of the

world’s protected areas (PAs) are immune to the problem. The continuing spread of

invasive alien species (IAS; specifically those alien species that damage native

ecosystems and cause ecological or economic damage), is the result of globaliza-

tion gone wild. As the case of the Everglades dramatically illustrates, IAS do not

respect the boundaries of PAs. Plants such as Pueraria montana (kudzu) invade so

quickly that PA managers seem helpless to prevent their invasion into PAs such as

the Great SmokyMountains National Park and Shenandoah National Park in the US

(National Park Service 2012). Even World Heritage sites noted for their wildlife

populations are suffering from IAPs that reduce the habitats available for their main

tourist attractions. Examples include Argemone mexicana (Mexican poppy) in

Serengeti National Park and Ngorongoro Conservation Area in Tanzania (Henderson

2002), and Mikania micrantha (mile-a-minute weed), Chromolaena odorata
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(Siam weed), and L. camara in Chitwan National Park in Nepal, noted for its greater
one-horned rhinoceros (Rhinoceros unicornis) populations and is also included on the
World Heritage List (Raj et al. 2012).

It is sometimes said that change is the only constant, but in today’s world the

rates of many changes seem to be unprecedented and constantly accelerating. The

global problem of the increasing spread of IAS is too often lost among concerns

about climate change, growing population, and accelerating economic stress, yet it

is linked to all of these.

Invasive alien species provide an example of a ‘wicked problem’ (see Conklin

2006 on ‘wicked problems’), which is a problem that cannot be easily defined and

all interested parties often cannot even agree on the problem to be solved. In the

case of IAS, these include horticulturalists, gardeners, farmers, pet dealers,

importers, resource managers, politicians, biologists, and so forth. Objective solu-

tions may therefore be impossible, especially when the problem is not recognised

until the alien species is well established (as in the case of the Burmese python and

M. quinquenervia in the Everglades).

Resource managers today are forced to address the problem of IAS as best they

can, with the incomplete information at hand, which makes the problem ‘wicked’ for

them. Further, PA managers must be prepared to adapt to further invasions that may

appear in the course of seeking to manage ecosystems sustainably (an end point that

can never be definitively reached because ecosystems are constantly evolving; Hill

et al. 1999). The ‘wickedness’ of the problem makes it even more challenging

because sufficient resources required to address it are seldom forthcoming.

Humanity and nature are intimately linked, yet people are living within the

‘environmentalist’s paradox’ (Raudsepp-Hearne et al. 2010): human wellbeing con-

tinues to improve (for at least some people, and perhaps even a majority), while many

indicators of the state of the environment, such as the increasing numbers and impacts

of IAS, continue to worsen. Further, PAs continue to expand but biodiversity

continues to decline while invasions by alien species become epidemic in scale

(Cox and Underwood 2011). Reasons that have been proposed for this paradox

include everything from lag times in biodiversity’s response to human actions, and

to technologies that promote a decoupling of the fundamental relationship between

people and nature. The irony is that economic growth has actually made people more

dependent on healthy ecosystems, even as their actions often lead to species invasions

that undermine the very ecosystems that they value highly, of which the Everglades is

but one example among thousands (Guo et al. 2010).

4.2 Invasive Species as a Global Change Driver

Affecting Ecosystems

It is now well recognised that Planet Earth is being affected by a combination

of unprecedented ecological, socioeconomic, and institutional changes (UNDP

2003; Millennium Ecosystem Assessment 2005). While this brief review focuses
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on the ecological changes brought about by IAS, these are intimately related to

socioeconomic changes (such as economic growth, global trade, energy demand,

human rights, consumption patterns, demographics, settlement patterns, and land

use) and institutional changes (laws, regulations, technological innovation, gover-

nance, and so forth). The various kinds of global changes are not independent

variables; instead, they interact in complex ways that are not always well under-

stood and in any case are dynamic. Such variable factors are often both drivers and

consequences of change, with feedback loops that may accelerate or decelerate the

spread of IAS. This brief assessment will therefore incorporate at least some of the

human dimensions, while leaving it to others to explore these in more detail (see for

example McNeely 2001). It will also recognise that the problems of IAS are related

to other global changes, requiring a systemic approach that at least recognises these

links. Climate change, for example, may lead to the spread of alien species, as well

as affecting the distribution of native species (Hellmann et al. 2008).

While many ecosystems are losing native species, many are adding alien species

of which only some are invasive. For example, only about 200 of California’s 1,800

alien plants are considered invasive by the California Invasive Plant Council (CIPC

2006). Dealing with the responses of ecosystems to such species gains is a major

focus of many ecosystemmanagers, not least in PAs (Mooney et al. 2005; Tu 2009).

A major concern is that the ecosystems of the world are becoming more

homogenised, with cosmopolitan species dominating and many native species,

especially those endemic to relatively small areas, declining towards extinction

(IUCN 2012). While relatively few species introductions are detrimental to eco-

systems or human wellbeing, some alien species, when imported into new habitats,

are highly destructive to native species, thereby fundamentally changing ecosys-

tems. Three examples illustrate the concerns:

(i) An assessment of 90 alien and 75 native plants in eastern Australia concluded

that the alien species were better able to assimilate nitrogen and phosphorus,

thereby generating higher primary productivity than the natives and success-

fully out-competing them. As a result, they profoundly influenced the proper-

ties of the ecosystems in which they were found (Leischman et al. 2007).

(ii) The invasion of at least 11 non-native species of earthworms into the forests in

the north-eastern part of North America has led to fundamental changes in

plant community structure (Nuzzo et al. 2009). Eradicating these earthworms

is impossible, so this ecosystem change is essentially permanent.

(iii) As many as 1,500 species of birds (about 20 % of the world’s bird species at

that time) were driven to extinction on Pacific islands following their settle-

ment by the Polynesian pioneers who first arrived on these islands, accompa-

nied by rats (Ratus spp.) and pigs (Sus scrofa; Steadman 1995). The ecosystem

function on many Pacific islands has been permanently altered as a result, with

the spread of non-native plants further disrupting the native ecosystems.

Tahiti, for example, is dominated by an invasive tree species, Miconia
calvescens (miconia), which was introduced in 1937 and now covers over

60 % of the island, threatening some 25 % of the native species and causing

major ecosystem disruption (Meyer et al. 2010).
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The Parties to the Convention on Biological Diversity (CBD 2010) have agreed

that the alien species that threaten ecosystems, habitats, or native species should be

controlled or eradicated, or, better yet, prevented from being introduced (CBD

article 8(h)). Such species are considered ‘invasive alien species’ and their impact is

increasing as a function of globalization (Meyerson and Mooney 2007); the sub-

stantial expansion of trade over the past several decades provides many more

opportunities for species to be spread, either intentionally or inadvertently. The

damage caused by IAS is widely considered one of the five major drivers of

ecosystem disruption (habitat change, climate change, pollution, over-exploitation;

Millennium Ecosystem Assessment 2005).

Some alien species have been shown to have some specific conservation values,

for example through providing habitat or food resources to threatened or rare species

(Schlaepfer et al. 2011). They may also serve as functional substitutes for extinct taxa

and help carry out important ecological functions that otherwise might have led to

extinctions of other species. One example is the replacement of an extinct subspecies

of the Aldabra tortoise with a related subspecies of Aldabrachelys gigantea from

another island, which led to the recovery ofDiospyros egrettarum (ebony tree) on the

Ile aux Aigrettes in the Seychelles. Seeds that had passed through the digestive

systems of tortoises germinated much faster than those that had not been so blessed

(Griffiths et al. 2009).

Others have argued that the problem of IAS is not a problem at all, but rather part

of the natural process of ecosystem change, and actually increases species diversity

(Davis et al. 2011). This position has been vigorously opposed by many ecologists

who are concerned about IAS that damage ecosystems (Simberloff et al. 2011).

Invasive alien species may also have less genetic diversity than native species,

because they typically spread from a very restricted number of founders. Others

argue that the study of invasive species may provide important insights into the

effects of new species on ecological functioning, thereby providing ecosystem

managers with useful tools for responding to the ecosystem changes that are

expected to result from the various human impacts that are discussed in the

scientific literature (Lockwood et al. 2011).

It may well be that the problem of IAS will never be ‘solved’ because biota will

continue to be moved around the world by international trade. However, greater

attention to the problem by ecosystem managers may keep its symptoms within

ecologically acceptable bounds (seeking to reach agreement on such bounds helps

to make this a wicked problem).

4.3 Management Responses to Invasive Species

Ecosystem management responses to invasive species can take place at multiple

scales, from local to global. Most of the global responses are at the policy level

(see the following section), but the actual management responses will typically take

place at national or lower levels where the action is appropriate to the scale at which

the impact of the IAS is perceived.
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While management interventions aimed at reducing the impacts of IAS can be as

diverse as the species themselves, some generalities based on experience have been

identified. Examples include:

(i) Establish explicit goals and objectives for the management intervention.

(ii) Focus on maintaining ecosystem functioning and biodiversity (diversity at the

level of genes, species, and ecosystems, as defined in the Convention on

Biological Diversity), rather than on species richness (which can lead to

promoting alien species).

(iii) Adopt comprehensive approaches that enable the participation of a broad

range of interest groups (in political terms, build the strongest possible con-

stituency for the management action of eradicating invasive species or at least

reducing their impact).

(iv) Recognise the value of taking a diversity of approaches to various dimensions

of species invasions.

(v) Identify the causes of the fundamental problems and design management to

address these (such as the link to global trade), rather than just treating their

symptoms (though symptoms such as invasive snakes in the Everglades also

need to be treated).

(vi) Build understanding of ecosystem management that incorporates the complex-

ity and dynamism of ecosystems, how these are affected by IAS, and human

interactions with them.

While these are reasonable guiding concepts, they are hardly comprehensive.

Additional management concepts will surely continue to emerge as greater experi-

ence is gained (see Wittenburg and Cock (2001), and Genovesi and Monaco (2013)

for general guidelines, Simberloff (2013) for eradication, Van Driesche and Center

(2013) for biological control, and Meyerson and Pyšek (2013) for prevention).

Humans, like many other animals, are ecosystem managers, seeking to provide

forms of stewardship that will enable adaptations to rapidly-changing conditions

(also called resilience). General strategies include reducing the magnitude of

known stresses, thereby reducing exposure and sensitivity to these changes, devel-

oping policies that will shape change rather than responding to effects that have

already taken place, and avoiding or escaping from socio-ecological traps that are

unsustainable (Chapin et al. 2009). But the growing challenges posed by the role of

IAS in ecosystem management, such as those outlined above, have also generated

some new management approaches, or modifications of traditional approaches,

some of which are discussed below.

4.4 Controlling the Spread of Invasive Alien Species

With the recognition of the close link between global trade and the spread of IAS,

coupled to increasing concern about the negative impacts on ecosystems, and the

success of at least some eradication efforts (Simberloff 2013), the issue has begun
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to receive growing international attention. Institutional and legal frameworks for

dealing with IAS are now available (Shine et al. 2000), along with tools for

assessment and control of biological invasion risks (Koike et al. 2006) and identi-

fication of best prevention and management practices (Wittenburg and Cock 2001).

Application on the ground has followed, including the eradication of 27 species

of invasive plants and animals from Galapagos Islands (Simberloff et al. 2011).

Many other successes have been reported from islands belonging to New Zealand,

Australia, Seychelles, Nauru, Mauritius, USA, British West Indies, French Southern

Territories, and Northern Ireland (Veitch and Clout 2002), but considerable

challenges remain on larger land masses and waters.

These promising efforts are being supplemented by stronger border controls

among countries that are especially concerned about invasive species of plant

pathogens or about IAS in general. Much can also be learned from efforts to address

the problem of invasive species of disease organisms, a problem that poses severe

threats to human health and therefore earns considerable public attention (and

investment). But with the continuing growth of international travel and trade,

dealing with potentially invasive species will require eternal vigilance. Preventing

entry is far less expensive than trying to eradicate a species that has become

established (arguing for quick response when a potentially invasive species is first

noticed, as has been learned from invasive disease vectors), but ecosystem man-

agement may be the only available response if an invasive species has become a

part of the native ecosystem.

4.5 Policies to Support Control of Invasive Alien Species

The management responses discussed above are practical applications of more

general policies that have been put into place to address environmental problems.

These policies have been established at global, national, and local levels, by govern-

ments, the private sector, farmers, and others. The following examines some of the

most relevant global policy responses to the challenges of species invasions.

Ecosystems provide both global and local goods that often span geopolitical

boundaries. In dealing with global changes through ecosystem management, govern-

ments have realised that global responses, or at least cooperation, will be necessary.

Many ecosystems cross international borders: water often flows between countries

and managing international rivers (which may support invasive species of fish and

other aquatic species) requires cooperation among the riparian states; processes like

climate change affect all countries and all ecosystems; and invasive species are

intimately linked to global trade that is a major political and economic concern

(Lausche 2008).

International environmental law gained momentum at the International

Conference on Environment and Development, held in Stockholm, Sweden, in

1972. Only a few of the international agreements emerging from that meeting

specifically addressed ecosystem management and thus, at least indirectly, invasive

4 Global Efforts to Address the Wicked Problem of Invasive Alien Species 67



species. The Convention on Wetlands of International Importance (also called the

Ramsar Convention, after the Iranian city where the convention was agreed in

1973) is notable in this regard, with resolutions calling for Parties to address the

problem of invasive species in Ramsar Sites (Ramsar 2002). Others, such as the

World Heritage Convention (agreed in 1975) and the Convention on International

Trade in Endangered Species of Flora and Fauna (CITES, agreed in 1973), deal

with some PAs and species but with insufficient attention given to invasive species

(though, for example, Everglades is now on the List of World Heritage in Danger, at

least partly due to the problem of invasive species).

A second generation of conventions were agreed at the so-called ‘Earth Summit’,

held in Rio de Janeiro, Brazil, in 1992. These were ‘framework conventions’,

requiring further agreements between governments on the details of implementation,

such as the Kyoto Protocol under the UN Framework Convention on Climate Change

and the Biosafety Protocol under the Convention on Biological Diversity (CBD

2010). The CBD specifically deals with invasive species in its Article 8(h), which

calls on Parties to “prevent the introduction of, control or eradicate those alien species

which threaten ecosystems, habitats, or species”. Its 2007 Conference of Parties, held

in Kuala Lumpur, issued a detailed decision on alien invasive species (Decision

VII/13), helping to put this issue on the conservation agenda (though as one issue

among many). At the same meeting, the Conference of Parties agreed a Programme

of Work on Protected Areas (Decision VII/28) that includes many elements that

could be applied to invasive alien species in PAs (though they do not explicitly do so)

(SCBD 2010).

In 2010, the tenth Conference of Parties of the CBD approved a Strategic Plan

for the coming decade (2011–2020), which specifically addressed invasive species

in its Target 9: “By 2020, invasive alien species and their pathways are identified

and prioritised, priority species are controlled or eradicated, and measures are in

place to manage pathways to prevent their introduction and establishment”. This is

certainly a useful step, especially because prior to the CBD meeting, other multi-

lateral environmental conventions agreed to adopt the CBD Strategic Plan as the

common basis for their own work in the coming years, taking a significant advance

towards coherence in obligations, data collection and reporting.

Another important recent policy outcome that could help address the problem in

IAS is the 2010 UN General Assembly resolution that supported the establishment

of an Intergovernmental Platform on Biodiversity and Ecosystem Services

(IPBES). It is expected to further strengthen the credibility, legitimacy and saliency

of the information exchange processes between the scientific community and policy

makers in areas relating to biodiversity and ecosystem services, which certainly

includes IAS (though not automatically; vigilance is still required to ensure that

invasive species are not left lurking in the background).

Dealing with governments can be frustrating, because many of the decisions are

reached by a consensus that is strongly affected by political factors. But the

successes of the international structure that supports ecosystem management indi-

cate that considerable benefits can arise from seeking consensus on the priority

actions that need to be taken to address the problems posed by IAS.
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4.6 Conclusions

The ecological changes brought about by IAS are best understood as a package of

variable changes, with the relative impacts differing from site to site and depending

on numerous external factors, ranging from geographical location to human demog-

raphy. An agent of global change, such as the spread of species, can harm some

components of an ecosystem but can benefit others, further complicating the

challenge of making broad generalisations. That said, this review has reached

the following conclusions:

(i) All efforts to manage IAS need to be based on the best available information,

including solid science, political reality, and local knowledge.

(ii) Few IAS have yet generated the appropriate institutional responses, at least

partly because they tend to have complex drivers that are the responsibility of

many different actors. Also, their symptoms are not always immediately

apparent to the public and policy-makers, and many of the major issues are

influenced more by social, economic, and political factors than scientific ones.

This calls for renewed efforts to strengthen the science component of

responses to IAS and seek more effective means of reaching policy-makers

through collaboration with other sectors of the economy.

(iii) Many management responses to invasive species will involve trade-offs, as the

different interest groups negotiate for favourable outcomes to suit their own

interests. This argues for including the key interest groups in negotiating the

trade-off’s, and addressing some of their major concerns, particularly the

economic and social dimensions of invasive species.

(iv) With budgets becoming increasingly tight in many countries, creative ways to

enforce regulations regarding invasive species will be required. For example,

citizen scientists can help to provide early warning for IAS (Acevedo-

Gutierrez et al. 2011).

Our planet is experiencing multiple wicked problems that are undermining the

ecosystems upon which humanity depends. Increased investments in managing IAS

should be seen as part of a package of investments that will be required to ensure a

healthy and prosperous future for all of humanity and the rest of the living world.
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Chapter 5

A Cross-Scale Approach for Abundance

Estimation of Invasive Alien Plants in a Large

Protected Area

Cang Hui, Llewellyn C. Foxcroft, David M. Richardson,

and Sandra MacFadyen

Abstract Efficient management of invasive alien plants requires robust and

cost-efficient methods for measuring the abundance and spatial structure of inva-

sive alien plants with sufficient accuracy. Here, we present such a monitoring

method using ad hoc presence-absence records that are routinely collected for

various management and research needs in Kruger National Park, South Africa.

The total and local abundance of all invasive alien plants were estimated using the

area-of-occupancy model that depicts a power-law scaling pattern of species

occupancy across scales and a detection-rate-based Poisson model that allows us

to estimate abundance from the occupancy, respectively. Results from these two

models were consistent in predicting a total of about one million invasive alien

plant records for the park. The accuracy of log-transformed abundance estimate

improved significantly with the increase of sampling effort. However, estimating

abundance was shown to be much more difficult than detecting the spatial structure

of the invasive alien plants. Since management of invasive species in protected

areas is often hampered by limited resources for detailed surveys and monitoring,

relatively simple and inexpensive monitoring strategies are important. Such data

should also be appropriate for multiple purposes. We therefore recommend the use

of the scaling pattern of species distribution as a method for rapid and robust
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monitoring of invasive alien plants in protected areas. Not only do these approaches

provide valuable tools for managers and biologists in protected areas, but this kind

of data, which can be collected as part of routine activities for a protected area,

provides excellent opportunities for researchers to explore the status of aliens as

well as their assemblage patterns and functions.

Keywords Invasive plants • Kruger National Park • Opuntia stricta • Lantana
camara • Optimum monitoring strategy

5.1 Introduction

Population size (abundance) is a measure of the extent and impact of biological

invasions (Parker et al. 1999). Therefore, to assess the impact of invasive alien

species and propose efficient and timely control strategies, we need to have a cost-

efficient and robust approach for estimating abundance. Without this it is difficult to

assess the status and change in invasions, and to propose refinements to existing

management strategies. To maximise the application of this approach, we cannot

only utilise datasets collected and recorded for specific purposes (e.g. relative

abundances recorded along transects), but those in widely-accessed format col-

lected in the field by conservation and alien plant control managers. To quickly

assess the invasion extent, ground managers often accumulate localities of a focal

invader found in a haphazard fashion or reported by others. To this end, designing

methods that can utilise these geo-referenced presence-only or presence-absence

records and robustly estimate the abundance at a satisfactory level could provide

substantial benefits and opportunities for control and risk assessment, and thus

deserves closer attention.

Many types of models can be used to estimate abundance from presence-absence

records (e.g. Wright 1991; MacKenzie et al. 2002; He and Gaston 2003; Royle

et al. 2005; Hui et al. 2009, 2011a). These models can be clustered into three groups.

First, models based on the abundance-occupancy relationship require a robust repre-

sentation of the focal species’ occupancy based samplings of spatially equal effort

(e.g. He and Gaston 2003). These types of models often assume that the environment

is homogenous (Hui et al. 2009) and thus can only be used at local scales. Second,

models incorporating imperfect detection rate often require repeated samples (Mac-

Kenzie et al. 2002; Hui et al. 2011a); this often not feasible when working over large

areas. Moreover, using this type of model, and also interpreting the model predic-

tions, usually requires knowledge of fairly advanced mathematical methods. This has

hindered their wide application in the field. Moreover, both types of models require

systematic sampling and are only appropriate for studies of particular species at local

sites. They fall short when a large-scale quick assessment is needed.

We here recommend the use of a third kind of model, namely the area-of-

occupancy (AOO), which does not involve abstruse mathematics. They are also

suitable for rapid, large-scale assessments using records. A power-law pattern of
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AOOs across scales has been widely observed for species, across taxa (Kunin

1998). The power law AOO could reflect the fractal structures of species distri-

butions driven by the fractal structures of environmental variables and multiple

ecological processes. Although the exact reason behind a power-law AOO is still

unknown and widely debated (e.g. Halley et al. 2004 and references therein), this

specific form of AOO model has been suggested as an elegant way for extrapo-

lating species occupancy across scales (Wilson et al. 2004) and estimating

abundance with reasonable accuracy over large, heterogeneous environments

(Hartley and Kunin 2003; Hui et al. 2009). Due to the lack of suitable large-

scale monitoring approaches, incorporating the AOO model into monitoring

programmes for alien and invasive plants is an attractive option. Here, we aim

to (i) explore the presence records collected by rangers during their routine patrols

in protected areas and (ii) demonstrate how the AOO method can help us to

estimate the abundances and distributions of top plant invaders in the protected

areas.

5.2 Kruger National Park as a Model System

We demonstrate the AOO approach for the abundance estimation of invasive

alien plants (IAPs) in a large protected area, which is actively managed for

wildlife protection and biodiversity conservation – South Africa’s Kruger

National Park (KNP). Kruger National Park (c. 20,000 km2, the size of Israel) is

situated in the north-eastern part of South Africa, in a semi-arid savanna system

(Fig. 5.1a). A full account of the KNP’s biophysical landscape and its rich

100-year management and research history has been given in Du Toit, Rogers

and Biggs (2003). Unfortunately KNP also contains a large number of alien

species, with 348 invasive alien plant (IAP) species identified to date (Foxcroft

et al. 2003; Spear et al. 2011).

In 2004 an electronic handheld data capturing system – CyberTracker – was

initiated. The CyberTracker system is a customised, icon driven programme run on

a personal digital assistant (PDA) device, and is used during routine patrols by

rangers, to capture distribution records of a number of features such as animal

sightings, ephemeral water distribution, carcasses, alien species and many others

(full details on the CyberTracker programme are given in Kruger and MacFadyen

2011). Examples of other uses of CyberTracker data are rich in literature

(Dietemann et al. 2006; Foxcroft et al. 2009; Hui et al. 2011a). Approaches with

which the abundance of IAPs may be estimated using the CyberTracker records are

thus not only of management value for KNP, but also provide an opportunity to

assess, refine and provide guidelines for designing similar monitoring programmes

for other protected areas.
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5.3 Power Law Area-Of-Occupancy

To estimate the total number of all IAPs in the KNP, we first divided the landscape

into lattices with the grain size of each cell a km2 (Fig. 5.1b, c). Let ua(i) denote the
number of records in the cell i, in which a number of ua

+(i) records are presence and
the rest absence. The occupancy at the scale of a can thus be defined as (Eq. 5.1),

Pa ¼
X
i

a � φa ið Þ (5.1)

where φa(i) ¼ 1 if ua
+(i) � 1; otherwise, φa(i) ¼ 0. The power-law AOO describes

how the occupancy Pa changes across scales, specifically as a function of grain a
(Kunin 1998; Hartley and Kunin 2003; Gaston and Fuller 2009; Hui et al. 2009).

Therefore, there are a number of Na ¼ Pa/a cells occupied by the IAPs at the scale of
a; that is, the number of presences at the scale a is (Eq. 5.2),

Fig. 5.1 (a) The spatial geography of Kruger National Park and presence-absence maps of invasive

alien plants at a resolution of 2 � 2 km (b) and 4 � 4 km (c) of the Kruger National Park
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Na ¼
X
i

φa ið Þ (5.2)

When the grain is small enough to only hold at most one IAP individual (i.e. the

grain equals the individual size, a ¼ δ), the number of occupied cells Nδ is thus

equal to the abundance of the IAPs (Hartley and Kunin 2003). The individual size is

not the canopy size of a plant but equals the reciprocal of local density; that is, the

minimum land size that can support the growth of a plant. For plant species that are

unfeasible for identifying individuals, we can use the reciprocal of the density of

plant patches to define δ; of course, Nδ will not represent the abundance but rather

the number of plant patches of a focal species. A power-law form of the AOO has

been confirmed for the distribution of plants (Kunin 1998; Hartley and Kunin 2003;

Hui et al. 2011b) and butterflies (Wilson et al. 2004),

Pa ¼ c � ad (5.3)

where c and d are constants (Eq. 5.3). Parameter c represents the occupancy when

the grain equals 1 km2, whilst d denotes the exponent of the power law and is

proportional to how fast the occupancy changes with the spatial scales when the

grain is around 1 km2. We chose this power-law AOO for the abundance estimation

because of its simplicity and empirical support of plant distributions. The power-

law AOO also indicates a self-similar and fractal nature of species distribution (Hui

and McGeoch 2008).

The power-law AOO is a powerful predictive tool, as once the occupancies at

two (or more) different scales have been determined, the parameters c and d can be
estimated and therefore the total abundance Nδ can be calculated. For a robust

calculation we divided the landscape into lattices with 64 different grains, with the

width of the cells ranging from 125 m to 8 km. The power law AOO was fitted using

linear regression on log-log transformed axes for the occupancies at these 64 scales.

The number of occupied cells was also calculated for seven classes to understand

the species-level assembly of IAPs: Opuntia stricta (sour prickly pear), Lantana
camara (lantana), Opuntia spp. (all other Opuntia records combined, except those

specified as O. stricta), Chromolaena odorata (Chromolaena/Siam weed), Pistia
stratiotes (water lettuce), Parthenium hysterophorus (parthenium) and others (the

combination of species with less than 200 records). Lennon et al.’s (2007) χ2 test of
the difference in maximum log-likelihoods was used to verify this power-law AOO.

To measure the performance of using the power-law AOO for total abundance

estimation under different sampling efforts, we calculated the occupancies Pa and P4a

(by combining the four adjacent a-size cells to form a 4a-size cell; specifically

a ¼ 4 � 4 km and thus 4a ¼ 8 � 8 km), from which the parameters c and d can

be calculated and the total abundance can be estimated. The status (presence or

absence) of boundary cells was determined solely on the records within the park.

Since the occupancy of a 4a-size cell could be derived from the combined informa-

tion of less than four a-size cells (e.g. cells along the boundaries), the abundance
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estimates at coarse scales were likely to be overestimated. We propose a general

relationship between the abundance estimation and sampling effort (Eq. 5.4),

ln N sð Þ ¼ ln Nδ � 1� exp �a � s β� �� �
(5.4)

where N(s) is the abundance estimation under the sampling effort s; α is a measure

of the converging speed from the abundance estimation N(s) to its limit Nδ; β is a

scaling parameter for sampling effort. Let A ¼ 1-Abs[pred-obs]/pred denote the

accuracy of the prediction (Hui et al. 2006), the above abundance-effort relation-
ship would allow us to estimate the minimum sampling effort (s*) for estimating the

abundance at a satisfactory level (say, A ¼ 0.95).

5.4 Poisson Occupancy-Abundance Model

For the calculation of the local abundance, i.e. the abundance of IAP in specific cell,

we first estimated the proportion of presences in each cell, Da(i) ¼ ua
+(i)/ua(i).

Second, if we assume that CyberTracker records occur randomly and independently

of one another within the cell, we can estimate the local abundance of IAPs

according to the Poisson occupancy-abundance model (Eq. 5.5; Wright 1991),

na ið Þ ¼ �U � ln 1� Da ið Þð Þ (5.5)

where 1/U is the minimum size of the area that one record can represent; that is, the

size of the detection area when a ranger stands still. In practice, U is estimated by the

size of grain divided by the maximum number of records in cells. The local

abundance was calculated at a grain of 4 � 4 km for demonstration. More sophisti-

cated approaches that deal with pseudo-absence dilemma and zero-inflation problem

are also available (e.g. Bayesian estimation model; Hui et al. 2011a) but we prefer

this simple Poisson model here that also provides a reasonable estimate of local

abundance. The AOO method was not used for calculating the local abundance

because additivity does not apply for the power law (e.g. x1.5+y1.5 < (x+y)1.5;

Cohen et al. 2005) and thus the summation of local abundances often underestimate

the total abundance.

To measure the performance of the above approach under different sampling

efforts for estimating the spatial structure of IAPs, the normal approach would be to

calculate the discrepancy between the frequency distributions of the predicted local

abundance and observed local abundance, using chi-square statistics. However,

these statistics encounter problems when the frequency for some categories is lower

than five (Quinn and Keough 2002), which is often the case during the simulation.

Instead, we use the sum of squared errors for the distance (or deviation) between the

original spatial structure and the spatial structure from sampling (Eq. 5.6),
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d ¼
X
i

log2D ið Þ � log2D
0
a ið Þ

� �2

(5.6)

where D
0
a(i) is the estimate of the proportion of presences in the cell i under a

specific sampling effort. The sum and mean of squared errors have often been used

in comparing the similarity of two images in the field of image processing

(e.g. Wang et al. 2004). The reason for the log-transformation here is because it

can largely normalise the observed frequency distribution of the proportion of

presences.

The significant distance can be determined by a randomization test (also called a

permutation test; Sokal and Rohlf 1995). For this test we reshuffled the observed

proportions of presences for the cells with at least one presence record 5,000 times.

After each run, we calculated the above distance between the reshuffled spatial

structure and the original observed spatial structure. We then built a probability

distribution of these 5,000 distances in order to proceed with a test of significance.

We found that the observed probability distribution of these distance was not

different from a normal distribution (Shapiro-Wilk test; SW-W ¼ 0.9995,

p ¼ 0.217), from which we identified a one-tail critical value with p ¼ 0.05,

d0.05 ¼ 5,027.5. With certain amount of sampling effort, we can predict the spatial

structure of local abundances of IAPs. The deviation of this sampling-effort-

dependent structure from the real structure can be captured by d; if we

have d < d0.05, the predicted spatial structure is not significantly different

from the observed structure (p < 0.05); otherwise (d > d0.05), the spatial structure
prediction is significantly different from that which was observed. The minimum

sampling effort was defined as the sampling effort so that the spatial structure from

simulations is not significantly different from the observed spatial structure.

5.5 Invasion Status of Kruger National Park

We used data from 2004 to 2007, comprising 2.4 million records with 27,777

presences and the rest absences (absences were taken from records of other features

that were collected; see Hui et al. 2011a for issues with pseudo-absences). The

extremely low occurrence (1.15 %) of IAPs does not necessarily indicate insuffi-

cient sampling intensity but could suggest that most species are currently: (i) at an

early phase of invasion, with high potential for rapid expansion, (ii) are being

maintained at the current state of low abundance through on-going management, or

(iii), for some species at least, especially those introduced from regions with a

completely different climate, have already occupied the full extent of their potential

range in the area.

There were 167 IAP species represented by the presence records, with most

records for O. stricta (72.1 %) and L. camara (8.4 %), and 119 species with fewer
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than ten records. The maximum number of records per cell for the grain of

4 � 4 km2 is U ¼ 72,203, indicating a detection area of 221.6 m2 with a diameter

of 16.8 m. The mean canopy size of all IAPs weighted by the number of records for

each species is 0.748 (0.743–0.754) m2 (a mean radius of 0.49 m). For simplicity,

we added a buffer zone beyond the canopy (an extension of 0.076 m) to make the

individual size to be exactly 1 m2 (i.e. the total abundance estimates equal the

number of occupied unit-size cells).

The power-law form of the area-of-occupancy (AOO) provided an accurate

description of the scaling pattern of IAP’s distribution (Fig. 5.2a). The maximal

log-likelihood (¼ �6,160.38) of Lennon et al.’s (2007) scale-dependent model

showed no significant difference (χ2 ¼ 3.72; p > 0.05) from the power law AOO

(log-likelihoodmax ¼ �6,162.24). When considering all 64 scales, we had Na ¼
e13.2a�0.425 (R2 ¼ 0.995; solid line in Fig. 5.2a), indicating a total number of

552,820 IAPs with a box-counting fractal dimension D ¼ 2 � 0.425 ¼ 0.85. We

further calculated the AOO for 16 smaller scales (from 125 � 125 m to 2 � 2 km;

Na ¼ e12.7a�0.385, R2 ¼ 0.999, D ¼ 0.77; a total number of 313,461 IAPs) and for

49 larger scales (from 2 � 2 km to 8 � 8 km; Na ¼ e14.2a�0.485, R2 ¼ 0.97,

D ¼ 0.97; a total number of 1,450,685 IAPs).

Species-level partitioning of the occupied cells showed a decrease of

overlapping among species when scaling down, with the sum of occupied cells

for each species approaching the number of occupied cells when combining all

IAP species together (Fig. 5.2b), suggesting a reliable estimation of the total

number of IAPs. Although the log-transformed abundances are compatible, dis-

parities do appear among these estimates – a typical problem of any scaling
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Fig. 5.2 (a) The scaling pattern of the number of occupied cells of all the invasive alien plants in

Kruger National Park. The solid line indicates the regression from all 64 grains; the solid circles
indicate the number of occupied cells at 64 spatial scales (from 125 � 125 m to 8 � 8 km). The

fitted lines have been extrapolated over two orders of magnitude to the scale of 1 � 1 m. (b) The

proportion of cells occupied by each species in the cells with records of IAPs. The inset indicates

the sum of the proportion of all species approaches one when scaling down
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method (Lennon et al. 2007). Therefore, the abundance estimate must be verified

by the sum of local abundance. When the width of the grain cell is greater than

4 km, the proportion of occupied cells for each species is fairly stable (i.e. scale-

insensitive; Fig. 5.2b). However, it starts to group into three different levels at

finer scales: C. odorata, P. stratiotes and P. hysterophorus converges to only

occupying 1 % of the total occupied cells of IAPs; L. camara, Opuntia spp. and

other species combined converges to occupy 10 % of the occupied cells; O. stricta
converges to occupying a majority of all occupied cells (Fig. 5.2b). Evidently,

most IAP species have a fairly wide range but are locally rare, whilstO. stricta has
a moderate range but are locally extremely abundant.

We calculated the local abundance at the scale (grain) of 4 � 4 km. Because the

Poisson model can only be applied for cells with presence records (Fig. 5.1), the

estimation of local abundance were literally for those areas only. Abundance of

IAPs in absence cells was thus considered extremely low and was neglected in the

further analyses. The total abundance of IAPs calculated by summing up the local

abundances of all cells is 1,033,969, which is half way between the AOO estimates

from all scales (552,820) and from large scales (1,450,685).

5.6 Assemblage Patterns of Aliens

Preston (1948) first identified the log-normal form of the “species” and “individual”

curves, i.e. the frequency distribution of species and individuals falling in any given

octave class. Based on his finding, we expect a log-normal form of the frequency

distribution of local abundance in the cells (i.e. the number of IAPs in each cell).

Even though the log2-transformed frequency distributions of the proportion of

presences and local abundance have similar shape (Fig. 5.3), neither followed a

strict normal distribution (SW-W ¼ 0.963, p < 0.01; SW-W ¼ 0.957, p < 0.01;

Fig. 5.3).

If we consider each cell to be identical in hosting individuals (i.e. a homogenous

landscape), a neutral model prediction that considers the birth and death events

within each cell, should be expected (Volkov et al. 2005). This is equal to switching

the concept of a species’ abundance in a community by the number of IAPs in a

cell; that is, the number of individuals of a neutral species behaves similarly to the

number of individuals of a homogenous landscape site. Therefore, we can test

whether the frequency of cells with n number of IAPs (Fn) follows Volkov et al.’s

(2005) neutral model, Fn ¼ θxn/(n + c), where x and c are regression parameters,

and θ a normalization constant to ensure the number of cells sensible). Parameter

x indirectly represents the increase rate of IAPs, and c controls the strength of the

density dependence. Using maximum log-likelihood method for parameterization,

we also found a significant distinction between the neutral model prediction from

the local abundance estimates (log-likelihood ¼ �1599.1, x ¼ 0.99992, c ¼ 33,

θ ¼ 0.1865, χ2 ¼ 75.8, df ¼ 10, p < 0.01).
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Evidently, besides the overall log-normal shape of the local-abundance

frequency distribution (Fig. 5.3), it differs from both log-normal shape and neutral

model predictions. This indirectly suggests (i) that the KNP landscape is heteroge-

neous (thereby supporting other work, for example Pickett et al. 2003) and (ii) that

IAPs in KNP have not reached their demographic equilibrium, indicating that the

invasions are at an early stage or that, in some areas at least, IAPs are being

maintained at their current state through management efforts. Of course, other

interpretation of this result may also exist. For instance, the maximum likelihood

estimate of parameter c is much greater than those estimated for tropical forests

(Volkov et al. 2005), suggesting there could be a strong density dependence of the

IAPs (positively or negatively). This could lead to strong spatial autocorrelation of

the number of IAPs between cells and violate the assumptions of neutral models,

suggesting the possible hotspots of high invasibility of certain areas in the KNP.

5.7 Optimal Sampling and Monitoring Effort

To determine the efficient sampling scheme, we first let s denote the total number of

records reported (a sum of presences and absences), i.e. the sampling effort. For

each unit of sampling effort, only one cell can be visited and the chance of reporting

a presence record is equal to the proportion of presences of the cell. Five sampling

schemes are examined, including random, systematic, addictive, elusive and

random-walk. In a random sampling scheme, the cell visited each time is randomly

chosen. In a systematic sampling scheme, all cells will be visited an equal number

of times. In an addictive sample scheme, the ranger tends to visit the cells having

Fig. 5.3 Frequency distributions of the proportion of presences (grey bars) and the local abun-

dance (i.e. the number of IAP individuals per cell; white bars) of the Kruger National Park at the

4 � 4 km scale
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more presence records, i.e. the probability of visiting the cell i depends on its

recording history (Eq. 5.7):

v ið Þ=
X
j

v jð Þ (5.7)

where v(i) and v( j) are one plus the current number of presence records of cell i and j,
respectively. Plus one is to ensure cells currently with no presence records can still

have a chance to be visited. In an elusive sampling scheme, the ranger will try to

avoid visiting the cells with presence records, with the probability of visiting cell i
being (Eq. 5.8),

1=v ið Þð Þ=
X
j

1=v jð Þð Þ (5.8)

In a random-walk sampling scheme, the ranger will randomly choose a cell

adjacent to the cell visited at the last time, i.e. randomly choosing among the four

neighbouring cells of the current visiting cell. If the cell is at the border of KNP, the

choice of adjacent cells will only be among those within the KNP.

We then simulated the sampling process according to the above schemes on a

4 � 4 km resolution for the whole KNP. Twenty-six simulations with different

scenarios of sampling efforts (s ¼ 512, 724, 1024, . . ., 3 � 106) were chosen for

each random, addictive and random-walk schemes; 22 simulations with different

sampling efforts (1333, 2666, . . ., 3 � 106) for systematic scheme; 17 simulations

with different sampling efforts (512, 724, 1024, . . ., 131072) for elusive scheme.

The maximum number of sampling effort was constrained by the computational

capacity. Each simulation was then repeated five times to reduce the effect of

stochasticity, and, thus, a total number of 585 simulations were run, with the

maximum sampling effort in a single simulation reaching three million. The results

from these simulations allowed us to further compare the performance from each

sampling scheme and calculate the minimum sampling effort in the estimation of

total abundance and the spatial structure of IAPs in the KNP.

The Poisson occupancy-abundance model explained a significant amount

of variance in the relationship between abundance estimation and sampling effort

(F-ratio, p < 0.01; Fig. 5.4a). In terms of accuracy, we compared the limit of the

logarithmic abundance estimations (lnNδ) with the AOO abundance estimations

(High: ln(1450685) ¼ 14.188; Middle: ln(552820) ¼ 13.22; Low: ln

(313461) ¼ 12.66). At least 13.7 % of current sampling effort (i.e. 3 � 105 records)

is needed for reaching the 0.95-level accuracy when using the random sampling

scheme. For detecting the spatial structure of IAPs in KNP (the spatial distribution of

local abundance), the minimum sampling effort with satisfactory similarity

(d < d0.05) was attained at a mere level of 6.7 � 104 records for random sampling

(2.78 % of current sampling effort; Fig. 5.4b). Current sampling efforts (121 records

per km2) could be reduced to 15.3 records per km2 for an acceptable abundance

estimate, and to 3.4 records per km2 for distribution detection. Detecting the overall
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spatial pattern of the IAP distribution takes much less effort than having an accurate

assessment of abundance (Joseph et al. 2006). The accuracy A of the random

sampling scheme showed consistently top ranking for abundance estimation,

followed by random-walk, systematic, elusive and addictive (Table 5.1).
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Fig. 5.4 (a) Abundance estimation and, (b) similarity distance as a function of sampling effort (s)
for random sampling scheme. The solid and dashed straight lines in (a) correspond to the area-of-
occupancy estimation of abundance (see Fig. 5.2a); the dashed line in (b) indicates the 0.05 critical
level d0.05 of the similarity distance. Similar plots for other sampling schemes are not shown due to

resembling patterns

Table 5.1 Effects of sampling schemes and effort on detecting total abundance and spatial

structure of invasive alien plants in Kruger National Park

Sampling scheme lnNδ α β AH AM AL s* s**

Random 14.24 � 0.29 0.029 0.34 >0.99 0.93 0.89 15.77 3.46

Systematic 15.58 � 0.45 0.059 0.26 0.91 0.85 0.81 20.94 3.44

Addictive 7.92 � 0.10 0.002 0.81 0.21 0.33 0.40 � �
Elusive 10.80 � 0.36 0.007 0.55 0.69 0.78 0.83 � 3.45

Random-walk 15.16 � 0.79 0.066 0.27 0.94 0.87 0.84 12.13 2.24

ln Nδ indicates the converging limit of ln-transformed total abundance estimation; α and β are two

model parameters; AH, AM and AL the accuracy for abundance estimation with respect to the high,

middle and low estimates; s* indicates the minimum sampling effort (records per km2) for

AM ¼ 0.95; s** is the minimum sampling effort (records per km2) for the detected spatial structure

not significantly different from observations (ds < d0.05); ‘–’ indicates schemes failed to reach the

0.95 accuracy
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5.8 Cross-Scale Monitoring and Management

Efficient monitoring programmes for protected areas require robust methods for

estimating target species abundance and distribution, and detecting changes thereof

over time. Area-of-occupancy (AOO), using the scaling pattern of occupancy dem-

onstrated here, fulfils the requirements of such a programme. Traditional mensuration

methods of abundance estimating such as systematic or cluster sampling are only

useful at local scales (e.g. 0.1–10 km2 for complete counts) due to the method of data

collection and costs. There is increasing interest in using binary (presence/absence)

data for large scale surveys (Brotons et al. 2004; Joseph et al. 2006). In this regard,

two categories of abundance estimation models have been developed. First, the

intraspecific occupancy-abundance relationship is grounded in the ubiquitous posi-

tive correlation between species abundance and range size (Gaston and Blackburn

2000; He and Gaston 2003). Second, the scaling pattern of occupancy describes how

adjacent occupied cells merge with increasing grain (Hartley and Kunin 2003;

Hui et al. 2006; Lennon et al. 2007; Gaston and Fuller 2009). A multi-criteria test

suggests the supremacy of the scaling pattern of occupancy models over the

occupancy-abundance relationship models in estimating abundance and yielding

macroecological patterns (Hui et al. 2009). Indeed, Kunin’s (1998) power-law

AOO requires only one-tenth of the current sampling effort for a robust estimate of

IAP abundance in the KNP (Table 5.1). Furthermore, scaling pattern of occupancy

models provide a framework for further analysing biodiversity patterns across scales

(e.g. Hurlbert and Jetz 2007; Foxcroft et al. 2009). We thus suggest that both these

methods are useful for estimating abundance and distribution in large-scale monitor-

ing programmes in protected areas.

Even though the AOO method can capture the essence of species distributions

across a range of scales, we found a slight change (decline) in the slope of the AOO,

calibrated from large to small scales (Fig. 5.2). The box-counting fractal dimension

also declines from 0.97 to 0.77, indicating a more scattered, less structured distri-

bution at finer scales (Lennon et al. 2007). Two reasons for this are plausible. First,

AOO only considers the scaling pattern of presence records, not absence records.

The status of absence for cells at small scales is inferred by either without records or

with a low number of absence records which result in an overestimation of absence

cells in the small scaled grid cells (i.e. a low omission error; Pearce and Ferrier

2000; Anderson et al. 2003). This points to an underestimation of abundance when

using small-scale AOO models due to the concave shape of the scaling pattern of

occupancy. However, the high sampling intensity in the KNP can largely reduce the

influence of such nonlinearity in the AOO that the power-law exponent and thus the

fractal dimension declines when the spatial resolution increases (i.e. scaling down

to finer scales). Second, this declining of fractal dimensions when scaling down

reflects that the fractal structure of species distribution breaks down at small scales

(Hartley et al. 2004; Hui and McGeoch 2007; Lennon et al. 2007). This, however,

suggests an overestimation of abundance when using large-scale AOO. These two

effects can compensate each other and allow for a reasonably robust estimate from
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the AOO method. In addition, the fractal dimension at large scales could reflect the

multidirectional range expansion through continuous habitat (Hui 2011). Further-

more, a fractal dimension close to one could indicate a linearised distribution of

IAPs which can help to identify linear-shaped habitat (e.g. spread via rivers and

roads) that determines the pathways of range expansion.

As with all methods for inference and extrapolation, the AOO method has its

own limitations. First, uncertainty is often high for species with a low number of

records. To have a fairly good estimate of abundance or coverage, we need at least

15–20 records per km2. In addition, cells with a low number of records will also

suffer from a high risk of a false categorization of non-detected species as absence.

Other methods should thus also be consulted if this is suspected (e.g. MacKenzie

et al. 2002; Hui et al. 2011a). Second, in general, species with a moderate range but

which are locally abundant will have a high power-law exponent of the AOO across

scales (i.e. steep scaling pattern of AOOs). However, the structures of species

distribution across scales (e.g. at regional and local scales) are diverse (Gaston

1994). How these diverse structures of species distributions are related to the forms

of AOOs across scales certainly needs more investigation. Finally, extrapolation

across orders of magnitude carries inherent risks as each ecological process only

works at a specific range of spatial scales. The power-law patterns can break up at

very fine scales (e.g. Hui and McGeoch 2007). In this regard, extrapolation should

only be used for scales close to the calibration range of the AOOs. However, this is

often not possible for the purpose of rapid assessment of the invasion status.

Managers have to base their decision on the trade-off between invasion risks and

the uncertainty of inference. Extrapolation to the detection range (16 � 16 m)

could be reliable (25 % of the AOO scale ranges from 125 m to 8 km in cell

width) but the abundance estimates at 1 m2 scale are crude and can only be used as

an indicator for rapid risk assessment. Once the rapid assessment is done, managers

can then choose more sophisticated approaches to investigate, and if needed, more

detailed species-specific population-level structures and derive local-scale manage-

ment plans.

In conclusion, to better manage biodiversity in protected areas, implementing

knowledge gained in science into conservation management action is essential for

conservation agencies. The use of the AOO model provides managers with a

rigorous assessment of the options available for monitoring invasive alien plants

over a large area.
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Chapter 6

Plant Invasions into Mountain Protected

Areas: Assessment, Prevention and Control

at Multiple Spatial Scales

Christoph Kueffer, Keith McDougall, Jake Alexander, Curt Daehler,

Peter Edwards, Sylvia Haider, Ann Milbau, Catherine Parks,

Anı́bal Pauchard, Zafar A. Reshi, Lisa J. Rew, Mellesa Schroder,

and Tim Seipel

Abstract Mountains are of great significance for people and biodiversity.

Although often considered to be at low risk from alien plants, recent studies suggest

that mountain ecosystems are not inherently more resistant to invasion than other

types of ecosystems. Future invasion risks are likely to increase greatly, in partic-

ular due to climate warming and increased human land use (e.g. intensification of

human activities, human population growth, and expansion of tourism). However,

these risks can be reduced by minimising anthropogenic disturbance in and around

protected areas, and by preventing the introduction of potentially invasive alien

plants into these areas, particularly at high elevations. Sharing information and

experiences gained in different mountainous areas is important for devising effec-

tive management strategies. We review current knowledge about plant invasions

into mountains, assembling evidence from all continents and across different

climate zones, and describe experiences at local to global scales in preventing

and managing plant invasions into mountain protected areas. Our findings and

recommendations are also relevant for managing native species that expand to

higher elevations.
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6.1 Introduction

Mountains are of great significance for people and biodiversity (Messerli and Ives

1997). Not only do they support very diverse ecological communities, including many

endemic species (Körner 2003), but they also have great value for historic, aesthetic

and economic reasons. In order to protect these values, many mountain systems

worldwide have been designated as protected areas (PAs). Indeed, according to the

IUCN-WCPAMountain Protected Areas Network, one third of the world’s PAs are in

mountainous regions (http://conservationconnectivity.org/mountains-wcpa/down

loads/IUCNMountainsFacts2004.htm).

Despite these attempts to protect mountain ecosystems, they are exposed to

increasing pressures from climate change, atmospheric nitrogen deposition and

changing land use (Price 2006; Spehn et al. 2006). The growth in tourism, for

example, entails greater disturbance, much of it associated with constructing new
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roads, trails and accommodations. And climate change is also affecting plant

communities – in part directly, through effects upon the phenology, competitive

balance, productivity and distribution of plant species, and in part indirectly,

through changes to hydrology, disturbance regimes (including fires or landslides),

the incidence of pests and diseases, and the abundance of herbivores (e.g. Theurillat

and Guisan 2001; Klanderud 2004; Price 2006; Spehn et al. 2006; Inouye 2008).

Although high mountains are generally considered to be at low risk from alien

plants (Millennium Ecosystem Assessment 2005), there is growing evidence that this

risk – even if lower than in some other ecosystems – can be significant (Pauchard

et al. 2009; McDougall et al. 2011b). Indeed, the currently low number of alien

species to be found in mountains may be related more to low human activity at higher

elevations – resulting in low alien propagule pressure and habitat disturbance – than

to any inherent resistance of mountain ecosystems to invasion (Pauchard et al. 2009).

Mountains might also be relatively uninvaded because in the past most alien plants

were introduced to the lowlands, and few of the introduced species have succeeded in

spreading far along steep climate gradients (Alexander et al. 2011). However, it may

be merely a matter of time before some lowland species do spread to higher

elevations. And the risk of invasion may also increase if more species are directly

introduced to high elevations, and if anthropogenic disturbance and a changing

climate make conditions more favourable for lowland species (Pauchard

et al. 2009; Petitpierre et al. 2010; Kueffer 2010a, 2011; McDougall et al. 2011b).

Our aim in this chapter is to draw together information on plant invasions and

management options in mountainous regions throughout the world. We begin by

reviewing the extent of plant invasions in mountains on different continents and in

different climate zones. We then consider two questions particularly relevant for

managing invasive species: (i) how do alien plants enter mountain areas (introduc-

tion pathways)? (ii) are cold, high elevation habitats resistant to invasion

(invasibility)? Finally, we review the management responses that have so far

been taken and discuss possible management strategies for mountain protected

areas, focusing especially on measures to prevent potentially invasive alien plants

from being introduced. This information is important because mountain ecosystems

remain among the few terrestrial ecosystems not severely affected by plant inva-

sions, giving managers of PAs a unique opportunity to take preventive action

against an emerging threat.

6.2 How Widespread and Problematic Are Alien Plants

in Mountains?

Alien mountain floras have been well documented in several regions, including

North America, Europe, Australia, New Zealand, South Africa, and some oceanic

islands (e.g. Baret et al. 2006; Kalwij et al. 2008; Kueffer 2010a; McDougall

et al. 2011a). However, for most other parts of the world – including large parts
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of Asia, Africa and South America – data on alien plant distributions are limited

or entirely lacking. Preliminary data from terrestrial ecosystems in the Himalayan

region indicate that invasive alien plants are common in subtropical lower eleva-

tions, but that few species occur at higher elevations (Khuroo et al. 2007;

Weber et al. 2008; Kosaka et al. 2010). However, this may change rapidly, given

the pace of economic development in the region, especially in China and India

(Ding et al. 2008).

Alien species richness typically decreases strongly with elevation, with the

number and abundance of alien species being usually very low at the highest sites

(Pauchard and Alaback 2004; Kalwij et al. 2008; Kosaka et al. 2010; Seipel

et al. 2012). Therefore, mountain PAs at higher elevation in most regions are not

yet faced with problematic invasions by alien plants (Table 6.1), with infestations

usually being concentrated along roads and on disturbed sites. Nevertheless, more

than 100 invasive alien species, many of them deliberately introduced as pasture

plants, timber trees or ornamentals (McDougall et al. 2011a), are now regarded as

requiring management in different mountain regions around the world (McDougall

et al. 2011a). These problematic species include Acacia spp., Anthoxanthum
odoratum (sweet vernal grass), Bromus spp., Carduus spp., Centaurea spp.,

Cirsium spp., Cytisus scoparius (Scotch broom), Hieracium spp., Lepidium draba
(whitetop), Leucanthemum vulgare (oxeye daisy), Linaria spp., Pinus spp.,

Poa spp., Potentilla recta (sulfur cinquefoil), Salix spp., Taraxacum officinale
(dandelion), Ulex europaeus (common gorse), and Verbascum thapsus (woolly

mullein; Fig. 6.1).

Some of these invasions have been investigated in detail, including Pinus spp.
invading montane and subalpine meadows and woodlands in Hawaii and Chile

(Daehler 2005; Peña et al. 2008), T. officinale colonizing cushion plant microhab-

itats in the alpine zone of the Andes (Cavieres et al. 2005), and invasions of

grasslands and abandoned pastures byHieracium spp. in New Zealand (Treskonova

1991), V. thapsus in Hawaii (Ansari and Daehler 2010), L. vulgare in the Australian
Alps (Benson 2012) and Kashmir (Khuroo et al. 2010), and species of Bromus,
Centaurea, Linaria, and Potentilla in the US Pacific Northwest and Intermountain

West (Parks et al. 2005).

6.3 Introduction Pathways of Alien Plant Species

to Mountain Areas

The spread of invasive species is influenced by many factors operating at differing

spatial scales; these include global transportation, regional land use and environ-

mental conditions, and patterns of local disturbance (Seipel et al. 2012). Global

studies of alien plants in mountainous regions show that the majority, at least in the

New World, are short-lived, of Eurasian origin, and linked historically with the

European tradition of pastoralism and agriculture established by colonial settlers

92 C. Kueffer et al.



T
a
b
le

6
.1

A
li
en

p
la
n
t
d
iv
er
si
ty

an
d
m
an
ag
em

en
t
in

se
le
ct
ed

m
o
u
n
ta
in

p
ro
te
ct
ed

ar
ea
s

P
ro
te
ct
ed

ar
ea

L
at
it
u
d
e

A
re
a
(h
a)

E
le
v
at
io
n

ra
n
g
e
(m

)

N
at
iv
e

v
as
cu
la
r
ta
x
a

(n
o
.)

A
li
en

v
as
cu
la
r
ta
x
a

(n
o
.)

S
p
ec
ie
s
b
ei
n
g

m
an
ag
ed

(n
o
.)

R
ef
er
en
ce
s

A
u
st
ra
li
a

B
en

L
o
m
o
n
d

�4
1
� 3
0

1
6
,5
2
0

6
0
0
–
1
,5
7
2

2
2
2

9
0

B
en

L
o
m
o
n
d
N
at
io
n
al

P
ar
k
(1
9
9
8
)

K
o
sc
iu
sz
k
o

�3
6
� 3
0

6
9
0
,0
0
0

2
5
0
–
2
,2
2
8

9
9
1

3
2
1

2
2

D
o
h
er
ty

M
,
W
ri
g
h
t
G
,
D
u
n
ca
n
A
an
d
M
cD

o
u
g
al
l
K
,

u
n
p
u
b
li
sh
ed

d
at
a

In
d
ia

D
ac
h
ig
am

3
4
� 1
0

1
4
,1
0
0

1
,6
6
0
–
4
,3
0
0

U
n
ce
rt
ai
n

2
1
6

0
R
es
h
i
Z
A
,
u
n
p
u
b
li
sh
ed

d
at
a

N
ew

Z
ea
la
n
d

A
rt
h
u
rs
P
as
s

�4
3
� 0
0

1
1
4
,3
5
0

2
4
0
–
2
,4
0
0

6
6
8

1
5
4

1
2

B
u
rr
o
w
s
(1
9
8
6
),
D
ep
ar
tm

en
t
o
f
C
o
n
se
rv
at
io
n
(2
0
0
7
)

S
w
ed
en

A
b
is
k
o

6
8
� 2
0

7
,7
2
5

3
4
0
–
1
,0
0
0

1
7
1

4
0

A
ro
n
ss
o
n
(2
0
0
2
)

U
S
A

Y
el
lo
w
st
o
n
e

4
4
� 3
0

8
9
8
,3
0
0

1
,6
0
0
–
3
,4
6
2

1
,3
5
0

2
1
8

4
7

h
tt
p
:/
/w
w
w
.n
p
s.
g
o
v
/y
el
l/
n
at
u
re
sc
ie
n
ce
/p
la
n
ts
.h
tm

(a
cc
es
se
d
4
M
ar
ch

2
0
1
2
);
h
tt
p
:/
/w
w
w
.n
p
s.
g
o
v
/y
el
l/

n
at
u
re
sc
ie
n
ce
/u
p
lo
ad
/e
x
o
ti
cv
eg
_
9
_
1
3
_
0
7
.p
d
f

(a
cc
es
se
d
4
M
ar
ch

2
0
1
2
)

G
re
at S
m
o
k
y

3
5
� 4
0

2
1
1
,0
0
0

2
7
0
–
2
,0
2
5

1
,5
7
3

3
4
1

3
5

W
h
ip
p
le

(2
0
0
1
);
h
tt
p
:/
/w
w
w
.n
p
s.
g
o
v
/g
rs
m
/

n
at
u
re
sc
ie
n
ce
/n
o
n
-n
at
iv
es
.h
tm

(a
cc
es
se
d
4
M
ar
ch

2
0
1
2
)

G
la
ci
er

4
8
� 3
0

4
1
0
,0
0
0

1
,0
0
0
–
3
,1
9
0

1
,1
3
1

1
2
6

2
0

W
h
ip
p
le

(2
0
0
1
);
h
tt
p
:/
/w
w
w
.n
p
s.
g
o
v
/g
la
c/

n
at
u
re
sc
ie
n
ce
/c
cr
lc
-c
it
iz
en
-s
ci
en
ce
_
w
ee
d
s.
h
tm

(a
cc
es
se
d
4
M
ar
ch

2
0
1
2
)

D
en
al
i

6
3
� 0
0

2
,4
5
8
,5
0
0

1
7
0
–
6
,1
9
5

7
9
4

2
2

0
R
o
la
n
d
(2
0
0
4
)

T
h
e
n
u
m
b
er

o
f
al
ie
n
p
la
n
ts
p
er

p
ro
te
ct
ed

ar
ea

ra
n
g
es

w
id
el
y
.
In

m
o
st
p
ro
te
ct
ed

ar
ea
s
cu
rr
en
tl
y
o
n
ly

a
sm

al
l
p
ro
p
o
rt
io
n
o
f
al
ie
n
sp
ec
ie
s
is
b
ei
n
g
m
an
ag
ed

6 Plant Invasions into Mountain Protected Areas. . . 93

http://www.nps.gov/yell/naturescience/plants.htm
http://www.nps.gov/yell/naturescience/upload/exoticveg_9_13_07.pdf
http://www.nps.gov/yell/naturescience/upload/exoticveg_9_13_07.pdf
http://www.nps.gov/grsm/naturescience/non-natives.htm
http://www.nps.gov/grsm/naturescience/non-natives.htm
http://www.nps.gov/glac/naturescience/ccrlc-citizen-science_weeds.htm
http://www.nps.gov/glac/naturescience/ccrlc-citizen-science_weeds.htm


(McDougall et al. 2011a; Seipel et al. 2012). These studies also show that most

alien species were introduced to the lowlands, where human land use was most

intense (McDougall et al. 2011a), and that some subsequently spread to higher

elevations, either naturally or by human agency along roads and other transport

corridors. This spread from lowland source populations was accompanied by a

process of ecological filtering, resulting from the varying climatic tolerances of

different alien species (Alexander et al. 2011). As a consequence, most alien plants

currently found at high elevations are species with a wide ecological amplitude,

being able to grow under both warm, lowland conditions and under the colder

conditions at high elevations (Alexander et al. 2011; Haider et al. 2011). Thus,

contemporary patterns of plant invasion in mountains largely reflect historical

pathways of introduction, with ecological filtering and declining propagule pressure

accounting for the typical decline in alien species richness towards the highest

elevations (Alexander et al. 2011; Pyšek et al. 2011; Seipel et al. 2012).

But will alien species continue to expand their elevational ranges? It has been

noted that some species reach similar maximum elevations on different continents,

Fig. 6.1 Examples of plant invasions in mountain protected areas. (a) Verbascum thapsus
invading subalpine grasslands on the island of Hawaii (Hawaii, USA); (b) Pinus contorta and

P. sylvestris invasion in an Araucaria araucana forest, Malalcahuello National Reserve in the

Andes of south-central Chile; (c) the white flowers of Leucanthemum vulgare cover a subalpine

grassland in Kosciuszko National Park (Australia) (photo credits: (a) Curt Daehler, (b) Anı́bal

Pauchard, (c) Mellesa Schroder)
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suggesting that they have reached their climatic limits (Alexander et al. 2009, and

MIREN, unpublished data). Meanwhile, other studies show maximum elevation

increasing with the time since introduction, suggesting that some species are still

spreading upwards (Becker et al. 2005; Haider et al. 2010). Such spread could

indicate either that a species has not yet reached its ecological limit, or that local

adaptation is occurring, enabling the species to extend its ecological range (Allan

and Pannell 2009; Haider et al. 2012). In addition to phenotypic plasticity, evolu-

tionary changes may be important in enabling species to spread, or perhaps in

increasing the performance of populations once they have established a foothold at

high elevations. In support of the latter possibility, genetically-based differences

have been demonstrated between high and low elevation populations of several

introduced species in traits such as phenology and plant size (e.g. Leger et al. 2009;

Monty and Mahy 2009; Alexander 2010; Haider et al. 2012).

Among native floras, several cases are known of plants extending their

elevational range in response to climate change (e.g. Lenoir et al. 2008), and

there is increasing quantitative evidence that alien species are also responding to

climatic change. In general, we would expect the risk of invasions at higher

elevations to increase as the climate becomes warmer (Walther 1999; Petitpierre

et al. 2010; Bromberg et al. 2011). This outcome seems probable in temperate

Europe, where plausible climate change scenarios suggest that all major invaders

currently present in the lowlands could expand into high elevation mountain

ecosystems (Petitpierre et al. 2010); and an increased vulnerability to invasions

has also been predicted for some other cold temperature regions, including Antarc-

tica (Chown et al. 2012). In hotter or more arid regions, however, changes in

precipitation or evapotranspiration may prove more important than temperature

changes, and could lead to reduced elevational ranges for some alien species

(Jakobs et al. 2010; Petitpierre et al. 2010; Juvik et al. 2011).

Introduction pathways of alien plants into mountains may also change in the

future, with more cold-adapted mountain specialists being deliberately introduced

to high elevations – for instance, through intensification of agriculture, or for

gardens or forestry or the restoration of ski runs. If this were to occur on a large

scale, it could substantially increase invasion risks at high elevations and radically

change the composition of alien floras (Kueffer 2010b; McDougall et al. 2011a).

Land use change may also alter human-assisted dispersal at regional and local

scales and thereby affect alien propagule pressure into mountain ecosystems.

6.4 How Vulnerable Are Arctic/Alpine Ecosystems

to Plant Invasions?

An important question is how vulnerable are cold-temperature ecosystems to plant

invasions (Pauchard et al. 2009). The invasibility of alpine ecosystems has scarcely

been investigated, and we will therefore also refer to studies conducted in Arctic

6 Plant Invasions into Mountain Protected Areas. . . 95



ecosystems, while recognising that there are important differences between the two

kinds of ecosystems (Körner 2003). For example, alpine ecosystems have larger

daily temperature fluctuations during the growing season than arctic ecosystems, as

well as more intense solar radiation during the day, while alpine soils are usually

more drained than those of arctic tundra.

A harsh climate is assumed to limit plant invasions in both mountain and arctic

ecosystems, although several alien plant species have been found to establish and

spread under these conditions (Rose and Hermanutz 2004; Morgan and Carnegie

2009; Pauchard et al. 2009; Chown et al. 2012; Ware et al. 2012). These plants

clearly have the physiological capacity to grow at sites with a short growing season,

low temperatures and strong winds, suggesting that, given time and a sufficient

supply of propagules (e.g. Quiroz et al. 2011), new species may colonise.

In mountain landscapes, alien species are often restricted to human-modified

habitats such as roadsides, ruderal sites, settlements, pastures, and disturbed forests

and plantations, indicating – as in other ecosystems – that anthropogenic distur-

bance is the most important factor permitting invasion (Pauchard and Alaback

2004; Rose and Hermanutz 2004; Arévalo et al. 2005; Daehler 2005; McDougall

et al. 2005; Parks et al. 2005; Kalwij et al. 2008; Haider et al. 2010; Seipel

et al. 2012). However, various types of natural disturbance – landslides, avalanches,

insect outbreaks and fires – are also common in mountain ecosystems and could

also facilitate the entry of alien species. And at a smaller scale, invasibility may be

increased by animals that graze, trample or burrow (e.g. by lemmings, voles, rabbits

and wombats), and by cryogenic processes that create cracks and bare patches

in the soil. Whether the invasibility of mountain ecosystems will increase or

decrease in the future might therefore depend on how regimes of both natural and

anthropogenic disturbance change. While the former are difficult to predict, there is

little doubt that anthropogenic pressures due to activities such as hiking and skiing

will increase in many regions (Johnston and Pickering 2001; Morgan and

Carnegie 2009).

The invasibility of undisturbed alpine and arctic plant communities varies

widely (Milbau et al. 2013). Mountain and arctic systems characterised by high

nutrient levels, soil moisture, and pH appear to be the most vulnerable (Welling and

Laine 2002; Forbis 2003; Graae et al. 2011), although some species – such as

Hieracium lepidulum (tussock hawkweed) in New Zealand (Radford et al. 2006) –

have been shown to be particularly invasive under nutrient-poor conditions. More-

over, species composition of the native vegetation is also important, since some

species may strongly inhibit colonization. For example, leaf litter of the dense,

low-growing shrub Empetrum hermaphroditum (mountain crowberry) has a high

phenolic content that greatly restricts the establishment of seedlings (Pellissier

et al. 2010). Empetrum hermaphroditum dominated dwarf-shrub heath is the

commonest vegetation type in northern mountain tundra regions, and it is also the

least colonised and invaded (Aerts 2010; Pellissier et al. 2010). Indeed, important

changes in the species composition of such vegetation can only be expected when

E. hermaphroditum is very heavily damaged, which could occur if winters were to

become warmer (Aerts 2010).
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Depending on the overall harshness of the environment, the role of biotic

interactions for invasions can range from positive (facilitation) to negative (com-

petition) (Callaway et al. 2002). A good example of facilitation during invasion is

the improved establishment and performance of the alien herb T. officinale in

cushions of Azorella monantha in the high Andes of central Chile (Cavieres

et al. 2005). However, plant competition frequently reduces the invasibility of

such ecosystems, despite slow plant growth under cold conditions (e.g. Klanderud

and Totland 2007; Eskelinen 2010). Indeed, several studies in arctic and alpine

communities have shown recruitment and colonization to be significantly increased

when competitors are removed (Graae et al. 2011). All that can be safely said at

present is that the balance between facilitation through improved microclimatic

conditions and competition varies widely according to species, life stage, site condi-

tions and climate (including season; Dona and Galen 2006).

6.5 Regional Differences in Current Management Efforts

Strategies for dealing with invasive plants in mountain PAs vary widely, from no

management, to a focus on a few species of economic importance, to elaborate

integrated pest management programmes (McDougall et al. 2011b). To characterise

this diversity, we describe four contrasting situations that reflect the varying

ecological and socioeconomic contexts in different regions. These are: (i) No

problem, no active management, (ii) No resources, no action; (iii) Increasing

problem, recent action; (iv) Recognised problem, integrated management plans

and preventive action in surrounding lowlands.

6.5.1 No Problem Yet, and No Active Management:
European Alps

In the European Alps, between 450 and 500 alien vascular plant species have been

recorded, amounting to approximately 10 % of the total flora of the Alps or

15–20 % of all alien plant species in Europe (Kueffer 2010a). Most of these,

however, are confined to lower elevations (Becker et al. 2005); indeed, only 23 of

the most important invasive species in the European lowlands occur in the montane

zone, and only nine reach to the subalpine zone (Kueffer 2010a). Furthermore, most

of the species that do reach high altitudes are largely restricted to disturbed sites, and

none is known to harm biodiversity or habitat quality within a PA. However, given

predictions that many lowland species could expand into the subalpine or alpine zone

under plausible scenarios of climate change (Petitpierre et al. 2010), precautionary

measures are needed. Fortunately, awareness is increasing throughout the Alpine

region, and a preliminary list of likely invaders of high altitude zones was recently

produced (Kueffer 2010a).
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6.5.2 Lack of Resources, Lack of Action: Perspectives
from Developing Countries

Options for managing invasive species in PAs are limited in developing countries

by two important factors: limited funding and expertise, and the need to balance

the needs of biodiversity with those of local communities (Nuñez and Pauchard

2010). Very often, local people depend upon resources that are produced within

PAs, and it is important to ensure that their livelihoods are not harmed by policies

to control invasive species (e.g. Kull et al. 2007). For example, people living in

and around the Golden Gate Highlands and Table Mountain National Parks in

South Africa use alien woody species of the genera Acacia, Eucalyptus, Hakea
and Pinus for food, fuel and building materials (Shackleton et al. 2007). However,

these species are highly invasive, and the park authorities would like to see them

removed. A study by Le Maitre et al. (1996) demonstrated that clearing these plants

would increase the water supply for arid lowland agriculture, and that this increase

would outweigh the economic value of alien woody species to the mountain com-

munities. It was subsequently possible to implement this finding, offsetting the

negative impact of removing these plants by employing people from the mountain

communities to do this work (Working for Water – van Wilgen et al. 2001).

Protected areas at lower elevations in the Himalayan State of Jammu and

Kashmir, India, harbour a large number of alien plant species. However, lack of

awareness and resources means that no strategy has been implemented to control

these species. On the other hand, alien aquatic plants are removed from some

mountain lakes in Kashmir because it benefits the tourist industry, as well as

providing employment to local people (McDougall et al. 2011b).

In Chile, the spread of pine species from plantations is harming mountain PAs

(e.g. Pinus contorta, lodgepole pine, Peña et al. 2008) (see Case Study 1), but

conflicts of interest with the forestry industry must be solved before any manage-

ment can be implemented. Recently, forest certification standards such as FSC

(Forest Stewardship Council) have introduced a requirement for forestry companies

to control tree invasions on their lands. However, no such regulations apply to

publicly owned natural areas, though this may change with the introduction of

a new law recognising services provided by biodiversity and PAs (Pauchard

et al. 2011).

6.5.2.1 Case Study 1: Introduced Conifers in Chilean Protected Areas:

A Solution That Turned into a Problem

During the early 1900s, the forests of south-central Chile were severely degraded by

logging and by fires used for clearing grazing land. By the 1950s, a number of conifer

species (e.g. P. contorta; Pinus ponderosa, ponderosa pine; Pinus sylvestris, Scots
pine; Pinus monticola, western white pine; Pseudotsuga menziesii, Douglas fir; Larix
occidentalis, western larch) had been introduced for timber because they grew faster
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and suffered lower seedling mortality than the native Nothofagus species. Even PAs

were subject to government afforestation schemes, both to combat soil erosion and as

experimental field trials for new conifer cultivars. Unfortunately, no protocol was

established to monitor these plantations and field trials, and no plans prepared for

restoring native vegetation once the vegetation cover had recovered. After 30 or

40 years of planting, many conifer species are now invading into the surrounding

vegetation; in some places this includes native forests such as those dominated by

Araucaria araucana (monkey puzzle tree), highly valued for their emblematic

biodiversity and scenic value (Peña et al. 2008; Fig. 6.1).

Currently, alien conifers are only controlled sporadically, and the Chilean Forest

Service (CONAF) and other authorities have no clear mandate to deal with this

problem (Pauchard and Villarroel 2002). However, a new alliance between the

Laboratory of Biological Invasions (LIB; www.lib.udec.cl) and the Forest Service

aims to improve the control of invasive plants, especially conifers, in PAs. Nonethe-

less, the goal of replacing conifer plantations with native ecosystems and preventing

further invasion in PAs remains a major challenge for both research andmanagement.

6.5.3 Sudden Increased Awareness Triggered by Recent
Invasions: Australian Alps

Until recently, the alpine and subalpine zones of Australia were thought to be at low risk

of invasion because of their cold climate and limited accessibility (Costin 1954). The

only frequent alien species were a few, relatively uncompetitive ruderal species such as

Hypochaeris radicata (hairy cat’s ear), and Rumex acetosella (common sheep sorrel).

Since 1999, however, several species known to be problematic in other mountain

regions (e.g. Hieracium spp., L. vulgare) have been spreading, and the management

of invasive plants has been given higher priority (see Case studies 2 and 3).

However, the chances of controlling these plants, let alone of eradicating them,

have diminished due to spiralling costs and the spread of species into inaccessible

areas. Furthermore, recent introductions of cold adapted horticultural plants to ski

resorts pose new risks to the PAs (McDougall et al. 2005, 2011b).

6.5.3.1 Case Study 2: Early Detection and Eradication in a

Mountainous Landscape: The Australian Experience

In 1999, Hieracium aurantiacum (orange hawkweed) was discovered in a ski

village adjoining the Alpine National Park in Australia. The species was recognised

as posing a significant threat to biodiversity in mountain areas of New Zealand and

North America (Morgan 2000), being highly competitive and requiring no major

disturbance to establish in natural vegetation. Resort and park managers therefore

took prompt action to eradicate the initial population and search for new
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populations, some of which were detected a few years later in Kosciuszko National

Park, more than 100 km to the north (Fig. 6.2).

In the following years, populations in both areas were sprayed with herbicide

and the plants marked to determine whether they had been killed. It quickly became

obvious that the species was spreading faster than it was being eradicated, and a

more systematic programme of search and control was introduced, together with

regular monitoring of treated areas (Fig. 6.2). Associated with these measures,

Fig. 6.2 Early detection and eradication of emerging alien plants in mountain protected areas can

be very resource-demanding as shown by the experience in Kosciuszko National Park in the

Australian Alps. (a) volunteers searching for Hieracium aurantiacum, (b) the extent of volunteer
searches (brown lines) in relation to the known occurrences of H. aurantiacum (orange dots)
(Photo and map: Jo Caldwell, NSW National Parks and Wildlife Service)
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research was undertaken related to the detection (Moore et al. 2011), dispersal

(Williams et al. 2008) and ecology of the species. The first results suggest that the

programme has been effective in reducing the area actually occupied by

H. aurantiacum, and because the soil seed reserve is small, managers remain

hopeful that the species can be eradicated from the PAs. However, monitoring

has shown that plants are reproductive in their first year of growth, and any plants

remaining undetected in that year can become the source of new populations, which

may explain why the total extent continues to increase (Fig. 6.2). Furthermore,

plants are difficult to locate in dense native vegetation, and the species is increas-

ingly found in rugged and remote parts of Kosciuszko National Park. With the need

to revisit treated populations and survey a larger area each year, monitoring costs

are escalating, and the work would be impossible without a large number of

volunteers.

The programme to eradicate H. aurantiacum is also put at risk by the need to

allocate resources to controlling other species. Managers in Alpine National Park

are attempting to eradicate three other invasive species detected within the last

decade – Hieracium praealtum (king devil hawkweed), Hieracium pilosella
(mouse-ear hawkweed) and Myosotis laxa (bay forget-me-not) (Charlie Pascoe,

Parks Victoria, pers. comm.) – while managers in Kosciuszko National Park are

facing a seemingly greater threat from L. vulgare (Fig. 6.1). This latter species was
initially confined to road verges, and a decade ago it could perhaps have been

eradicated. Now that it has invaded so much natural vegetation, however, a com-

bination of containment and asset protection is considered a more realistic man-

agement goal. The recent proliferation of highly disruptive invasive species

probably reflects a shift in land use in the Alps from summer grazing to tourism

and hydroelectricity production, which commenced during the 1960s and brought

increasing roads, infrastructure and amenity plantings to the Alps. After a brief

establishment phase, many new introductions now have a sufficient foothold to

spread rapidly, which reduces the chances of eradicating them. Nevertheless, the

experience gained with H. aurantiacum may prepare managers better for tackling

future invasions.

6.5.3.2 Case Study 3: Containment of Scotch Broom (Cytisus scoparius)
in Barrington Tops National Park, New South Wales, Australia

Cytisus scoparius at varying densities infests over 10,000 ha of the Barrington Tops
sub-alpine plateau (1,400–1,580 m a.s.l.). The plateau is geographically isolated

from other high altitude areas, which may account for its many endemic plant and

animal species (DECC 2010). The infestation originated in the mid-nineteenth

century from a garden planting in the north of the plateau, and by the 1950s it

had become widespread. Gazetting of the national park in 1969 altered land use

practices by halting grazing and summer burning, which resulted in a rapid increase

in the abundance and extent of C. scoparius (Waterhouse 1988).
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To manage the species effectively, it was critical to understand the causes and

extent of the infestation, which in turn required better knowledge of the species’

ecology. And because C. scoparius seeds have a long viability, it was clear that a

long-term commitment to managing the species would be needed (Sheppard and

Hosking 2000). In 1989, the extent of the infestation was mapped from the air, and a

containment strategy was devised to prevent the species from spreading into

unaffected catchments and to limit its spread to adjoining uninvaded areas of the

plateau. The containment lines made use of existing roads and natural barriers such

as heavily canopied creek lines. Biennial control with herbicides and physical

removal is now undertaken along tracks, roads and camping areas within the

main area of infestation. Whilst the parent plant is easy to kill, follow-up measures

to prevent seedling recruitment are essential. The activities coordinated by the

programme include community education, measures to control vertebrate pests,

and a biological control programme involving the release of four potential control

agents (DECC 2010). Despite these activities, however, it was soon recognised that

Scotch broom was not only increasing in density within the main infestation area,

but also invading wetlands and grassland frost hollows where it had previously been

absent. To protect the ecological value of the national park it was important to

identify which endemic plant and animal species might be most at risk from the

invasion (Hosking and Schroder, unpublished data). Following this work, control

programmes have been initiated within the most vulnerable plant communities.

6.5.4 Integrated Management Plans Are in Place: Western
United States

A large proportion of the land in the mountainous areas of the Western United

States is controlled and managed by the Federal Government. While the specific

missions of different government entities vary, all are bound by a Presidential Order

that directs them to prevent and respond to new invaders (Executive Order 13112 of

February 3, 1999). These agencies also work with private landowners in ‘weed

management associations (WMA)’ to manage alien species, particularly those on a

legally defined ‘noxious’ weed list (http://plants.usda.gov/java/noxiousDriver,

accessed on August 23 2012). Integrated management approaches, which involve

inventory/survey, prioritization, control, monitoring, prevention, outreach and

co-operation with stakeholders, are encouraged. The most appropriate control

techniques are determined on a case-by-case basis, and may include biological

control, herbicide application, burning, prescribed grazing, or pulling by hand. To

reduce their spread within national parks and forests, many designated noxious

species are sprayed with herbicide along roads and near human infrastructure, but

completely extirpating a species is usually difficult or impossible.

Preventive measures include a certified weed-free forage programme to prevent

people who use stock animals for recreational riding or hunting from bringing hay

102 C. Kueffer et al.

http://plants.usda.gov/java/noxiousDriver


infested with invasive plants into mountain areas (McDougall et al. 2011b). The

USDA Forest Service requires the use of mobile vehicle wash units to clean all

vehicles arriving and leaving wildfire staging areas, and other agencies are begin-

ning to follow this example. Many alpine areas in designated wilderness areas or

within national parks remain isolated from propagule sources, and have therefore

escaped invasion. The greatest concerns for the future are new introductions of

species adapted to wildfire and capable of growing under cold, dry conditions.

6.5.5 Preventive Action in the Surrounding Lowlands:
Oceanic Islands

Most high-elevation ecosystems on oceanic islands lie within PAs. However, many

of these parks extend to lower elevations where invasive species already pose a

major problem. This is one reason why managers of PAs on some oceanic islands

haven chosen to take preventive action against potential invaders. For instance, in

the 1990s managers of Haleakala National Park in the Hawaiian islands identified

which invasive species were most likely to threaten higher areas of the park

(e.g. Verbascum thapsus), and they now provide funding to the Maui Invasive

Species Committee (an interagency management body) to eradicate or control them

at lower elevations outside the park (McDougall et al. 2011b). In La Réunion,

modelling studies have demonstrated the need for preventive measures against

future invasion risks, especially in mountain ecosystems, but concrete measures

have yet to be introduced (Strasberg et al. 2005; Baret et al. 2006).

6.6 Prevention of Plant Invasion into Mountain Protected

Areas Across Multiple Spatial Scales

As discussed above, most alien species were introduced to lowland regions, which

explains why propagule pressure tends to be low at higher elevations and why

potentially problematic alien mountain specialists are rarely found (Alexander

et al. 2011; McDougall et al. 2011a). However, invasion risks are expected to

increase greatly in the future, and strategies should be developed now to prevent

potentially problematic species reaching high elevation sites, especially in PAs. In

the following section we argue that success in preventing new introductions will

depend on measures taken at scales ranging from the global to the local (Fig. 6.3).

At a global scale, plants that pose a particular risk to mountain ecosystems should

be identified, the transport of such species to mountain areas regulated, and

mountain managers informed about the risks. At a regional scale, the spread of

alien plants from lowland source pools to high elevations must be contained. And at

local scales at high elevations, steps should be taken to minimise the risk of

propagules being dispersed from disturbed to undisturbed sites.
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6.6.1 Global Networking: The Approach of the Mountain
Invasion Research Network (MIREN)

A particular challenge in managing invasive species is to link processes operating at

local and larger scales. The invasive behaviour and resulting negative impacts of

some alien plants become evident at a local scale, but preventive action depends upon

sharing information at a global scale. Mountains throughout the world have many

similarities, a generally harsh climate at high elevations, isolation as topographic

islands, and ecologically distinctive floras and faunas, and it can be expected that they

present similar management challenges (McDougall et al. 2011a, b). Therefore,

global networking of invasive species managers and experts is particularly important

for PAs in mountains.

Fig. 6.3 A diagram representing a multi-scale management approach for the prevention of plant

invasions into mountain protected areas. The historical introduction of alien plants into mountain

areas occurred predominately at low elevations. (a) The spread of these alien plant species follows

an elevation and environment gradient from the lowlands to the highlands. As elevation and

environmental stress increase, both population size and propagule pressure decrease. For some

species, populations at low elevation are source populations (indicated with arrows) and as

elevation increases, populations lose source strength or become demographic sinks. (b) Using

this model, management of invasive alien species in mountain ecosystems should focus on

prevention, monitoring, data sharing, and control. Prevention aims to reduce new introductions,

particularly of alien mountain specialists directly to the highlands and between highlands. Mon-

itoring aims to determine where populations of particular species are being most invasive both

within and between regions by sampling populations along the elevation gradient. Afterwards,

data on species invasiveness can be shared within and between regions, along with information on

the effectiveness of different control practices
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The Mountain Invasion Research Network (MIREN, www.miren.ethz.ch) is a

network established to increase knowledge about plant invasions in mountains and

simultaneously to create information links that build awareness and capacity

amongst managers in different regions (Dietz et al. 2006). MIREN, which started

in 2005 with six mountain regions, now encompasses 11 regions across the globe

and links different expert groups in several ways (Fig. 6.4). On the one hand, it

provides a bridge between experts on mountain ecosystems and invasion biologists,

and on the other hand it links the local and international scales. The mountain

research and management community has a long history of international collabo-

ration (Messerli 2012), and MIREN complements existing initiatives. At an inter-

national level, for instance, MIREN is associated with the Global Mountain

Biodiversity Assessment (GMBA, Diversitas, http://gmba.unibas.ch/index/index.

htm) and the Mountain Research Initiative (MRI, http://mri.scnatweb.ch/). MIREN

also regularly publishes in mountain-related policy documents, newsletters, and

scientific journals. At regional scales, MIREN interacts with agencies such as the

Alpine Network of Protected Areas (ALPARC, http://www.alparc.org/) in the

European Alps and the Consortium for Integrated Climate Research in Western

Mountains (CIRMOUNT, http://www.fs.fed.us/psw/cirmount/) in the western

North American mountains. And MIREN members are equally well integrated

into the international community of invasion biologists.

Fig. 6.4 The Mountain Invasion Research Network (MIREN) networks science and management at

local to global scales. MIREN aims to increase knowledge about plant invasions in mountains and

simultaneously connect experts of different topics – invasive species and mountain ecosystems – and

from different areas. MIREN encompasses 11 core sites that are situated in different climate zones

on all continents (except Antarctica) and some oceanic islands. MIREN works closely with existing

regional and global networks of invasive species and mountain ecosystem experts
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The link between the international level and local mountain PAs is organised via

the 11 MIREN core sites, situated in different climate zones on all continents

(except Antarctica) and some oceanic islands (Fig. 6.4). Some MIREN members

are professionally associated with mountain PAs (e.g. Kosciuszko and Yellowstone

National Parks), and all of them interact regularly with representatives from such

areas. Through these local contacts, expertise and knowledge from PAs in different

biogeographic, climatic and socio-political settings feeds into MIREN research,

which is fine-tuned to the needs of managers.

Databases providing information about alien and invasive species are an

important tool for building management capacity at a global level. This is

especially true in mountain ecosystems, because climatic similarities determine

that species invasive in one region are likely to be invasive in another, as well.

Therefore, this information enables managers to predict which species entering

the surrounding lowlands may pose a threat, and which species already present

require urgent action. Threats may also come from human-mediated dispersal

between distant mountains, such as the accidental movement of alien seeds

between holiday resorts or the deliberate introduction of plants for horticulture

(McDougall et al. 2005, 2011b), forestry (Daehler 2005; Peña et al. 2008) or

ski-run restoration (Burt 2012). MIREN has developed a global database of alien

species in mountain regions currently containing more than 1,300 species and

2,500 records (http://www.miren.ethz.ch/database/index.html). The MIREN

database will be crucial in developing weed risk assessment systems (WRA)

specifically for mountain ecosystems.

6.6.2 Monitoring and Control of Alien Plant Invasion
in the Landscape

Limiting the spread of existing invasive populations along elevational gradients is

an important management goal (Fig. 6.3). At a regional scale, regular surveys can

be used to monitor distributional changes of established species and to detect the

establishment of new species. Because alien plants often establish first at ruderal

and highly disturbed sites, an effective approach is to record populations along

roadsides (Pauchard and Alaback 2004). However, monitoring should be stratified

by habitat type and include samples away from roadsides (Rew et al. 2006, 2007),

because some species do spread into more natural habitats (e.g. McDougall

et al. 2005; Pollnac et al. 2012). In principle, this approach can be used to monitor

changes in the elevational limits of alien plants (Seipel 2011), though the data must

be interpreted with care because the highest populations are often temporary,

representing demographic sinks that are recolonised from time to time by propa-

gules from source populations in the lowlands (Seipel 2011). Thus, the best way to

quantify species spread may be to investigate how the probability of occurrence

changes over time along gradients of elevation and disturbance. If sufficient
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resources are available, it is helpful to identify source and sink populations by

monitoring the demography of populations and linking such information to species

distribution models (Maxwell et al. 2009; Giljohann et al. 2011).

The introduction pathway of alien plants to high elevations, usually through

spread from low elevation sources, has important implications for designing con-

tainment strategies at regional scales. High elevation populations of many species

probably depend on occasional re-colonization from lowland populations (e.g. after

a harsh winter). In such cases, an effort to also control the larger lowland infesta-

tions could prove more effective than attempting to locate and destroy isolated

plants at the elevational limit.

6.6.3 Preventing Dispersal of Alien Plants to Mountain
Protected Areas at Local Scales

Efforts to detect and monitor alien plants at local scales should focus on those

places known to be most prone to invasion, including disturbed and open environ-

ments such as river flood plains and trails (Rose and Hermanutz 2004), and areas of

high human use such as trails and rock climbing sites (McMillan and Larson 2002).

While propagules may be dispersed in many ways, humans and their vehicles are

often especially important for transporting them over large distances to new areas.

For example, in a study conducted in a PA in the Australian Alps, 27 alien species

were germinated from soil collected in a car park (Mallen-Cooper 1990) that did not

occur in the surrounding subalpine vegetation, of which 20 had not previously been

recorded at such a high elevation. In another study, vehicles were found to deposit

between 2 and 78 seeds per kilometre, with type of vehicle, type of road surface and

weather conditions accounting for much of this variation (Rew et al., unpublished

data). Similar factors have also been found to affect the distance that seeds are

transported before falling from the vehicle; for example, under dry conditions, only

1–14 % of the seeds were lost over a distance of 256 km (Taylor et al. 2012).

Seeds of alien species can also be transported in substantial numbers in people’s

clothing (Mount and Pickering 2009), and regulations requiring hikers to clean their

shoes and clothes before entering a PA can be important, especially in remote areas.

Such regulations must, of course, also be observed by the staff who work in these

areas, and it may also be necessary to prevent seed from being introduced in

machinery and materials used for constructing infrastructure. For example, in

Yellowstone National Park gravel used on roads (e.g. to improve traction on icy

surfaces) has to be certified as weed-free, while in the Kosciuszko National Park

(Australian Alps) contractors are required to remove all soil from earth-moving

machinery before entering natural areas. Unfortunately, gravel of lowland origin is

still used for constructing alpine walking tracks in Kosciuszko, which may explain

why alien species such as Echium vulgare (viper’s bugloss), Melilotus alba (white

sweet clover) or Juncus effusus (common rush) have been detected even in remote

areas.
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A particular challenge for the managers of PAs is to prevent the deliberate

introduction of cold-climate adapted alien species to neighbouring areas such as

hotel gardens. This requires engaging with the relevant stakeholders, for example

from tourism, forestry, and horticulture, to build awareness of the potential prob-

lems of invasive species. In Kosciuszko National Park, for instance, a cooperative

programme has been established between the National Parks and Wildlife Service

and ski resort lodges that aims to remove alien ornamentals from ski resorts and

replace them with local native species.

6.7 Conclusions

Thanks to generally low levels of anthropogenic disturbance and propagule pressure,

and a harsh climate, most mountain regions and habitats have not been heavily

invaded by alien plants. However, mountain ecosystems are not invulnerable to

plant invasions, and the risk is likely to increase with climate warming and more

intensive use of these areas. When invasions do occur, managers of mountain PAs

have little time to react, especially since invasions in rugged terrain soon become

unmanageable. For effective management, information is needed about the ecology

of the species and how it behaves elsewhere in its range, which in turn requires an

effective dialogue between research and management at both local and global scales.

In most mountain PAs, people are the cause of the problem of plant invasions,

and they should also be part of the solution. For example, the risk of new invasions

can be reduced by encouraging people to use native rather than introduced species

for amenity planting; and in cases where the invasive species have some economic

value, it may be possible to mitigate the social impact of control measures by

employing local people to perform this work.

In this synthesis, we have focused on the invasion risks of alien plant species.

However, anthropogenic changes are also affecting the distribution and abundance

of native species (e.g. Gottfried et al. 2012), with some lowland species spreading

to higher altitudes (e.g. Lenoir et al. 2008). In many arctic and mountain ecosys-

tems, similar processes of changing land use, climate warming and nitrogen

deposition are causing the spread of woody species (Tape et al. 2006). In Dachigam

National Park (Indian Kashmir), for instance, a native shrub Strobilanthes
urticifolia (blue nettle) has almost completely invaded the PA (Zafar A. Reshi,

personal communication). Whether native or alien, it will be important to under-

stand which species threaten endangered organisms and ecosystem functioning.

With this information, it will be possible to focus management efforts upon

preventing those species from spreading, or managing their impacts so as to

minimise unwanted vegetation change.
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Part II

Regional Patterns: Mapping the Threats
from Plant Invasions in Protected Areas



Chapter 7

Icons in Peril: Invasive Alien Plants

in African Protected Areas

Llewellyn C. Foxcroft, Arne Witt, and Wayne D. Lotter

Abstract Protected areas in Africa are global conservation icons, attracting

millions of tourists a year. However, these areas are being threatened by a growing

human population making increasing demands on the natural capitol being con-

served. Moreover, global environmental change, of which biological invasions are a

key concern, pose significant threats to the function of ecosystems and their

constituents. Other than in a few regions, primarily in South Africa, little is

known about alien plant invasions in protected areas across the continent. In

order to present a first approximation of the threat of plant invasions to protected

areas across Africa, we present the information we could find by drawing on

published literature, grey literature and personal observations. We also present six

case studies from prominent protected areas across Kenya, Tanzania and South

Africa. These case studies aim to illustrate what is known in different regions and

the key concerns and management approaches, thereby providing examples that

may facilitate shared learning. Where information is available it suggests that some

species are likely to be widespread, impacting severely on indigenous species

diversity. If protected areas are to be successful in carrying out their mandate of

biodiversity conservation, and increasingly, revenue creation, long-term manage-

ment of invasive plants is essential. However, in developing countries, which
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characterise much of Africa, resources are severely lacking. Where funds are

available for conservation these are often channelled to other aspects of protected

area management, such as anti-poaching. Protected areas in Africa include a

number of unique attributes that can provide natural laboratories for research on

basic ecological principles of invasions, while the research can, in turn, contribute

directly to the needs of the protected area agencies.

Keywords Alien plant distribution • Biodiversity • Biological invasions •

Conservation • National Parks

7.1 Introduction

Protected areas (PAs) in Africa include some of the world’s best known, iconic

national parks. Indeed the mention of national parks in Africa conjures

romanticised images of imposing lions (Panthera leo), large herds of elephants

(Loxodonta africana), and the annual migration of over 1.5 million wildebeest

(Connochaetes taurinus) in the Serengeti – Maasai Mara ecosystem. It is unlikely

that many tourists pay much attention to the increasing pressures being placed on

the processes underpinning the functioning of these PAs and the species that depend

on them. Fewer are likely to be aware of widespread invasions that may be within or

encroaching on the PAs’ boundaries. Indeed, little appears to be known on plant

invasions in Africa’s PAs in general.

Protected areas, defined by the IUCN as “A clearly defined geographical space,

recognised, dedicated and managed, through legal or other effective means, to

achieve the long-term conservation of nature with associated ecosystem services

and cultural values” (Dudley 2008), are regarded as one of the most important

approaches for conserving biodiversity globally (Chape et al. 2005; Gaston

et al. 2008). In Africa, PAs cover about 12.2 % of the continental landmass,

equating to just less than 17 million km2 (Fig. 7.1; IUCN 2012). The percentage

of PAs relative to the entire terrestrial region of Northern Africa was about 4.0 % in

2010 (3.7 % in 2000; 3.3 % in 1990) and approximately 11.8 % in sub-Saharan

Africa that same year (11.3 % in 2000; 11.1 % in 1990). However, many PAs are

likely to be contested as being ‘paper parks’ (i.e. areas that have been proclaimed

but have little or no management, and are therefore ineffective in fulfilling their

mandate; Erwin 1991).

Most PAs, however large, are islands in a sea of differing land uses. Some forms

of neighbouring land use types are compatible to an extent, but the management

objectives of many are completely contradictory to the concept of biodiversity

conservation (Newmark 2008). These different forms of land use bring with them

different levels of associated pressures and risks. Protected areas in developing

countries are further challenged with rapid population growth, high levels of

poverty and for some, political instability (Naughton-Treves et al. 2005). Thus

today, more so than in the past, PAs are also expected to contribute directly to
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poverty reduction (Naughton-Treves et al. 2005). In many areas population expan-

sion is taking place adjacent to PAs, leading to increased levels of land degradation

and as a result increasing the demands made on these areas for access to natural

resources. Access has also opened to remote areas, driven by global demands for

oil extraction, mining and logging (Naughton-Treves et al. 2005), while locally,

Fig. 7.1 Protected areas in Africa, according to the World Database of Protected Areas (IUCN

and UNEP-WCMC 2012). In Africa, protected areas cover about 12.2 % of the continental

landmass, equating to just less than 17 million km2. Some of these protected areas are likely

however to be contested as ‘paper parks’ (i.e. areas that have been proclaimed but have little or no

management, and are therefore ineffective in fulfilling their mandate; Erwin 1991). The numbered

points refer to the six case studies discussed in the chapter, while the yellow circles indicate other

protected areas that are mentioned. (1) Serengeti – Maasai Mara ecosystem, (2) Ngorongoro

Conservation Area, (3) Nairobi National Park, (4) Mikumi National Park, (5) Kruger National
Park, (6) Table Mountain National Park (Fig. Sandra MacFadyen)
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communities require access to resources such as fuel wood, medicinal plants,

grazing, timber and expansion of agricultural areas. Having just travelled exten-

sively in Zambia and Tanzania – one of the biggest threats without a doubt is

charcoal production. These different land use types, resource demands and impacts

all present PAs with varying levels of risk of introducing different kinds of

potentially invasive species.

The attention given to PAs and the efficiency with which this is implemented

provides important context within which management of alien and invasive

plants are considered. Management effectiveness of PAs varies significantly world-

wide (Leverington et al. 2010). An assessment of PAs in tropical regions globally

showed that they had been effective in protecting ecosystems and species within

their boundaries, especially in preventing habitat clearing (Bruner et al. 2001).

It was however clear that various other management problems require improvement,

for example illegal hunting (invasions by alien species were not included in the

assessment). However, recent reviews of the management of PAs in general showed

that in Africa, proportionally more of the PAs have little effective management

in place and are in need of assistance (Leverington et al. 2010). Through the

CBD Programme of Work on Protected Areas and IUCN World Commission on

Protected Areas, much effort is being placed on developing “comprehensive, effec-

tively managed and ecologically-representative national and regional systems of

protected areas” (Dudley et al. 2005). These programmes acknowledge that while

the extent of PAs has increased, few have general management structures and are, in

many cases, ineffectual in carrying out their mandate. As one of the goals for

developing effective PAs networks, mechanisms to identify andmitigate the impacts

of key threats to PAs were to have been in place by 2008 (Dudley et al. 2005).

This included taking measures to mitigate the risks posed by invasive alien species.

There has been no assessment of the state of alien plant invasions in most

countries in Africa, let alone across PAs. If PAs are to fulfil their mandate

successfully in the long-term, basic information on the alien species that are

present, and those likely to become highly invasive, is a prerequisite. We aim to

provide a synthesis of what is currently known, by providing a review of the

available literature, adding recent observations and providing case studies to illus-

trate various problems and potential solutions.

7.2 State of Knowledge

Although we carried out an extensive review, little information is available for most

areas. While we acknowledge that we are most familiar with South Africa and parts

of East Africa, we searched for material across the continent, and are confident that

the information is a reasonably detailed assessment of what is generally known. We

suggest that the lack of information is an indication of the level of resources and

attention that has been given to this problem, and thus not the accessibility of

information. Much work has been done on collecting and synthesising data on

species patterns and invasion processes the tropical forests in the East Usambara
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Mountains (Eastern Arc Mountains) in Tanzania. However, as an in-depth review is

given by Hulme et al. 2014, we have not included a discussion on the region here.

Due to the availability of information, we use six case studies as examples to

illustrate how different approaches to managing, surveying, monitoring and

research have been undertaken, and how these may provide insight into other

situations. These case studies include different regions and biomes of Africa:

grasslands, dense to open savanna type ecosystems (Serengeti National Park –

Maasai Mara National Reserve, Mikumi National Park, Ngorongoro Conservation

Area and Kruger National Park) and two urban parks (Table Mountain National

Park and Nairobi National Park). These PAs also include different histories of

invasion and management. For example, Table Mountain NP, a Mediterranean type

biome and a global centre of endemism, is surrounded by the city of Cape Town and

has had a history of plant introductions dating back to the 1650s with European

colonisation, and has detailed records from the early 1800s. Nairobi NP, which

includes mega-herbivores, covers an area of 117 km2 and is 7 km from Nairobi city

centre, has virtually no records of plant invasions. Kruger NP, a 20,000 km2

savanna PA, and proclaimed more than 100 years ago, has records of alien plants

introductions from the 1930s. The Serengeti, Maasai Mara and Ngorongoro PAs in

Tanzania and Kenya are global icons, but they, and Mikumi National Park, have

had a shorter history of alien plant introductions and attention paid thereto.

The SCOPE (Scientific Committee on Problems of the Environment)

programme of the 1980s assessed the invasion of alien species in nature reserves,

using these as examples of systems having been protected from anthropogenic

impacts (Usher et al. 1988). The aim was to test whether natural systems could be

invaded, as opposed to disturbed systems, which was considered necessary for

colonisation by alien plant species. The programme reviewed a number of biomes

globally, including five PAs across Africa: savanna regions included Serengeti and

Ngorongoro in Tanzania, and Kruger National Park and Hluhluwe-iMfolozi Game

Reserve in South Africa (Macdonald and Frame 1988). For arid regions, the

Skeleton Coast in Namibia (Loope et al. 1988), and for Mediterranean type

systems, the Cape of Good Hope Nature Reserve (now incorporated into

Table Mountain National Park) in South Africa (Macdonald et al. 1988), were

included. Within these parks 80 alien plants (73 invasive) were reported for the

Cape of Good Hope, 12 species in Serengeti-Ngorongoro (12 invasive), 156 species

in Kruger (113 invasive), 74 species in Hluhluwe-iMfolozi (71 invasive) and seven

species Skeleton Coast (7 invasive). It would be important to note however that the

terminology used to indicate invasiveness has changed considerably since these

studies were conducted, and species may be categorised differently under more

recent approaches (see Richardson et al. (2011) for a discussion on terminology).

Nevertheless, these lists still provide insight into the species already present at the

time. It also led to an important and necessary finding, and which came to play a

role in shaping future questions around the susceptibility of ecosystems to invasion:

the realisation that all nature reserves (and thus ‘natural’ systems) appear to contain

invasive species. The programme revealed that the nature and degree of invasions

differed substantially between PAs in different regions of the world (Usher 1988).

For example, it was suggested that PAs in arid regions of the tropics and sub-tropics
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have fewer invasive species (although notable exceptions were found); temperate

regions in the northern hemisphere are relatively free of invasions, while the

southern hemisphere has been severely impacted by invasions (Usher 1988). An

important point raised by the programme was that tourism poses a substantial threat

for invasions of PAs, as a positive correlation between visitor numbers and numbers

of introduced species was found (Usher 1988), most likely due to associated

infrastructure (lodges, roads). This is obviously an increasingly important issue as

eco-tourism is a major source of revenue, and frequently, the primary motivation

for continued existence and expansion of the global PA network (Barber

et al. 2004). Moreover, this is likely to become especially important in Africa, as

the quality of resources available for the tourism industry is high, and for most

countries the development of their full tourism potential is in its infancy (Christie

and Crompton 2001).

A recent review of plant invasions on tropical and sub-tropical savannas, while

not explicitly focusing on PAs, found that much of the available information was

also based on work and collections in PAs (see references in Foxcroft et al. 2010).

In this work only a few species had been reported in published literature, some of

which are ruderal or roadside weeds and not invasive. In Uganda these include six

species in Lake Mburo NP, 15 species in Murchison Falls NP and 26 in Queen

Elizabeth NP. In Mkomazi NP, Tanzania, eight species had been listed. However,

as is discussed later, recent observations have substantially changed these figures.

While information is available and increasing in South Africa and parts of East

Africa, little is known about the status of alien plant invasions in West Africa,

especially from PA’s. Most work in the region has focused on invasive alien plants

(IAPs) impacting on agricultural systems and water resources, and to a large extent

on the biological control thereof. In a workshop on prevention and management of

alien plant invasions in the West African region (CABI 2004), 19 taxa were listed,

of which eight were considered priority species. However, no information was

given on their status in PAs. More recently, a brief survey of eight protected areas in

Burkina Faso and Ghana (IUCN/PACO 2013) listed 26 species, including many

that are highly invasive in similar biomes elsewhere. These include Cardiospermum
sp. (balloon vine), Chromolaena odorata (chromolaena/triffid weed), Lantana
camara (lantana), Leucaena leucocephala (leucaena), Mimosa pigra (giant sensi-

tive plant) and four species of Senna. The aquatic species Eichhornia crassipes
(water hyacinth) and Pistia stratiotes (water lettuce), which are probably of the

most problematic in Africa, are also present (IUCN/PACO 2013).

7.2.1 East Africa

The Nairobi Prevention Protocol Concerning Protected Areas and Wild Fauna and
Flora in the Eastern African Region, Article 7 (21 June 1985), requires the

contracting parties to take all appropriate measures to prohibit the intentional or

accidental introduction of alien species which may cause significant or harmful

changes to the East African region. Although already having been in place for
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25 years, the protocol is still largely unknown and as such not adhered to. Moreover,

a lack of capacity and resources, especially with regard to the identification and

monitoring of alien plants, has largely prevented implementation thereof.

There are no documented records of the total number of alien plant species

present in PAs in East Africa. Lists that have been compiled have been done for

other specific purposes and often mention alien plants incidentally. A few plant

identification guides (e.g. Ivens 1967; Terry 1984; Terry and Michieka 1987) have

been published on the common agricultural weeds in the region, of which many are

alien species. Checklists of regional floras, such as the Flora of Tropical East

Africa, and others for more specific areas, such as Pemba Island (Williams 1949;

Koenders 1992) have been compiled, in which alien species are included. The

Kenyan Horticultural Society produced a book of the most common ornamental

plants (Hobson 1995), many of which are alien, potentially invasive or have already

become invasive. A series of books lists the most useful trees and shrubs, of which

many are, again, naturalised or invasive in Kenya (Maundu and Tengnas 2005),

Uganda (Katende et al. 1995) and Tanzania (Mbuya et al. 1994). Other illustrated

field guides include some alien species, many of which are invasive (e.g. Blundell

et al. 2003; Birnie and Noad 2011; Dharani 2011). A comprehensive list of more

than 500 alien plant species, which were introduced in the early 1900s to the Amani

Botanical Gardens in Tanzania, was compiled in the 1930s (Greenway 1934) and

recently revisited by Dawson et al. (2008). Thus, while there are many botanical

publications, no work has been directed at compiling a comprehensive list of alien

and invasive plants until recently, where a database providing ‘fact sheets’ on

vertebrate pests and 100 of the most invasive IAPs known to occur in East Africa

has been compiled (http://keys.lucidcentral.org/keys/v3/eafrinet/plants.htm).

Introductions of alien plants for ornamentation (via nurseries and other means)

are a well-known and effective pathway of introduction in general (Reichard and

White 2001), and even for PAs specifically (e.g. in Kruger NP, Foxcroft

et al. 2008). As such, due to the use of ornamental species being one of the few

pathways that can potentially be managed, special attention should be given to

preventing new introductions of potentially invasive ornamental plants. An addi-

tional pathway of concern is the intentional introduction of agro-forestry species,

for example Prosopis juliflora (mesquite), Leucaena spp., Australian Acacia spp.,

Calliandra calothyrsus (calliandra), by Non-Governmental Organisations (NGOs)

and other agencies. Additional efforts need to be made to manage this process and

pathway more effectively. Many of the species invading PAs are also widely

utilised as hedge plants by rural communities, such as L. camara, various Opuntia
species, Tithonia diversifolia (Mexican sunflower), Caesalpinia decapetala (Mau-

ritius thorn), Thevetia peruviana (yellow oleander) and Brugmansia suaveolens
(angel trumpet), and collaboration with communities to explore the use of indige-

nous alternatives or non-invasive alien species should be sought.
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7.2.1.1 Case Study 1: Serengeti – Maasai Mara Ecosystem: Serengeti

National Park (Tanzania) and Maasai Mara National Reserve

(Kenya)

The Serengeti – Maasai Mara ecosystem is an area of approximately 25,000 km2

spanning the border between Tanzania and Kenya. It is renowned for the annual

wildebeest and zebra migration between the southern plains of the Serengeti NP

(SNP) and the northern grasslands of Maasai Mara National Reserve (MMNR). The

Kenyan section of the total ecosystem is about 6,000 km2 in size, of which

1,510 km2 consists of the MMNR. The adjacent SNP covers an area of

14,763 km2. The area surrounding Serengeti – Maasai Mara consists of a mixture

of private nature reserves/conservancies or unprotected communally owned land.

Invasive alien plants were generally considered of low importance in the SNP,

with one report indicating that there was no sign of introduced weeds colonizing

natural disturbances or invading the undisturbed grassland community (Belsky

1987). In the late 1980s 12 species of alien plants were recorded (Macdonald and

Frame 1988). Four of the listed species were considered to have substantial

ecological impacts. Tagetes minuta (khaki weed) appeared to thrive in disturbed

areas along roadsides and under high grazing pressure from livestock. Additionally,

heavy disturbance from the indigenous mole rat (Tachyoryctes daemon) provided
habitat in which the plants proliferated, displacing indigenous grasses (Macdonald

and Frame 1988). Of the additional species considered to have a high impact,

Rorippa nasturtium-aquaticum (watercress) was intentionally introduced by Euro-

pean settlers for food. Medicago laciniata (cutleaf medick), an annual herb of

Mediterranean origin, appears to have been introduced accidentally, with seeds

on army coats sold to Maasai pastoralists after World War II (Macdonald and

Frame 1988). Euphorbia tirucalli (Indian spurge) was also listed, but has recently

been shown to be indigenous to east and southern Africa (Foxcroft et al. 2010). In

2003, ten additional alien species were reported (Foxcroft 2003a), including Opun-
tia stricta (sour prickly pear; Fig 7.2a), O. monacantha (drooping prickly pear) and
P. stratiotes. Although much research has been done in the Serengeti NP for a

number of decades (Sinclair and Norton-Griffiths 1979; Sinclair and Arcese 1995;

Sinclair et al. 2008) no research programme has been focused specifically on IAPs.

Very little is known about the alien plant species present in the MMNR, although

some studies have been undertaken at a landscape level in an attempt to identify the

main drivers of vegetation change since the early 1900s (e.g. Glover and Trump

1970; Dublin 1986). Ironically an invasive alien species, rinderpest (an acute,

usually fatal disease of ruminant animals), together with fire and elephants, have

been identified as being some of the main drivers responsible for changes in the

grass and woodland cover. Invasive plants may however become the next major

driver of change, as a number of invasive plant species have recently been identified

(Witt and Sospeter, unpubl.). The main pathways for their introduction, both

accidental and intentional, have no doubt been the extensive road network, rivers

and streams originating outside the MMNR, and lodge gardens.
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Fig. 7.2 (a) Opuntia stricta in Kruger National Park, South Africa. Opuntia stricta has also

been recorded in Serengeti National Park, Tsavo East National Park and a number of conservan-

cies in Kenya. (b) Parthenium hysterophorus being controlled along the Crocodile River, Kruger

National Park. Parthenium hysterophorus has been recorded widely across north-eastern

South Africa, Mozambique and East Africa, including Maasai Mara National Reserve,

Ngorongoro Conservation Area, Nairobi National Park and Awash National Park, Ethiopia

(Photograph a Llewellyn C Foxcroft, b Ezekiel Khoza)



The first intentional introduction of alien plant species into the MMNR was

probably associated with the development of the first tourist lodge, Keekorok lodge,

in 1965. Since then more than 70 introduced ornamental species have been intro-

duced to lodge gardens in the MMNR (Witt and Sospeter, unpubl.). Many of

the current 24 permanent camps in and around the MMNR host a number of

well-known invasive plant species such as L. camara, Tithonia diversifolia (Mex-

ican sunflower), T. rotundifolia (red sunflower), O. monacantha, and Anredera
cordifolia (Madeira vine). With the exception of Parthenium hysterophorus
(parthenium; Fig 7.2b), a number of other alien plant species, most of them

relatively benign, have also been inadvertently introduced and are widely

established along the extensive road network. The extensive network of formal

roads and informal jeep tracks facilitates the movement of invasive plants and is

likely to be a major pathway for the dispersal of P. hysterophorus.
There have been no official attempts to manage any invasive plant species in the

MMNR until very recently. This is probably due to the combination of a lack of

awareness and that alien plant invasions are likely to have been relatively recent.

The discovery of P. hysterophorus in the MMNR in November 2010 led to the first

official attempt to manage an invasive plant in the Reserve. With funding from the

Australian High Commission in Kenya, and working together with the Kenya

Wildlife Service, community members were employed to manually remove

P. hysterophorus from the MMNR. All visible plants were manually removed,

but unfortunately there was insufficient funding for follow-up activities. However,

management of P. hysterophorus (initially manually, but more recently using

herbicides) has continued in the Mara Triangle, which is managed by the Mara

Conservancy. Whether the control has been successful in the long-term may be too

soon to determine. A compounding problem is that P. hysterophorus is not being
managed on the adjacent property.

7.2.1.2 Case Study 2: Ngorongoro Conservation Area, Tanzania

As with Serengeti NP, Rorippa nasturtium-aquaticum was probably intentionally

introduced by European settlers into the Ngorongoro crater for food. It was con-

sidered likely to have displaced the indigenous aquatic plant, Crassula granvikii
(Macdonald and Frame 1988).

More recently an additional 43 alien plant species were listed for the Ngorongoro

crater (Lyons and Miller 1999; Henderson 2002). A large number of alien ornamental

species that have potential to become invasive were also observed at the lodges

surrounding the Ngorongoro crater (Henderson 2002). The most important species,

and for which management recommendations have been suggested include Acacia
mearnsii (black wattle) and C. decapetala (Henderson 2002; Foxcroft 2003b; Lotter

2004), Melia azedarach (syringa), Azolla filiculoides (red water fern), L. camara,
Jacaranda mimosifolia (jacaranda) and P. hysterophorus (Clark et al. 2011). Manual

control has been conducted for some species including A. mearnsii, C. decapetala and
P. hysterophorus. Two species previously considered alien and requiring management
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were Bidens schimperi (yellow-flowered blackjack) and Gutenbergia cordifolia.
However, although these have been confirmed as indigenous species (Henderson

2002) they are still being managed to improve forage on the crater floor.

7.2.1.3 Case Study 3: Nairobi National Park (Kenya)

The Nairobi National Park (NNP), only 7 km from the Nairobi city centre, is

considered to be unique in that it is the only urban National Park in the world

that has lion, rhino, leopard, and buffalo in such close proximity to a city. Formally

established in 1946 as Kenya’s first national park, it is approximately 117 km2 in

extent. It is bounded by an electric fence on three sides but is open to the Kitengela

Conservation Area, located to the south of the park.

There are virtually no published accounts of the flora of NNP, and as such no

formal records of IAPs. The only references to some alien plant species were made

by Heriz-Smith (1962) who lists a number of ruderal/roadside weeds, and Dovyalis
caffra (kei apple), Ageratum conyzoides (invading ageratum), Opuntia spp., Euca-
lyptus spp., and Schinus molle (pepper tree). Recent informal surveys revealed that

L. camara is the most abundant IAP in the park with infestations mainly confined to

the dry forest, and the Mbagathi and other river valleys. The cactus species, O.
ficus-indica (sweet prickly pear), O. monacantha, Austrocylindropuntia subulata
(long-spine cactus) and Cereus sp. (queen of the night) are present on the open grass
plain, together with D. caffra, which also occurs in the forest. Parthenium
hysterophorus has recently invaded the park, while C. decapetala, Bryophyllum
delagoense (chandelier plant), B. fedtschenkoi (kalanchoe stonecrop), Agave
sisalana (sisal) and A. americana (American agave) are localised within the

PA. There are a large number of introduced roadside or ruderal plants that appear

not to have impacted on the indigenous flora. Despite the presence of a large

number of other invasive and potentially IAPs that have been grown as ornamentals

for more than 100 years in and around the city of Nairobi, since its establishment in

1899, the park is still relatively uninvaded, compared to others such as Kruger

National Park.

There have been very few attempts to control invasive plants in NNP. In 1998

funds were made available by the David SheldrickWildlife Trust to control some of

the invasive cactus species in NNP. As herbicides could not be used, plants were

removed manually and dumped elsewhere. Unfortunately funds were insufficient to

eradicate the plants. More recently KWS, with funding from USAID, has started

with the manual control of L. camara.

7.2.1.4 Case Study 4: Mikumi National Park (Tanzania)

Mikumi National Park (MNP) was established in 1964 and although it is 3,230 km2

in extent, it is unfenced and adjoins the Selous Game Reserve World Heritage Site,

which is more than 43,000 km2 in extent. A survey in 2009 listed ten species of
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potentially invasive alien plant species within MNP, including L. camara and

P. stratiotes (Clark and Lotter 2009). Fortunately, manual control measures were

already in place by Tanzanian National Parks to minimise their impact and spread.

Apart from the national public road traversing the park and rivers flowing into MNP

from outside its borders, lodges and camps were also observed to be important seed

source sites. Of additional concern was the observation of 11 invasive species

occurring outside, but in the immediate vicinity of MNP. These species included

C. decapetala, M. azedarach and Psidium guajava (guava). Mimosa pigra, also
found outside of MNP, has already invaded the Selous Game Reserve, where,

unfortunately, no control measures are in place (Clark and Lotter 2009).

7.2.2 Southern Africa

In Zimbabwe, 1449 introduced and naturalised species have been listed (Maroyi

2006), of which 391 have been analysed for their mode or purpose of introduction

and their invasion status. This study indicates 153 (39.1 %) species as casual aliens,

154 (39.4 %) as naturalised and 84 (21.5 %) as invasive species (Maroyi 2012). Of

the most invasive species countrywide, J. mimosifolia andM. azedarach, have also
been long recorded as invaders in Matopos, Hwange and Kyle National Parks

(Southern Rhodesia Commission Forestry 1956). In the 1980s concerns were raised

in Nyanga National Park where the park estates are either adjacent to commercial

forestry plantations, or had their own plantings in the early 1920s, with 20 % of the

park reportedly affected by invasive alien tree species (Nyoka 2003). The alien

species were planted to provide fuel wood (mainly Pinus spp. and Acacia spp.),

construction timber, and to ‘beautify’ (Nyoka 2003) the parks with ornamentals

such as J.mimosifolia andM. azedarach. Additionally, Chimanimani National Park

in the eastern highlands of Zimbabwe has also been heavily invaded (Nyoka 2003).

South Africa has a well-documented history of alien plant introductions, with

about 750 tree species and around 8 000 shrubby, succulent and herbaceous species

having been introduced (van Wilgen et al. 2001). Of these, 198 have been declared

by legislation (Conservation of Agricultural Resources Act; Act 43 of 1983) as

alien weeds or invasive plants (Henderson 2001), and about 240 species

recommended for listing under the National Environmental Management: Biodi-

versity Act (Act 10 of 2004). In South Africa’s KwaZulu-Natal province, IAPs were

rated as the most serious threat to biodiversity in a management effectiveness

assessment of all the PAs, including both Natural World Heritage Sites,

uKhahlamba/Drakensberg Park and iSimangaliso/Greater St Lucia Wetland

National Park (Goodman 2003). In 1983, 20 alien plant species were reported in

Hluhluwe-iMfolozi (Macdonald 1983), increasing to 74 species by 1988 (Macdon-

ald and Frame 1988). The most important species were regarded to be C. odorata
and M. azedarach, the former of which has become a major problem, costing

millions of ZAR in control annually (Lotter and Clark 2008).
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A total of 663 alien plants (all alien plants, not only invasive species) have been

listed for South Africa’s 19 national parks. Approximately 20 % are considered

invasive (Spear et al. 2011). Kruger National Park (KNP) has the highest number of

alien plants listed with 350 alien plants, followed by Table Mountain National Park

(TMNP) with 239 (Spear et al. 2011). We discuss Table Mountain and Kruger

National Park further as specific case studies.

7.2.2.1 Case Study 5: Kruger National Park (South Africa)

Detailed accounts of the introduction and management of alien plants in Kruger

National Park have been given in a number of publications (Foxcroft 2001;

Foxcroft and Richardson 2003; Freitag-Ronaldson and Foxcroft 2003; Foxcroft

and Freitag-Ronaldson 2007; Foxcroft and Downey 2008). Here we provide a

synopsis of the key issues: introduction of alien plants as ornamental plants, early

control efforts and current management initiatives, research, and lessons learned.

The southern region of KNP was proclaimed in 1898. The Park extends 360 km

from north to south, covers 20,000 km2, and is bisected by seven major river

systems, which originate in the highlands to the west of the park and drain a

combined area of about 88,600 km2. The first six alien plants were recorded in

1937 (Obermeijer 1937; Foxcroft et al. 2003), increasing to 350 (Spear et al. 2011).

There was however little support for alien species management until the late 1990s

(Foxcroft and Freitag-Ronaldson 2007). The tourist camps and staff villages have

been landscaped to varying degrees, with 258 alien plant species being recorded in

36 camps or staff villages, many of which were intentionally introduced (Foxcroft

et al. 2008), even though they are now known to be invasive elsewhere. In 1957

KNP prohibited planting ornamental plants in tourist camps and staff villages, and

although the park policy on the control of ornamental species was updated period-

ically thereafter, it was largely disregarded. In 2004 the policy was again revised

and the species list expanded. Species were prioritised on the basis of their potential

to invade KNP as indicated by their invasiveness in similar habitats elsewhere, and

on the prevailing national legislation. These species were removed manually and

follow-up control still continues. Once the priority species were deemed to be under

control, less invasive species were targeted. All alien species were removed from

vacated houses (as staff retired or transferred elsewhere in the park), regardless of

their potential for invasion (Foxcroft et al. 2008).

Management of alien plants began in 1956 on M. azedarach (Foxcroft and

Freitag-Ronaldson 2007) on a relatively small scale. From 1982 the park dedicated

one team of ten general workers to the control of IAPs. Biological control of P.
stratiotes was initiated with the introduction of the snout weevil Neohydronomus
affinis in 1985 (Cilliers et al. 1996). The insects were successfully introduced and

resulted in a complete reduction of the populations and abundance of P. stratiotes in
the park. Opuntia stricta, one of the parks worst invasive plant problems, was

initially introduced as an ornamental garden plant in Skukuza in the early 1950s

(Lotter and Hoffmann 1998). In 1980, O. stricta was estimated to have invaded an
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area of only 100 km2, but by the mid to late 1990s it was estimated that O. stricta
covered an area of 300–400 km2. In 1996 the revised management plan delineated

an area of 670 km2, with the plants covering about 530 km2 (although the patches

are widespread, with a few high density patches interspersed with isolated plants;

Foxcroft et al. 2004). Control by means of herbicides was initiated in the mid-1980s

and in 1987 followed with the introduction of the biocontrol agent Cactoblastis
cactorum ‘stricta’ biotype (Hoffmann et al. 1998a, b). In 1997 the cochineal

Dactylopius opuntiae was released, resulting in rapid control of large dense patches
of O. stricta. Following this success, a hot-house was erected for rearing the

cochineal on a continuous basis, and cladodes of O. stricta covered in cochineal

were distributed across the region, thereby facilitating widespread dispersal of the

insect. Opuntia stricta is now considered under control, with little resurgence of

previously densely invaded areas (see Figure 3 in Paterson et al. 2011). Lantana
camara, one of KNPs most widespread invasive species occurs along most of the

parks major rivers. It was first recorded in KNP in 1940, and was planted in tourist

camps in the early 1950s (Vardien et al. 2012). Together with M. azedarach, it
became the focus of early control efforts in the late 1950s. Upper catchment areas

are heavily invaded, forming a substantial supply of propagules, which are dis-

persed along the rivers. Lantana camara is likely to remain in the system and should

follow-up clearing be ceased, will most likely rapidly reinvade. Although the threat

of invasions from ornamental plants has virtually been removed, pressure from

outside the park remains high where neighbouring populations are found on the

parks periphery (Spear et al. 2013). Parthenium hysterophorus probably represents

one of the most important emerging invasive species. Invading from the south-east

of the park, the plants have shown a steady increase in their distribution even

though control efforts are underway (Fig 7.2b).

In 1997 the KNP Working for Water project was initiated. The catalyst for the

national programme was the ability to combine (i) the need to manage IAPs that

impact on already stressed water resources and biodiversity, and (ii) the high levels

of poverty in many parts of the country. The project was initiated in 1997 with the

sponsorship of ZAR3 million (� US$650,000) for a period of three years from

the Royal Netherlands Government, and ZAR6 million (� US$1.3 million)

from the Poverty Relief Fund of the South African Government. This allowed the

employment of up to 1,000 people, focusing solely on the control of IAPs. The

Working for Water – poverty relief programme has continued to the present, with a

total of around ZAR90 million (� US$10.7 million; as at September 2012 values)

having been spent on control efforts in the park up to the end of the 2010/2011

financial year.

Although the park has a long tradition of research in general, with various

programmes dating back to the 1950s (for example on fire, large mammals,

carnivores, Du Toit et al. (2003), there was no research programme dedicated to

the study of invasive alien species until about 1996. Research that was conducted

was driven by external scientists, focusing largely on post-release evaluation of

biological control agents. These studies included biological control of P. stratiotes
(Cilliers et al. 1996), and O. stricta (Hoffmann et al. 1998a, b; Lotter and Hoffmann
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1998; Reinhardt et al. 1999; Paterson et al. 2011). This has expanded in the last

decade to include, for example, work on risk assessment (Foxcroft et al. 2007),

ornamental plants (Foxcroft et al. 2008), processes and patterns of invasion

(e.g. Foxcroft et al. 2004, 2009, 2011) and invasion potential and allelopathy of

priority species such as P. hysterophorus (van der Laan et al. 2008).

The intentional introduction of alien plants as ornamental species has been one

of the most important pathways of introduction, with many species that are now

considered as some of the parks most problematic species (e.g.O. stricta, L. camara
and P. stratiotes) now incurring substantial costs to control. While this pathway is

in effect closed, the upper catchment of the KNP produces an unending supply of

propagules, which will require on-going commitment to minimise. While KNP has

itself invested in on-going control for a number of decades, due to the scale of the

problem, it is unlikely that without the collaboration with the Working for Water

programme, the current low density of invasive species would be possible. Preven-

tative measures have generally been poor, and more strategic placement of control

teams requires improved insights into likely sources of invasion from adjacent

areas. Recent work has aimed to quantify the role that the boundary plays in

filtering invasions from adjacent areas (Foxcroft et al. 2011; Jarošı́k et al. 2011)

in order to develop buffer zones.

7.2.2.2 Case Study 6: Table Mountain National Park (South Africa)

The Cape of Good Hope Nature Reserve, which now forms the southern section of

Table Mountain National Park (TMNP), was proclaimed in 1939 (Macdonald

et al. 1988). Through the consolidation of a number of smaller nature reserves in

1998, TMNP now covers 471 km2. The park is situated within the Cape Town

metropolitan area and was declared a Natural World Heritage Site in 2003. TMNP

also falls within the Cape Floral Kingdom, providing sanctuary for 2285 indigenous

plant species, of which 90 are endemic (TMNP 2008). The fynbos biome

(Mediterranean-climate type shrublands) in which TMNP is situation, has a rich

history of botanical study (Cowling et al. 1997; Gelderblom et al. 2003), however

invasions by alien plants have become an increasingly important component thereof

(van Wilgen 2012). By the mid-1990s IAPs were already considered as one of the

key threats to TMNPs ecosystem integrity (Richardson et al. 1996).

Alien plants have long been introduced into the Western Cape region of South

Africa, for example, Pinus pinaster (cluster pine) in 1680, Hakea sericea (silky

hakea) in 1830 (Macdonald and Richardson 1986), and Acacia longifolia (long-

leaved wattle), which was reportedly introduced by Kew Gardens’ collector James

Bowie in 1827 (Stirton 1978). Introduced in the mid-1880s, Acacia cyclops (red
eye) was considered the most important species 100 years later (Macdonald

et al. 1988). By the late 1800s and early 1900s, botanists Peter MacOwan

(in 1888) and Rudolf Marloth (in 1908) both raised concerns that IAPs would
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replace the natural vegetation (Stirton 1978). In 1945 plant invasions had reached

alarming proportions, leading to the statement by a prominent naturalist that “one of

the greatest, if not the greatest, threats to which the Cape vegetation is exposed, is

suppression through the spread of vigorous exotic plant species” (Wicht 1945).

In an assessment of threats to the biodiversity of the region in 1996, dense

patches of invasive plants were shown to be impacting on a third of the known

localities of threatened taxa, with only about 10 % of the sites occurring only within

areas already invaded (Richardson et al. 1996).

Another key problem coupled to the impact of IAPs in the fynbos region is that

of fire and the alteration of fire frequency, seasonal incidence, size and intensity

(Macdonald and Richardson 1986). The fynbos system is predisposed to fire as an

ecosystem driver (Forsyth and Wilgen 2008), but usually to longer return intervals

and lower intensities (van Wilgen 2009). Invasive alien plants are often more

competitive under fire regimes that differ from those that the indigenous biota

evolved with (Forsyth and Wilgen 2008). The most common invasive species in

TMNP are also fire adapted, and their ability to produce large numbers of seeds

facilitates their prolific spread after fires (van Wilgen et al. 2012). These trees

(e.g. wattles and conifers; van Wilgen and Richardson 2012) and shrubs signifi-

cantly increase biomass and add to fuel loads, leading to increased fire intensity and

erosion (van Wilgen and Scott 2001).

Control operations started in 1941 but up until the 1970s were unsuccessful,

largely due to the lack of a coordinated management plan and poor understanding of

the biology of the target plants (Macdonald et al. 1988). In 1984/1985 the

programme cost ZAR154,000 (� US$100,000 at that time) and consumed about

40 % of the Cape of Good Hope Nature Reserve annual budget. These efforts were

unfortunately not sufficient to contain the problem (Macdonald et al. 1988). In 2008

the control of IAPs within TMNP cost approximately ZAR9 million (� US$1.08

million in 2008), with priority species including Acacia, Hakea and Pinus spp.

(TMNP 2008). For the 2012–2013 financial year, the budgeted costs are approxi-

mately ZAR14 million (� US$1.7 million in September 2012).

A challenge that has arisen over the last few years with regards to management

of IAPs in TMNP, and from which valuable insights may be gained, is that of

reconciling environmental imperatives and personal value systems (van Wilgen

2012). Although in keeping with TMNPs status as a world heritage site and its

primary function of conserving the biodiversity rich region, IAP clearing

programmes have become highly controversial. Arguments against removing

IAPs include, for example, perceptions that alien trees contribute positively to

water and soil resources (van Wilgen 2012). More difficult to manage however

are the arguments related to aesthetics, recreational and ethical values. An assess-

ment of the challenges (van Wilgen 2012) provides important lessons for the future,

as these kinds of situations can conceivably increase in multi-use PA landscapes.

Appreciation of the biodiversity values of the PA, and the adoption of policy, based

on international conventions and best practice, is a key element to ensure a support
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base. A sound scientific understanding of the ecology and impacts of plant inva-

sions is required to provide evidence based management and policy input. The lack

thereof was shown to be a contributing factor to the unsuccessful management

attempts between the 1940s and 1970s. The partnerships between academic

researchers-managers-policy makers-funders facilitated an integrated strategic

approach to implementation of control programmes and opportunities for

co-learning. The management of IAPs in South Africa has however been facilitated

by the renowned Working for Water programme, which has successfully been able

to provide employment and economic outcomes, while integrating essential eco-

logical needs (van Wilgen 2012). This kind of clearing programme may not be

feasible in all situations, but alternative mechanisms need to be investigated to

provide this level of support.

7.3 Impacts: Empirical Evidence and Anecdotal

Observations

A wide range of impacts from plant invasions have been reported globally, with

some originating from work in PAs (Foxcroft et al. 2014). Of the total body of

literature on impacts of plant invasions, little of this work has been specifically

directed at PAs in Africa, except perhaps for some work done in South Africa. We

do not provide a comprehensive synthesis of the impacts of IAPs, but rather

highlight some examples from PAs in Africa. A more in-depth review is provided

elsewhere in this volume (Foxcroft et al. 2014).

Some examples include impacts on beetles and spiders as biodiversity indicators

in Kruger National Park (Robertson et al. 2011), and Hluhluwe-iMfolozi Game

Reserve (Mgobozi et al. 2008). In both studies using beetle and spiders as indica-

tors, either the assemblage patterns, abundance, diversity and estimated species

richness were changed. In Hluhluwe-iMfolozi small mammal species richness and

diversity were also shown to have decreased (Dumalisile 2008). Due to the role that

large- to mega-herbivores play as ecosystem drivers in most African PAs, an

improved understanding of the effects of them being displaced on other species

or ecosystems is also required. Dense patches of C. odorata were shown to impact

on forage availability and access, causing spatial reorganization of the black rhino

(Diceros bicornis) population (Howison 2009). This led to the hypothesis that

C. odorata may have been partly responsible for a decline in the black rhino

population in Hluhluwe-iMfolozi in the mid-1990s (Howison 2009). Shading of

crocodile (Crocodylus niloticus) nesting sites by the invasive plant C. odorata in

Lake Saint Lucia (iSimangaliso Wetland Park) has resulted in a female-biased sex

ratio (Leslie and Spotila 2001). In the fynbos biome, of which TMNP plays a crucial

role in protecting the species rich region, invasions could reduce species richness by

between 45 and 67 % (Richardson et al. 1989). By 1996, due to uncontrolled fires,

combined with the effects of plant invasions, many species were considered to be

facing imminent extinction (Trinder-Smith et al. 1996). This is further exacerbated
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by the impact of fire on soil erosion (van Wilgen and Scott 2001). Soil loss

following fires typically amounts to 0.1 tonnes/ha in fynbos habitat, but when

fuelled by high biomass from IAPs, increases to 6 tonnes/ha in patches invaded

by Pinus (Scott et al. 1998). Other studies have provided documented evidence of

modified nutrient regimes due to either increased nitrogen fixation or increased

decomposing biomass (Musil and Midgley 1990; Yelenik et al. 2004) and impacts

on seed banks of native fynbos species associated with Acacia saligna (Port

Jackson willow) invasions (Holmes and Cowling 1997).

Water loss due to increased use by invading trees is also of concern as few PAs

contain entire water catchments within their boundaries, and thus widespread

invasion and habitat alteration may have severe consequences for downstream

users. For example, a study in 2002 showed the upper reaches of the Sabie-Sand

river catchment, which flows through the Kruger NP, to be about 23 % invaded,

with a corresponding 9.4 % loss in natural river flow (Le Maitre et al. 2002).

There have been very few scientific studies on the impacts of IAPs in East

Africa, although various studies have been carried out in the Eastern Arc Mountains

of East Africa (Hulme et al. 2014). Considered by some to be an introduced

invasive plant, the impacts by the toxic Solanum campylacanthum (bitter apple),

were investigated in Hells Gate (HGNP) and Nakuru NP, Kenya. In Nakuru NP, S.
campylacanthum invaded all grassland vegetation types, with densities of up to

3,334 plants ha (Ng’weno et al. 2010), decreasing forage quantity significantly with

increased invasion (Ng’weno et al. 2010).

Parthenium hysterophorus (Terfa 2009) and P. juliflora (Demissie 2009) were

shown to displace native plant species in Awash National Park (Ethiopia). The

impact of M. pigra, which has invaded Lochinvar National Park (Zambia) was

assessed using fixed transects along the shoreline. Bird species diversity was

reduced by almost 50 %, with only 314 individual birds recorded in invaded sites,

compared to 19,265 in uninvaded open floodplains (Shanungu 2009).

7.4 Management: What Is Being Done and What

Can Be Done?

There is a wealth of information widely available on the techniques of managing alien

plants, including for example, A Toolkit of Best Management Practices (Wittenberg

and Cock 2001), Turning the Tide: the Eradication of Invasive Species (Veitch and

Clout 2002), Assessing and Managing Invasive Species within Protected Areas

(Tu 2009) and Tools and Techniques for Use in Natural Areas (Tu et al. 2001).

Also, a number of chapters in this volume provide further information on various

aspects of alien plant management (e.g. Meyerson and Pyšek 2014; Simberloff 2014;

Tu and Robison 2014). Therefore we do not discuss the tools of management (except

for a short discussion on biological control; see Van Driesche and Center 2014

for a detailed discussion), but rather examples being used in different settings

in PAs in Africa currently.
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Management of alien plant invasions in Africa’s PAs is generally inadequate.

The extent to which management interventions can be implemented is limited due

to both the scarcity of resources for PAs, and competition for allocation of resources

within overall park management programmes. For example, resources may need to

be allocated to anti-poaching, fire management, animal capture and relocation,

monitoring of threatened species, infrastructure maintenance, community relations

and invasive species management. Additionally, the lack of capacity, and aware-

ness of the problem, and PA risk assessments to prioritise threats undermines the

importance of invasive species management. Where control operations are in place,

objective management effectiveness evaluations would assist in continuous

improvement. Innovative approaches are required if progress is to be made in the

long-term. It is also highly unlikely that one management approach will suit all

situations. However, examples do exist that may be tailored to provide unique

solutions. These may include, for example, the South African Working for Water

model or local community driven approaches.

South Africa, as with most other African states, is characterised by high levels of

unemployment (Buch and Dixon 2008). In redressing the high levels of poverty, the

Working for Water programme uses control of invasive plants as a means to

achieve social, economic and biodiversity outcomes (Van Wilgen et al. 2010).

Nationally, this programme provides employment for up to 20,000 people per

annum, while simultaneously treating large areas invaded by invasive plants.

Conservation agencies are supported by the national programme to enable them

to maintain their objectives, which in the absence of this funding would be unlikely

in most PAs. Due cognizance does however need to be given to potential challenges

of such public-works programmes (Buch and Dixon 2008), such as the importance

of being economically sustainable for the individual employees who are usually

employed on a short-term contractual basis. Also, even within a large programme

such as Working for Water, on-going reassessment of priorities and approaches is

required. For example, a review of the programme 15 years after its initiation

suggests that the distribution of some invasive plants has still increased (although

would be significantly worse in the absence of the programme), requiring repriori-

tisation of species and areas to be cleared (van Wilgen et al. 2012).

An integrated community approach advocated by the PAMS Foundation (http://

www.pamsfoundation.org/) has been employed in a few village communities in

southern Tanzania. It focuses on education and a strong awareness campaign to

create an appreciation of the negative impacts of IAPs. Additionally, it aims to

promote alternative indigenous plants that would be beneficial to use. As the

communities and local authorities develop an understanding of the problem and

request assistance, empowerment programmes are initiated. While assistance,

including the provision of seedlings of desirable species and the necessary equip-

ment is provided to commence the programme, most manual labour is voluntary

due to the benefits to the community itself. These projects suggest that this bottom-

up approach is more cost effective in areas where specialised felling and herbicide

treatments are not essential, or in other words where the use of well-trained

contractors is not required. It also has a higher chance of being sustainable, due
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to the ownership of the programme by land users/owners from the start of the

programme. The passing of by-laws prohibiting the use of certain species forms part

of the programme from the early stages as well.

In another example, Kenyan Wildlife Service is making progress in developing

an invasive species management strategy for PAs. Resources have also for the first

time been allocated to management. In addition, the revised draft of the Wildlife

Bill of 2011 makes special reference to invasive species, to the extent that any

person who introduces an invasive species into wildlife conservation areas, or fails

to comply with the measures prescribed by the Cabinet Secretary regarding inva-

sive alien species, commits an offence and is liable to prosecution. A number of

alien species are listed under the Bill, including 12 invasive plant species. It is

hoped that the list will be expanded to include all invasive and potentially invasive

species present in East Africa.

Unfortunately the biological control of terrestrial invasive species has not been

practiced widely in Africa, outside of South Africa. This despite the fact that many

of the species on which biocontrol agents have been released in South Africa, or

even Australia, are invasive in other parts of the continent. Opposition is often

based on a poor understanding of the theory and practice of biocontrol. However in

the long-term, biological control (Van Driesche and Center 2014) has the potential

to become one of the best management options available to PA managers in Africa,

because most countries do not have the resources to implement costly mechanical

and chemical control programmes. The main benefits of biocontrol are (i) that the

agents establish self-perpetuating populations and can often establish in areas that

are not accessible for chemical or mechanical control, (ii) control of the target

species is permanent, (iii) there are no negative impacts on the environment, (iv) the

cost of biocontrol is low relative to other approaches and usually requires a once-off

investment, and (v) benefits can be reaped by many stakeholders independent of

their financial status, and irrespective if they contributed to the initial research

(Greathead 1995). Biological control of invasive plants at a global level has been

completely successful in about 25 % of cases, which means that the target weeds

have been totally suppressed by the agents themselves with no need for further

chemical or mechanical control interventions (Cruttwell McFadyen 1998). In the

majority of other cases, chemical and/or mechanical inputs have been considerably

reduced. An analysis of some biocontrol research programmes in South Africa

found that the benefit:cost ratios ranged from 50:1 for tropical woody shrubs (de

Lange and vanWilgen 2010; van Wilgen and de Lange 2011), to 34:1 for L. camara
and 4331:1 for Acacia pycnantha (van Wilgen et al. 2004). The value of the South

African biocontrol programme has been estimated at ZAR840 million for fire-

adapted trees, ZAR104 billion for invasive Australian trees, ZAR37 billion for

succulents and ZAR2.5 billion for subtropical woody shrubs (1 US$ ¼ ZAR7.7 in

January 2010; de Lange and van Wilgen 2010). It was also estimated that by 1998,

biocontrol agents present in South Africa had already reduced the financial costs of

mechanical and chemical control by more than 20 % (Versfeld et al. 1998).

While no single management model will fit all situations, similar kinds, or a

combination of approaches, may provide useful for specific cases. The South
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African Working for Water model, while successful in a country focusing on

creation of employment opportunities linked to water conservation, is unlikely to

be successful in other areas where national needs, as well as available budgets, are

different. In certain circumstances implementation of local scale projects may

prove more successful for a specific PA, especially if the actions provide beneficial

spinoffs for the related community. However, if control initiatives are to be

successful in the long-term, stakeholder support from the level of local communi-

ties to national government is essential.

7.5 Conclusions

An assessment of regional contributions to invasion ecology science found a low

representation of developing countries with Asia and Africa (with the exception of

South Africa) severely understudied (Pyšek et al. 2008). In a literature review of

ecology and biodiversity conservation, only 15.8 % of all published papers related to

alien species had authors fromdeveloping countries, and only 6.5%had authors solely

from developing countries (Nuñez and Pauchard 2010).

The clear lack of information on plant invasions in PAs across much of the

continent is a critical shortfall in the long-term security of increasingly important

biodiversity rich areas. The examples of the more data rich areas do however

provide examples of approaches that may be adopted and modified elsewhere,

reducing some of the need for costly and time-consuming relearning. Trends

indicate that as further surveys are conducted in other PAs and sampling intensity

is increased, the number of species and distribution is likely to be substantially more

than currently estimated. If Africa’s unique ecosystems and biodiversity are to be

safeguarded in the long-term, substantial work needs to be done to collect this

information, which is essential to the design and implementation of control

programmes. However, as with most countries (especially developing countries in

Africa), the scarcity of resources is likely to inhibit any large scale, long-term

management, and innovative approaches will be required. Although little research

has been carried out in Africa’s PAs, the work that has been done has revealed that

the selected biodiversity indicators and other ecosystem properties are being

impacted upon. However, Africa’s PAs offer many opportunities for science that

can both develop a basic understanding of invasion biology and contribute directly

to real world management problems.
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Richardson DM, Genovesi P (eds) Plant invasions in protected areas: patterns, problems and

challenges. Springer, Dordrecht, pp 529–547

Tu M, Hurd C, Randall JM (2001) Weed control methods handbook: tools and techniques for use

in natural areas. The Nature Conservancy, Wildland Invasive Species Team, Arlington

Usher MB (1988) Biological invasions of nature reserves – a search for generalizations.

Biol Conserv 44:119–135

Usher MB, Kruger FJ, Macdonald IAW et al (1988) The ecology of biological invasions into

nature reserves – an introduction. Biol Conserv 44:1–8

van der Laan M, Reinhardt CF, Belz RG et al (2008) Interference potential of the perennial grasses

Eragrostis curvula, Panicum maximum and Digitaria eriantha with Parthenium hysterophorus.
Tropic Grassl 42:88–95

142 L.C. Foxcroft et al.

http://dx.doi.org/10.4102/koedoe.v53i1.1032


Van Driesche R, Center T (2014) Chapter 26: Biological control of plant invasions in protected
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Chapter 8

Aliens in the Arc: Are Invasive Trees

a Threat to the Montane Forests

of East Africa?

Philip E. Hulme, David F.R.P. Burslem, Wayne Dawson,

Ezekiel Edward, John Richard, and Rosie Trevelyan

Abstract Although plant invasions are often regarded as a significant threat to

global biodiversity, current understanding of the vulnerability of tropical forests

to invasion or the factors that lead to alien species becoming invasive in the tropics

remains limited. Here, we synthesise available information on plant invasions in

protected areas for the most ecologically important montane forests of East Africa.

We undertake a hierarchical analysis to explore patterns across the entire mountain

chain with those within an individual mountain block down to a single nature
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reserve. A common feature of the occurrence of alien trees in the Eastern Arc

Mountains is the overwhelming importance of propagule pressure in the represen-

tation of species found colonising forests. The patterns observed emphasise the

need for scientifically sound advice regarding not only the potential impact of an

alien species on native biodiversity but also an assessment of which mitigation

strategies might be most appropriate and highlights the research, control and social

challenges of managing invasive agroforestry trees in the tropics.

Keywords Biological invasions • Botanic garden • Fragmentation • Propagule

pressure • Tropical forest

8.1 Introduction

Although plant invasions are often regarded as a significant threat to global biodiversity,

current understanding of the vulnerability of tropical forests to invasion or the factors

that lead to alien species becoming invasive in the tropics remains limited (Lugo 2004;

Dawson et al. 2008). Compared to other biomes, tropical forest ecosystems appear less

vulnerable to invasions by alien plants, at least judged by the number of naturalised taxa

in floras (Rejmánek 1996). The presence of fast-growing multi-layered vegetation has

been proposed as the main mechanism by which undisturbed tropical forests are

resistant to invasions (Rejmánek et al. 2005). Fine (2002) reviewed instances of alien

plant invasion into tropical forests, and concluded that the low number of invasion

events observed globally may be attributed to low levels of human disturbance, and a

lack of life history traits required for success in forests among introduced alien species,

such as shade tolerance. However, in contrast to studies of plant invasions on tropical

islands, knowledge of these problems in protected areas of continental tropical forests is

poor. Here, we synthesise available information on plant invasions in protected areas for

the most ecologically important montane forests of East Africa and undertake a

hierarchical analysis to explore patterns across the entire mountain chain with those

within an individualmountain block down to a single nature reserve.We use this system

to illustrate that the vulnerability of tropical forests to invasion is intimately linked to

their: (i) marked man-made disturbance; (ii) fragmentation; and (iii) exposure to high

propagule pressure of alien species. These human pressures are not unique to continental

tropical forests but, faced with high population densities and low incomes, pose a

significant challenge in the montane forest of East Africa.

8.2 Plant Invasions and Conservation in the Eastern

Arc Mountains

The term ‘Eastern Arc Mountains’ describes a chain of 13 forest-capped ancient

crystalline mountain blocks that stretch for some 900 km from the Makambako

Gap, southwest of the Udzungwa Mountains in southern Tanzania to the Taita Hills
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in south-coastal Kenya (Lovett and Wasser 1993; Fig. 8.1). The Eastern Arc

Mountains rise from the coastal plain to 2,635 m in altitude at the highest point

(Kimhandu Peak in the Ulugurus). Above about 2,200 m the vegetation is elfin

woodland/forest, montane grassland and bog while forest extends down from the

frost line at c. 2,400 m to the base of the mountains at around 300 m (Burgess

et al. 2007). Four forest formations can be distinguished with upper montane

(1,800–2,635 m), montane (1,500–1,800 m) and sub-montane (800–1,500 m) forest

while at lower elevations, the forest grades into lowland coastal forest typical of the

eastern seaboard of Africa (Lovett and Wasser 1993). Geologically the mountains

are formed mainly from Pre-Cambrian basement rocks uplifted about 100 million

years ago (Griffiths 1993). Their proximity to the Indian Ocean ensures high rainfall

(3,000 mm/year on the eastern slopes of the Ulugurus, falling to 600 mm/year in the

western rain shadow). Climatic conditions are believed to have been more-or-less

stable for at least the past 30million years (Axelrod andRaven 1978). The high rainfall

and long-term climatic stability, together with the isolation of the individual mountain

blocks, have resulted in forests that are both ancient, biologically diverse and exhibit

high rates of local endemism. The Eastern Arc Mountains are home to at least 1,500

endemic plant species, 10 endemic mammals, 19 endemic birds, 29 endemic reptiles

and 38 endemic amphibians (Lovett and Wasser 1993; Myers et al. 2000; Burgess

et al. 2007). Because of the relatively small area of the region the densities of endemic

species are among the highest in the world and the region is considered as one of 11

‘hyperhot’ priorities for conservation investment (Brooks et al. 2002).

The original forest cover (2,000 years ago) on the Eastern Arc Mountains has

been estimated to have been around 23,000 km2, of which approximately

15,000 km2 remained by 1900, at most only 5,340 km2 were present by the

Nilo F.R.

Bombo East I P.F.R

Bombo East II P.F.R.

Semdoe P.F.R

Kambai F.R.

Longuza (north) F.R.
Handei V.F.R.

Amani Nature Reserve

Mpanga V.F.R

Mtai F.R.

Manga F.R.

Kwamgumi F.R.

Segoma. F.R.

Kwamarimba F.R.

Mlinga F.R.

Magoroto F.R.
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Bamba Ridge F.R.
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  N

Mgambo F.R

Fig. 8.1 Map of East Africa showing the locations of the 13 blocks that comprise the Eastern Arc

Mountains with an inset of the East Usambara mountains depicting the locations and size of the

individual forest reserves (Adapted from Doody et al. 2001c)
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mid-1990s and by 2005 this had fallen further to only 3,241 km2 (Newmark 1998;

Hall et al. 2009; Table 8.1). Thus, although the degree of loss varies considerably

across the mountain blocks, on average around only 15 % of the original forest

remains and has become highly fragmented, with a mean patch size of approxi-

mately at 10 km2 (Newmark 1998). Most of the remaining natural habitat on the

mountains is found within approximately 150 Government Forest Reserves, with

107 of these managed nationally for water catchment where forest exploitation is not

allowed based on the need to preserve the water supply. These catchment forest

reserves are found at higher altitudes and thus much of the lower forests have not had

protection, such that forest loss has been greatest below 1,000 m altitude. As a result

the upper montane zone (>1,800 m) has lost 52 % of its paleoecological forest area,

6 % since 1955, whereas the figures for the submontane habitat (800–1,200 m) are

93 and 57 %, respectively (Hall et al. 2009).

The Tanzanian government has classified 8 Nature Reserves and 83 Forest

Reserves (covering 656,815 ha) in the Eastern Arc Mountains in accordance with

the IUCN Protected Areas Management Categories system (URT 2010). Three

Nature Reserves, Uzungwa Scarp and Kilombero in the Udzungwa, as well as both

Amani and Nilo in the East Usambara, have been allocated to IUCN Category Ib

(Wilderness Area). Category Ib protected areas are usually large unmodified or

slightly modified areas, retaining their natural character and influence, without

permanent or significant human habitation, which are protected and managed so

as to preserve their natural condition. The remaining Forest Reserves and the four

other Nature Reserves, Mkingu in the Nguru, Magamba in the West Usambara,

Table 8.1 Summary data on forest area, distance to coast, altitude range, forest loss between 1970

and 2000 (%) and the number of endemic vertebrates and trees in each of the 13 major blocks

of the East Arc Mountains

Mountain block

Forest

area (ha)

Distance to

coast (km)

Altitude

range (m)

Endemic

vertebrates

Endemic

Trees

Forest loss

1970–2000

Taita Hills 300 165 1,500–2,140 8 8 N/A

North Pare 2,500 220 1,300–2,113 5 0 12 %

South Pare 13,540 150 820–2,463 8 1 15 %

West Usambara 26,500 100 1,200–2,200 22 27 31 %

East Usambara 25,800 50 130–1,506 35 40 21 %

Nguu 24,900 150 1,000–1,550 9 6 15 %

Nguru 34,000 150 400–2,000 20 25 6 %

Ukaguru 17,400 220 1,500–2,250 10 4 3 %

Rubeho 47,400 300 520–2,050 12 0 9 %

Uluguru 27,000 180 300–2,400 45 26 13 %

Malundwe Hill 450 270 1,200–1,275 0 4 N/A

Mahenge 1,940 300 460–1,040 2 5 5 %

Udzungwa 102,400 300 300–2,580 41 37 5 %

Data from Newmark (2002), Burgess et al. (2007) and Hall et al. (2009)
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Uluguru in the Uluguru and Chome in the South Pare have been allocated to IUCN

Category IV (Habitat/SpeciesManagement Area). Category IV protected areas aim to

protect particular species or habitats and management reflects this priority that will

need regular, active interventions to address the requirements of particular species or

to maintain habitats. The forests of UdzungwaMountains National Park fall under the

IUCN category II protected area (national park). Category II protected areas are large

natural or near natural areas set aside to protect large-scale ecological processes,

along with the complement of species and ecosystems characteristic of the area,

which also provide a foundation for environmentally and culturally compatible

spiritual, scientific, educational, recreational and visitor opportunities.

Outside these reserves most forest has been cleared, except in small village

burial sites, a few village Forest Reserves, and inaccessible areas. In most Eastern

Arc Mountains the local populations respect the reserve boundaries (where they are

clear), but about 40 % of total household consumption in some forest adjacent

communities is accounted for by forest and woodland products such as firewood,

construction material, medicinal herbs, wild fruits and other food materials, thus

some forests are heavily degraded. Fire is also a problem and can damage these

forests during the dry season (Newmark 2002).

The global biodiversity value of the region is widely recognised (Lovett 1998;

Myers et al. 2000; Brooks et al. 2002; Burgess et al. 2007). The Eastern Arc

Mountains are one of the 200 Global Ecoregions identified by WWF (Olson and

Dinerstein 1998), part of an Endemic Bird Area of BirdLife International

(Stattersfield et al. 1998), and a major component of the East Afromontane biodiver-

sity hotspot of Conservation International (Mittermeier et al. 2004). It is also one of

the regions of the world facing the most urgent conservation threat and likely to suffer

the highest number of plant and vertebrate extinctions for a given loss of habitat

(Brooks et al. 2002; Ricketts et al. 2005). As expected, the big forest blocks

(Usambara, Uluguru and Udzungwa) are more species-rich than the smaller blocks

and have higher numbers of endemic vertebrates and trees (Table 8.1). The Eastern

Arc Mountains also contain a number of valuable timber species, such as Ocotea
usambarensis, Beilschmiedia kweo and Podocarpus spp., which have been logged on
these mountains for more than a century. While all logging is illegal, it has proved

difficult to eliminate. Other threats to these forests include the collection of firewood,

charcoal production, hunting, and gathering plants for medicine. Intentional burning

has been responsible for converting much of the forests in the region to grassland and

scrub-grassland. In addition, artisanal mining for gold, rubies and garnets poses a

threat to some areas (CEPF 2003).

Not surprisingly, in the face of these major challenges the potential threats posed

by alien species to the Eastern Arc Mountains have received relatively limited

attention. A prioritised list of the overall threats affecting the Eastern Arc Moun-

tains has been developed through an extensive stakeholder participation process

that classified threats in terms of their extent, severity and urgency (URT 2010).

Invasive species ranked lowest among ten main pressures believed to threaten

biodiversity in the Eastern Arc Mountains (URT 2010), with fire and agricultural

expansion being seen as the most important threats, but this view may reflect the

limited knowledge regarding the threat of biological invasions.
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Systematic assessments of plant invasions have not been undertaken across the

Eastern Arc Mountains and current information is usually anecdotal, qualitative and

incomplete. Nevertheless, some general patterns do emerge from what information

is currently available. On the drier slopes of the Taita Hills, Cinnamomum
camphora, Caesalpinia decapetala and Acacia mearnsii are problematic and

colonise gaps and edges of the montane forest (Spanhove and Lehouck 2008).

The latter two species are also a problem in the drier South Pare mountains, which

are vulnerable to colonisation by Eucalyptus species if the forest is disturbed or

burnt. Eucalyptus species are also a problem in the Mahenge as well as the West

Usambara mountains where Leucaena leucocephala and Caesalpinia decapetala
have also established in lowland forest. Further south, alien Rubus spp. are invading
areas of heavily disturbed forest on the Uluguru and western Udzungwa mountains,

while the forest edges of the latter have been colonised by Tectona grandis. While

these patterns appear idiosyncratic there are several species found across a number

of different mountain blocks including Lantana camara (found in most mountain

blocks),Maesopsis eminii (Taita Hills, East and West Usambara, Ukaguru, Uluguru

mountains), Cedrela odorata (Mahenge, East Usambara, Uluguru mountains) and

alien Rubus spp. (South Pare, Ukaguru, Uluguru, Udzungwa mountains). The need

to meet Government targets for forest expansion and land allocation for rapid

enhancement of water catchment value in the Eastern Arc Mountains has meant

that the establishment of plantations of exotic tree species has been strongly

encouraged. Unfortunately, the fast growing species selected for plantations

e.g. Eucalyptus spp., Grevillea robusta, A. mearnsii, Casuarina spp. have a ten-

dency to naturalise in disturbed forest (Cronk and Fuller 1995). Furthermore, alien

species such as Eucalyptus spp., Cedrela odorata, and T. grandis have been used

to demarcate forest reserve boundaries and subsequently colonise forest edges.

However, while it appears most Eastern Arc Mountain blocks do face some issues

with alien plants naturalising in forest edges and gaps following disturbance most

evidence to date points to one block, the East Usambara Mountains, being the scene

of invasion by multiple alien plant species (Sheil 1994; Dawson et al. 2008). It is

therefore to the East Usambaras that we turn our focus to understand better the

threats posed by invasive alien plants to the Eastern Arc Mountains. The following

sections examine the circumstances underpinning plant invasions in the area, the

character of the main invasive species involved, the conflicts such species generate

and the scope for management.

8.3 Plant Naturalisation in the East Usambara

Mountains, Tanzania

The East Usambara Mountains occupy an area of approximately 86 km2 in the

Tanga Region, Tanzania (Fig. 8.1) and in terms of their species endemism and

biodiversity are considered to be one of the most important forest blocks in Africa
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(Rodgers and Homewood 1982; Lovett 1989). As in the other blocks of the Eastern

Arc Mountains, much of the original forest cover has been lost (Table 8.1). The East

Usambaras have been inhabited for more than 2,000 years and the area supports a

relatively high human population (101,767 people) distributed across 61 villages.

Although forests cover almost half of the East Usambara mountains, much of this is

has been exploited for timber or firewood or under-planted with crops

(e.g. cardamom) such that only around 25 % of the original dense lowland and

sub-montane forest remains (Johansson and Sandy 1996). Dense forest occurs

almost exclusively (~95 %) within a network of 17 Forest Reserves and the

Amani Nature Reserve. With the exception of a few Village Forest Reserves and

those parcels of forest that remain in private hands, outside of the Forest Reserves

most of the forest has been cleared for small scale village farms, forestry plantations

(mostly alien species: Eucalyptus spp., M. eminii, Terminalia ivorensis) and com-

mercial estates growing cash crops (Johansson and Sandy 1996). The most common

estate crops are alien species such as sisal (Agave sisalana), tea (Camellia sinensis),
and cocoa (Theobroma cacao). Estate crops are also grown by local villagers as

cash crops but a much wider variety of, mostly alien, species are grown in home

gardens and include: cardamom (Elettaria cardamomum), black pepper (Piper
nigrum), sugarcane (Saccharum officinarum), cloves (Syzygium aromaticum), cin-
namon (Cinnamomum verum), coconuts (Cocos nucifera), and coffee (Coffea spp.).
The food crops cultivated are mainly maize (Zea mays spp.), cassava (Manihot
esculenta), rice (Oryza sativa), and yams (Ipomoea batatas). Banana (Musa spp.) is
the most common food and cash crop in the area (Reyes et al. 2005).

Given the dramatic land-use change experienced within this region, the

fragmented nature of much of the forest, its continued encroachment by the

human population, and the dependence on alien plants in both commercial and

local agriculture, we might expect to find a wide variety of naturalised alien plants

in the East Usambara mountains. A number of studies have expressed concern

regarding the threat that invasive alien plants may represent to biodiversity in the

indigenous forests of the East Usambara mountains (Hamilton and Bensted-Smith

1989; Sheil 1994; Dawson et al. 2008). However, a systematic assessment across

the East Usambara mountains has yet to be undertaken.

The most comprehensive assessment of the flora of the East Usambara moun-

tains, indicates approximately 270 naturalised plants occur within the region, the

vast majority being herbaceous and of neotropical origin (Fig. 8.2a, b, Iversen

1991). As might be expected, given the disturbed nature of the landscape, most

naturalised plants are found on waste ground or along roadsides (Fig. 8.2c) and

these species include many cosmopolitan or pantropical herbaceous weeds

(e.g. Bidens pilosa, Tithonia diversifolia) or neotropical species that have become

pantropical weeds (e.g. Mimosa pudica, Stachytarpheta jamaicensis). By compar-

ison, relatively few naturalised species are found in forests and indeed alien plants

(often shrubs and small trees) are more frequently found in forest edges, clearings

or in secondary growth (e.g. Lantana camara, Clidemia hirta). The relative low

occurrence of naturalised alien species in forests is all the more striking given that,

even with deforestation, forests of some description still encompass one third of the

land cover in the East Usambara mountains.
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Fig. 8.2 Description of the alien plant species naturalised in the East Usambara mountains

in relation to (a) habitat, (b) geographic origin and (c) life-form (Data from Iversen 1991)
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A more detailed assessment of naturalised alien plants in forests can be gleaned

from systematic vegetation surveys within Amani Nature Reserve and the other

Forest Reserves (Table 8.2). Between 1996 and 2002, each protected area was

divided into a 450 m � 900 m grid within which one, 50 m � 20 m plot was

sampled in each grid square (Huang et al. 2003). Within each sample plot, every

tree with a diameter at breast height (dbh) <10 cm was identified. The regeneration

layer was recorded within nested 3 m � 3 m and 6 m � 6 m subplots at the centre

of each vegetation plot and all plants with a dbh <10 cm were recorded. Although

the sampling approach had an intensity of only 0.25 % it provides a means of

comparing the prevalence of naturalised alien plants within forests. Unfortunately,

there was no systematic attempt to identify the native or alien status of species and

conflicting categorisations occur among different surveys as well as between the

surveys and checklists of the East Usambara flora e.g.Mimusops kummel,Millettia
dura (Ruffo et al. 1989; Iversen 1991). Three broad groups of taxa can be discerned
among the most frequent aliens recorded in the reserves (Table 8.2): fruit crops

arising from home gardens (Artocarpus heterophyllus, Citrus aurantium,
Mangifera indica, Psidium guajava), multi-purpose trees planted around villages

(Albizia chinensis, Castilla elastica, Leucaena leucocephala, Manihot glaziovii)
and escapes from commercial timber plantations (Maesopsis eminii).

The mean level of invasion across the reserves was 2.10 % but marked differ-

ences existed among reserves with four reserves recording no alien trees whereas

over 8.78 % of species in Segoma were alien (Table 8.2). Species richness was

positively associated with both the area and elevational range of the reserves,

although natives showed the strongest relationship with elevation (Pearson’s

r ¼ 0.76, df 16, P < 0.01) while aliens were more strongly correlated with area

(r ¼ 0.60, df 16, P < 0.01). However, neither of these covariates explained signif-

icant variation in the level of invasion. Given the putative sources of many of the

aliens observed in the reserves, and the idiosyncratic species composition, it is

likely that proximity to villages, agricultural fields and plantations may prove to be

better explanatory variables of the level of invasion. For example, the relatively

large number of alien species recorded in Segoma is in part due to plants originating

from abandoned plantations immediately to the south-east, which primarily consist

of citrus and oil palm (Elais guinensis) with a number of rubber (C. elastica), cocoa
and jack fruit (A. heterophyllus) trees. A similar explanation exists for Amani

Nature Reserve which not only abuts many horticultural plantations but also

includes several within the actual reserve boundaries. Nevertheless, a number of

crop/ornamental trees appear to regenerate in these reserves such as Citrus spp.,
M. glaziovii, Senna siamea in Segoma, and A. pinnata, Citrus spp., C. elastica,
C. odorata, M. azedarach,M. eminii and S. campanulata in Amani. Understanding

the potential role of such propagule pressure, and its interaction with species traits,

on the likelihood of alien taxa colonising forests requires a detailed history of the

location and size of species introductions into the areas surrounding the reserves.

For most reserves this information is not available, but for the Amani Nature

Reserve a unique opportunity exists to explore these issues through the detailed

examination of escapes from the Amani Botanical Garden.
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8.4 Amani Botanical Garden and the Escape of Alien

Plants into Amani Nature Reserve

While the effects of disturbance (e.g. Colon and Lugo 2006), fragmentation

(e.g. Muthuramkumar et al. 2006) and species richness (e.g. Zimmerman

et al. 2008) on invasion can often be assessed post hoc, the effects of propagule

pressure are often difficult to discern since knowledge of the original numbers of

individuals introduced is usually not known or difficult to estimate. Few studies,

particularly in the tropics, have been able to account for propagule pressure when

assessing the drivers of plant invasion. To address this challenge, we describe a

unique natural experiment to assess the spread of introduced trees, shrubs and lianas

from botanic garden plantations into a surrounding mosaic of differentially dis-

turbed humid forest.

The Amani Botanical Garden (ABG) is situated in the lowland and submontane

rainforests of the East Usambara Mountains and effectively embedded within the

Amani Nature Reserve. The ABG was formally established under the German

administration in 1902, though after the First World War, the British managed

the gardens for agricultural research until the early 1950s, when the research station

closed and the herbarium was moved to Nairobi (Iversen 1991). Over 600 species

(mostly woody) were planted at ABG over a 30-year period from 1902 to 1930 in a

series of trial plantations (Dawson et al. 2008). The majority of species were

introduced for potential commercial gain, with economic development of the area

being the central goal (Iversen 1991). The botanical gardens are spread over some

300 ha, and originally consisted of 20 plantation blocks, divided into 141 compart-

ments; these compartments vary in shape and size, from 0.1 to 7 ha, and originally

contained almost 2,000 species plots of varying size (Greenway 1934). However,

the collections were subject to near abandon between 1948 and 1993. Accordingly

many accessions have been lost over the years and today, approximately only one

third of species and plots remain.

Detailed surveys of the original plantations were undertaken by Greenway

(1934) who recorded plot location, species survival and, in many cases, the planting

date as well as the numbers of individuals planted. Subsequent surveys of extant

plots and compartments were undertaken in 1963, 1997 and 2005 (Dawson

et al. 2008). This most recent survey found that out of the 214 alien plant species

surviving from the original plantings in the early twentieth century over half

showed no evidence of regeneration, 35 had set seed and produced seedlings with

no recruitment of adult trees, 38 had naturalised within the vicinity of the original

plot, while 16 had naturalised widely and were found in many of the botanical

garden compartments. Several of these species were also found established within

neighbouring secondary forest. Species were significantly more likely to occur in

forests if they had naturalised widely rather than locally (χ2 ¼ 15.53, df 1,

P < 0.0001) and the latter species were also mostly restricted to forest edges. Of

the 11 widely naturalised tree/palm species capable of naturalising in forest, seven

were also found in the other forest reserves across the East Usambaras (Table 8.3).
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Thus overall around 7 % of species introduced in ABG satisfy the criteria of being

invasive (sensu Richardson et al. 2000) through being able to disperse widely and

establish in semi-natural vegetation. This base rate is significantly higher than the

1–2 % observed in many floras (Hulme 2012) and may be indicative of a species

pool biased towards species able to establish in tropical forest environments. The

proportion of species that had been recorded elsewhere in the world as naturalised/

invasive was related to their status in ABG, with 94 % of widely and 79 % of locally

naturalising species being recorded as naturalised or invasive in another global

region, compared to 57 % of species that were only found regenerating in plots

and 49 % of species that showed no evidence of successful regeneration (Dawson

et al. 2008).

What determines these differences among species in their likelihood of

naturalisation and invasion? Further analysis on the patterns of naturalisation of

species in ABG has revealed that species with native ranges centred in the tropics

and with larger seeds were more likely to regenerate, whereas local naturalization

success was explained by longer residence time, faster growth rate, fewer seeds per

fruit, smaller seed mass and shade tolerance (Dawson et al. 2009a). Naturalised

species that spread more widely from original plantings tended to have more seeds

per fruit, often were dispersed by canopy-feeding animals and had their native

ranges centred on the tropics. Species dispersed by canopy feeding animals and

with greater seed mass were more likely to be established in closed forest. There

was no indication that species succeeding or failing to establish in either disturbed

or intact forest differed in the leaf traits that might be associated with shade

tolerance (Dawson et al. 2011). There was also no relationship between the degree

of herbivory observed on leaves in the field and the likelihood that a species would

naturalise widely (Dawson et al. 2009b). However, species establishing in disturbed

forest were planted in twice as many plantations while establishment in intact forest

was more likely for species planted closer to forest edges. Thus it appears leaf, life-

history and dispersal traits may be less important in the colonization of tropical

forest than introduction characteristics. Given sufficient propagule pressure or

proximity to forest, alien species are much more likely to become established.

Table 8.3 Alien trees and

palms that were introduced to

Amani Botanical Garden and

have subsequently naturalised

widely and established in

forest. Information is

provided on the species,

family and life-form

Species Family Life-form

Elaeis guineensis Arecaceae Palm

Arenga pinnata Arecaceae Palm

Cordia alliodora Boraginaceae Tree

Cedrela odorata Meliaceae Tree

Toona ciliata Meliaceae Tree

Castilla elastica Moraceae Tree

Psidium cattleianum Myrtaceae Tree

Psidium guajava Myrtaceae Tree

Syzygium jambos Myrtaceae Tree

Piper aduncum Piperaceae Tree

Maesopsis eminii Rhamnaceae Tree

Adapted from Dawson et al. (2008)
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In general, the importance of propagule pressure underscores the perils faced by

small founder populations early on in the establishment process in which

stochasticity in demography, the environment and/or genetics as well as Allee

effects will all reduce the probability of establishment of small founder populations

(Hulme 2011a). However, a further insight into propagule pressure effects can be

gleaned from these studies in Amani Nature Reserve. The Australian Weed Risk

Assessment (WRA) protocol was found to successful predict the extent of

naturalisation of 214 alien plant species introduced into ABG, rejecting 83 % of

widely naturalised species but accepting 74 % of species failing to regenerate

(Dawson et al. 2009c). Overall, the WRA score was a good indication of whether

a species would spread into open/disturbed habitats but performed poorly at

predicting which species might colonise forest. Further examination of these data

shows that the WRA score was also significantly correlated with the number of

plots planted (Pearson r ¼ 0.15, df 192, P <0.05). Thus the curators preferentially

introduced species with higher invasion potential, pre-selecting those that were

known to grow well in similar tropical climates and planting them more frequently,

compounding the likelihood that the species would be more likely to naturalise.

This appears to be a common finding for botanic gardens where species with known

invasion histories tend to be found more frequently in collections than more benign

species (Hulme 2011b).

Above the threshold introduction effort necessary for population persistence, the

relationship between propagule pressure and establishment success should be a

function of both how well matched the species is to the prevailing environment and

the ecological resistance of the recipient ecosystem. Indeed, propagule pressure

may reach such levels that it overcomes ecological resistance (Von Holle and

Simberloff 2005). However, disturbance and other habitat attributes are often

confounded with propagule pressure, since degraded areas tend to be close to the

site of invasion. To explore this interaction, a more detailed study in ABG

addressed the importance of propagule pressure and anthropogenic disturbance

(evidence of pole cutting, tree stumps etc.) by examining the spread of an intro-

duced tree, Cordia alliodora, from a single plantation of 210 trees into the sur-

rounding mosaic of humid forest (Edward et al. 2009). By assessing vulnerability to

invasion along transects radiating from the plantation, the effects of distance

(a measure of potential propagule pressure), and forest disturbance were discerned.

For all life stages, distance from source population was the strongest correlate of

density. A marked influence of disturbance was only found for seedlings. The

evidence suggests that propagule pressure was a more important determinant of

C. alliodora density than disturbance. If this is true for other alien tree species in

tropical forests, controlling for introduction effort is essential when assessing the

relative importance of different drivers of plant naturalisation.

The foregoing highlights that ABG is the primary source for the introduction of

more than one dozen species into closed canopy forests in Amani Nature Reserve.

While this is a small proportion of the total number of extant species in ABG, a

larger number are colonists of forest edges, riparian vegetation and disturbed forest.

It would seem logical that any management plan to address plant invasions into
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Amani Nature Reserve would need to address the future of ABG. This is probably

true of all plantations proximate to the few remaining fragments of forest in the East

Usambara mountains. The scientific value of the living collections in ABG is

limited since the majority of collections are of unknown provenance. Thus their

value for crop breeding and research is greatly reduced while the extensive collec-

tions of coffee and tea have largely eroded with only residual samples surviving.

The living collections are of little value to the local villages, apart from some timber

harvesting (e.g. Caesalpinia echinacea) and the collection of resin (e.g. Canarium
and Araucaria). The main value of the living collections appears to be aesthetics

and the opportunity to attract foreign income from tourists who might visit ABG.

However, such a rationale is not consistent with aspirations to conserve biodiversity

in the Amani Nature Reserve. Thus, in the case of ABG the usual context of botanic

gardens supporting conservation seems clearly outweighed by the risks it poses

with regarding to escape of alien plants (Hulme 2011c). Nevertheless, the focus on

the rehabilitation of ABG remains an important goal in the management plan for

Amani Nature Reserve (Sandy et al. 1997; Doody et al. 2001c). A potential solution

may be to use tools such as the Australian WRA to identify high risk taxa and

prioritise selective removal of these plantations and their ‘feral’ trees. However,

attempts to date to take a pro-active line of attack against invasive alien plants have

highlighted conflicts in such an approach and the difficulty in assessing long-term

impacts of plant invasions in the East Usambara mountains.

8.5 Is Maesopsis eminii a Threat to the East

Usambara Mountain Forests?

Although a variety of species have spread into the forests of the Eastern Arc

Mountains and could potentially pose a threat to the integrity of these tropical

forests, one species in particular, M. eminii, has received the lion’s share of

attention. Although introduced to the Eastern Arc Mountains, M. eminii is among

the most widely distributed of African lowland forest tree species occurring from

West Africa in Togo and Nigeria, to Congo and southern Sudan while in East Africa

it occurs naturally from West and Southern Uganda to the north-western regions of

Tanzania and western Kenya. While primarily a lowland forest species found in

forest gaps and secondary regrowth,M. eminii is usually an uncommon tree with the

exception of the forest-savannah boundary in Uganda where it may become dom-

inant. Outside of Africa, M. eminii has been widely disseminated across the tropics

in timber plantations (Puerto Rico and Fiji), as a shade tree for coffee plantations

(India, Indonesia) and elsewhere in Asia as an agroforestry tree (Buchholz

et al. 2010).

Attributes that probably facilitateM. eminii naturalisation and spread include its
fast growth and survival on poor soils, ability to reproduce after 4–6 years, and the

attractiveness of its fruit to a wide range of vertebrate seed dispersal agents
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(Bingelli and Hamilton 1993). The species has naturalised in most regions where it

is grown but has only been reported as an invasive of concern in Tanzania (Eastern

Arc Mountains and Pemba island) and Puerto Rico (Hall 2010). In the East

Usambara mountains, M. eminii was initially planted in the early twentieth century

at Amani and Longuza from which spread was noted within a decade (Moreau

1935). Having been found to grow well at both sites it was widely planted after

logging in Kwamkoro forest and used as a nursery tree for plantations of the

endemic timber tree Cephalosphaera usambarensis (Bingelli and Hamilton

1993). As primarily a pioneer species, M. eminii colonises forest gaps and second-

ary forests and is believed to be extremely competitive in this context in comparison

with other gap species in the East Usambara mountain forests (Binggeli 1989;

Cordeiro et al. 2004). The species is now widespread in the East Usambara

mountain forests and has been found to comprise over 30 % of large trees

(>20 m) in secondary forest and 6 % in more pristine forest (Hall et al. 2011). As

a result much of the focus on its potential impact has addressed the question as to

whether by colonising forest gaps it is capable of altering forest structure.

IfM. eminii is able to retain sites following colonisation then the potential exists
for it to alter forest succession by limiting opportunities for late-successional native

species. The evidence indicates that while M. eminii is able to establish under its

own canopy through seedling regeneration and epicormic shoots (Binggeli 1989)

this is not to the exclusion of late-successional native species (Viisteensaari

et al. 2000). Although M. eminii was widespread in disturbed forests in the 1980s

(Binggeli 1989) more recent evidence suggests that following a subsequent reduc-

tion in timber extraction and disturbance, the species has become less abundant

though is still common (Cordeiro et al. 2004; Hall et al. 2011). Thus predictions that

M. eminii would establish a novel type of secondary forest (Binggeli 1989) to the

exclusion of many native species have been proved incorrect. However, on the

other hand, evidence that native species can regenerate under aM. eminii canopy is
not in itself sufficient to support the claim made by Viisteensaari et al. (2000) that

the alien pioneer poses no risk to the Eastern Arc Mountain forests. Although native

primary forest species can establish under the M. eminii canopy, whether the

community regenerating under these circumstances is similar to that found under

native pioneers remains unknown. Reductions in soil quality as a result of high leaf

litter decomposition and changes in soil pH have been noted for M. eminii (Hall
2010) and may alter which native late successional species successfully colonise

these sites. Furthermore, while most attention has been on the regeneration of late

successional species, M. eminii may have significant impact on the recruitment of

native pioneers. Neither of these aspects has been explored but the existing plan-

tations in the Eastern Arc Mountains provide a substantial seed source that may

strongly bias the propagule pool colonising forest gaps towards M. eminii. Such
propagule pressure will be enhanced by the regular and copious seed production

combined with effective long-distance seed dispersal by silver-cheeked hornbills

(Ceratogymna brevis), that can disseminate seeds up to 4 km from source plants

(Cordeiro et al. 2004).
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Given this scenario, is management to reduce the propagule pressure of

M. eminii feasible or even desired? Since the declaration of Forest/Nature Reserves
was primarily for ensuring their protection in perpetuity, future management plans

may consider the felling of M. eminii, which might be a solution with benefits to

both conservation and local communities. However, currently any harvesting of

trees is prohibited in these protected areas. Felling itself causes problems and can

facilitate further colonisation of felled area by M. eminii and other alien species

(Binggeli 1989) and thus should only be considered if followed by enrichment

planting with native taxa. Alternatives to felling, such as ring-barking, have been

trialled but take more than 4 years to kill trees (Hall 2010), would be labour

intensive and provide little net economic benefit to local villagers. Furthermore,

national forest policies restricting the use of native hardwood trees has led to

farmers planting M. eminii as a source of timber and firewood such that they may

facilitate its regeneration within their agroforestry systems (Hall et al. 2011).

Although M. eminii may now be too widespread for eradication or even local

control to be feasible, the foregoing emphasises the need for scientifically sound

advice regarding not only the potential impact of an alien species on native

biodiversity but also an assessment of which mitigation strategies might be

most appropriate. Thus, while the direct economic benefits of M. emini have not

been gauged the species highlights the research, control and social challenges of

managing an invasive agroforestry tree in the tropics.

8.6 Aliens in Protected Areas: Lessons Learned

from the Eastern Arc Mountains

A common, albeit unsurprising, feature of the occurrence of alien trees in the

Eastern Arc Mountains is the overwhelming importance of propagule pressure in

the representation of species found colonising forests. Although many species

appear to be restricted to disturbed forests, evidence from C. alliodora highlights

that high propagule pressure may overcome the ecological resistance of relatively

undisturbed forest. Given an annual population growth rate of about 3.5 %, equiv-

alent to the population doubling every 20 years, C. alliodora poses a potentially

significant threat to the East Usambara as well as other humid forests where it is

promoted for agroforestry (Edward et al. 2009). Yet similar dire predictions have

been made for other alien trees such asM. eminii, and this species has revealed that
a far greater understanding of the demography and community dynamics is required

to assess possible long-term impacts. Such information is urgently required and

there is therefore a critical need for building local capacity in the assessment and

management of biological invasions in East Africa. However, while resources are

low, the Eastern Arc Mountain forests have more staff per hectare and more donor

support than any other natural forests in Tanzania (Rodgers 1998; CEPF 2003).

Better targeting of capacity building of local rather than overseas staff and towards
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management rather than cataloguing biodiversity would seem to be a priority.

A further, overwhelming challenge may be the conflict between managing invasive

species and local livelihoods since, as the studies of Amani Botanical Garden have

shown, many agroforestry trees are also likely to colonise secondary and even

relatively pristine forest. This conflict is likely to be played out across most tropical

regions where low incomes and high population growth rates coincide with high

biodiversity. Resolving these conflicts requires not only recognition that alien

plants may pose environmental problems in the region but also a level of capacity

among local managers and their institutions that will allow them to make their own

decisions on managing and monitoring alien plants. This could include retraining of

field staff, new research and extension packages as well as revisions to existing

management plans regarding alien plants and their management. Capacity building

activities related to invasive plant management in the Eastern Arc Mountains

should prioritise:

(i) Establishment of research programmes to understand more about invasive

plants, their distribution and abundance, temporal trends and assessment of their

impact in order to manage them from an informed perspective. (ii) Development,

trialling and dissemination of sustainable methods and technical advice for the

removal of invasive alien plants that will limit indirect impacts on native biodiver-

sity, re-invasion and water quality issues (soil erosion, herbicides etc.). (iii) Con-

sideration of the potential for using biological control agents to limit spread of

invasive alien agroforestry species where such agents do not negatively affect the

economics of production (e.g. seed feeders/pathogens where seeds are not a valued

crop). (iv) Identification, screening and promotion of alternative species in agro-

forestry that are preferably native or, if alien, have a low risk of invasion and are

easy to contain within agricultural systems. (v) Production and dissemination of

information to raise public awareness and capability regarding the identification,

impact assessment and management of invasive plant species. (vi) Data manage-

ment, archiving and sharing to ensure efforts across the Eastern Arc Mountains can

be coordinated and lessons learnt in one region transferred to other areas.

A first step would be to consider conducting customised training programmes

(stand alone short courses, workshops, and elements in existing courses, etc.) for

different stakeholders e.g. policy-makers, scientists, extension workers and affected

communities to raise capacity. These training programmes would aim to increase

capability in topics such as invasive plant awareness, risk analysis, alien plant

identification, invasive species management, data management, accessing and

using global invasive species information sources, communication and teaching

of invasive species issues, and promotion of both compliance as well as enforce-

ment of invasive species guidelines. Furthermore, there remains a requirement for

the Tanzanian government to facilitate the implementation of effective invasive

species management programmes including setting of invasive plant species clas-

sification standards, public awareness, advocacy and organisational skills. Thus

there is also a need to strengthen the enabling policy environment for invasive alien

species management. It has long been recognised that government and community

partnerships, supported by international, national and local NGOs will be essential
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to resolve large scale environmental problems in the Eastern Arc Mountains

(Rodgers 1998). While these partnerships now exist in the region they have not

been mobilised to address the conflicts arising from the use of alien species.

Hopefully, our appraisal of the current situation regarding alien plant species in

the Eastern Arc Mountains will provide the stimulus and impetus for greater

momentum in initiatives to address plant invasions in the region.
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Chapter 9

Invasive Plants in the Floodplains

of Australia’s Kakadu National Park

Samantha A. Setterfield, Michael M. Douglas, Aaron M. Petty,

Peter Bayliss, Keith B. Ferdinands, and Steve Winderlich

Abstract Kakadu National Park is Australia’s premier protected area and one of the

few World Heritage areas listed for both its natural and cultural heritage values.

Kakadu National Park encompasses vast areas of seasonally inundated wetlands that

support an outstanding abundance of biodiversity, particularly birds and fish. The

wetlands provide critical resources for the Indigenous landowners and are also amajor

tourist attraction. The international importance of Kakadu National Parks’ wetlands is

also reflected by their listing under the Ramsar Wetlands Convention. Unfortunately,

these wetlands are under substantial threat from a range of high impact invasive alien

plants. The response of managers to different invasive alien plants has varied sub-

stantially. For example, the response by Kakadu National Park managers to the threat

from the alien shrub Mimosa pigra has widely been used as a case study of best
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practice. The response was rapid, appropriately resourced, consistent over time and

well-monitored. In contrast, the response to two aquatic invasive alien grass species,

Hymenachne amplexicaulis and Urochloa mutica, has been relatively poor. Subse-

quently, whereas M. pigra remains under control, with a limited number of small

infestations, the alien grasses have spread extensively in recent years and now pose a

substantial threat. This chapter explores the history, invasion and management

response to invasive alien grass management in Kakadu National Park. We suggest

actions that should commence immediately to avoid wasting the past efforts made to

save Kakadu National Park’s wetland ecosystems from M. pigra, and prevent their

conversion into invasive alien grass dominated systems.

Keywords Australia • Best practice • Hymenachne amplexicaulis • Kakadu

National Park • Mimosa pigra • Urochloa mutica

9.1 Introduction

A protected area (PA) is defined “as a geographical space, recognised, dedicated

and managed, through legal or other effective means, to achieve the long-term

conservation of nature with associated ecosystem services and cultural values”

(Dudley 2008). In Australia, this includes mainland and offshore PAs managed

by the Federal Government, and PAs within each of the six States and two

Territories of Australia. The nationwide network of Australia’s parks and reserves

is called the National Reserve System, which was established in 1992. It brings

together the range of parks, reserves, private PAs and Indigenous PAs, into a single

system to conserve Australia’s unique biodiversity (Sattler and Taylor 2008).

The system now covers nearly 13 % of the Australian land mass. Across such a

large network of PAs, managers have to respond to numerous threats, including

climate change, invasive alien plants (IAPs) and animals, fire and mining. In this

chapter we focus on the threat and management of IAPs on the extensive flood-

plains within Australia’s most iconic PA, Kakadu National Park (KNP).

9.2 Kakadu National Park: Australia’s Premier

Protected Area

Kakadu National Park (Fig. 9.1), located approximately 200 km east of Darwin in

Australia’s Northern Territory, is the country’s largest national park (Wellings

2007). It is one of the world’s premier PAs and also one of the few World Heritage

areas listed for both its natural and cultural values (Wellings 2007). Kakadu

National Park was declared in three stages between 1979 and 1991 (Press and

Lawrence 1995). Prior to becoming a national park, parts of KNP were under

grazing lease for cattle (Bos primigenius). Large herds of feral buffalo (Bubalus
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Fig. 9.1 Location of (a) Kakadu National Park, 200 km east of Darwin in Australia’s Northern

Territory and (b) the location of the major seasonally inundated rivers and their floodplain: West

Alligator, Wildman, South Alligator and East Alligator
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bubalis) were also exploited for meat, hides and horns (Levitus 1995). As a result,

some of the management problems in KNP, such as ecosystem disturbance and

invasions of some alien plants, are a legacy of the previous land use and manage-

ment practices (Cowie and Werner 1993).

Kakadu National Park is often described as a living cultural landscape because it

has been continuously inhabited for at least 50,000 years (Roberts et al. 1993;

Roberts and Jones 1994). Approximately half of KNP is Aboriginal land under the

Aboriginal Land Rights (Northern Territory) Act 1976, and most of the remaining

area of land is under claim by Aboriginal people. Management of KNP occurs

under a co-management arrangement between the Aboriginal traditional owners

(Bininj/Munguy) and the Australian Government (Director of National Parks),

through a joint Board of Management (Wellings 2007).

Kakadu National Park contains a range of landscapes, from the coastal estuaries

in the north, through extensive seasonally flooded wetlands, to vast areas of

Eucalyptus-dominated tropical savanna forests and woodlands, through to the

Arnhem Land sandstone plateau in the east (Russell-Smith 1995). Many of the

ecological features of KNP result from its location within the monsoonal tropics,

with its distinct high-rainfall wet season followed by extended drought in the dry

season (Taylor and Tulloch 1985). Kakadu National Park receives 1,300–1,500 mm

of rain, with most occurring between November and April. This concentrated

period of rain in an area of low topographic relief has led to the formation of the

extensive wetlands in the region (Finlayson et al. 1990). Each wet season, water

spills over the river levees, slows and spreads out to fill their vast, shallow

floodplains to a depth of several meters (Douglas et al. 2005; Fig. 9.2). The

Fig. 9.2 Magela floodplain, inundated during the wet season, showing typical patchy mosaic of

mixed grasses, sedges and water lily communities (Photo Michael Douglas)

170 S.A. Setterfield et al.



floodwaters gradually recede or evaporate over the dry season so that most of the

floodplains have no surface water from August to December (Douglas et al. 2005;

Fig. 9.3). The KNPs wetlands occur within the catchments of the Wildman, West

Alligator, South Alligator and East Alligator Rivers (Fig. 9.1).

9.3 Ecology, Function and Significance of Kakadu

National Park’s Floodplains

As the floodplains become inundated, there is rapid aquatic plant growth. The

extensive floodplains support a diverse mosaic of grass and/or sedge dominated

communities reflecting geomorphic features, including drainage depressions, perma-

nent and semi-permanent swamps and billabongs, and a wide range of more briefly

inundated systems (Finlayson et al. 1990; Cowie et al. 2000). Many plant species are

widely distributed in other tropical regions of the world (Pettit et al. 2011), with

common species including Oryza spp. (wild rice), Eleocharis spp. (spike-rush),

Hymenachne acutigluma (native hymenachne), Pseudoraphis spinescens (water

couch) and water lilies (Nymphaea spp. and Nymphoides spp.; Finlayson 2005). As

the floodwater recedes many plants senesce, often surviving the dry season as

dormant seeds, tubers or corms (Finlayson 2005). The Northern Territory floodplain

flora is generally divided into three broad groupings; saline/semi-saline, dry fresh-

water and wet freshwater (Wilson et al. 1991; Cowie et al. 2000). The invasive

alien grasses discussed in this chapter preferentially invade and transform the fresh-

water communities. These communities are typically dominated by native grass, for

example, Leersia hexandra (southern cut grass), Oryza spp., P. spinescens,
H. acutigluma and Eleocharis dulcis (water chestnut – sedges; Cowie et al. 2000).

Fig. 9.3 Cracking clay

soils of the floodplain

during the extended dry

season (Photo Aaron Petty)
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The seasonal wetting and drying of the KNP floodplains supports a high diver-

sity of species (Finlayson et al. 2006). Freshwater fish abundance and diversity in

KNP are both high by Australian standards (Allen et al. 2002), with the greatest fish

diversity within KNP supported by the river channel and floodplain environments

(Cowie et al. 2000). The floodplains are internationally known for the number and

diversity of water birds that they support, providing food resources for many of

these species, and are also important breeding sites for five migratory species,

magpie geese (Anseranas semipalmata), plumed whistling-duck (Dendrocygna
eytoni), wandering whistling-duck (Dendrocygna arcuata), radjah shellduck

(Tadorna radjah) and comb-crested jacana (Irediparra gallinacean; Bayliss and

Yeomans 1990; Chatto 2006; Finlayson et al. 2006). Over 172,000 water birds were

counted within the upstream South Alligator River floodplains during October 2001

(Chatto 2006). Up to 27 % of the Northern Territory’s breeding water bird popu-

lation is within KNP, with the South Alligator floodplains regarded as the third most

important nesting habitat area in the Northern Territory (Bayliss and Yeomans

1990). The transformation of these wetlands thus poses substantial ramifications for

a range of species.

As indicated, KNP is jointly managed by its Indigenous traditional owners. The

integrity of the wetlands is also important because they provide traditional foods

(‘bush tucker’), such as magpie goose, fish, turtles (Chelodina rugosa), Nelumbo
nucifera (lotus lily), and other products such as wood and fibre for weapons,

utensils, weaving, and traditional medicines (Lucas and Russell-Smith 1993). In

addition, there are culturally significant sites on the floodplains and access to these

sites and their maintenance is important. Kakadu National Park attracts national and

international tourists, making it an important economic asset to the Northern

Territory and Australia (Tremblay 2007).

9.4 The Threat from Invasive Alien Plants

The seasonally inundated floodplain ecosystems are being substantially impacted

by three major IAPs: M. pigra, a woody shrub, and two grasses, U. mutica (para

grass) and Hymenachne amplexicaulis (olive hymenachne, Figs. 9.4a–c, and 9.5).

Mimosa pigra (giant sensitive plant) and H. amplexicaulis are included in the list of
Australia’s Weeds of National Significance (Thorp and Lynch 2000). Urochloa
mutica and H. amplexicaulis are listed as part of a group of five species recognised

as a Key Threatening Process under Australia’s Environmental Protection and

Biodiversity Conservation Act (EPBC; Anonymous 2009; Department of Sustain-

ability, Water, Population and Communities 2009). We describe the differences in

the introduction, spread and management response to these species, and the likely

consequences over the next few decades if current management approaches do not

change substantially.
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Fig. 9.4 (a) Infestations of

Mimosa pigra outside
Kakadu National Park

convert grassland to

shrubland (b) Urochloa
mutica forms dense

monocultures displacing

native grasses and sedges

(c) Hymenachne
amplexicaulis also forms

dense monocultures. It is

listed as one of Australia’s

weeds of national

significance. This photo is

from the Mary River

floodplain, neighbouring

KakaduNational Park, and is

an analogue of the invasion

that may occur in KNP if this

species is not controlled

(Photo (a) Michael Douglas

(b) Michael Douglas

(c) Aaron Petty)
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9.4.1 Case Study 1: Control of Mimosa pigra: An Example
of Best Practice Invasive Alien Plant Management

Mimosa pigra is an invasive woody shrub, native to tropical America, which was

probably first introduced to the Botanical Gardens in Darwin in the mid-nineteenth

century (Miller and Lonsdale 1987). It is a hard-seeded, thorny, leguminous shrub

which grows up to 6 m in northern Australia; substantially taller than in its native

range where it grows to 1–2 m. It is considered to have demonstrated a ‘textbook’

lag-phase of IAP invasion. There was reportedly relatively little spread around

Darwin for 60–80 years after its introduction, followed by a large infestation being

discovered in 1952 in the upper reaches of the Adelaide River, 100 km south of

Darwin (Miller et al. 1981). Despite M. pigra’s limited distribution, its potential

impact was recognised and it was declared a noxious weed in the Northern Territory

in 1966 (Miller et al. 1981). However, irrespective of its status as “a plant that

should be eradicated” (Miller et al. 1981) and the limited number of populations,

the resources available for management were insufficient and sporadic. As a result,

M. pigra soon spread downstream of the upper reaches of the Adelaide River

Fig. 9.5 Distribution of Urochloa mutica on the (a) Wildman and West Alligator floodplains, and

(b) Magela floodplain in Kakadu National Park, recorded from helicopter survey (250 � 250 m

pixels)
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resulting in “plants scattered over approximately 4,000 ha” in 1980 (Miller

et al. 1981). Between 1980 and 1989 M. pigra spread from 4,000 ha to 80,000 ha

in the Northern Territory (NT Government 1997). Although the spread of M. pigra
has been reduced by the use of an integrated management approach, including

herbicide, physical and biological control (Paynter and Flanagan 2004), it is now

estimated that approximately 140,000 ha of the Northern Territory have been

invaded (Burrows and Lukitsch 2012). This includes significant areas of floodplains

bordering Kakadu; approximately 10,000 ha in the Mary River on the western

boundary and 4,000 ha in the East Alligator/Murganella-Cooper East Alligator

(Walden et al. 2004).

When comparing the successful management ofM. pigra in KNP to other IAPs,

it is important to recognise that when the first M. pigra plants were discovered in

Kakadu in 1981, it was already a declared noxious weed and land managers had a

legislative requirement to manage it (Miller et al. 1981). It was unequivocally

considered an IAP in Australia with detrimental impacts for all users of the

floodplains. Additionally, evidence had been documented to demonstrate that

control was extremely difficult to manage once infestations were well established

(Miller and Lonsdale 1987). As such, the threat to KNPs wetlands was clearly

recognised and park management immediately implemented a strong management

response. Initial M. pigra infestations were located by staff or visitors, but a

systematic survey and eradication programme was soon implemented (Cook

et al. 1996). In 1984 two people were employed, and within 2 years this increased

to a team of four people dedicated to M. pigra control (Cook et al. 1996). In

a continuing example of best practice management, the four-person team continues

to operate to this day, locating, mapping and eradicating new populations

(Hunter et al. 2010). The team currently monitors approximately 260 plots, visiting

each three times a year.

Kakadu National Park’s approach toM. pigra control formed part of an effective

regional strategy because the KNP infestations were the satellite outliers, or the

‘nascent foci’ (sensu Moody and Mack 1988) of large main infestations in Oenpelli

floodplain to the east and Mary River floodplain to west (Cook et al. 1996). Initially,

control efforts on the floodplains neighbouring KNP focused on controlling the

large established populations with limited success, as the outliers expanded rapidly.

For example, in the Oenpelli floodplain, M. pigra expanded from several plants to

nearly 6,000 ha between 1984 and 1991, doubling in area every 1.4 years (Cook

et al. 1996). Consequently, by the time control was attempted at Oenpelli it required

millions of dollars to implement. Between 1991 and 1996, nearly $7 million of

Australian Government funds (along with $2.1 million of NT Government in-kind

support) were committed to the control of the Oenpelli infestation, with over

60 tonnes of herbicide applied over 5 years (Walden et al. 2004). On-going funds

for follow-up programmes on the Oenpelli floodplain have also been provided, and

are particularly important given the longevity (up to 20 years) of the seed (Lonsdale

et al. 1988).

The contrast between the approach in Oenpelli and KNP is significant. Storrs

et al. (1999) calculated the cost of control in KNP to approximately $2 ha�1 year�1,
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whereas the spray programme to control the large M. pigra infestation at Oenpelli

cost $220 ha�1 year�1 for 5 years, with follow-up control requiring funds of at least

the same cost as the KNP programme. The KNP control approach became a model

approach throughout the region (Storrs et al. 1999).

9.4.2 Case Study 2: Management of Urochloa mutica:
A Legacy of Past Land Use

The management response to M. pigra in KNP and the broader region of northern

Australia provides a stark contrast to that for U. mutica. It also provides a valuable

lesson for the management of multiple IAPs in other high value conservation areas.

Urochloa mutica is a semi-aquatic stoloniferous grass that was introduced to

Queensland, Australia, from Brazil or North Africa in the 1880s (Douglas and

O’Connor 2004). The first record of U. mutica in the Northern Territory was from
the Darwin Botanical Gardens in the late 1800s (Wesley-Smith 1973). Urochloa
mutica was promoted as a desirable replacement to native grasses on the flood-

plains because of a number of attributes, such as rapid spread, high yield,

tolerance of waterlogging and drought, and recovery from heavy grazing (Anning

and Hyde 1987). It is promoted as being highly palatable and capable of

supporting a larger carrying capacity than native pastures (Cameron and Lemcke

1996), although this has been contested (Calder 1981; Rea and Storrs 1999). More

recently, U. mutica was also used to suppress the regrowth of M. pigra following

chemical treatment (Miller and Lonsdale 1992; Grace et al. 2004) and to stabilise

earthworks, such as small dams constructed to provide water for cattle and fire

fighting (Beggs 2012).

The negative impacts of U. mutica were first recognised at least 70 years ago in

agricultural systems. Winders (1937) noted that “para grass has come to be looked

upon with disfavour in certain areas (particularly on the Upper Tweed River in New

South Wales), because of its habit of invading irrigation channels and small streams

and impeding the flow of water. The grass may also assume pest proportions”. By

the 1960s, it was considered to be one of the worst IAPs in irrigation channels in the

tropical Kimberley region of north-west Australia, and trials were undertaken to test

the effectiveness of chemical control methods (van Rijn 1963). Before KNP was

declared a national park, U.muticawas planted on a small scale at Canon Hill in the

1930s (Christian and Aldrick 1977) and in the Wildman and East Alligator catch-

ments in the 1960s and 1970s (Salau 1995).

In Australia there was little attention or resources directed to areas set aside for

protection of conservation values at this time, let alone preventing the use of

agricultural plants (Cook and Dias 2006). However, in the late 1980s concerns

were raised at land management meetings (Cowie and Werner 1987). In 1991, a

report to the Federal Government identified IAPs that posed major threats to

natural habitats, stated that “some serious and very serious weeds are deliberately
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planted” (Humphries et al. 1991). The report listed U. mutica as one of the

18 most serious environmental weeds in Australia. Unfortunately, the report did

not result in a strong management response by the NT Government or PA

managers in northern Australia. Urochloa mutica continued to be promoted by

government agriculture departments and other non-government land management

organisations, with no restrictions on locations for planting or precautions to

prevent spread (Friedel et al. 2010). During this period, U. mutica was planted

in the wetlands on KNPs eastern and western boundaries for pasture production

and as part of theM. pigra control strategy (Cameron and Lemcke 2003), ignoring

warnings that it may prove an even more intractable problem thanM. pigra (Cook
and Setterfield 1995).

9.4.2.1 The Spread of Urochloa mutica Within Kakadu National Park

In the 1970s U. mutica was planted at Four Mile Hole Billabong in KNPs Wildman

catchment (Fig. 9.1), and in the early 1990s the distribution in KNP was still

relatively limited. In 1995 the invasion was described as “satellite infestations

scattered for approximately 2 km down the floodplain” (Salau 1995; Walden and

Bayliss 2003). By 2012, a systematic aerial survey of 95,700 ha of the Wildman and

West Alligator floodplains was conducted, assessing 250 � 250 m (6.25 ha) quad-

rants. The results showed that 3,440 ha contained low levels of U. mutica, with
440 ha being more than 50 % invaded.

Urochloa mutica was first reported in KNPs Magela Creek catchment in 1946

on the Cannon Hill floodplain (Christian and Aldrick 1977, Fig. 9.1). In 1968/69,

U. mutica was one of a range of species trialled by the NT Government within

paddocks at Mudginberri in the upper Magela floodplain which was a pastoral

property at the time (Miller 1979). This planting was limited in extent (<100 ha)

and not considered very successful due to the significant effort required to plant

runners and limited establishment success (Geoff Cross, pers. comm.). However,

U. mutica spread from this site and by the mid-1990s, invasion was described as

spreading from Mudginberri to the north of Nankeen billabong (Salau 1995),

some 20 km away. The middle reaches of the Magela floodplain were highly

suitable for U. mutica. Knerr (1996) used aerial photographs to determine the

change in distribution of U. mutica and estimated that it expanded from 132 to

422 ha between 1991 and 1996. The increase in the area of U. mutica caused a

corresponding decrease in area of wild rice (Oryza meridionalis) (Knerr 1996). In
2008/2009, we completed systematic aerial survey of 35,700 ha of the Magela

Floodplain, assigning each 250 � 250 m (6.25 ha) into a 5-point cover class as

described previously. This survey showed that 8,412 ha contained some invasion

by U. mutica, with 1,637 ha in the densest cover class (>50 %). Taking cover

class into account, over 2,200 ha of U. mutica now occurs on the floodplain.
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9.4.2.2 Negative Impacts of Urochloa mutica Invasion

In response to the concerns of the U. mutica invasion, a detailed study of the impacts

of U. mutica on aquatic ecosystems in KNP (Douglas et al. 2001) showed significant

negative effects on native vegetation. Compared to native Oryza spp. and

H. acutigluma communities, U. mutica communities had significantly lower plant

biodiversity, particularly during the dry season. In a comparison of the relative

impacts of M. pigra and U. mutica invasion (Bayliss et al. 2012), re-analysis of

experimental data from the Oenpelli floodplain (Cook 1992) showed that in sites with

100 % cover ofM. pigra, 14 % of native floodplain plant species remained, whereas

with 100 % cover of U. mutica resulted in complete loss of native plant species

(Bayliss et al. 2006, 2012). Urochloa mutica does not support the fledging growth

rates of magpie goose goslings obtained from a diet of native grasses and this can be

fatal (Whitehead and Dawson 2000; Whitehead et al. 2000). Magpie geese may also

be detrimentally affected by U. mutica invasion as they preferentially nest in

Eleocharis and wild rice (Bayliss and Yeomans 1990; Corbett and Hertog 1996).

Urochloa mutica also has different fuel characteristics compared to the native

grasses it replaces (Douglas and O’Connor 2004). For example, U. mutica produces

approximately twice the dry season fuel load of Oryza spp. While U. mutica has a

similar fuel load to the native perennial H. acutigluma it produces taller, drier fuel,

increasing fire intensity. This may facilitate the displacement ofH. acutigluma, which
is fire sensitive, and damages other fire-sensitive woody vegetation including Mela-
leuca (paperbark; Figs. 9.6 and 9.7) and rainforest. On the Magela floodplain,

Fig. 9.6 High intensity fires that are fuelled by Urochloa mutica cause death of Melaleuca spp.

overstory (Photo Damien McMaster)
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U.mutica is responsible for a reduction in the area of monsoon vine forest adjacent to

the floodplain. More intense fires also pose a threat to turtles that aestivate in the

floodplain soil during the dry season, presumably as they are unable to dig through

the dense fuel to the soil, or are killed by fire even while buried.

Fig. 9.7 Distribution of Hymenachne amplexicaulis on the Wildman and West Alligator flood-

plains in Kakadu National Park, recorded from helicopter survey (250 � 250 m pixels)
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9.4.2.3 Urochloa mutica Management

Whereas managers of KNP responded immediately to the invasion ofM. pigra, the
response to U. mutica was far more delayed and was allocated significantly fewer

resources. A ‘grassy weeds team’ of two people was established in 2003 to support

the mimosa management team and KNP rangers to undertake work on U. mutica
and other grassy IAPs (Parks Australia 2012). At that point there were already large

invasions across a number of catchments. Preventing further spread of U. mutica
would have been a difficult management goal even if the team was dedicated to just

this species and on one floodplain. However, the grassy weeds team was also

responsible for the management of three other very problematic terrestrial grassy

IAPs, Pennisetum pedicellatum (annual mission grass), P. polystachion (perennial

mission grass) and Andropogon gayanus (gamba grass). This means that the staff

allocated to U. mutica control was effectively one-eighth of that allocated to M.

pigra. In reality the other species, particularly P. pedicellatum and P. polystachion,
took the majority of the team’s time. The result of these resource limitations was

that early detection of new populations and rapid management response was

significantly less for U. mutica than it was for M. pigra.

9.4.3 Case Study 3: Hymenachne amplexicaulis:

The Accidental Tourist

Unfortunately, managers of KNP and other PAs in northern Australia have also had

to respond to invasion by another high impact, semi-aquatic grass. Hymenachne
amplexicaulis is a relatively recent introduction into northern Australia. It was

introduced as part of an on-going programme to find and use new species for

primary production, despite the early and consistent warnings about the potential

spread of introduced pasture grasses to non-pastoral areas (Clarkson 1991, 1995;

Cook and Setterfield 1995; Csurhes et al. 1999). Hymenachne amplexicaulis is a
perennial grass that commonly grows to between 1 and 2.5 m. The (incorrect)

assessment that U. mutica was limited to habitats with water depths less than

50–60 cm was used as a rationale for introducingH. amplexicaulis and Echinochloa
polystachya (aleman grass), another semi-aquatic grass, as they were suited to

growing in seasonally inundated areas up to 2 m deep (Pittaway and Chapman

1996). The first experimental planting occurred in Queensland from plant material

introduced in 1983 (Wearne et al. 2010). In 1988, Hymenachne amplexicaulis
cv. ‘Olive’ was approved for release by the Queensland Herbage Plants Liaison

Committee (Wildin 1989). Initially, H. amplexicaulis was primarily promoted for

use in ‘ponded pastures’, that is, artificially created wetlands for grazing purposes.

This new species allowed grazers to build and graze deeper ponds than they were

able to with U. mutica or native grasses. In the Northern Territory,H. amplexicaulis
was also being promoted as a more productive pasture species for floodplain areas
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(Cameron 1999) and was planted for this purpose on the Adelaide, Daly, Finniss

and Mary River floodplains, and at Arafura Swamp in northern central Arnhem

Land. It was also used to suppress seedling growth of M. pigra (Paynter 2004).

Concerns were raised soon after the release of H. amplexicaulis because it

showed evidence of spread from planted areas (Clarkson 1991). Like U. mutica,
H. amplexicaulis was clearly another ‘conflict’ species that was promoted for

pastoral use across northern Australia despite concerns for conservation areas or

other users. However, there were some important differences to the introduction

and spread of U. mutica. By the time of H. amplexicaulis’s release, there were

already scientists, conservation managers and others raising concerns about pasture

grasses, particularly these aquatic pasture species. Calls were made for the need for

restrictions on the use of H. amplexicaulis, such as localised planting in sensitive

areas, monitoring spread and management approaches to limit spread (Clarkson

1991; Humphries et al. 1991; Csurhes et al. 1999). During the 1980–1990s, IAP

monitoring and reporting became increasingly systematic as GPS units and other

technological devices were developed. As a result, documented evidence of

populations of H. amplexicaulis in non-pastoral areas were widely reported and

further concerns raised nationally. Importantly, early sites of invasion by

H. amplexicaulis had an impact on another powerful agricultural sector, the sugar

industry, by blocking water flow in irrigation channels. In 1999, barely a decade

after its official release, H. amplexicaulis was listed as one of Australia’s 20 Weeds

of National Significance (WoNS, Thorp and Lynch 2000). It took another 4 years

before it was declared a noxious weed in Queensland (July 2003) and 6 years

(November 2005) before it was declared as a weed in the Northern Territory.

By the time the first infestations were located in KNP in 2001, H. amplexicaulis
was officially considered one of Australia’s worst IAPs. Unfortunately, before it

was declared a noxious weed in the NT, plantings had occurred in many catchments

near KNP. These included the Adelaide River and Mary River floodplains, and

Arafura Swamp in northern central Arnhem Land. Hymenachne amplexicaulis was
first reported in KNP in August 2001 at two separate locations on the South

Alligator floodplain (Wearne et al. 2010). Despite control efforts by KNP weed

management teams, there has been a steady increase in the reported occurrence of

new populations. Populations of H. amplexicaulis have been recorded over 23 km2

in the West Alligator and Wildman catchments, and scattered populations continue

to be reported from these catchments and the South and East Alligator Rivers.

9.5 Understanding the Factors Influencing

Management Responses

The case studies above demonstrate three very different responses and outcomes for

three of the aquatic IAPs threatening KNP. Given this varied management

responses, it is worth reflecting on the reasons why KNP is a model of best practice
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IAP management for M. pigra, yet appears to be losing the fight against aquatic

grassy IAPs (Table 9.1).

An important factor in the management response appears to have been the IAP

status of the plant when it was first detected in KNP. Mimosa pigra and

H. amplexicaulis had both already been formally recognised as significant IAPs

at a national level. Consequently, park management had a high level of awareness

of their negative impacts and a responsibility to manage these species within the

requirements of the national strategy. In contrast, U. mutica is still not a declared

weed in any State or Territory, although it was one of the five invasive grass species

identified as a Key Threatening Process under the Federal EPBC Act (Anonymous

2009).

Part of the reason for the lack of declaration of U. mutica by Government weed

management agencies is strong opposition from the cattle grazing industry and the

government of primary industry departments and ministers themselves (Ferdinands

Table 9.1 Factors that potentially affecting the difference in management response for Urochloa
mutica, Hymenachne amplexicaulis and Mimosa pigra

Factors Urochloa mutica
Hymenachne
amplexicaulis Mimosa pigra

Year that weed was first recorded in

region, and the number of years either

before or after the formation of KNP

1930s; >40 years

before KNP

formation

2001; 22 years

after KNP

formation

1981; 2 years

after KNP

formation

Declared as a Weed of National

Significance (year)?

No Yes (1999) Yes (1999)

Declared as a weed in the Northern

Territory (year)?

No Yes (2005) Yes (1981)

Recognised threat or benefit to cattle

industry?

Benefit Benefit Threat

Recognised as environmental threat when

it first occurred

No Yes Yes

Rating from Northern Territory weed risk

assessment

Very high Very high Very high

Recognised nationally as key threatening

process (year)

Yes (2011) Yes (2011) No

Obvious transformation of vegetation

structure

No No Yes (grass to

shrubland)

Current distribution in

(i) East Alligator High Low-medium Low

(ii) South Alligator Low Low Low

(iii) West Alligator Medium Medium Low

Rate of spread (years to double in area) Medium

(5) Bayliss

et al. (2012)

Medium

(unknown)

High (1.4)

Cook

et al. (1996)

Potential for unassisted spread from

adjacent catchments

Low High Medium

Seed bank longevity Low Low High

Staff dedicated to control (no. of full-time

staff per species)

Low (<1) Low (<1) High (4)
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et al. 2005; Friedel et al. 2010). These parties view U. mutica as a beneficial species
and have consistently disputed claims of its ability to spread and the negative

environmental impacts (Rea and Storrs 1999; Whitehead and Wilson 2000). For

example, Cameron and Lemke (2003) states that within the government’s agricul-

tural advice to growers is that U. mutica has been “present on floodplains for

considerable time without taking over”. No management approaches such as

restrictions on planting or formal management plans have been introduced despite

formal risk assessment processes suggesting they should (Clarkson et al. 2010). The

IAP risk assessment in the Northern Territory resulted in it being ranked a high risk

species based on its invasiveness, impacts and potential distribution (Friedel

et al. 2010), and Queensland’s pest risk assessment stated that U. mutica has

significant “negative impacts in Queensland, despite its use as pasture” and that

there remain important areas at risk in Cape York, where substantial areas of

wetlands are still free of U. mutica and perhaps some other wetlands in North

Queensland (Hannan-Jones and Csurhes 2012). The Northern Territory Department

of Primary Industries still promote U. mutica as a beneficial grass without acknowl-
edging the IAP issues for other properties within a catchment. For example, the NT

Government (2012) advise that best practice floodplain management includes the

use of introduced grasses for re-vegetation and IAP control on the sub-coastal

floodplains, and the use of introduced grasses and banks to retain water to improve

productivity on floodplains. The four species listed to have been successfully

planted are U. mutica, H. amplexicaulis, E. polystachya and Setaria sphacelata
(Kazungula setaria). Only H. amplexicaulis is given the warning that it is a WoNS

and a declared noxious weed and therefore cannot be planted. A clear contrast

occurred with M. pigra, where the potential invasion and loss of floodplain pasture

was seen as having major economic impacts and there was no opposition to its

listing as an IAP (Miller et al. 1981).

Like U. mutica, H. amplexicaulis was also promoted as a pasture grass and

this potential beneficial use contributed to the delay in its listing as an IAP in

the NT. Its relatively recent introduction, rapid spread, vigorous growth and capacity

to establish in deep water appears to have made it easier to argue the case for its

listing as a serious environmental IAP. However formal risk assessments have shown

H. amplexicaulis and U. mutica pose a very similar environmental risk

(as demonstrated by the outcomes of weed risk assessments in the NT) and research

documenting the environmental impacts of U. mutica was in fact used to justify the

case for listing H. amplexicaulis as a WoNS (Thorp and Lynch 2000).

Another potential factor that made the invasion by M. pigra prompt immediate

attention was that it causes dramatic and very visible structural change on the

floodplains, changing the grass/sedgelands to shrublands (Cook et al. 1996). By

contrast, U. mutica and H. amplexicaulis invasion are only noticeable to an expert

observer. For example, one of the largest areas in KNP invaded by U. mutica is

visible from a popular tourist destination, yet there is almost no public awareness

that the vista is mostly occupied by a weed. This means that there is little public

pressure on the park to manage it.
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All these factors may have contributed to an initial false sense of security and

masked the potential impact and threat posed by the spread of U. mutica in KNP,

resulting in a delayed management response. However, these perceptions should

have changed during the 1990s, when the risk of spread and knowledge of impacts

on biodiversity and cultural assets were reported in many forums. At that time,

U. mutica distribution was still limited in the Wildman/West Alligator and South

Alligator catchments, even though it had spread significantly in the East Alligator.

Whereas KNP managers were applauded for their best practice management of

M. pigra, they failed to adequately address the threat posed by U. mutica. The
‘grassy weeds’ team was eventually established, but the level of resourcing and

operation of this group has proven inadequate to successfully manage either

U. mutica or H. amplexicaulis.
The pattern of spread, based on recent surveys, suggests no new invasions of

U. mutica entering KNP since it was originally introduced in the 1990s, thus

eradication of satellite populations would be feasible. Seeds remain viable in the

soil for a much shorter period than M. pigra and would therefore require far less

follow-up control and monitoring. This is in marked contrast to H. amplexicaulis,
where the pattern of spread and new invasions suggest it is being spread readily by

animal vectors (e.g. birds and pigs) from adjacent catchments, resulting in many

new populations across the park over the past decade. Given that, in most instances,

these invasion vectors are not being controlled outside KNP, this represents an

on-going source of invasion and a major challenge to future management.

9.6 Conclusion: The Future of Managing Multiple Invasive

Alien Plant Threats in Multiple Catchments

The management of these IAPs in KNP is at a critical phase.Mimosa pigra remains

under control but invasive alien grasses are continuing to expand in both area

invaded and in the number of satellite populations. As Bayliss et al. (2012) point

out, the benefits of the sustained allocation of resources to M. pigra will be lost if

the floodplains remain free of M. pigra but become invaded by alien grasses.

Urgent decisions need to be made about protecting the floodplains’ key biolog-

ical and cultural assets. This includes modeling future spread patterns, costs of

control and evaluating management strategies and potential returns on money

invested (economic, cultural and environmental). We suggest some actions that

the park managers should commence immediately to minimise the risks posed by

IAPs. In essence these relate to applying the same or similar approach to that which

were successfully applied to managing the risks posed to KNP by M. pigra. These
are to (i) adopt a strategic approach to the management of U. mutica and

H. amplexicaulis by taking into account the potential impact, reinvasion and seed

longevity, (ii) set clear and quantitative targets for the control of these IAPs taking a

multi-catchment, park-wide approach, (iii) give the highest priority to eradicating
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the source populations of U. mutica invasion on the South Alligator floodplain and

containing spread from the West Alligator floodplain onto the South Alligator,

(iv) review the level of resources currently allocated to the management of flood-

plain IAPs, bearing in mind the future financial savings accrued from eradicating

small, satellite populations before they become large infestations where eradication

is no longer viable and on-going control is required, and (v) acknowledge the very

serious threat that these grassy IAPs pose to KNP, relative to the other threats

(see Bayliss et al. 2012) and afford them a higher level of priority than there has

been to date.
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Chapter 10

Alien Plants Homogenise Protected Areas:

Evidence from the Landscape and Regional

Scales in South Central Chile

Anı́bal Pauchard, Nicol Fuentes, Alejandra Jiménez, Ramiro Bustamante,

and Alicia Marticorena

Abstract Protected areas are generally considered ‘remnant islands’ of relatively

natural ecosystems and are thus less susceptible to plant invasions than the anthro-

pogenic matrix. However, there is increasing evidence that some invasive species

are capable of invading more isolated natural landscapes, higher elevations and

relatively undisturbed ecosystems. With an increasing influx and establishment of

alien species into protected areas, we should expect a decrease in biotic differen-

tiation and a homogenization of plant communities. Protected areas of south-central

Chile have been shown to contain a significant number of alien species and can

serve as a good model to test for homogenization processes due to the broad

latitudinal, elevational and disturbance gradients. In this chapter, we use a compre-

hensive floristic survey (n ¼ 165), collected across ten protected areas of central

and south central Chile, to test whether alien plant species have contributed to the

homogenization of plant communities. We test this homogenization using changes

in Jaccard similarity index with the addition of alien species at local and regional

scales. By analysing this case study, we expect to shed light into broader questions

about the effectiveness of protected areas in filtering out alien plant invasions and to

A. Pauchard (*) • N. Fuentes • A. Jiménez
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provide recommendations for specific management actions to reduce the threat of

plant invasions in protected areas. We found that distance to the road (roadside

vs. interior), context (protected area vs. anthropogenic matrix) were the only factors

significantly associated with alien species richness. Higher alien species richness

was found in transects located in matrices as compared to those in protected areas.

Roadside transects showed higher alien species richness both in protected areas and

matrices. On the other hand, no significant association to any environmental

variable was detected for native species. Delta similarity in the Jaccard index was

positive, indicating homogenization, for most of the 165 transects at all scales of

comparisons. Overall floristic similarity is higher when alien and native species are

included in the composition matrix compared to the only-native species matrix. Our

study highlights the importance of complete floristic surveys and inventories in

protected areas and their surrounding matrices, and the value of establishing

effective monitoring networks, which can facilitate the large management chal-

lenge of reducing the threat posed by alien species to protected areas biodiversity.

Keywords Exotic plant invasions • Floristic similarity • Mountains • Nature

reserves • Roads

10.1 Introduction

Protected areas (PAs) are generally considered less susceptible to invasion by alien

plants than their surrounding areas or matrices. Low rates of invasibility are a

product of the history of protection from anthropogenic land-use types, low distur-

bance levels, isolation and in many cases, an association with higher elevation

environments, which increases the climatic barrier for alien species (Pauchard

et al. 2009; Foxcroft et al. 2011). However, recently, there is mounting evidence

that some invasive species are capable of crossing these barriers reaching more

isolated natural landscapes, higher elevations and relatively undisturbed ecosys-

tems (Pauchard et al. 2009; Seipel et al. 2012). The effects of plant invasions into

these natural areas are still not completely understood, but it may jeopardise the

main reason why protected areas are created, which is to conserve biodiversity.

Protected areas are ‘remnant islands’ of relatively natural ecosystems in a

matrix of anthropogenic land-uses (Cameron 2006; Foxcroft et al. 2011). The

difference from oceanic islands is that the rate of biotic exchange with the sur-

rounding matrix is much higher. Therefore, most alien plant species that are

abundant in the matrix can percolate or invade PAs across their boundaries,

especially if there are vectors such as humans, livestock and wildlife that freely

cross those boundaries (Allen et al. 2009; Dovrat et al. 2012). In addition, the

movement of alien species is greatly enhanced through roads and other human and

natural corridors. Roads have been shown to promote species establishment in

natural areas (Pauchard and Alaback 2004; Seipel et al. 2012) both by creating

and maintaining roadside disturbance, but also because they serve as conduits for
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more rapid movement of propagules aided by vehicles and road machinery.

Because most PAs occur in rugged, higher elevation terrain, elevation and access

reduce the potential for plant invasions (Fig. 10.1). A history of anthropogenic land-

use may also favour plant invasions (McKinney 2002), creating a legacy of

invasions even if disturbances are currently reduced. In summary, PAs although

not completely invulnerable, they are still disturbed less by human activities, and

thus more shielded from invasions than surrounding areas.

The relative resistance that PAs show against alien plant species does not ensure

halting biotic homogenization processes caused by the addition of new species.

Most alien plants are homogenizing disturbed anthropogenic environments at a

high rate, which can lead to increased percolation of alien species into more pristine

environments. Homogenization is not only occurring at broad intercontinental

scales but also at local or regional scales, where biotic singularity is being lost

due to the rapid movement of widely distributed species (Sax and Gaines 2003). In

mountains for example, native species tend to show a very clear stratification along

elevational gradients due to a long history of natural selection (Korner 2000). Alien

species on the other hand, show a generalist strategy, occupying broad elevational

bands, thereby reducing floristic distinctiveness (Alexander et al. 2011). In fact,

most alien species in mountains are also invaders in lowlands. The reduction in the

number of alien species with elevation is just a process of filtering out species that

are not physiologically tolerant of harsher mountain conditions (Alexander

et al. 2011). The evidence also suggests that given enough time, floristic similarity

between non-protected lowland areas and higher elevation protected areas will

increase, especially if propagule pressure, changes in disturbance regimes and

climate change lead to increased stress on native species (McDougall et al. 2011).

With increasing introduction and establishment of alien species in protected

areas, we should expect a decrease in biotic differentiation and a homogenization of

Matrix
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Area
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Fig. 10.1 Interaction between landscape context and elevation defines plant invasions in

protected areas. The matrix, which is usually heavily affected by human activities, is a source of

alien species that disperse into the protected area. Roads, rivers and other anthropogenic or natural

corridors can increase the percolation of alien species into protected areas, while elevation tend to

filter out species not adapted to harsher environmental conditions
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plant communities, especially in the more frequently disturbed landscape elements

such as roadsides (Arevalo et al. 2010). Unfortunately, this hypothesis is difficult to

test without having long-term monitoring data. A simple alternative is to test how

alien species contribute to the differentiation or the homogenization of current plant

communities. If alien species behave similarly to native species, there should be no

difference in the similarity of plant communities with or without alien plants.

However, if similarity increases with the addition of alien plants, we can conclude

that these species may be homogenizing the flora. Evidently, local extinction cannot

be accounted for with this method and therefore the results may be considered

rather conservative. Although several methods have been developed to test for

homogenization, a simple comparison of similarity indexes across multiple com-

munities to estimate the change in similarity has been widely accepted (Cassey

et al. 2007). To conduct such analysis, a comprehensive dataset of alien and native

plant presence and abundance in a hierarchical multi-scale design may increase the

chances for detection of subtle homogenization or for the differentiation of trends.

Although Chile has a long history of species introduction, it is however rela-

tively low compared to other climatically similar regions (Jimenez et al. 2008).

Continental Chile has about 743 alien plants species representing about 15 % of all

plants (native and non-native) (Fuentes et al. 2013). Most species were introduced

during the Spanish colonization, but with the arrival of new immigrants and the

internationalization of the country there have been a greater number of introduc-

tions in the nineteenth and twentieth century (Fuentes et al. 2008). In the past

decade, invasive plant research has shown that the impacts of these species on

biodiversity in Chile are not trivial and their importance has been neglected simply

because of the lack of scientific evidence (Quiroz et al. 2009). There is no evidence

or theory that suggests that non-native plants will decrease in coming years. The

rate of trade and commerce in Chile continues to grow because of free trade and

economic consolidation of the country, which will most likely lead to even greater

alien species invasions (Fuentes et al. 2008; Nunez and Pauchard 2010).

Protected areas of south-central Chile have been shown to contain a significant

number of alien species. These PAs are located across a wide climatic and latitudinal

gradient (from 35�250 S to 38�370 S) (Table 10.1) and ranging from the warm and dry

Mediterranean, to cool and wet temperate rainforest climates (Arroyo et al. 1995a, b).

This area is considered to be a hotspot for global biodiversity due to the remarkably

high levels of endemism and biogeographic isolation (Myers et al. 2000). The

national protected areas system (SNASPE) in the Mediterranean region of Chile

covers less than 5 % of the landscape (Pauchard and Villarroel 2002). Paradoxically,

most of the alien plants present in Chile are concentrated in this region (Arroyo

et al. 2000; Fuentes et al. 2008), representing a high risk to biodiversity conservation

efforts (Arroyo et al. 2000; Fuentes et al. 2010). Land-use changes have fragmented

and isolated natural vegetation in central Chile (Aguayo et al. 2009), a trend that has

affected landscapes surrounding PAs. For south-central Chile, Pauchard and Alaback

(2004) described a clear pattern of alien species reduction towards the higher zones of

PAs and a very limited percolation of alien species into forested environments,

reflecting the contrast between the anthropogenic matrix and protected area.
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Protected areas and their adjacent matrices in central and south-central Chile

can serve as a good model to test for homogenization processes due to the broad

latitudinal, elevational and disturbance gradients. We can also use this system

to test how effective protected areas are in filtering the influx of alien plants.

In this chapter, we use a comprehensive floristic survey, collected across ten

protected areas of central and south central Chile, to test whether alien plant

species have contributed to the homogenization of plant communities. We further

test whether this homogenization is associated with landscape context, road

proximity, land-use and elevation. By analysing this case study, we expect to

shed light into broader questions about the effectiveness of protected areas in

filtering out alien plant invasions and to provide recommendations for specific

management actions to reduce the threat of plant invasions in PAs.

Table 10.1 Study sites (n ¼ 11) in ten protected areas of central and south-central Chile. The

number of transects, location, elevation, area of the protected area and the total number of native

and alien species in all transects for that site is presented

National Park (NP)

Natural

Reserve (NR) Transects Latitude Longitude

Area

(ha)

Altitude

(m a.s.l.)

Native

species

richness

Alien

species

richness

Radal

7 Tazas

NR

16 35�250 S 71�000 W 5.026 766–1,093 102 68

Nahuelbuta

Np

16 37�440 S 72�550 W 6.832 1,013–1,253 160 43

Los Ruiles

NR

9a 35�370 S 72�210 W 45 165–332 93 52

Los Queules

NR

12a 35�580 S 72�420 W 147 223–514 83 55

Laguna Del

Laja NP

16 37�230 S 71�240 W 11.880 870–1,207 118 41

Ralco NR 16 37�550 S 71�250 W 12.492 952–1,109 67 26

Villarrica NP

(A)

16 39�210 S 71�270 W 63.000 567–1,122 84 19

Villarrica NP

(B)

16 39�210 S 71�270 W 63.000 599–1,051 64 38

Rio Clarillo

NP

16 33�430 S 70�280 W 13.085 770–928 83 30

Rio Los

Cipreces

NR

16 34�180 S 70�300 W 36.882 926–1,169 52 28

Conguillio

NP

16 38�370 S 71�460 W 60.080 764–1,276 69 17

aAreas with lower number of transects
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10.2 Methods

10.2.1 Data Collection

We selected a total of 11 sites in 10 PAs (Table 10.1) (Jiménez et al. 2013). Each

site included a PA and its surrounding landscape. In each site, eight floristic

sampling points were located along the access road, separated 1 km (following

the road) from each other (Fig. 10.2). Four points were located inside the PA and

four in the adjacent matrix (Fig. 10.1). At each point, we set a pair of transects

(50 � 2 m) parallel to the road, one was located right along the roadside and the

other 50 m away from the road (interior habitat). In two sites, not all transects were

established due to the lack of roads in the interior of the protected area and

inaccessibility (Table 10.1). A total of 165 transects were sampled during the

2005 and 2006 growing season.

In each transect, five continuous sub-transects (2 � 10 m) were used to record

all native and alien vascular plant species. Species presence and their abundance

was estimated using seven cover classes (0–1, 1–5, 5–15, 15–25, 25–50, 50–75,

75–100 %) and was recorded for each sub-transect. The data was later aggregated

by transect. For each transect, the following landscape and environmental variables

were recorded: latitude, elevation, land-use, distance to the road (0, roadside or

50 m, interior), and landscape context (PA or matrix).

10.2.2 Data Analysis

A univariate GLMmodel with fixed factors and covariates was developed to test the

association between environmental and landscape variables with alien species

richness. We tested for differences in mean native and alien species richness

between parks and matrices and between roadsides and interior habitats using

Mann-Whitney test.

We adapted the method used by Cassey et al. (2007) to test for homogenization

at multiple scales. Instead of using a temporal dynamic of native and alien plant

species in plant communities, we consider a hypothetical stage where only native

species were present in the communities (i.e. initial model) and a stage where both

native and alien species were present (i.e. current model). Two presence/absence

matrices were built containing all transects and using: (i) only native species and

(ii) native and alien species. Similarity matrices were calculated using Jaccard

similarity index that ranges between 0 and 100, where 0 represents no species in

common and 100, all species shared between the two communities (Cassey

et al. 2007). Initial mean similarity (S0) for each plot was calculated using the

native species abundance matrix. Current mean similarity (S1) for each plot was

calculates using the native and alien species abundance matrix. These parameters

were calculated at three scales of comparisons (Fig. 10.3): (i) total (St), considering
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Fig. 10.2 Sampling scheme for transects in protected areas and their matrices in South-Central

Chile

Delta Similarity Within (DSw) Delta Similarity Between (DSb)
a b

Fig. 10.3 Schematic diagram of the calculation of the delta similarity using Jaccard similarity

index. An initial mean similarity value is calculating using only native species and then a final

similarity index is calculating with both native and alien species, the difference between both

values is the Delta Similarity (DS). The DSW scale indicates mean Jaccard similarity value of that

transect with all transects in the study area of the specific transect (a). The DSb scale indicates

mean Jaccard similarity value of that transect with all the transects in other study sites and not with

transects in that site (b). Total similarity is the mean Jaccard similarity value of that transect with

all transects independent of their location
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the mean similarity between each transect and all other transects; (ii) between (Sb),

considering the mean similarity between each transect and all other transects not

located in that site; and (iii) within (Sw), considering the mean similarity between

each transect and all transects in that site. A delta similarity (DS) was calculated for

each transect subtracting S0 from S1 (DS ¼ S1�S0), and each scale of comparison

(DSt, DSb, DSw). Positive DS values indicate homogenization and negative values

indicated differentiation for that particular transect due to the addition of alien

species in the plant communities. DSb and DSw values were plotted to detect

differences in homogenization at the different scales of comparisons. The associ-

ation between DSt and environmental variables was tested using a GLM and mean

comparisons (Mann-Whitney test).

To test for differences in overall community composition caused by alien

species, we used Analysis of Similarities (ANOSIM) using species composition

at the two scenarios (initial, current). Multi-Dimensional Scaling (MDS) was used

to create a graphic ordination of the data using a combined composition matrix with

all transects (n ¼ 165) at the two scenarios (n-total ¼ 330). All analyses were run

in Primer 6.0 and SPSS 12.0.

10.3 Results

10.3.1 Alien and Native Species Richness

Distance to the road (roadside vs. interior), context (PA vs. matrix) were the only

environmental factors significantly associated with alien species richness. No

significant interaction between these factors was detected (GLM, n ¼ 165,

F ¼ 34.322, R2 ¼ 0.390, P < 0.001). Higher alien species richness was found in

transects located in matrices as compared to those in PAs (Mann-Whitney test,

P < 0.01, Fig. 10.4). In addition, roadside transects showed higher alien species

richness both in PAs and matrices (Mann-Whitney test, P < 0.01, Fig. 10.4). On

the other hand, no significant association to any environmental variable was

detected for native species (GLM).

10.3.2 Homogenization

Delta similarity (DS) using the Jaccard index was positive for most of the 165

transects at all scales of comparisons (DSt (125), DSb (125), DSw (102)). Overall,

the mean delta similarity was positive for all comparisons (DSt ¼ 1.65 � 0.14,

DSb ¼ 1.59 � 0.12, DSw ¼ 2.17 � 0.40). A positive relationship was found

between DSb and DSw (R2 ¼ 0.446, P < 0.001, Fig. 10.5). At both scales,

100 transects showed homogenization (DSt ¼ 2.55 � 0.15, DSb ¼ 2.34 � 0.13,
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Fig. 10.4 Mean alien plant species richness (�SE) and mean native plant species richness (�SE)

in transects located in protected areas (Park) and their matrices, in both roadsides (blue)
and interior (green) habitats (n ¼ 165). Letters indicate significant differences (P < 0.01,

Mann-Whitney test)

Fig. 10.5 Scatterplot delta similarity at the between (DSb) and the within (DSw) scales based on

Jaccard Similarity Index for all transects (n ¼ 165). Negative values indicate differentiation,

while positive values indicate homogenization. Squares are transects in protected areas and circles
transects in matrices
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DSw ¼ 4.70 � 0.52), while 38 showed differentiation but of lower mean magni-

tude (DSt ¼ �0.53 � 0.03, DSb ¼ 0.40 � 0.03, DSw ¼ �2.02 � 0.14).

DSt was associated to position (roadside vs. interior), context (protected area

vs. matrix) and latitude (GLM, n ¼ 165, F ¼ 26.026, R2 ¼ 0.327, P < 0.001).

DSt was higher in matrices than in PAs, with relatively higher homogenization

occurring at roadsides compared to the interior habitat. In PAs, this was highly

significant for roadsides (P < 0.01), while in the matrices the effect was less

pronounced, but still significant (P < 0.05) (Mann-Whitney test, Fig. 10.6). Pas-

tures were the most sensitive to homogenization (Mann-Whitney test, Fig. 10.6).

DSt decreases with elevation for most sites indicating less homogenization in

higher areas (9 of 11 sites, P < 0.01). A positive relationship between alien species

and DSt was found for all transects (R2 ¼ 0.652, P < 0.001, Fig. 10.7).

Overall, the floristic similarity is higher when alien and native species are

included in the composition matrix, compared to the native-only species matrix

(Jaccard Similarity Matrix, ANOSIM, P < 0.01, Fig. 10.8).

10.4 Discussion

Our results indicate three major trends in plant invasions in PAs of Chile. First,

plant invasions are strongly influenced by landscape context, road proximity and

land-use. Second, plant invasions have, for the most part, homogenised plant

communities at local and regional scales. Third, the fact that the number of alien

species is positively correlated with homogenization of the communities indicate

that most alien plants are generalists that tend to occupy broader ranges than the

native plant species.

Fig. 10.6 Mean delta in similarity total (DSt) (�SE) based on changes in Jaccard Similarity Index

in transects located in protected areas (Park) and their matrices, in both roadsides (blue) and
interior (green) habitats (a) and in transects classified by vegetation type (b) (n ¼ 165). Letters

indicate significant differences (P < 0.01, Mann-Whitney test; *: P < 0.05)
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Resemblance: S7 Jaccard    2D Stress: 0.17Only natives
Natives +Aliens

Fig. 10.8 Multi-Dimensional Scaling (MDS) using Jaccard Similarity Index. A combination

matrix of transects including both native and alien species and transects where alien species

were discarded (n ¼ 165). There is a significant difference between the similarity among the

two groups (ANOSIM, P < 0.01, Global R ¼ 0.128)

Fig. 10.7 Linear Regression between alien species richness and delta of similarity total (DSt)

based on Jaccard Similarity Index (n ¼ 165, R2 ¼ 0.652, P < 0.001). Negative values for

transects with 0 alien species are a result of a differentiation to the other plots were alien species

have been added
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Protected areas are less invaded than their surrounding matrices in central and

south-central Chile. It appears that because of a combination of factors (e.g. land-

use, history and isolation), plant communities in PAs show a lower rate of invasion.

This pattern applies to the interior environments as well as roadside communities,

showing that landscape context is a major driver of plant invasion. Our results

confirm an increasing body of literature that emphasises the role of roads and other

corridors as conduits for invasions (Pauchard and Alaback 2004; Arteaga

et al. 2009; Seipel et al. 2012). Therefore, transportation design and management

of roads and other corridors should be the first targets of a management strategy in

PAs (Foxcroft et al. 2007, 2011). However, this is good news for managers as roads

and other corridors are a small fraction of the PAs.

The fact that some land-use types concentrate alien species, especially anthro-

pogenically generated pastures, where these land-uses are less common they play a

role in the overall low rates of invasion into PAs. However, it is interesting to see

that some natural vegetation types are more prone to invasion than others: volcanic

areas do not seem to be suited for species invasions due to limited soil development

and poor nutrient availability, while shrublands contain a higher number of alien

species because of the open canopy conditions, which are favourable to ruderal

species. On the other hand, native species do not respond to these anthropogenic

gradients in a predictable manner and show a much more site specific response.

Alien species that invade PAs in central and south-central Chile seem to be related

to agricultural and forestry activities. Interestingly, in our dataset we only found

very limited occurrence of the most invasive tree and shrub species, which seem to

have not yet invaded more isolated natural ecosystems (e.g. Acacia spp., Pinus spp.,
Cytisus spp.). Therefore, we could expect an increase in the invasion of highly

invasive lowland species and other escapees from less traditional uses (e.g. orna-

mentals, biofuels), especially around heavily developed areas in central Chile

(Pauchard et al. 2011).

We found that from the ten PAs analysed in this study, Rosa rubiginosa
(Fig. 10.9a) is present in all of them, Hypochaeris radicata (b) and Rumex
acetosella (c) in nine, and Prunella vulgaris (d), Hypericum perforatum (e) and

Plantago lanceolata (f) in eight. Most of these invasive plants are herbs dispersed

by livestock from adjacent matrix into PAs. These invasive plants were introduced

since 1851 (oldest record) to 1916 (newest record), and currently are widely

extended in Chile. According to Fuentes et al. (2010), these plants have a high

invasive potential based on the weed risk assessment protocol applied for alien

plant present in Chile. Amongst the biological characteristics explaining the

remarkable success of this pool of invasive plants there are short life cycle (with

exception of Rosa rubiginosa, being shrub plant), large productions of seeds and

tolerance of a wide range of climatic conditions. Certainly, at the country scale

(i.e. 13 administrative regions), these invasive plants occur in more than 60 % of the

territory, with Rumex acetosella and Plantago lanceolata occurring in all of them.

This pool of invasive plants is contributing to the homogenization effect of PAs, as

well as other ecosystem in Chile. Surprisingly, in this study we found very limited

occurrence of the most invasive trees and shrubs such as Acacia dealbata, Cytisus

202 A. Pauchard et al.



striatus, Teline monspessulana, Rubus ulmifolius, and Pinus spp. Protected Areas

with its biotic and abiotic conditions may be acting as a filter of these pool of

invasive plants. However, as human activities increases in and around PAs these

filters may be not as effective in reducing the arrival of highly invasive species,

which can quickly dominate landscapes with higher ecological impacts than the

alien species currently widely distributed.

Overall, there is a trend towards homogenization of plant communities due to

invasion of alien species in and around PAs. The addition of new species into the

system does not follow the same distinctiveness as native plant assemblages. Our

results confirm what has been found for mountains around the world, which is that

alien plants tend to be more generalists than resident native plants (Alexander

et al. 2011). In fact, the most abundant and widely distributed plants have life

history traits associated with a generalist pioneer strategy adapted to high frequency

or intensity disturbance.

Larger changes in similarity were observed at the within-site scale, indicating a

stronger signal of homogenization at local scales. Alien species show less patchi-

ness at the landscape scale compared to native species, and therefore they tend to

homogenise plant communities within sites. Although lower in magnitude, the

occurrence of regional homogenization (between sites) indicates that alien species

Fig. 10.9 Examples of the most widely distributed alien plants in protected areas of central Chile.

(a) Rosa rubiginosa, (b) Hypochaeris radicata, (c) Rumex acetosella, (d) Prunella vulgaris,
(e) Hypericum perforatum, (f) Plantago lanceolata
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respond differently to native species with larger regional filters (e.g. climate,

dispersal). How the homogenization patterns change their magnitude at even larger

scales (e.g. intercontinental scales) remains an interesting question to address in

order to gain insight into the overall effect of alien species on biodiversity (sensu

Sax and Gaines 2003). McDougall et al. (2011, b) showed that alien species across

mountain regions are more similar to alien floras of their own region rather than to

other mountain floras. However, this observation does not inform the rate at which

homogenization is occurring at higher elevation areas or in mountain PAs. Clearly,

lag phases may be obscuring the fact that invasive species are already present in

these isolated environments and that we cannot detect them due to their low

abundance (Rew et al. 2006).

The higher the number of alien plant species in a community, the higher the rate

of homogenization. Therefore, not surprisingly, homogenization is associated with

variables that are most closely correlated with alien species richness. Protected

areas tend to have lower levels of homogenization and therefore we can assume that

they are achieving their conservation goal of maintaining local and regional diver-

sity. However, the trends towards increasing numbers of alien species with increas-

ing development of PAs, road construction and visitation, may change these

scenarios over a relatively short period of time (Pauchard et al. 2009). Even very

remote sites can decrease their uniqueness/distinctiveness by the addition of just a

few generalist species. It is difficult to quantify the ecosystem effects of such a

phenomenon, as relatively few studies have addressed the impacts of species

additions to natural systems. For example, do these generalist alien species replace

more specialist native species, causing local extinctions, or do they just add new

species in the community (Sax and Gaines 2003)? Long-term monitoring

programmes in protected areas may help to address these questions, with which

the kinds of data presented in this study are impossible to address (Chong

et al. 2001; Graham et al. 2007).

10.5 Conclusion: Risk Analysis and Management

Our study highlights the importance of complete floristic surveys and inventories in

PAs and their surrounding matrices, and the value of establishing effective moni-

toring networks in these critical areas. Data collected using a multi-scale approach,

as shown here, can be used to assess the risk of species introductions before they

reach a PA. These results are of significant relevance because they can be applied to

identify alien plants proven to be invasive inside and outside PAs (Fig. 10.10). A

risk assessment approach can be developed using these findings, based on assess-

ments of PA and the anthropogenic matrix, levels of homogenisation across mul-

tiple spatial scales, identifying corridors of invasion into PAs and then defining

management actions (Table 10.2).

A multi-scale approach is useful for spatially explicit modeling and other tech-

niques that can better inform decision makers on the risk of alien plant invasions, and
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Fig. 10.10 A risk analysis framework for protected areas

Table 10.2 Stages for risk assessment and management of alien plant invasions in protected areas

Stages Activities/management actions

Define the area of primary

interest

Include both the PA and surrounding landscape (i.e. matrix),

because many alien plants occur outside the PA, increasing

propagule pressure and acting as a potential source of

invasive alien plant to the PA

Identify major corridors of alien

plant introduction

Identify those corridors by which alien plants are introduced

from one location to another (source-sink dynamics). In

PAs increase in tourists will boost the role of corridors for

the dispersal of alien plants. Therefore, efforts to increase

the monitoring along corridors should be included into a

comprehensive scheme for appropriate management

responses

Assess species invasiveness Assess the chances that a given alien plant may become

invasive can be determined using approaches such as the

Australian Weed Risk Assessment (AWRA; Pheloung

et al. 1999; see Fuentes et al. 2010 for its application in

Chile). The AWRA is based on 49 questions about bioge-

ography, biology/ecology, and undesirable traits of the

species under scrutiny. Based on the answers a numeric

scores is calculated, whereby it is possible to identify

species that pose a negligible invasion risk (i.e. accepted,

sensu AWRA), species with a clear invasion potential

(rejected, sensu AWRA), and species that requires further

evaluation before a decision can be made (i.e. further

evaluation, sensu AWRA). Additionally, based on the score

(continued)
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also to establish priorities for management actions for PAs. By presenting data in a

more compellingwaywith, for example, local, regional and national scenarios of alien

plant invasions in PAs, government agencies are becoming increasingly engaged in

the process. Recently, in order to develop a comprehensive national plan the Chilean

Forest Service (CONAF) is collaborating with the Laboratory of Biological Invasions

(Universidad de Concepción) to address the threat of alien plant invasions. However,

challenges remain due to the unprecedented task of assessing and managing the threat

of plant invasions across a diverse range of PAs (Kueffer et al. 2013). Generalities

drawn from ecological studies will clearly facilitate the unprecedented management

challenge of controlling invasive plants across PAs at national and global scales.

Table 10.2 (continued)

Stages Activities/management actions

of each alien plant, it is possible to identify the type of

impact (e.g. agricultural impacts, ecological impacts).

Subsequently, mapping alien plant distribution and its

abundance will help to assess the extent and magnitude

of the problem, given better basis for management and

monitoring programmes. The resolution of the data should

be appropriate to the scale of the study area

Calculate priority indices Calculate priority indices based on the invasiveness of alien

plants and its corresponding abundance in the area of

interest (i.e. PA and matrix). Land managers rarely have

sufficient resources to eradicate or control all invasive

plants, especially in developing countries. Therefore, real-

istic priorities must be set. To generate an objective method

to establish priorities for alien species management or

control, we propose the scheme of Daehler et al. (2004),

which combine alien species abundance with risk assess-

ment score, based on Australian method: Priority ¼ S/A;

where S is the alien plant score, and A is the abundance of

the respective alien plant. Alien plants with the highest

priority will be those having a high score and low abun-

dance. These species are likely to pose a significant threat to

natural ecosystems, and they must be controlled. Species

with high score and high abundance will demand a large

amount of resources to control; therefore will have lower

priority (Daehler et al. 2004)

Explore management options Define management options based on the priority index. First,

efforts should be directed in targeting alien plants with a

high invasive potential but low abundance in the area of

interest. Examine each species more closely to identify

others factors that might help in making prioritization

decisions, such as the availability of cost-effective control

methods and the availability of native species to replace

alien species (Daehler et al. 2004)
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Chapter 11

Plant Invasions of Protected Areas in Europe:

An Old Continent Facing New Problems

Petr Pyšek, Piero Genovesi, Jan Pergl, Andrea Monaco, and Jan Wild

Abstract Europe has a particularly long history of land protection measures, and is

the region of the world with the largest number of protected areas, which has grown

rapidly over the last decades. This was to a large extent due to the Natura 2000

programme of the European Union which focused on extending the existing network

of legally protected areas with other habitats of conservation value. As a result,

Europe has over 120,000 nationally designated protected sites (the most in the

world) and 21 % of the continent area (1,228,576 km2) currently enjoys some form

of legal protection. Despite these impressive statistics, the effectiveness of the

existing network in protecting biodiversity is constrained by habitat fragmentation

and other factors. Despite the generally high awareness of the importance of biodi-

versity protection in Europe, invasive alien species are not perceived as the most
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CZ 128 44 Viničná 7, Prague 2, Czech Republic

e-mail: pysek@ibot.cas.cz

P. Genovesi

ISPRA, Institute for Environmental Protection and Research,

Via V. Brancati 48, I-00144 Rome, Italy

Chair IUCN SSC Invasive Species Specialist Group, Rome, Italy

e-mail: piero.genovesi@isprambiente.it

J. Pergl • J. Wild

Department of Invasion Ecology, Institute of Botany, Academy of Sciences
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pressing problem by the public. This is in contrast with the fact that many of them

have serious impacts on biodiversity and ecosystem functioning in protected areas.

Among these, Ailanthus altissima, Fallopia taxa,Heracleum mantegazzianum, Impa-
tiens glandulifera and Robinia pseudoacacia are considered as top invaders by

managers of protected areas. Surprisingly, continent-wide rigorous data on the

distribution and abundance of invasive alien species are lacking and there is an

urgent need for collating checklists of alien species using standardised criteria to

record their status. With the exception of very few regions such information is

missing, or incomplete, based on varying criteria and scattered in grey literature

and unpublished reports. To put the management on a more scientific basis the

collection and curation of better data is an urgent priority; this could be done by

using existing instruments of the EU as a convenient platform. As found by means of

a web survey reported here, managers of protected areas in Europe are well aware of

the seriousness of the problem and threats imposed by invasive plant species but are

constrained in their efforts by the lack of resources, both staff and financial, and that

of rigorous scientific information translated into practical guidelines.

Keywords European Union • Natura 2000 • Neophytes • Propagule pressure

• Species distribution

11.1 Introduction

Europe, and in particular the European Union (EU) which comprises 27 out of the

total of 52 European countries, is one the regions of the world with the highest

number of protected areas (PAs), and the number has grown rapidly in recent

decades (Lockwood 2006; Gaston et al. 2008). Europe has more than 120,000

nationally designated sites1, of which 105,000 are located in the 39 member as

well as collaborating countries associated with the European Environment Agency

(EEA). European PAs represent 69 % of the records in the World Database on

Protected Areas managed by UNEP-WCMC (European Environment Agency

2012). Protected Areas in the EU cover 15.3 % of the total surface

(661,692 km2), or even 25 % (1,081,195 km2) if sites implemented as part of the

Natura 2000 scheme (Natura 2000 Networking Programme 2007; Gaston

et al. 2008) are considered. In the 39 EEA member and collaborating countries

the proportion of protected land is 13.7 % (801,500 km2), or 21 % (1,228,576 km2)

if Natura 2000 sites are included. These figures are well above the world average

where the total land area under any legal protection was recently reported as

12.9 %, with only 5.8 % under strict protection for biodiversity (Jenkins and

Joppa 2009). Since 1995, the Natura 2000 network has grown to 26,400 sites

with a total surface area of about 986,000 km2, now accounting for nearly

1A given area can be designated under several designations, often with different boundaries. By

‘site’ we mean each individual record of a given area under a specific designation type.
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768,000 km2 of land, and 218,000 km2 of sea (European Environment Agency

2012).

In Europe, the term ‘protected area’ covers a wide variety of designations.

Protected areas in this continent are characterised by quite different management

regimes, from highly protected sites with limited access to visitors, to parks with a

high numbers of visitors, and large areas with rather intense human presence,

including dwellings and important economic activities within the borders of the

PAs. Such intense human presence in some European PAs is reflected by the large

extension of agro-ecosystems, accounting for over 28 % of PAs (European Envi-

ronment Agency 2006).

The strong influence of humans on nature in Europe began as early as the

Neolithic (ca. 3000–1100 BC), and over the centuries has radically altered the

natural ecosystems of this region, through for example the harvesting of natural

resources, the establishment of settlements, and the cultivation of land. As a

consequence, Europe is characterised by a particularly high human density (the

average for EU member states is 112 inhabitants per km2), much higher than that

recorded in most other regions of the world. Such density is associated with

extensive urbanization, high levels of transport infrastructures and a high degree

of fragmentation of the land. As a result of all these characteristics, European PAs

are, on average, very small in size compared to other regions of the world

(Fig. 11.1; see also Gaston et al. 2008 for more detailed data on selected countries).

Most PAs in Europe (90 %) are smaller than 1,000 ha and 65 % range between 1 and
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Fig. 11.1 Average size of terrestrial nationally designated protected areas in different regions of

the world. EU-27 includes member states of European Union, EEA-39 includes 32 European

Environment Agency member countries and seven collaborating countries (http://www.

eea.europa.eu/data-and-maps/figures/political-map-of-eea-member-and-collaborating-countries.

Taken from UNEP-WCMC 2011)
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100 ha; the largest PA is the Yugyd Va National Park in Russia which covers

1,891,700 ha. The high and still growing level of fragmentation of natural areas also

brings about concerns about whether the existing PA systems can maintain their

biodiversity values under the likely impacts of climate change (Gaston et al. 2008).

On the other hand, Europe is a continent characterised by relative political

stability, low levels of poverty and slow human population growth (see e.g.

Naughton-Treves et al. 2005; Foxcroft et al. 2014b). Furthermore, Europe is also

characterised by a high level of attention paid by the general public to nature, as

illustrated by the numbers of visitors to Natura 2000 sites (1.2–2.2 billion visitor

days per annum; Gantioler et al. 2010), and by an increasing interest in PAs. For

example in Finland the visitation rate to national parks more than tripled between

1992 and 2007 (Fig. 11.2). Tourism plays a key role in regional development, and

many PAs have become attractive tourist destinations (Puhakka 2008). The positive

trend recorded in nature-based tourism – one of the fastest growing economic

sectors globally – contrasts with the declining numbers of visitors in other regions

of the world such as United States or Japan (Balmford et al. 2009). On the other

hand, increase in tourism also has negative connotations especially in southern and

Mediterranean Europe, where extensive coastalization, landscaping of hotels and

increasing urbanization, with the demand for more non-native ornamental plants,

increases the threat of problem with invasive plants.

11.2 History and Legislation

The history of PAs in Europe is particularly long. It starts with monarchs, who used

areas they owned for their personal benefit, for example to harvest game or wood,

and prevented the rest of the society from accessing and using these areas. The first
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Fig. 11.2 Increase in the number of visitors to Finnish national parks between 1992 and 2007,

expressed as the average number of annual visits per park (Based on data from Puhakka 2008)
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example of this kind of land protection in Europe can be dated to 1066, when

William the Conqueror created the first hunting forests in Britain, declaring the first

game-keeping forest in 1087. Similar legislation, aimed to protect game and forests

as a symbol of royal power, was introduced repeatedly at least until the sixteenth

century (Welzholz and Johann 2007). Another example of early PAs used by

monarchs as hunting preserves is Coto Doñana (Spain) where Alfonso X set up a

Hunting Palace in 1262. Since the seventeenth and eighteenth centuries, with the

emergence of landscape gardening the interest in natural areas started to shift from

the resources they contained to their natural beauty, creating the foundation of

modern nature conservation. This aesthetic view was taken up by the European

Romantic movement and became one important ideal of Romanticism, which

placed great importance on the beauty of such untamed places (European Environ-

ment Agency 2012).

In the nineteenth century, the protection of land started to be driven also by

private associations that purchased parcels of land for the intrinsic value of nature

present in those sites. It was as early as in the 1820s that the first formal PAs were

declared in Germany, followed by the creation of PAs in what was then the Austro-

Hungarian Empire (present day Austria, Czech Republic, Hungary and Slovakia;

European Environment Agency 2012).

In the twentieth century the ownership of natural areas in many cases shifted to

the state, and after the Second World War European society started to value the

maintenance of biodiversity in PAs. Following the establishment of national parks

in North America, many European countries created similar institutions in their

colonies. The first country to establish national parks that were owned by the state

was Sweden in 1909, and Switzerland followed soon after, in 1914. However, most

European national parks were set up after the Second World War, and only in the

past 30 years has a broader vision of PAs emerged in Europe, whereby such areas

are valued for multiple reasons such as their beauty, their role as repositories of

biodiversity, and as potential sources of economic wealth. In this period planners

and managers of PAs started to give attention to a proper management of the sites,

to involving local communities, and to the need to establish networks of PAs.

Protected areas in Europe are currently seen not only as reservoirs for habitats

and species, but also as nodes of environmental resilience (European Environment

Agency 2010). Furthermore, the economic benefits that PAs can provide are now

valued much more than in the past, and Europeans now expect these sites to attract

tourists, supply natural resources, and in general to provide the key ecosystem

services that are crucial for their livelihood (CREDOC 2008; European Environ-

ment Agency 2010).

European legislation on PAs is extensive, complex and continuously evolving.

At EU level, several directives have been particularly important for the creation of

PAs. Both the EU Birds Directive and the Habitats Directive envisage the creation

of PAs as a means of achieving their objectives (see e.g. Gaston et al. 2008 for

evaluation of their effectiveness and state of the art). The Special Protected Areas

(SPAs) classified under the Birds Directive, and the Special Areas of Conservation

(SACs) designated under the Habitats Directive form the Natura 2000 network.
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It must be stressed that the establishment of this network (but also its close relative,

the Emerald Network2) was a turning point in the history of European PAs which

contributed to the considerable expansion of the existing system. Through this tool

Europe has created the most extensive PA system in the world, which currently

(as of the end of 2012) comprises more than 26,000 sites.

In 2001, as part of its commitments to the CBD, the European Commission

adopted the biodiversity strategy “Our life insurance, our natural capital: an EU

biodiversity strategy to 2020”, that, among other targets, commits to improve the

conservation status of species and habitats by 2020 and to maintain, enhance and

restore ecosystems and their services by the same date. No specific target on the

coverage of PAs was included in the Europe Biodiversity Strategy, while CBD

target 12 calls to conserve by 2020 “at least 17 % of terrestrial and inland water, and

10 % of coastal and marine areas (. . .) through effectively and equitably managed,

ecologically representative and well-connected systems of protected areas . . .”
This European decision reflects a shift from designation of new PAs toward a full

implementation and enforcement of protection of species and habitats included in

the Habitat Directive (in fact, Action 1 of the EU Strategy calls to a full establish-

ment and good management of Natura 2000 sites); in this regard it must be stressed

that the need to pass from legal protection to the effective management of PAs is

indeed considered a crucial advancement at the global scale (Jenkins and Joppa

2009). Moreover, it must be recalled that Target 5 of the EU Biodiversity Strategy

strives to identify pathways of invasions for improving prevention, and to prioritise

invasive alien species (IAS) for control. As far as the legal framework on IAS is

concerned, the EU has committed itself by a decision of the European Union

Council of June 25th 2009, to develop a dedicated legislative instrument on the

issue, also mentioned in the above mentioned EU Biodiversity Strategy. However,

at this stage the scope and coverage of the instrument are not yet clear.

11.3 Big Picture: Continental Patterns

Globally, a call for developing lists of alien species in PAs was made already in the

late 1990s. Usher (1988) summarised available information from 24 nature reserves

all over the world, but this data set included only two PAs from Europe (Isle of

Rhum, UK and Salvage Islands, Portugal). The most complete data exist for the

2 The Emerald Network, now under development as part of the Bern Convention, is conceptually

similar to the Natura 2000 network, but it incorporates more countries. As the EuropeanUnion is also

a signatory to the Bern Convention, the Natura 2000 network can be considered as the contribution of

the EU to the Emerald Network. The Emerald Network works as an extension to non-EU countries of

Natura 2000. At present, non-EU countries engaged in the constitution of the Emerald Network are

Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Croatia, Georgia, Iceland, Mol-

dova, Montenegro, Norway, the Russian Federation, Serbia, Switzerland, Turkey, Ukraine, and the

former Yugoslav Republic of Macedonia (European Environment Agency 2012).
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Czech Republic, the only country where a thorough analysis of plant invasions in

nature reserves has been published (see Case study 1). However, even this study did

not distinguish between invasive and non-invasive aliens and analysed the patterns

of species richness and their determinants for all alien plants (Pyšek et al. 2002).

The only other summarizing studies are the one on 10 PAs in Slovenia, which

focuses on 32 selected alien species (Veenvliet and Humar 2011), and the recent

account of the mapping invasive species in PAs on Mediterranean islands (Brundu

2014).

Besides the few published studies listed in Table 11.1, and unpublished reports,

some continent-wide data are available froma recentweb survey aimed atmanagers in

European PAs that yielded 138 responses from21European countries (A.Monaco and

P. Genovesi, unpublished). These data provide insights on the quality of information

currently available for Europe. Of the total responses received, 95 (79 %) indicated

that they have some list of alien plant species available, but the vast majority of lists

included only a few invasive plant species of concern. Also, there is much variation in

how invasive species are defined, with many data sets not being based on standard

scientific criteria (Fabiszewski and Brej 2008; Lamprecht 2008; Schiffleithner and

Essl 2010). Data resulting from the survey (Table 11.1) clearly indicates that in some

PAs the focus is only on invaders that have some impact on native species and

ecosystems, or are otherwise considered important. The proportions of alien/invasive

species are therefore not comparable among individual regions. The data nevertheless

suggest that the overall variation iswithin the global range of 5–30% representation of

alien species reported by Usher (1988). In general, the percentage of all aliens in

European PAs is within the range of 6–18 %, while that of invasive species, where

given and bearing in mind differences in definitions adopted by individual PAs, varies

between 2.0 and 5.5 % (Table 11.1). A high number and proportion of aliens in the

Sefton Coast PA fromwhere 40% alien plants are reported is caused by including also

casual alien species (P. Smith, unpublished).

From the above it follows that the information on plant invasions in European PAs

is surprisingly scarce and mostly scattered in unpublished reports and the grey

literature (e.g. AOPK 2009; Bacchetta et al. 2009). Compared to other regions of

the world, Europe does not have a comprehensive list of alien plants at least for some

kinds of PAs such as national parks in USA (McKinney 2002) and South Africa

(Spear et al. 2011), or a subset of PAs delimited by habitat in New Zealand (Timmins

and Williams 1991). That invasions in European PAs are seriously understudied is

rather surprising since in general terms, this continent is among those where plant

invasions are most intensively studied (Pyšek et al. 2008). Furthermore, the majority

of available reports are of little use for robust comparison or analysis of factors that

determine the levels of invasion due to their incompleteness and selectivity about

which species to include. This is also reflected in how often studies on impact are

conducted in PAs compared to non-protected areas. In this respect, Europe also lags

behind other regions of the world, with little focus on studying impacts directly in

PAs (Hulme et al. 2013; Foxcroft et al. 2014a).
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An indirect insight into the threat from plant invasions in PAs in Europe is

provided by comparing the geographical distribution of Natura 2000 sites with the

level of invasion in European regions derived from the map of plant invasions at the

continent (Fig. 11.3). The overall picture reveals that areas of conservation interest,

Fig. 11.3 Map of the level of invasion in Europe based on the mean percentage of neophytes

(plant species introduced to Europe after ca 1500 A.D.) in vegetation plots corresponding to

individual CORINE land-cover classes. Within the mapping limits, areas with non-available

land-cover data or insufficient vegetation-plot data are blank. Taken from Chytrý et al. (2009);

reproduced courtesy of Blackwell Scientific Publications. The position of Natura 2000 sites is

shown in black (not available for some countries)
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represented by the Natura 2000 network3, are located in areas less threatened by

invasions; this is most obvious in UK, the Mediterranean region and southern

Europe. The map, however, also indicates that in many regions, namely in central

and Eastern Europe, Natura sites are often located in landscapes that are heavily

invaded. Overall, areas containing Natura 2000 sites are about half as invaded

(containing on average 1.8 % alien species in vegetation plots; see Chytrý

et al. 2009 for details on calculations) as areas without Natura 2000 sites (3.5 %).

11.3.1 Case Study 1. Regional Patterns Illustrated by
Protected Areas in the Czech Republic

Surprisingly, the only comprehensive study dealing with a detailed pattern of plant

invasions into European PAs seems to be the one from the Czech Republic (Pyšek

et al. 2002, 2003a). These data can be used to illustrate regional patterns of

invasions into natural temperate plant communities.

Based on over 300 PAs of various status and size (representing 17 % of the

number of PAs in the country and 44 % in terms of protected land area), the study

showed that the level of PAs invasion by neophytes (modern invaders introduced

after the end of the Medieval Period; Pyšek et al. 2004b, 2012a, b) was determined by

an interplay of environmental and human-related factors, the most important being

climate (decreasing level of invasion with increasing altitude due to colder condi-

tions), propagule pressure (increasing in areas with a high human population density

and indirectly pointing to previously reported effects of visitation; Usher 1988;

Macdonald et al. 1989; Lonsdale 1999; McKinney 2002; Mortensen et al. 2009),

and habitat heterogeneity (indicated by the positive relationship with the number of

native species; cf. Timmins and Williams 1991). On average only 6.1 % of plant

species recorded in a PA were alien. However, there was a great variation in the level

of invasion among particular sites and in some PAs the proportion of alien species

was as high as 25 %. Of the two standardly distinguished categories of alien plants in

Europe, based on the time of immigration, neophytes were less represented, only 2 %

of the total number of species (Pyšek et al. 2002). As neophytes are the group from

which the majority of important invaders are recruited in Europe (Lambdon

et al. 2008), the data indicate that the overall threat from alien species in Czech

nature reserves was relatively minor.

However, the overall level of invasion based on the presence of all aliens is only part

of the story. Although this measure was shown to be correlated with the presence of

3 The degree of overlap between nationally designated PAs and Natura 2000 sites is variable; in

some countries, as Malta, Estonia, Latvia, there is no overlap because there was no developed

pre-existing national system of PAs (Gaston et al 2008). In other countries (e.g. Cyprus, Bulgaria,

Denmark, Ireland) the overlap is more than 80 %. Other figures include, e.g.: Italy and France

>40 %; Poland and Spain >60 %, Germany ~10 %, Czech Republic >20 % (source European

Topic Centre on Biological Diversity – ETC/BD, 2009).
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major invasive plants at the continental scale of Europe (Chytrý et al. 2012), focusing

on invasive species (in the sense of Richardson et al. 2000; Blackburn et al. 2011)

provides deeper insights into the real threats posed by invasions. Of the total number of

50 neophytes and 11 archaeophytes currently considered as invasive in an updated

national checklist (Pyšek et al. 2012a, b), 31 and 8, respectively, were recorded in the

investigated sample of PAs. This corresponds to rather high percentage of the total,

62 and 72 %, respectively, a much higher figure than for all neophytes (Pyšek

et al. 2002). While many invasive aliens occur only occasionally, 25 were recorded

in at least five PAs and some are rather widespread – the top four species were present

in at least 25 % of the PAs studied (Fig. 11.4). This group includes some neophytes

invading also in semi-natural habitats, such as Robinia pseudoacacia (black locust),

Quercus rubra (northern red oak), Lupinus polyphyllus (large-leaved lupin), Solidago
canadensis (Canada goldenrod), Pinus strobus (eastern white pine), Heracleum
mantegazzianum (giant hogweed), or Fallopia (knotweed) taxa. The impact of these
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Ailanthus altissima*

Erigeron annuus subsp. annuus

Solidago gigantea*

Reynoutria sp.*

Amaranthus retroflexus

Heracleum mantegazzianum*

Sisymbrium loeselii

Impatiens glandulifera*

Lycium barbarum*

Echinochloa crus-galli

Conium maculatum

Pinus strobus*

Bidens frondosa*

Solidago canadensis*

Atriplex sagittata

Echinops sphaerocephalus*

Lupinus polyphyllus*

Galinsoga parviflora
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Number of occurrences in PAs

Fig. 11.4 Occurrence of invasive species in protected areas in the Czech Republic, showing the

number of protected areas in which the species was recorded. Based on data in Pyšek et al. 2002,

with the delimitation of an invasive species following Pyšek et al. 2012b (as invasive are

considered only those that currently spread in the country). Archaeophytes (introduced to the

country before 1500 A.D.) are shown as grey bars, neophytes (introduced after that date) in black.
Species that are not restricted to disturbed sites and are capable of invading natural vegetation are

marked with asterisks
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species on invaded communities has been documented in the national and continental

literature (DAISIE 2009; Hejda et al. 2009; Pyšek et al. 2012b, c) and the group

includes a number of woody species, invasions of which are known to be especially

devastating (Richardson and Rejmánek 2011). Similar results pointing to relatively

high potential for future invasions emerged from a finer-scale study of 48 urban

reserves in the city of Prague; these reserves harbour a comparable figure of about

two-thirds of invasive neophytes recorded in the country, and many of the most

invasive species are shrubs and trees (Jarošı́k et al. 2011). This indicates that overall

levels of invasions derived from numbers of all aliens may not provide a reliable

picture about themagnitude of threat from invasions, andmanagement plans need to be

designed for individual reserves based on the occurrences of major invasive species.

That the degree of threat of invasions in PAs varies at the country scale,

depending on geographic conditions, climate, altitude and intensity of human

influence, can be illustrated by a national map of plant invasions, based on a

quantitative assessment of the proportion of neophytes among the total number of

species in vegetation plots located in particular habitat types. Generally, mountain

reserves are little affected but some PAs are located in heavily invaded regions such

as lowland sandy areas and river corridors (Fig. 11.5).

At the global scale, nature reserves are invaded about half as much as sites

outside reserves (Lonsdale 1999). This difference seems to be even more pro-

nounced at the regional scale of the Czech Republic: the network of PAs analysed

Fig. 11.5 Map of the level of invasion in seminatural habitats in the Czech Republic based on a

quantitative assessment of the proportion of neophytes among the total number of species in

vegetation plots located in 35 terrestrial habitat types at different altitudes (see Chytrý et al. 2009

for details on methods). The network of protected areas, as of 1994, is displayed as black areas;
large areas are outlined. Based on the map published in Chytrý et al. (2009), reproduced courtesy

of the Czech Botanical Society
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in the Czech data set captured about 80 % of the country’s native flora but less than

20 % of neophytes (Pyšek et al. 2002). The mechanism underlying this phenome-

non is that it is more difficult for alien species to colonise PAs than corresponding

sections of non-protected landscape because natural vegetation acts as a buffer

against plant invasions (see also Foxcroft et al. 2011). Among PAs in the Czech

Republic those established long ago harbour significantly fewer neophytes than

those established more recently, and the neophytes from a rapidly increasing pool

of species in the surrounding landscapes were not captured over time in the PA

network any faster than were native species from the pool available at the time of

establishment of the first reserves (Pyšek et al. 2003b). This suggests that natural

vegetation in nature reserves creates an effective barrier against the establishment

of alien species (see also Meyerson and Pyšek 2014).

11.4 The Most Invasive Plant Species in European

Protected Areas

At the species level, what information is available on the most serious plant

invaders in European PAs and how does this continent stand compared to others?

A summary is provided by De Poorter (2007) in her scoping report produced for

the World Bank as a contribution to the Global Invasive Species Programme

(GISP). This study emphasises that there is a shortage of consolidated information

at global, international and/or regional level, on IAS impacts, threats and manage-

ment in PAs. It also found that a wealth of information is available at site and

national levels, but that it is very dispersed and not standardised, which makes it

difficult to get a balanced global picture (De Poorter 2007).

De Poorter (2007) list 58 significant invasive plant and animal species for Europe,

the criterion for inclusion being that they have impact and represent threat to PAs.

This number, although the comparison is biased by different sizes of regions, places

Europe in the middle of the range given for continents; the number of plants and

animals these authors list as invasive in PAs in USA and Canada is 109 (84 of which

are plant species), in Australia and New Zealand 87 (57), Africa 58 (47), Asia 43 (30),

Oceania 19 (13), and South and Central America and Mexico 18 (10). Among the

58 European invaders there are 37 plants. The list includes 25 trees and shrubs, eight

perennials, and four annuals. Although the results of the survey were influenced by

the limited information accessible (De Poorter 2007), the species perceived as

problematic in European PAs nevertheless overlap to a large degree with those

known to be invasive in Europe in general, i.e. also outside PAs (DAISIE 2009).

A more detailed picture of how the major invasive plants are distributed in

European PAs can be inferred from the above mentioned web survey (A. Monaco

and P. Genovesi, unpublished) in which managers reported species they consider

most harmful to their areas (Table 11.2). Among the 378 taxa listed at least once,

the top invasive species are Fallopia japonica (Japanese knotweed, which most
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likely includes other European taxa of this genus such as F. sachalinensis, giant
knotweed, and the hybrid F. �bohemica; Pyšek 2009), reported to have impact in

41 % of the total number of surveyed PAs, Impatiens glandulifera (Himalayan

balsam; 25 %), R. pseudoacacia (22 %), Ailanthus altissima (tree of heaven; 14 %),

H. mantegazzianum4 (9 %), and Ambrosia artemisiifolia (common ragweed; 9 %).

Interestingly, a number of species perceived as the top invaders at the site level in

European PAs are not listed for this continent in the above mentioned global survey

Table 11.2 Plant species reported as most harmful in European protected areas by managers

Taxon LH Origin

Number of

PAs

Number of European

regions

Fallopia japonica et sp. p Asia 48 36

Impatiens glandulifera a Asia 29 34

Robinia pseudoacacia t N America 26 42

Ailanthus altissima t Asia 16 36

Heracleum mantegazzianum* p Asia 11 25

Ambrosia artemisiifolia a N America 10 33

Solidago canadensis* p N America 9 36

Solidago gigantea p N America 8 32

Amorpha fruticosa s N America 7 17

Elodea canadensis* p N America 6 38

Acer negundo t N America 6 33

Acer pseudoplatanus t Europe 6 19

Prunus serotina s N America 5 24

Baccharis halimifolia* s N America 4 6

Buddleia davidii* s Asia 4 23

Caulerpa racemosa al Africa 4 15

Echinocystis lobata* a N America 4 15

Heracleum sosnowskyi* p Asia 4 7

Impatiens parviflora* a Asia 4 31

Opuntia ficus-indica* p C America 4 13

Phytolacca americana* p N America 4 29

Carpobrotus edulis p Africa 4 22

Asclepias syriaca* p N America 3 18

Datura stramonium* a N America 3 42

Rhododendron ponticum s Europe, Asia 3 10

Senecio inaequidens* a Africa 3 26

Xanthium italicum a N America 3 20

Based on web survey (A. Monaco and P. Genovesi, unpublished; see text for details)

Number of PAs (n ¼ 118) in which the species ranked among the most harmful invasive plants is

shown and compared with the overall distribution in Europe, expressed as the number of regions in

which it occurs, based on DAISIE database (DAISIE 2009)

Species missing from the European list presented in a global survey of De Poorter (2007, see text)

are marked with asterisk

LH life history, a annual, p perennial, s shrub, t tree, al alga

4 This may include also related species H. sosnowskyi and H. persicum (Jahodová et al. 2007).
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for Europe (De Poorter 2007; Table 11.2) which supports the concerns about the

quality of information available. Missing from the global list are some species

whose absence can be attributed to taxonomic issues (e.g. S. canadensis, Opuntia
ficus-indica, prickly pear).

11.5 Magnitude of the Problem: Impact and Management

The screening conducted by De Poorter (2007) revealed that IAS are reported as

having impact in 144 PAs surveyed, located in 29 European countries. Those

numbers are, in absolute terms, higher than in other regions of the world, for the

number of PA sites approximately twice as many as in Africa, Asia, Americas and

Australia with New Zealand. Globally, the study showed a significant number of

PAs where IAS have been recorded as an issue (De Poorter 2007). However, a

rigorous data set recently assembled on global impacts of invasive plants on

species, communities and ecosystems (Vilà et al. 2011; Pyšek et al. 2012c) indi-

cates that in Europe, studies on ecological impacts are conducted in PAs dispropor-

tionally less frequently than on other continents. Europe contributes only 5 % to the

total number of impacts tested in PAs but 31 % to those resulting from studies

conducted outside PAs (P. Hulme et al. 2013).

An insight into how impacts of invasive plant species are perceived by the

administration of PAs in Europe is provided by the web survey (A. Monaco and

P. Genovesi, unpublished). In general, merging both plants and animals, competi-

tion with native species and changes imposed to the habitats and ecosystem

functioning are considered as the most serious impacts of invasive species in

European PAs (Fig. 11.6). Interestingly, a comparison with rigorous data available

from the recent analysis of impacts of invasive plants reveals that the ranking of

impacts perceived by managers corresponds well to the ranking of impacts resulting

from published scientific studies, as reported in Pyšek et al. (2012c). The impacts

that can be largely attributed to competition, i.e. those on richness, diversity and

abundance of resident species, are most likely to be significant, and those affecting

habitats, i.e. mainly on soil properties, come second.

Closely linked with impacts are management options that PA managers in

Europe consider to be most effective (Fig. 11.7). They perceive eradication and

control to be the best approaches for dealing with invasive species. The fact that

European PA managers consider these two measures more important than preven-

tion, education or public involvement, probably reflects the approach often adopted

in PAs that tend to focus more on responding to invasions than working on

prevention, although prevention is increasingly viewed as the best management

option (Pyšek and Richardson 2010; Meyerson and Pyšek 2014). Interestingly, if

available management options are compared with what is actually being

implemented (Fig. 11.7), several issues emerge. The most frequently implemented

action against alien species in PAs is monitoring. Both active management options,

eradication and control, are in reality highly under-represented compared with how
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frequently they are suggested by managers as being the best strategy. The same is

true for prevention which is assumed to be most effective and cheapest measure.

Well represented by real activities is part of prevention devoted to education and

public involvement where communication towards public is highly used. A clear

message from such comparisons is to act as early as possible when the infestations

are relatively small to be effectively manageable, instead of relying on long-term

monitoring (Mack and Lonsdale 2002; Simberloff 2003; Pluess et al. 2012).

Unfortunately, the ability of many European PAs to withstand biological invasions

is limited by inadequate management, not only concerning biological invasions but

also in general terms. As a result of this inadequacy, it has been estimated that less

than 20 % of the species and habitats listed by the Habitats Directive have a

0 10 20 30 40 50 60 70

ecosystem
changes

affecting
habitats

competing
with native

0 100 200 300 400

Number of impact studies

Percentage score from questionnaire

Fig. 11.6 Comparison of the most serious impacts of plant invasions as perceived by managers of

protected areas in Europe (based on a web survey of A. Monaco and P. Genovesi, unpublished)

with data from studies rigorously testing impact in European PAs. The former measure (hatched

columns) is a percentage score calculated from the received responses. Managers were asked to

rank the five most serious impacts in their PA on a semi-quantitative scale, and these were scored

from 5 to 1; the full score (100 %) would therefore correspond to an impact perceived by all

managers in all PAs as the most serious. The latter measure (black columns) are percentages of

significant impacts among all tested, as addressed by studies conducted within protected areas,

based on 574 individual cases (see Pyšek et al. 2012c for details on primary data, and Hulme et al.

2013, for the frequency of studies conducted in PAs). Tested impacts were grouped so as to

correspond to the categories delimited by the web survey
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favourable conservation status in Europe (European Environment Agency 2012),

similar to the situation globally (Bertzky et al. 2012). According to the adaptive

management framework approach (Walters 1986; Foxcroft 2004), knowledge and

expertise improve by practice, i.e. actually doing things. Therefore management

actions in European PAs are often being undertaken even though the full extent of

the problem is not known, especially if only a few invasive species need to be

eradicated or contained rapidly. So, in a number of PAs in Europe actions were

taken to control or eradicate invasive plants, for example, Amorpha fruticosa (desert

false indigo) in Croatia (Council of Europe 2011), or management actions against

invasive plants in national parks in Poland (M. Opęchowska, unpublished). These

efforts were often part of LIFE projects aimed at ecological restoration within Natura

2000 sites (Scalera and Zaghi 2004; Table 11.3; see also Case study 2).

A major challenge to the management of European PAs relates to on-going

global change, especially climate change. There is strong evidence in the literature

that climate change is likely to result in changes in species’ distributions. However,
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other
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Fig. 11.7 Comparison of the management options considered by managers of protected areas as

most effective (black columns, measured as the cumulative score from the questionnaire for both

plants and animals) with the frequency of how actual measures are implemented (hatched for

plants, grey for animals). Based on a web survey (A. Monaco and P. Genovesi, unpublished); see

Fig. 11.6 for details on calculation of the percentage score
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the current networks of PAs may no longer be effective in conserving biodiversity

under rapidly changing climatic conditions because they were designed on the basis

of a paradigm of long-term stability of species’ geographical distributions (Huntley

et al. 2011). It is widely acknowledged that PAs will soon have to face changes due

to global change. This also has important implications for the design of new PAs

in that core areas need to be secured to accommodate predicted changes (Hannah

2001; Hannah et al. 2007). However, information on how these processes could

influence the distribution/abundance of plant invasions in PAs is very scarce

(see Kleinbauer et al. 2010; Case study 3).

11.5.1 Case Study 2. Management of Rhododendron
ponticum in Protected Areas in the UK

An alien plant species that is causing major conservation problems in European PAs

is Rhododendron ponticum (rhododendron). This densely branched evergreen shrub

produces several million seeds per bush; the seeds are dispersed over long distances

(up to 100 m) by wind and water under favourable open conditions, but over shorter

distances in closed canopy forest, and remain viable in soil for several years. The

plants are also capable of limited branch rooting in contact with soil, usually only

at forest edges, and sprout vigorously after cutting (Stout 2007; Hulme 2009).

It is unpalatable to vertebrates and few insects feed on the plant. The species

represents an invader that is native to part of Europe but is an invasive alien outside

its native range (see Lambdon et al. 2008). Formerly widely distributed throughout

Europe during the Tertiary, the extant native range is disjunct with R. ponticum
subsp. baeticum occurring in Iberian Peninsula, and subsp. ponticum occurring

around the Black Sea. The species was introduced to parts of Europe where it is

now invasive as an ornamental plant (Milne and Abbott 2000; Erfmeier and

Bruelheide 2010) and it is still available from nurseries. It is naturalised in the

British Isles and western continental Europe, and the extent of invasion is increas-

ing. The shrubs often completely dominate the invaded area, accumulate thick litter

layers allowing a few plants to survive under the canopy (Hulme 2009), and

integrate into existing pollination networks (Vilà et al. 2009). The invasion success

of R. ponticum has been attributed to the greater environmental suitability of the

new regions, a wider range of favourable habitat types (Shaw 1984; Erfmeier and

Bruelheide 2010), but also to genetic shift in invasive populations towards an

increased investment in growth and a faster germination rate, and genotype �
environment interactions play a major role during the invasion process. Both

hybridization and ecological release from constraints experienced in the native

range are plausible explanations for its success (Erfmeier and Bruelheide 2005).

After the initial introduction to UK in 1763, it was introduced to many private

estates, parks and woodlands for game cover, mainly from Spanish populations. It

was recorded as naturalised by the late nineteenth century and spread widely in the
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twentieth century (Scalera and Zaghi 2004). The species became highly invasive in

semi-natural forests and woodlands, but also heaths, bogs and sand dunes on a wide

range of damp acid substrates over British Isles (Fig. 11.8; Cross 1975; Foley 1990;

Gritten 1995), negatively impacting numerous habitats identified for protection

under the EU Habitats Directive).

In Snowdonia National Park, Wales, it was first planted as an ornamental shrub

in large estates, and extensively used as rootstock for grafting ornamental varieties

(Gritten 1995). Control efforts started to appear in 1980s (e.g. Shaw 1984; Gritten

1992, 1995), but by the time it has been generally accepted that control was

needed, the extent of the effort required was huge, over landscapes (Scalera and

Zaghi 2004). For example, the costs of control at a park-wide scale were estimated

at £45 million at 1992 prices (Gritten 1995). Since 1997 the EU has co-financed five

LIFE Nature projects (http://ec.europa.eu/environment/life; Table 11.3) to tackle

the problem of invasion by rhododendron in England, Scotland and Wales, with

focus on eradicating rhododendron populations from the core Natura 2000 areas,

providing a cordon sanitaire around the treated sites and to work with private

landowners and communities to seek support for a coordinated programme. The

techniques employed involve the widespread removal of plants using mechanical

methods, burning the cut plants, removing root mats to expose fresh soil, and

controlling re-growth with herbicides. One of the LIFE projects was aimed at the

large-scale removal of rhododendron from woodlands at Loch Sunart, western

Scotland. The project mobilised private landowners by covering 95 % of the

Fig. 11.8 Invasion of Rhododendron ponticum in Killarney National Park, Ireland (Photo:

P. Pyšek)
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costs, and higher payment rates were offered for work within Natura 2000. In a

follow-up project in Loch Sunart it appeared that until all sources of seed are

tackled the threat of reinvasion persisted and not all landowners supported the

continuation of eradication programme. Another project resulted in clearing of

110 ha of rhododendron-invaded heaths and woods in the New Forest National

Park, followed by monitoring to ensure that any new foci were quickly targeted for

management. As an additional constraint, the eradication projects faced obstacles

due to rhododendron’s popularity as a garden plant. Overall, despite the long-term

effort and the huge investment of resources, rhododendron remains a problem in

and near PAs and Natura 2000 sites. Besides a call for a general change in attitude,

the replacement of cultivated stock by planting of dwarf sterile rhododendron

hybrids has been suggested as a solution (Scalera and Zaghi 2004).

Rhododendron ponticum is an example of a highly invasive species whose

distribution across Europe, including PAs, is rather localised (Lambdon

et al. 2008; DAISIE 2009). Nonetheless, it is one of the most invasive species in

European PAs, incurs great economic costs, and attempts to undertake coordinated

control efforts have been ineffective. For example, in Scotland it still considered

one of the most noxious plant invaders, with £1.6 million spent on its management

in 2011–2012 in several districts (Forestry Commission Scotland 2012).

11.5.2 Case Study 3. Climate Warming Will Drive
the Invasive Tree Robinia pseudoacacia

into Nature Reserves

Robinia pseudoacacia is among the most widespread invasive plant species in

Europe (Lambdon et al. 2008), in central Europe it is among those with the broadest

habitat range (Chytrý et al. 2005), and it is invasive in most countries (Essl and

Rabitsch 2002; Pyšek et al. 2009b, 2012a, b; Medvecká et al. 2012). This

deciduous tree, native to central and eastern North America, is up to 30 m tall

and grows as an early successional species in open and disturbed habitats. It has a

good regeneration capacity, resprouting well from roots and stumps. It was

introduced to Europe in 1601 as an ornamental species, and was later used for

timber production and erosion control (Başnou 2009; Pyšek et al. 2012a). As a

nitrogen fixing species, it can achieve early dominance on open sites where

nitrogen is limiting to other species, and ecological impacts of this species on

biodiversity and ecosystem functioning are well documented (Kowarik 2003;

Rice et al. 2004).

In a study on the current and future distribution of R. pseudoacacia in Austria,

using niche-based predictive modelling, Kleinbauer et al. (2010) investigated

whether the predicted dynamics might represent invasion threat to the existing

network of Natura 2000 sites. By doing this, the study addressed potential

problems resulting from the static nature of the PAs network that disregards the
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dynamics of species ranges; this issue will be increasingly relevant under

on-going environmental change, including global warming, that will potentially

shift the distribution of suitable habitats for many species that are nowadays

protected in areas designated based on their distribution in the past (Parmesan

and Yohe 2003; Parmesan 2006). Climate change can thus not only drive

potentially endangered species out of the boundaries of existing reserves but

also facilitate colonization of reserves by invasive plant species (Kleinbauer

et al. 2010).

The study showed that current distribution of the species was strictly controlled

by temperature constraints and predicted an increase in the area invaded by

R. pseudoacacia under warmer climate. This is a general phenomenon seen

for many invasive plant species in central Europe that originate from areas climat-

ically warmer than is this target region (Pyšek et al. 2003b). The predictions

differed among the 13 forest and grassland habitats that were included in the

study as potentially invasible by R. pseudoacacia. Therefore, the risk of invasion

into legally protected areas and habitats that are vulnerable to colonization by

R. pseudoacacia is likely to increase with climate warming, with the threat being

most pronounced for endangered habitats of a high conservation value. Moreover,

the study predicts not only an increase in area invaded but also that in the abundance

of R. pseudoacacia populations, exacerbating their impact on invaded ecosystems.

These results point strongly to the necessity of proactive management of PAs

whereby consideration should be given to different facets of global change in a

more explicit manner. They also suggest that reducing propagule pressure by

avoiding the establishment of plantations close to endangered reserves and habitats

is the most straightforward way to prevent further invasion under a warmer climate

(Kleinbauer et al. 2010).

11.6 Challenges, Solutions and Strategy: Towards

the Brighter Future of European Protected Areas?

Europe has lagged behind other regions of the world in the struggle against IAS

(Genovesi and Shine 2004), largely because of the limited awareness of the European

society on this issue. Despite the fact that 96 % of Europeans consider the protection

of the environment to be important and 84–93 % perceive the loss of biodiversity as a

serious problem, only 2–3 % of European citizens acknowledge IAS as a significant

threat (Gallup Organisation 2007; Hulme et al. 2009). The limited level of under-

standing and concern regarding IAS is indeed a major obstacle to more effective

policies on biological invasions (Brunel et al. 2013). It is therefore urgent to inform

the public better on this issue. Protected areas can play a pivotal role in this regard

because these institutions have a direct link with their visitors, and enjoy a high

credibility in public opinion. Better information and education of the public could

be ensured also by directly involving them in activities such as monitoring or
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management, as in the case of the “balsam blitz” at the Pembrokeshire Coast

National Park (Wales), where volunteers are engaged in controlling I. glandulifera
(NewsWales 2011). Another example is the on-going eradication of Lysichiton
americanus (American skunk cabbage) in the Taunus Nature Park (Germany). This

project involves over 100 volunteers and is planned take at least 10 years to complete

it (B. Alberternst, personal communication). Such initiatives provide opportunities to

launch far-reaching awareness campaigns.

Fortunately, the generally limited awareness of biological invasions by the

public does not extend to the managers of PAs, who have a high concern about

the threats posed by IAS (Scalera and Zaghi 2004). Based on the results of the web

survey (A. Monaco and P. Genovesi, unpublished), IAs are now considered by

managers and administrators of PAs the second most serious threat, after habitat

loss and fragmentation – and more important than tourism (Fig. 11.9). This specific

attention of European PAs on biological invasions probably reflects the direct

experience of managers with the impacts caused by IAS whose numbers are

constantly and rapidly growing in all European environments and regions (Hulme

et al. 2009). The perception by European PA managers of these main threats

0 10 20 30 40 50 60

poaching

erosion

waste

overgrazing

overexploitation

pollution

tourism

other

invasive species

habitat loss/
fragmentation

Percentage score

Fig. 11.9 Major threats to protected areas as perceived by managers. Based on a web survey

(A. Monaco and P. Genovesi, unpublished), see Fig. 11.6 for details on calculation of the percentage

score. Other threats listed with low frequency are shown together and include: human conflicts,

climate change, lack of resources, ecological instability and lack of political support
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also corresponds reasonably well with general global threats as identified by

e.g. Millennium Ecosystem Assessment (2005) – that underlined the need to

improve the management of PAs, to mitigate the impacts of development, over

harvesting, unsustainable tourism, invasive species, and climate change – or

specifically for nature reserves and island ecosystems (Robertson et al. 2011).

The magnitude of impacts of invasive species in European PAs is expected to

grow rapidly in the near future, with severe effects on biodiversity and ecosystem

services. Besides increasing numbers of introductions to the continent, PAs are

under increasing pressures from the continuous growth of tourism (Fig. 11.2) which

is a major source of propagules of alien species (Usher 1988; Lonsdale 1999; Pretto

et al. 2012). Furthermore, on-going climate change may aggravate the impact from

invasions (e.g. Kleinbauer et al. 2010, see Case study 3 above).

However, the ability to develop more effective and science-based responses to this

threat in European PAs is constrained by several factors. These include limited support

from the rest of the society (including decision makers), the inadequate legal frame-

work reflecting the European context, the lack of early warning rapid response

frameworks (Brunel et al. 2013), the lack of specific financial mechanisms, including

those for contingency actions, and – last but not least – the lack of data on invasive

species in PAs (Fig. 11.10). Regarding the last mentioned aspect, inventories of

invasive species in PAs, using standard scientific criteria, are urgently needed to

support European PAs in their efforts to prevent and control invasions (e.g. Pyšek

et al. 2009a). This can only be achieved through coordinated international cooperation

for which the system of projects funding within EU provides a suitable framework.

0 10 20 30 40 50 60 70

institutional impediments

other

public/stakeholders
opposition to management

lack of information

lack of awareness

lack of capacity

limited resources (financial/staff)

Percentage score

Fig. 11.10 Key impediments to dealing with the spread of invasive species in European protected

areas as perceived by managers. Based on a web survey (A. Monaco and P. Genovesi,

unpublished); see Fig. 11.6 for details on calculation of the percentage score
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To achieve this aim, and in order to improve the knowledge base of actual

distribution of IAS, managers of protected areas should make more use of the ‘citizen

science’ or ‘citizen as a sensor’ approach, where the public is involved in monitoring

of natural resources for improving management and/or research, often allowing

scientists to accomplish studies that would otherwise be unfeasible. In general the

‘citizen science’ approach can also be aimed at promoting public engagement,

information and education. Properly trained volunteers could be effectively involved

in inventories and monitoring programmes of IAS distribution and could play a

fundamental role in the surveillance of new IAS arrivals, to support an early warning

and rapid response system (Genovesi et al. 2010; Gallo andWait 2011). The initiative

of the EEA “Eye on Earth” is an interesting example of the involvement of the public

for recording data on IAS (http://www.eyeonearth.org/en-us/Pages/Home.aspx, sec-

tion nature), for which aim a number of open platforms can provide valuable tools,

such as the applications developed for several electronic devices such as mobile

phones, tablets, etc. (e.g. “Aliens Among Us app”; http://www.royalbcmuseum.bc.ca/

TravellingExhibitions/default.aspx; “iAs_sess”, http://ias-ess.org).

More generally, in order to prevent further impacts by IAS, European PAs should

give priority to the prevention of new introductions, by identifying the priority

pathways of IAS introduction, and addressing them through a balanced and regula-

tory approach. European PAs, compared to other regions of the world, are

characterised by widespread presence of human activities within their borders or in

their immediate surroundings5. It is important to extend such a precautionary

approach outside the borders of PAs, and to discuss with competent authorities –

not only at the local or national scale, but also at the European level – ways of

preventing introductions of alien plants by forestry, horticulture, or via botanical and

zoological gardens. Protected areas should be involved in fostering more responsible

behaviour by private individuals and industries, for example by promoting the

adoption of agreed standards, best-practice guidelines, or codes of conduct that are

being developed by European institutions (Heywood and Brunel 2009; Heywood

2011, 2012; Scalera et al. 2012). Furthermore, it is crucial to improve the ability of

European PAs to promptly detect new invasions, and to enforce effective response

measures. European institutions should consider the adoption of specific financial

mechanisms to allow for prompt response to and development of contingency plans

for new invasions, based on a rapid evaluation process.

5 This is confirmed by the analysis on PAs coverage per IUCN category (EEA 2012) that highlights

that the most represented IUCN category by surface (about 50 %) in European PAs is the V, that is

“. . . protected area where the interaction of people and nature over time has produced an area of

distinct character with significant ecological, cultural and scenic value . . .” (IUCN, http\\www.

iucn.org).
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11.7 Conclusions

Several issues that emerge from our synthesis can be summarised as follows (see

also Gaston et al. 2008):

• In Europe there is a well-developed system of PAs that was expanded by the

Natura 2000 scheme, and a high level of interest of the public in nature

protection. However, PAs suffer from habitat fragmentation and diverse

human pressures, and are facing pressure due to climate change. Despite the

extensive legal framework for conservation planning, quantitative goals and

indicators of the effectiveness of biodiversity protection within PAs are still

needed.

• Despite generally high levels of awareness of Europeans regarding the impor-

tance of biodiversity protection, IAS are not perceived as a key conservation

issue by the public, and there is a need for more education of visitors to PAs

about the threats resulting from invasions. The problem of IAS is likely to

accelerate in the near future as on-going environmental change may potentially

facilitate colonization of PAs by invasive species that are currently kept out due

to climatic constraints. The dynamics of species ranges need to be incorporated

in proactive management in a more explicit manner.

• The management of many PAs is still inadequate in general. Among other

things, collecting standardised continent-wide data on the distribution and abun-

dance of IAS is an urgent priority. The lack of such data is surprising given that

Europe is one of the continents where biological invasions are most intensively

studied. There is an urgent need to coordinate such systematic data collation and

to integrate this element in the reporting instruments of EU, such as the reporting

requested by the Habitat Directive, the Bird Directive, the Marine Strategy, and

the Water Directive. It is advisable to employ citizen science in schemes aimed

at improving the availability of IAS data. Also, European institutions need to

support the implementation of a dedicated regional information system, as was

requested by the European Union Council of June 25th, 2009.

• PA managers in Europe are aware of the seriousness of the problem and threats

imposed by IAS but are constrained in their efforts to deal with them by the lack

of staff and budgetary resources, the inadequate legal context, and the lack of

rigorous scientific information translated into practical guidelines. European

institutions should develop specific financial mechanisms to react promptly to

new incursions, and PAs should establish contingency plans for invasions. It is

crucial for Pan-European and national institutions to address the legal con-

straints to achieve more effective management of IAS.
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Blackburn TM, Pyšek P, Bacher S et al (2011) A proposed unified framework for biological

invasions. Trends Ecol Evol 26:333–339

Brockie RE, Loope LL, Usher MB et al (1988) Biological invasions of island nature reserves. Biol

Conserv 44:9–36

Brundu G (2014) Chapter 18: Invasive alien plants in protected areas in Mediterranean islands:

knowledge gaps and main threats. In: Foxcroft LC, Pyšek P, Richardson DM, Genovesi P (eds)
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National Park. In: Pyšek P, Prach K, Rejmánek M et al (eds) Plant invasions: general aspects

and special problems. SPB Academic Publishing, Amsterdam, pp 213–219
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Hejda M, Pyšek P, Jarošı́k V (2009) Impact of invasive plants on the species richness, diversity and

composition of invaded communities. J Ecol 97:393–403

Heywood V (2012) European code of conduct for botanic gardens on invasive alien species.

Council of Europe Document T-PVS/Inf (2012)1, Strassbourg

Heywood V, Brunel S (2009) Code of conduct on horticulture and invasive alien plants. Nat

Environ 155:1–35

Heywood VH (2011) The role of botanic gardens as resource and introduction centres in the face

of global change. Biodivers Conserv 20:221–239

Hulme PE (2009) Rhododendron ponticum L., rhododendron (Ericaceae, Magnoliophyta). In:

DAISIE (ed) Handbook of alien species in Europe. Springer, Berlin, p 356
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Pyšek P, Richardson DM (2010) Invasive species, environmental change and management, and

health. Annu Rev Environ Res 35:25–55
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2010: Verbreitung und Evaluierung von Managementmaßnahmen. Institut für angewandte

Biologie und Umweltbildung, Wien

Shaw MW (1984) Rhododendron ponticum: ecological reasons for the success of an alien species

in Britain and features that may assist in its control. Aspects Appl Biol 5:231–242

Simberloff D (2003) How much information on population biology is needed to manage intro-

duced species? Conserv Biol 17:83–92

Smith PH (2012) Inventory of vascular plants for the Sefton Coast. Unpublished report to the

Sefton Coast Partnership

Spear D, McGeoch MA, Foxcroft LC et al (2011) Alien species in South Africa’s National Parks

(SANParks). Koedoe 53:1032–1034

Stout JC (2007) Reproductive biology of the invasive exotic shrub, Rhododendron ponticum
L. (Ericaceae). Bot J Linn Soc 155:373–381

Timmins SM,Williams PA (1991)Weed numbers in New Zealand’s forest and scrub reserves. N Z

J Ecol 15:153–162

UNEP-WCMC (2011) The world database of protected areas. Cambridge. http://www.wdpa.org/

Statistics.aspx

Usher MB (1988) Biological invasions of nature reserves: a search for generalisation. Biol

Conserv 44:119–135

Veenvliet JK, Humar M (2011) Tujerodne vrste na zavarovanih območjih [Alien species in

protected areas]. Report on capacity building activity in the framework of the WWF project

Dinaric Arc Ecoregion, Ministry of Environment, Slovenia
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Chapter 12

Invasive Plant Species in Indian Protected

Areas: Conserving Biodiversity in Cultural

Landscapes

Ankila J. Hiremath and Bharath Sundaram

Abstract Invasive plant species in Indian protected areas have received relatively

little attention until recently. This may partly be due to a historical emphasis on

wildlife protection, rather than on a broader science-based approach to conservation

of biodiversity and ecosystem functioning. A literature review of invasive plant

species in India showed that nearly 60 % of all studies have been done since 2000,

and only about 20 % of all studies are from protected areas. Studies from protected

areas have largely focused on a small subset of invasive alien plants, and almost

half these studies are on a single species, Lantana camara, probably reflecting the

species’ ubiquitous distribution. The spread of alien plants in India has been both

ecologically and human mediated. Efforts to manage plant invasions have, in the

past, been diluted by the ambivalence of managers attempting to find beneficial uses

for these species. Despite growing knowledge about the harmful impacts of certain

invasive plants on native species and ecosystems, their deliberate spread has

continued, even till quite recently. And, despite the successful implementation of

management initiatives in some protected areas, these efforts have not expanded to

other areas. The lack of a national coordinated effort for invasive species monitor-

ing, research, and management largely underlies this.
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12.1 Introduction

Two decades ago, Usher (1991) ventured tentatively that it was unlikely tropical

nature reserves (as with reserves elsewhere) were free from alien invasive species.

With the tremendous growth in global trade and travel, and with increasing

landscape fragmentation, this can now be categorically stated (Mack and Lonsdale

2001; Denslow and deWalt 2008; Weber and Li 2008). This is likely to be

especially true in a country like India, with its network of relatively small protected

areas (PAs) set in a matrix of altered, human-dominated landscapes.

Worldwide there is a growing catalogue of the potential impacts of invasive

species on native species, wildlife habitats, disturbance regimes, and ecosystem

services (e.g. Pyšek et al. 2011; Foxcroft et al. 2014; Simberloff et al. 2013). Yet in

Indian PAs invasive plant species have received relatively little attention until

recently, whether from researchers, managers, or the general public. This neglect

may, at least in part, lie in the history of forest management and conservation, and

in the genesis of PAs in India.

In this chapter we review the available scientific literature on invasive alien plant

species (IAPs) in Indian PAs. We then trace the history of introductions of the

better-known invasive species that have been reported from Indian PAs. Using two

examples of widespread invasive plant species in India, we assess their impacts.

Finally, we look at patterns regarding the drivers of invasion that are starting to

emerge from these studies. These findings provide valuable insights for future

management of invasive species in these PAs, with their long and continuing

history of human habitation and use.

12.2 India’s Protected Areas

India’s 668 PAs account for about 4.9 % of the country’s geographic area (Krishnan

et al. 2012). The categories of PAs under the Indian Wildlife Protection Act

(WLPA) include national parks, wildlife sanctuaries, conservation reserves, and

community conserved areas, varying in the degree of human use permitted within

them. Indian parks are generally small relative to PAs in some other parts of the

world, being, on average, on the order of a few 100 km2. Many PAs have had a long

history of forest management and use by communities that lived in these forests

prior to their notification. Historical management and use by these communities

included shifting cultivation, burning, hunting, grazing, and fuel-wood and

non-timber-forest-product (NTFP) collection. Other PAs had historically been

managed for the harvest of timber. Thus, these PAs are cultural landscapes as

much as they are natural landscapes.

Even today a large proportion of PAs have resident forest-dependent communi-

ties. Other than in national parks, forest-dwelling communities have rights to NTFP

and fuel-wood collection and grazing in protected areas, though shifting cultivation,
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hunting, and burning have been curtailed (Krishnan et al. 2012). An amendment to

the WLPA in 2002 (Government of India 2002) banned NTFP collection for

commercial use, permitting only subsistence collection. The exception to this

general pattern is the case of tiger reserves, which are a subset of PAs especially

earmarked for tiger (Panthera tigris) protection. In tiger reserves the most recent

amendment to the WLPA (Government of India 2006) mandates the setting aside of

a core inviolate zone, the critical tiger habitat, which is to be free from all human

habitation and use.

Initially, the modern era of forest management in India (1864 onwards) was

dominated by production forestry. The first PAs were established only at the turn

of the twentieth century. They owed their origins to diminishing populations of

valuable game animals as a result of overhunting and on-going habitat transforma-

tion. As animal numbers declined, the numbers of hunters-turned-conservationists,

and their influence, increased (Burton 1953; Rangarajan 2001). Prominent amongst

them was Colonel James Corbett, of the eponymous national park, and the first such

park in India (Rangarajan 2001). Other protected areas owed their origins to erstwhile

princely rulers who were prescient in setting aside portions of their hunting preserves

– shikargahs – for the protection of valuable endangered species (Rangarajan 2001;

Krishnan et al. 2012). One example is that of Gir in the western Indian state of

Gujarat, and the last remaining home of the Asiatic lion (Panthera leo), which was

protected by the rulers of Junagadh. Another example is Bandipur in the southern

Indian state of Karnataka, where the ruler of Mysore had set aside tiger protection

blocks in which hunting of wildlife was strictly prohibited (Rangarajan 2001).

Having begun in this manner, conservation in India had a single-minded focus,

the protection of charismatic mammals, as is evident from the earliest reserves

(e.g. Kaziranga established for the one-horned rhinoceros, Rhinoceros unicornis,
and Kanha for the tiger; Krishnan et al. 2012). Many protected areas continue to be

synonymous with individual species, for example, Gir (the Asiatic lion) and Corbett

(tiger). Management in this context was largely focused on inventorying and

maintaining stocks, and preventing illegal activities such as hunting and poaching

(Burton 1953; Stracey 1960). This preoccupation with numbers only increased in

the 1970s; a nationwide tiger census in 1972 showed that its numbers had declined

markedly, leading to the initiation of Project Tiger, under which a series of tiger

reserves were established (Rangarajan 2001). Even when the emphasis of conser-

vation broadened to include other species in the landscape, management remained

largely unchanged. The argument was that conservation of big mammals, so-called

umbrella species, automatically guaranteed conservation of all other plants and

animals, though this is not always the case (e.g. Das et al. 2006).

It is only in the last three or four decades that the focus of conservation in India

has broadened to include not only species, but unique habitats and ecosystems.

A biogeographic assessment of the country in 1992, under the National Wildlife

Action Plan of 1983, led to the identification of gaps in the PA network, and

the setting up of new reserves (Krishnan et al. 2012). Other initiatives during this

time have included the establishment of biosphere reserves and world heritage sites

under the aegis of UNESCO, as part of a global programme to conserve unique
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landscapes. In the last couple of decades the growing global focus on biodiversity

hotspots (biodiversity rich areas with high degrees of endemism and threats; Myers

et al. 2000) has led to recognition of the conservation value of large regions like the

Eastern Himalayas and the Western Ghats (Critical Ecosystems Partnership Fund

2013). Even so, the management of PAs has remained largely unchanged, with its

emphasis on protection from illegal activities, and on inventorying and maintaining

wildlife numbers, with the role of science continuing to be largely insignificant

(Madhusudan et al. 2006).

Given this history of forest management and conservation, it is not surprising

that the insidious spread of invasive plant species in Indian PAs went largely

unnoticed until quite recently. Although IAPs have occasionally been included as

part of habitat management plans in PAs (e.g. Lantana camara in the Melghat Tiger

Reserve; Sawarkar 1984), these have tended to be isolated instances. It is only in the

past decade or so that both managers and researchers have become increasingly

interested in the issue of IAPs in India’s PAs.

12.3 Invasive Plants in Indian Protected Areas:

An Overview

From the list of 100 of the world’s worst invasive species (see Lowe et al. 2000, for

criteria they use), 11 plant species occur in India and several of these occur in PAs.

These 11 species comprise Acacia mearnsii (black wattle), Arundo donax (giant

cane), Chromolaena odorata (Siam weed), Clidemia hirta (Koster’s curse),
Imperata cylindrica (cogon grass), Lantana camara (lantana), Leucaena latisiliqua
(¼ Leucaena leucocephala, false koa), Mikania micrantha (mile-a-minute weed),
Opuntia stricta (prickly pear), Ulex europaeus (gorse), and Sphagneticola trilobata
(¼ Thelechitonia trilobata, Wedelia trilobata, Singapore daisy). These are a subset
of the 225 alien plant species in India that Khuroo et al. (2012) have classified as

invasive, using a modification of the classification proposed by Pyšek et al. (2004).

They also recognise an additional 134 species as naturalised, but with potential to

become invasive in the near future.

Our review of IAPs in India is based on a variety of sources. The Thomson-

Reuters ISI Web of Science database was searched using the following search

string: (exotic OR invasive OR invad* OR alien OR non*native OR weed) AND

(India). The same search string was used to search the Agricola database. In

addition to these two sources, we also searched the available archives for the journal

Tropical Ecology, which is not indexed in either of the databases searched, and

relied on our knowledge of the Indian literature (especially articles in other journals

not indexed in either of the two databases, e.g. the Journal of the Bombay Natural

History Society, Conservation and Society, and Indian Forester). We supplemented

our findings with other relevant articles and reports cited in records retrieved from

these searches. Overall, this constitutes a reasonably complete review of the

published literature (excluding book chapters) on terrestrial and aquatic invasive
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plant species in India, but by no means is it a complete review of the grey literature.

Most reports of IAP occurrences and accounts of management undertaken by the

Forest Department are almost certain to remain in departmental reports and forest

management plans that are difficult to access; very few such accounts make their

way into the public domain (in this case, the Indian Forester, which is the journal of

the Indian Forest Department). Abstracts of the initial list of articles retrieved were

screened to eliminate studies that exclusively pertained to weeds of agricultural

systems, though articles pertaining to IAPs in shifting cultivation systems were

retained. Only articles pertaining to alien plant species that are recognised to be

invasive (i.e. those that are widespread and dominant, Colautti and MacIsaac 2004)

were retained. Those that dealt with other introduced or naturalised species, for

example alien species in plantation forests or agro-ecosystems, were excluded.

Finally, studies that were not typically ecological in their emphasis (e.g. those

looking at chemical or molecular characteristics of particular species) were also

excluded.

The most noteworthy finding to emerge from this review was how few studies

exist on IAPs in India. We did not restrict the search to any particular time period,

so the earliest report dates back to the end of the nineteenth century (Anon 1895),

long before there was widespread interest in the biology of species invasions

(generally attributed to Elton 1958, but see Chew 2011). For a period spanning

more than a century, the search yielded less than 150 studies, with more than 60 %

of these studies after the year 2000.

A second noteworthy finding from this review is how few studies are from PAs.

The research on invasive plant species in PAs accounts for barely a fifth of all IAP

research in India (Fig. 12.1). Considering that Indian PAs constitute only a small
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Fig. 12.1 Temporal trends in the published information on invasive alien plants in India, showing

the relative numbers of studies conducted in protected areas compared to studies outside protected

areas (Publications for the period 2010–2015 are still accruing)
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fraction of the country’s area, making them valuable repositories of the country’s

biological diversity, this result is striking.

Third, the work on invasive plant species in Indian PAs has focused only on a

handful of species, with L. camara being the subject of almost half of these studies

(Table 12.1). Lantana camara is also the most studied invasive plant species in

India, and is the focus of over a third of all studies generally. This may be a

reflection of its status globally. Cronk and Fuller (1995) classify it as one of the

most ubiquitous invasive plant species worldwide, ranging from tropical to sub-

tropical and warm temperate regions of the world. Based on the current state of

knowledge in India, an account of IAPs in Indian PAs is largely, though not

exclusively, an account of L. camara.

12.4 A History of Introductions

Studies of IAPs in Indian PAs repeatedly mention only a small subset of species.

One reason for this could be that most of the species in this subset have been in

India for at least 100 years, presumably long enough to have become invasive

(Wilson et al. 2007; Table 12.2). Second, at least two of these species (L. camara
and Prosopis juliflora, mesquite) are very widespread. Lantana camara, particu-
larly, occurs in a wide variety of different ecosystems (Table 12.1). Prosopis
juliflora, on the other hand, forms extensive and conspicuous stands, even though

it is restricted to the arid and semi-arid regions of the country (Saxena 1998). Third,

most of the species in this subset tend to represent a new life form in the systems

they have invaded. Whether it is the shrubby or clambering L. camara invading

relatively open deciduous forests or woodland savannas, or P. juliflora (a tree),

Cytisus scoparius (Scotch broom, a shrub) or Mimosa diplotricha (giant sensitive

plant, a clambering vine) invading grasslands, the impacts of these species are more

readily visible than they would be if the alien invader merely resulted in more of the

same, for example, an alien grass invading a grassland.

In India, as with other regions of the world, invasive species have arrived in a

variety of ways. Most alien plant species that are known to be invasive in PAs in

India were first introduced into the country as garden ornamentals. Other reasons

why alien species were introduced intentionally was to meet fuel-wood require-

ments, to prevent desert spread, and for commercial cultivation (Table 12.2).

The most unusual, and perhaps apocryphal, example of an intentional introduction

is that of M. micrantha, a climber known for its rapid growth in humid tropical

environments. Mikania micrantha is thought to have been introduced by the allied

forces during World War II to camouflage airfields built along the Indo-Burmese

border as a defence against the advancing Japanese forces (Randerson 2003).

An example of an accidentally introduced species that has become invasive is

Parthenium hysterophorus (congress grass). Reports suggest that it arrived in India
as a contaminant of imported wheat in the mid-1950s, though there is evidence that

it may already have been in India as early as 1810 (Paul 2010). Attempting to
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Table 12.1 Protected areas in India for which published information on invasive alien plants is

available. Note the disproportionate number of studies on Lantana camara compared with other

invasive plant species, and the range of ecosystem types in which L. camara occurs

Protected area Ecosystem type Invasive species reported Source

Kalakad

Mundanturai

Tiger Reserve

Tropical evergreen

forest

Lantana camara,
Chromolaena odorata

Chandrasekaran and

Swamy (2002,

2010)

Protected forest,

Anamalais

Tropical evergreen

forest

Coffea arabica, Coffea
canephora

Joshi et al. (2009)

Greater Nicobar

Biosphere

Reserve

Tropical evergreen

forest

Mikania micrantha,
Chromolaena odorata,
Lantana camara,
Ageratina spp.,

Merremia peltata

Babu and Leighton

(2004)

Southern Western

Ghats

(no specific

protected area

mentioned)

Tropical evergreen

forest

Mikania micrantha Sankaran and

Srinivasan (2001)

North-eastern India

(no specific

protected area

mentioned)

Tropical evergreen

forest

Mikania micrantha Gogoi (2001)

Achanakmar-

Amarkantak

Biosphere

Reserve

Tropical

moist-deciduous

forest

Lantana camara Sahu and Singh

(2008), Shukla

et al. (2009)

Mudumalai

National Park

Tropical moist-

deciduous, dry

deciduous forest,

scrub forest

Lantana camara,
Chromolaena odorata,
Opuntia stricta var.

dillenii (¼O. dillenii)

Mahajan and Azeez

(2001),

Ramaswami and

Sukumar (2011)

Biligiri

Rangaswamy

Temple Tiger

Reserve

Tropical

moist-deciduous,

dry deciduous

forest

Lantana camara,
Chromolaena odorata

Murali and Setty

(2001), Sundaram

and Hiremath

(2012)

Bandipur National

Park

Tropical dry

deciduous forest

Lantana camara,
Chromolaena odorata

Puyravaud

et al. (1995),

Prasad (2009,

2010, 2012)

Chinnar Wildlife

Sanctuary

Tropical dry

deciduous forest,

scrub forest

Lantana camara, Ageratum
houstonianum

Chandrashekara

(2001)

Melghat Tiger

Reserve

Tropical dry

deciduous forest

Lantana camara Sawarkar (1984)

Tadoba-Andhari

Tiger Reserve

Tropical dry

deciduous forest

Lantana camara, Hyptis
suaveolens, Parthenium
hysterophorus

Giradkar and Yeragi

(2008)

Kumbalgarh Wild-

life Sanctuary

Tropical dry

deciduous forest

Prosopis juliflora Waite et al. (2009)

Ranthambore

National Park

Tropical dry

deciduous forest

Prosopis juliflora Dayal (2007)

Corbett Tiger

Reserve

Subtropical

moist-deciduous,

dry deciduous

forest

Lantana camara Babu et al. 2009; Love

et al. (2009)

(continued)



reconcile these disparate reports, Kohli et al. (2006) suggest that it may have arrived

in the nineteenth century, but only became widespread in the mid-twentieth

century.

The introduction of the seaweed Kappaphycus alvarezii for the commercial

production of carrageenan deserves special mention. It was first introduced in

1993 to the Central Salt and Marine Chemicals Research Institute in western

India. From there it was introduced into the Palk Bay at the southern tip of India

in 2001, even though it was known to be invasive in other analogous environments

(in Hawaii and the Caribbean; Namboothri and Shankar 2010). It has since spread

to the Gulf of Mannar Marine Biosphere Reserve, where it is now rapidly growing

over coral colonies, forming dense mats and smothering the corals below

(Chandrasekaran et al. 2008).

Table 12.1 (continued)

Protected area Ecosystem type Invasive species reported Source

Rajaji National

Park

Subtropical moist

deciduous, dry

deciduous forest

Lantana camara Rishi (2009), Kimothi

and Dasari (2010),

Kimothi

et al. (2010)

Valley of Flowers

National Park

Alpine meadow Polygonum polystachyum Saberwal et al. (2000),

Kala and

Shrivastava (2004)

Mukurti National

Park

Montane forest and

grassland

(grassland-shola

mosaic)

Cytisus scoparius,
Chromolaena odorata,
Ulex europaeus, Acacia
mearnsii

Zarri et al. (2006),

Srinivasan

et al. (2007),

Srinivasan (2011)

Kaziranga

National Park

Floodplain grassland Mimosa invisa (¼ Mimosa
diplotricha), Mikania
micrantha

Vattakkavan

et al. (2005),

Lahkar

et al. (2011)

Orang National

Park

Floodplain grassland Mimosa diplotricha,
Mikania micrantha,
Chromolaena odorata

Lahkar et al. (2011)

Pabitora Wildlife

Sanctuary

Floodplain grassland Mikania micrantha,
Ipomoea carnea

Lahkar et al. (2011)

Manas National

Park

Floodplain grassland Mikania micrantha,
Chromolaena odorata

Lahkar et al. (2011)

Jaldapara Wildlife

Sanctuary

Floodplain grassland Mikania micrantha Lahkar et al. (2011)

Garumara Wildlife

Sanctuary

Floodplain grassland Mikania micrantha,
Chromolaena odorata

Lahkar et al. (2011)

Gulf of Mannar

Marine

Biosphere

Reserve

Marine Kappaphycus alvarezii Bagla (2008),

Chandrasekaran

et al. (2008),

Namboothri and

Shankar (2010)
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Table 12.2 The subset of invasive alien plants in India that have been reported from protected

areas, with the motives for their introduction and their source regions

Invasive species

Year of

introduction Source region

Reason for

introduction Source

Acacia mearnsii 1840s Australia Intentional

(fuelwood)

Nair (2010)

Ageratina spp. 1800s Mexico Intentional

(ornamental)

Muniappan

et al. (2009)

Ageratum
conyzoides

prior to 1882 South America Possibly inten-

tional

(ornamental)

Kohli et al. (2006)

Ageratum
houstonianum

a Mexico Possibly inten-

tional

(ornamental)

Khuroo et al. (2012)

Chromolaena
odorata

1800s Central, South

America

Intentional

(ornamental)

Bingelli et al. (1998)

Coffea arabica,
C. canephora

1500s Yemen Intentional

(cultivation)

Coffee Board of India

(www.

indiacoffee.org)

Cytisus scoparius Prior to 1930 United Kingdom/

Europe

Intentional

(ornamental)

Zarri et al. (2006),

Srinivasan

et al. (2007)

Hyptis
suaveolens

a Central, South

America

a Raizada (2006)

Ipomoea carnea Late 1800s South America Intentional

(ornamental)

Chaudhuri

et al. (1994)

Kappaphycus
alvarezii

1993 Philippines Intentional

(commercial)

Namboothri and

Shankar (2010)

Lantana camara 1809, intro-

duced

several

times dur-

ing nine-

teenth

century

South America

(via Europe)

Intentional

(ornamental)

Anon (1895), Iyengar

(1933), Thakur

et al. (1992), Day

et al. (2003),

Kannan et al.

(2013)

Merremia peltata a Indo-Pacific

region

a Paynter et al. (2006)

Mikania
micrantha

1940s Central, South

America

Intentional

(camouflage)

Randerson (2003)

Mimosa invisa
(syn. Mimosa
diplotricha)

1960s South America

via Southeast

Asia

Intentional (soil

improvement)

Vattakkavan

et al. (2005)

Opuntia stricta
var. dillenii
(¼ O. dillenii)

a Mexico a Khuroo et al. (2012)

Parthenium
hysterophorus

1950s

(or prior

to 1810;

see text)

Latin America Accidental Kohli et al. (2006)

(continued)
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12.5 Introduction, Invasiveness and Impacts: The Example

of Two Widespread Invasive Species

In this section, the invasion history, invasiveness and impacts of IAPs in India’s

PAs is illustrated by using examples of two widespread invasive plant species,

L. camara and P. juliflora.

12.5.1 Case Study 1: Lantana camara

12.5.1.1 Introduction and Spread

The European ‘plant hunters’ of the seventeenth and eighteenth centuries brought

back a number of botanically and horticulturally interesting plants from their

voyages and introduced them to botanical gardens across Europe, from where

they travelled to other parts of the world. One such species was L. camara, whose
earliest recorded introduction to India was in 1809 as an ornamental plant brought

to the Calcutta Botanical Gardens (Thakur et al. 1992; but see also Kannan

et al. 2013). There are also other later accounts of L. camara arriving in India, for

example, in Coorg around 1865 (Anon 1895), and in peninsular India via Sri Lanka

(Iyengar 1933). By the time L. camara was introduced into the old world tropics it

had already been in cultivation as a garden ornamental in Europe since the mid- to

late-seventeenth century (Day et al. 2003; Kannan et al. 2013). Plants that were

introduced from Europe were thus likely to have been a complex of hybrids, which

then hybridised further in their introduced environments (Day et al. 2003). This

may be what underlies L. camara’s wide ecological amplitude both in India and

elsewhere (e.g. Vardien et al. 2012). Today it occurs in a variety of habitats across

India, from tropical forests in the south all the way up to the subtropical and

warm temperate lower reaches of the Himalayas in the north (e.g. Table 12.1;

Table 12.2 (continued)

Invasive species

Year of

introduction Source region

Reason for

introduction Source

Polygonum
polystachyum

– Indigenous weed – Kala and Shrivastava

(2004)

Prosopis juliflora 1857, 1878 Central & South

America

(Mexico,

Jamaica,

Peru, Argen-

tina,

Uruguay)

Intentional (to halt

desertification,

for fuelwood)

Pasiecznik

et al. (2001)

Ulex europaeus Prior to 1910 Europe Intentional

(ornamental)

Bingelli et al. (1998)

aDenotes lack of information

250 A.J. Hiremath and B. Sundaram



Kannan et al. 2013). It also manifests tremendous morphological variability (see

Fig. 12.2). The extent to which these differences are genotypic or phenotypic is

unknown, though the tools to investigate these differences now exist (Ray et al. 2013).

The earliest reports of L. camara spread date back to the late nineteenth century

(Anon 1895; Kannan et al. 2013). Between 1917 and 1931 it was recorded to have

spread at the rate of 600–1,280 ha per year across four forest ranges in North Salem,

southern India, going from 3 % to 42 % of all forests in the district during this

period (Iyengar 1933). The report does not, however, mention the abundance of

L. camara, or how exactly this spread was measured. Another account indicates that

L. camara spread at the rate of more than 2 km/year between 1911 and 1930, from a

location where it was introduced in the Himalayan foothills (Hakimuddin 1930).

A recent account of L. camara from the Biligiri Rangaswamy Temple Tiger

Reserve (BRT) constitutes perhaps the first systematic, long-term monitoring

record of an invasive species’ spread in a PA in India (Sundaram and Hiremath

2012). Over an 11-year period, the frequency of L. camara occurrence doubled

across the 540 km2 of this reserve. In 1997 L. camara was encountered in about

40 % of all plots surveyed, while by 2008 it was encountered in over 80 % of these

plots (Fig. 12.3). The increase in spatial extent was accompanied by a commensu-

rate, and disproportionate, increase in density. Lantana camara increased from one

in every 20 stems in 1997, to one in every three stems by 2008. This increase in

L. camara density was accompanied by a reduction in stems of native species,

because there was no overall increase in the total numbers of stems recorded.

Fig. 12.2 Lantana camara in the Biligiri Rangaswamy Temple Tiger Reserve, India. Lantana
camara exhibits substantial morphological variation, (a) forming dense thickets 3–4 m tall, or

(b) clambering up into tree crowns (Photo: (a) AJ Hiremath, (b) B Sundaram)
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12.5.1.2 Invasiveness and Impacts

There have been several recent reviews of hypotheses pertaining to species traits

that make them invasive, or community characteristics that make them invasible

(Catford et al. 2009; Gurevitch et al. 2011; Jeschke et al. 2012). Several of these

alternative mechanisms appear to play a role in the successful invasion of

L. camara. One explanation is that of enemy release, which argues that species

tend to grow uncontrolled in introduced environments in the absence of herbivores

or pathogens that would keep them in check in their native environments (Keane

and Crawley 2002). Lantana camara is not palatable to herbivores and thus does

not appear to be preferentially browsed in Indian forests. Another explanation is

that invasive species are able to take more rapid advantage of available resources

and at the same time use nutrients more efficiently in low resource environments,

when compared with native species (Funk and Vitousek 2007), a combination of

characteristics typically thought to trade off against one another (Berendse and

Aerts 1987). Lantana camara has been shown to be efficient at nutrient uptake and

use (Bhatt et al. 1994), which would potentially give it a competitive advantage

over other species, especially on nutrient poor soils.

It has also been suggested that invasive species typically produce large numbers

of fruits that are widely dispersed, as do pioneer species, thus enabling them to exert

Fig. 12.3 Lantana camara’s spread in the Biligiri Rangaswamy Temple Tiger Reserve, India,

between 1997 and 2008. The squares represent cells of a 2 � 2 km grid across the 540 km2 park.

Lantana camara density is depicted based on vegetation surveys in a 400 m2 plot at the centre of

each cell (Sundaram 2011, with permission)
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propagule pressure (Lockwood et al. 2005). Lantana camara flowers and fruits year
round, and in southern Indian deciduous forests it has been estimated to produce on

the order of 104 fruits per individual during a single fruiting season (M. Kaushik,

unpublished data). A combination of prolific fruiting and dispersal aided by avian

frugivores can result in L. camara dominating the soil seed bank. In BRT, Sundaram

(2011) found over 600 seeds/m2 in the top 10 cm of soil, which is more than twice the

number of seeds of all other native woody species (i.e. trees, shrubs, lianas) com-

bined. These characteristics could enable L. camara to pre-emptively take advantage

of opportunities to germinate and establish. Indeed, it has been shown to effectively

colonise edges of fragmented forests (Sharma and Raghubanshi 2010) and colonise

rapidly after disturbances (Duggin and Gentle 1998).

Apart from the ecological reasons, there are also human-mediated reasons

underlying the successful establishment and spread of invasive species in Indian

PAs. In the case of L. camara, despite extensive documentation of its spread and

harmful impacts on agriculture and forestry, early work was focused on its potential

uses (Hakimuddin 1930; Iyengar 1933), diluting attempts at control (e.g. Tireman

1916). While this was in keeping with the production-oriented approach to forest

management of the time, surprisingly, this ambivalence continues. Soni et al. (2006),

for example, list potential economically beneficial uses of L. camara, despite the

accumulating ecological literature on its harmful impacts.

Invasive alien plants can have impacts at multiple scales (Parker et al. 1999).

They may not be a significant cause of species extinction, other than in very specific

environments like oceanic islands (Davis et al. 2011). However, there are other

well-documented types of impacts on, for example, community structure and

composition (e.g. Hejda et al. 2009), plant-animal interactions (e.g. Ghazoul

2004), disturbance regimes (e.g. D’Antonio and Vitousek 1992), and ecosystem

processes (e.g. Vitousek and Walker 1989; Le Maitre et al. 2001). In Indian

PAs these potential effects of IAPs take on added significance, especially consid-

ering the small area of remaining natural ecosystems that these PAs represent,

relative to the country as a whole.

Studies indicate that L. camara invasion is correlated with changes in nitrogen

cycling (Sharma and Raghubanshi 2009). This has been attributed to changes in

litter quality and turnover under L. camara compared to background levels. There

are also indications that L. camara is correlated with changes in community

structure and composition (Sharma and Raghubanshi 2010; Sundaram and

Hiremath 2012; Prasad 2012). The mechanism by which this happens may be the

suppression of native regeneration. Although seedlings of native trees are found

beneath L. camara, very few appear to recruit into the sapling stage (R. Ganesan,

unpublished data). Lantana camara presence also appears to be associated with

adult tree mortality (Prasad 2009; Sundaram and Hiremath 2012). A plausible

explanation for this, based on observation, is that L. camara alters fuel character-

istics (see also Berry et al. 2011), leading to fires that are more intense and severe

than they would be in its absence (Tireman 1916; Hiremath and Sundaram 2005).

In the long-term this could drastically alter the physiognomy of L. camara-invaded
forests, with dire consequences for the wildlife they are meant to conserve.
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In addition to changes in plant community structure and composition, there is

growing evidence to suggest that L. camara may also have cascading trophic

impacts. Increased abundance of unpalatable L. camara has been correlated with

reduced abundances of native species. This means increased susceptibility of native

vegetation to browsing, forage scarcity for herbivores, and, in turn, implications for

predators like the tiger (Prasad 2010). Lantana camara’s prolific fruiting attracts

large numbers of frugivores, especially birds, potentially disrupting native plant-

frugivore interactions (M. Kaushik, unpublished), and altering bird community

composition, especially the abundance of certain feeding guilds (Aravind

et al. 2010). Finally, the suppression of natural regeneration by L. camara can

also have detrimental demographic consequences for important non-timber-forest-

product species and for forest-dependent communities that harvest these fruits

(e.g. Phyllanthus emblica and P. indoficheri, collectively known as the Indian

gooseberry; Ticktin et al. 2012).

12.5.2 Case Study 2: Prosopis juliflora

12.5.2.1 Introduction and Spread

Prosopis juliflora was first brought to India in the latter half of the nineteenth

century. There are at least two different accounts of its introduction, in 1857 and

1878, to halt the spread of the Thar desert in Northwest India, and for use as a fuel-

wood species in peninsular India. There are indications that the sources of these two

introductions differed, with seeds of the former coming from Mexico, and the latter

from Jamaica. There are also records of subsequent introductions of seeds from

Peru, Argentina and Uruguay (Pasiecznik et al. 2001). Following the initial success

of P. juliflora, it was planted on a large scale in the western Indian states of Gujarat
(in 1894), Rajasthan (in 1913) and Maharashtra (in 1934) (Tiwari 1999). In 1940

P. juliflora was even declared a “Royal Plant”, and given special protection in the

erstwhile princely kingdom of Jodhpur in Rajasthan (Pasiecznik et al. 2001).

Prosopis juliflora was also introduced to several PAs as a way to alleviate

pressure for fuel wood from local forest-dependent communities (Robbins 2001),

from where it has spread rapidly. Two prominent examples of this are Keoladeo

Ghana (Anoop 2010), and Ranthambore (Dayal 2007), both in the desert state of

Rajasthan in Northwest India. Yet, while it is widely recognised as a problem in

PAs in Rajasthan – Keoladeo Ghana, Ranthambore, and also Kumbalgarh (Robbins

2001) – in other parts of the country P. juliflora is still cited as a successful and

desirable example of afforestation. In the neighbouring state of Gujarat, for

instance, Saxena (1998) talks of how the entire region of Kutch was successfully

converted to P. juliflora woodland in just a 30-year period. In the Banni grasslands,
which form part of Kutch, P. juliflora’s rate of spread between 1980 and 1992 was

estimated (using remote sensing) to be as much as 25.5 km2 per year (Jadhav

et al. 1993; Tewari et al. 2000).
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12.5.2.2 Invasiveness and Impacts

Unlike L. camara, much less is known about what contributes to P. juliflora’s
success as an invasive species. In a study comparing it with its only native

congener, P. cineraria (khejri), Sharma and Dakshini (1996) suggest that its seed

characteristics enable it to establish and grow faster than the native species.

Prosopis juliflora has also been shown to be tolerant of drought and salinity

(Pasiecznik et al. 2001). These characteristics, in combination with its low palat-

ability, probably give it an advantage over native species.

The impacts of P. juliflora in PAs have not been as well documented as those of

L. camara. The invasion of P. juliflora has, however, been shown to be replacing

natural habitat in India’s premier bird reserve, the Keoladeo Ghana (Anoop 2010),

and to have allelopathic impacts on native vegetation (Kaur et al. 2012). Others

have documented its impacts on native vegetation and forest-dependent communi-

ties in and around Kumbalgarh wildlife sanctuary, where P. juliflora invasion,

accompanied by other un-palatable shrubby species (including L. camara), has
led to the exclusion of important fodder grasses (Robbins 2001). Prosopis juliflora
has also been documented to be encroaching on unique habitats for grassland birds

such as the rare Houbara bustard (Chlamydotis undulata; Tiwari 1999).
In a bio-economic analysis of Ranthambore National Park, Dayal (2007) exam-

ined the impacts of P. juliflora on different stakeholders, namely, wildlife managers

and local villagers (a composite of fuelwood collectors, cattle grazers, and goat

owners). Findings suggest that the spread of P. juliflora is potentially reducing

forage availability for wild herbivores as well as for cattle, though not for goats,

which browse on the fruits and help to disperse seeds. The detrimental impacts of

the tree on wild herbivores could, in turn, have bottom-up consequences for their

predators, the tiger. Different scenarios for managing P. juliflora may potentially

lead to very different outcomes for each of the stakeholders. In the context of this

biological and socio-economic complexity that characterises many of India’s PAs,

a key question may be whether certain types of P. juliflora utilization (e.g. fuel

wood collection, but not browsing by goats) could also further conservation goals

by benefiting both managers and villagers (Dayal 2007).

With the exception of L. camara and P. juliflora, other invasive species in Indian
PAs have barely been studied. Evidence is gradually accruing to suggest that

M. diplotricha is encroaching floodplain habitat to which rhinoceros are restricted

(Lahkar et al. 2011). Also, that the spread of C. scoparius in the montane grasslands

of the Nilgiris (southern India), is altering community composition in these unique

ecosystems (Srinivasan et al. 2007). However, these examples are probably just the

tip of the iceberg (see Table 12.3). For most PAs in India even basic information

regarding invasive species presence or absence is lacking, while information about

their impacts is virtually non-existent.
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Table 12.3 The subset of invasive alien plant species in Indian protected areas for which there is

documented information on impacts

Invasive species

Impact at the population

or community level

Impact at the ecosystem

level Source

Coffea canephora Correlated with altered

plant community

composition

a Joshi et al. (2009)

Chromolaena
odorata

Invading floodplain

grasslands, reducing

habitat for the

rhinoceros

a Talukdar et al. (2008),

Lahkar et al. (2011)

Cytisus scoparius Correlated with altered

plant community

composition

a Srinivasan et al. (2007)

Ipomoea carnea Invading floodplain

grasslands, reducing

habitat for the

rhinoceros

a Lahkar et al. (2011)

Kappaphycus
alvarezii

Forms dense mats over

corals, eventually

killing them

a Chandrasekaran

et al. (2008)

Lantana camara Correlated with altered

plant community

composition, altered

bird community com-

position; potential

impacts on higher

trophic levels (due to

impacts on

herbivores)

Increased soil nitrogen

cycling, change in

fire regime

Tireman (1916), Prasad

(2009, 2010, 2012),

Sharma and

Raghubanshi (2009,

2010), Aravind

et al. (2010),

Sundaram and

Hiremath (2012)

Mikania
micrantha

Smothers other vegeta-

tion, eventually kill-

ing it; invasion of

floodplain grasslands,

reducing habitat for

the rhinoceros

a Gogoi (2001), Sankaran

and Srinivasan

(2001), Talukdar

et al. (2008), Lahkar

et al. (2011)

Mimosa
diplotricha

Invading floodplain

grasslands, reducing

habitat for the rhinoc-

eros, toxic to

herbivores

a Talukdar et al. (2008),

Lahkar et al. (2011)

Prosopis juliflora Replacing grasslands,

reducing habitat for

grassland birds; cor-

related with altered

plant community

composition;

allelopathic

Increased soil organic

nitrogen, organic

carbon, exchange-

able phosphorus,

accumulation of

phenolics

Tiwari (1999), Robbins

(2001), Kaur

et al. (2012)

aDenotes lack of information
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12.6 Drivers of Invasion

12.6.1 Fire

Findings are starting to emerge from Indian PAs that seem to counter prevailing

theoretical (Davis et al. 2000) and empirical (e.g. Myers 1983; Hobbs 1989; Larson

et al. 2001) evidence for disturbed systems being more vulnerable to invasion than

undisturbed systems. In BRT, for example, anecdotal evidence suggests that initial

L. camara colonization and establishment had been preceded by widespread fires

following bamboo flowering and dieback. More recent observations suggest that

L. camara is able to recover from fire faster than the surrounding native vegetation,

leading to a self-perpetuating fire-Lantana cycle (proposed by Hiremath and

Sundaram 2005), analogous to the invasive grass-fire cycle reported from the

Americas (D’Antonio and Vitousek 1992).

In a study aimed at testing this L. camara-fire cycle hypothesis, Sundaram

(2011) found, contrary to expectation, that areas that had burned more frequently

over an 11 year period (1997–2008) showed less abundant L. camara than areas that
burned less frequently over the same period. It is possible that this may just reflect

the time since fires, with areas that burned more frequently still recovering. However,

a related ethnographic study suggests otherwise. Sundaram et al. (2012) found that

the local inhabitants of the BRT, the Soliga, date the beginning of L. camara’s spread
in these forests to about 40 years ago. This roughly coincides with the notification of

BRT as a PA and the cessation of the local community’s traditional forest manage-

ment practices (including cool early season ground fires, termed ‘taragu benki’).
The Soliga maintain that the annual occurrence of taragu benki helped to suppress

L. camara.
Needless to say, L. camara is now so abundant that the occurrence of cool

ground fires or taragu benkiwould be impossible; fires would today rapidly become

crown fires, causing widespread mortality of native vegetation, as witnessed annu-

ally during the dry season. Thus, with the spread of L. camara in BRT, these forests
appear to have changed from a state where fire possibly halted the spread of

L. camara, to a state where fire promotes the spread of L. camara (or at least causes
damage to native vegetation, which could benefit L. camara), all in the space of

about 40 years.

12.6.2 Cessation of Disturbance: A Paradoxical Driver
of Invasions

Lantana camara in BRT is not an isolated example of a possible link between

cessation of a particular disturbance regime and the spread of an IAP. Studies on

C. scoparius in the montane grasslands of the Mukurti National Park in the Nilgiris
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point to a similar situation. Srinivasan et al. (2012) suggest that suppression of fires

may be the proximate cause of the spread of C. scoparius populations in Mukurti

over the past few decades. This region has been home to Toda pastoralists, a

community that traditionally practised fire management. The earliest records of

the Todas in Mukurti go back to around 1117 A.D., suggesting that until burning

ceased there had been an almost 900-year history of anthropogenic fires (Noble

1967). Similarly, in the Valley of Flowers National Park in the Himalayas, the

spread of Polygonum polystachyum (Himalayan knotweed, a ‘native invader’) has

been related to the cessation of grazing by nomadic pastoralists when the area

became a national park (Naithani et al. 1992; Saberwal et al. 2000; but see Kala and

Shrivastava 2004).

For L. camara in BRT, experiments suggest that fires kill seeds in the soil seed

bank (Sundaram and Hiremath, unpublished; Fig. 12.4). This may be one mecha-

nism by which taragu benki suppressed L. camara when it was not yet as wide-

spread as it is today.Another mechanism may have been that fire helped to maintain

the largely grassy understory of these deciduous woodland-savanna forests and that

fire suppression enabled L. camara to out-compete grasses.
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Fig. 12.4 Cumulative emergence of seeds of Lantana camara and other woody species from the

soil seedbank over a 13-week period. Samples are from the dry season, when there are fewer viable

seeds in the soil than at other times. Note the relatively large number of L. camara seedlings

emerging in invaded sites compared with uninvaded sites. Also note the reduction in numbers of

L. camara seedlings emerging in invaded sites that were burned
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The cessation of a historical management regime (whether fire or grazing) could

be considered equivalent to the removal of top-down control, thus exposing weaker

competitors to competitive exclusion by stronger competitors (Paine 1966;

Miller et al. 2001). This may be especially important where native vegetation

has historically evolved with a prolonged anthropogenic disturbance regime.

Anthropogenic fires may thus have played a role in preventing C. scoparius from
becoming dominant in the montane grasslands of the Nilgiris, or in preventing

L. camara from saturating the soil seedbank in BRT. Likewise, livestock grazing

may have played a role in keeping P. polystachyum in check in the Valley of

Flowers. Unfortunately, we only have observational evidence for these patterns.

Additionally, two or three examples are insufficient to extract widespread trends.

But these observations suggest that understanding the dynamics of IAPs in Indian

PAs is unlikely to be complete without factoring in the ubiquitous human influence,

both historical and on-going.

12.7 Conclusions and Implications for Management

Of the more than 200 IAPs and almost 700 PAs in India, information has been

published on only a few invasive species and from only about 20 PAs. Despite the

growing worldwide awareness of alien species invasions, India still lacks specific

legislation to screen and regulate the introductions of potentially invasive species

into the country. There is also no action plan for IAP management, no coordinated

national research programme, and not even a repository for information on the

distribution, extent and impact of even the better known invasive species (Khuroo

et al. 2011). This has resulted in, for example, the seaweed Kappaphycus alvarezii
being introduced into the vicinity of a marine biosphere reserve as recently as 2001,

in spite of knowledge about its invasiveness in other similar environments.

Lantana camara and P. juliflora are excellent examples of the shortcomings

that need to be addressed in managing invasive species in India’s PAs, as well as of

the opportunities that exist to do so. To develop creative solutions for long-term

management and monitoring, PAs in India need to develop an adaptive manage-

ment plan that promotes collaboration between researchers and managers. The lack

of shared information on the distribution and impact of IAPs underlies the ambiv-

alence with which forest managers have treated invasive species, and continue to

do so. Thus, for instance, P. juliflora continues to be planted extensively

(e.g. Saxena 1998), even as intensive efforts are in place to remove it in other

areas (Anoop 2010).

In a recent review of L. camara, Bhagwat et al. (2012) described its management

as a lost battle, suggesting that attempts to eradicate it have failed and ways of

adaptively managing it need to be developed. Given how ubiquitous L. camara is

today, it would be hard to disagree; any attempt to completely eradicate it is bound

to fail. In the context of human-dominated landscapes, utilizing L. camara to

enhance livelihoods and offset some of its costs may be one of the few viable
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options available (e.g. Uma Shaanker et al. 2009). However, in the context of high

conservation value landscapes, there is a strong case to be made for L. camara
control. Indeed, there are examples to demonstrate that this can be a realistic goal if

researchers and managers collaborate to integrate the growing ecological under-

standing of invasive species with attempts to manage them, as in the case of the

Corbett Tiger Reserve (Babu et al. 2009; Love et al. 2009). A similar successful

collaborative programme between forest managers, researchers, and non-

governmental conservation organizations is the monitoring and removal of

M. diplotricha (¼M. invisa) in Kaziranga National Park (Vattakkavan et al. 2005).
Another example of a successful attempt to control an invasive species in a PA

comes from Keoladeo Ghana (Anoop 2010). Here park management has taken

advantage of an existing poverty alleviation programme, the Mahatma Gandhi

National Rural Employment Guarantee Scheme, to employ local villagers for

P. juliflora removal (cf. the Working for Water programme in South Africa).

The villagers use the P. juliflora for fuel wood and are employed to continue

monitoring. However, despite the success of this initiative, it has not yet been

expanded to other PAs across the country.

Invasive species management in PAs in India needs to move beyond just

invasive plant removal. It needs to include an ecosystem approach that also

considers drivers of invasion. Understanding the interaction between IAPs and

the long-term anthropogenic disturbance regimes that these landscapes have

evolved with may be as important to their management as understanding the

biology and impacts of IAPs (Hobbs et al. 2011). Moles et al. (2012) have suggested

that it is not disturbance, per se, but rather a change in disturbance regime, including

the cessation of past disturbance, which may better explain ecosystem invasibility.

Sharp changes in disturbance or management regimes have historically accompa-

nied PA creation, with strict protection replacing past management (e.g. grazing,

burning, etc.). Such practice is rooted in what Hobbs et al. (2006) argue is a

“one-dimensional dichotomy between natural and human-dominated”. They go

on to suggest that we need to move away from these simplistic depictions to a

more realistic understanding of how human beings interact with nature. Though

they were referring to contemporary landscapes that are increasingly human-

modified, it would be equally relevant in the context of PAs in India. Neither

scientists nor managers can neglect the historical and on-going role of people in

shaping Indian PAs. Engaging with this management history, rather than its abrupt

cessation, may be a critical element in the management of IAPs in these landscapes.

Acknowledgments We thank the editors for the invitation to write this chapter and for input that

helped to improve it. The work in BRT was supported by the Department of Science and

Technology, India, and by the International Foundation for Science, Sweden. R. Geeta provided

early assistance in the search for literature on invasive species in India. This manuscript benefited

from comments provided by G. Joseph, A. Prasad, R. Ostertag, and two anonymous reviewers.

260 A.J. Hiremath and B. Sundaram



References

Anon (1895) Is Lantana a friend or an enemy? Ind For 21:454–460

Anoop KR (2010) Progress of Prosopis juliflora eradication work in Keoladeo National Park.

Unpublished Report, Rajasthan Forest Department

Aravind NA, Rao D, Ganeshaiah KN et al (2010) Impact of the invasive plant, Lantana camara, on
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Chapter 13

Invasive Plants in the United States

National Parks

Thomas J. Stohlgren, Lloyd L. Loope, and Lori J. Makarick

Abstract Natural area parks managed by the United States National Park Service

were established to protect native species and historical (but living) landscapes and

scenery, and to provide public enjoyment of the same, as long as the natural area

remained “unimpaired for future generations.” A growing human population, and a

40-fold increase global trade and transportation may provide the most significant

challenge to Park Service management: the invasion of alien plants, animals, and

diseases into so called ‘protected areas’. General ecological theory suggests that an

increase in biological diversity should increase the overall stability of an ecosys-

tem. We provide examples of plant invasions in U.S. National Parks to show that,

despite increases in plant diversity, alien plant species are capable of greatly

affecting the native species that the parks were established to protect. Furthermore,

alien plant species are affecting natural patterns of grazing, disturbance, and

nutrient cycling, resulting in decreased habitat quality, perhaps providing less

resistance and resilience to natural and anthropogenic stresses such as climate

change, land use change, recreation, and future invasions. The primary mission of

the National Park Service, protecting native species and ecosystems for present

and future generations, may be increasingly difficult due to the continuing invasions
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of alien organisms. Key elements of an effective invasive plant management

programme are identified.

Keywords Alien plant species • Early detection • Globalisation • Invasive species

control • Non-native species • Preservation • Prevention

13.1 Introduction

The United States National Park Service manages 400 land areas totalling

33,993,594 ha (84,000,000 acres) of land and 1,822,155 ha (4,502,644 acres) of

oceans, lakes, reservoirs (http://www.nps.gov/aboutus/index.htm; accessed July,

30 2012). Over 87 % of the protected areas are in the western states, but because

a vast majority of native species and ecosystems are represented in the National

Park system, these protected areas serve as premier global example of natural

resource conservation (Burns et al. 2003).

Because of their beauty, uniqueness, and American historical value, the National

Park Service was created to protect natural resources and cultural features (National

Park Service Organic Act 1916; 16 U.S.C. l 2 3, and 4). The legislation is quite

clear. The National Park Service is directed: “to conserve the scenery and the

natural and historic objects and the wild life therein and to provide for the enjoy-

ment of the same in such manner and by such means as will leave them unimpaired

for the enjoyment of future generations.” However, a brief history of invasive

species management in national parks, adapted from Houston and Schreiner

(1995) and Drees (2004), and expanded here, shows how the National Park Service

may be falling further behind each year.

Eighty years ago, Wright et al. (1933) suggested that alien animals posed a

significant threat to the national parks. The authors criticised the purposeful introduc-

tion of game birds and fishes, accidental releases of alien species, and human-caused

range extensions of alien species as wholly inappropriate for nature preserves. In the

1960s, two influential reports asserted that the introduction of alien species was

inappropriate for areas set aside to preserve natural resources (Leopold et al. 1963;

Robbins et al. 1963). In 1968, the national park policy stated that “nonnative species

may not be introduced into natural areas. Where they have become established or

threaten invasion of a natural area, an appropriate management plan should be

developed to control them, where feasible. . .” and that “nonnative species of plants

and animals will be eliminated where it is possible to do so by approved methods

which will preserve wilderness qualities” (National Park Service 1968).

By the 1990s, scientists more strongly urged policymakers on the potential for alien

species to displace native species and change ‘protected’ landscapes (Usher et al. 1988;

Vitousek 1990; Mack et al. 2000; Pimentel et al. 2000; Myers and Bazely 2003).

Meanwhile, field studies in national parks from around the world reported that nature

reserves were hotbeds of invasions (Loope et al. 1988; Macdonald and Frame 1988;

Macdonald et al. 1989; Lonsdale and Lane 1994). In addition, Stohlgren et al. (1998,

1999) reported that hotspots of native plant diversity coincided with hotspots of alien

species invasions. Awareness of the problem grew.
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Drees (2004) reported that, of the 34 million ha managed by the National Park

Service, 1.1 million ha were infested by alien plants and animals. Many alien

animals, including feral pigs (Sus scrofa) and goats (Capra hircus), hemlock woolly

adelgid (Adelges tsugae), New Zealand mudsnail (Potamopyrgus antipodarum) and
African oryx (Oryx beisa), were rampant in the Parks System. The National Park

Service estimated that staffing and funding for a viable invasive species programme

might cost US$80 million per year, but the budgetary response was considerably

less. In 2003, Exotic Plant Management Teams received US$2.8 million for weed

control in national parks (Drees 2004). While scientists at the time urged that

invasive species science and management remained fragmentary and underfunded

relative to the scope of the problem (Vitousek 1990; Mack et al. 2000; Pimentel

et al. 2000; Myers and Bazely 2003; Loope 2004), some Park Service officials

remained optimistic. “If we stay the course, management of invasive species in

parks is within our grasp” (Drees 2004). That same year, Loope (2004) was far

more pessimistic, stating that, “Major breakthroughs in science, policy, and man-

agement will likely be needed to address the complex and important issue of

biological invasions if substantial impairment of the parks is to be averted”

(pg. 7). Loope may have been more correct.

In 2006, the National Park Service clarified its policy regarding invasive species

(NPS 2006; Section 4.4.4.2 Removal of Exotic Species Already Present):

“All exotic plant and animal species that are not maintained to meet an identified

park purpose will be managed – up to and including eradication – if (1) control is

prudent and feasible, and (2) the exotic species:

• interferes with natural processes and the perpetuation of natural features, native

species or natural habitats, or

• disrupts the genetic integrity of native species, or

• disrupts the accurate presentation of a cultural landscape, or damages cultural

resources, or

• significantly hampers the management of park or adjacent lands, or

• poses a public health hazard as advised by the U.S. Public Health Service

(which includes the Centres for Disease Control and the NPS public health

programme), or

• creates a hazard to public safety.”

Valiant, but modest, efforts continue to be made by the National Park Service

in containing invasive species. Exotic Plant Management Teams continue to

control invasive weeds in many natural areas parks. Volunteers/citizen scientists

work alongside park staff to assist with invasive species control, donating tens

of thousands of hours each year. There are many other examples of locally-

effective invasive species management in the national parks, but recent studies

suggest it may be time to re-evaluate the efforts made relative to the increasing

scope and severity of the problem (Pimentel et al. 2005; Stohlgren et al. 2006,

2011, 2013).
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13.2 Recent Studies: Examples of a Growing Problem

13.2.1 Alien Plant Invasions Have Accelerated

An alarming study by Allen et al. (2009) reported 20,305 alien plant species

infestations, with 3,756 unique alien plants totalling 7.3 million ha in 218 national

parks in the USA. Many of the 254 natural area parks had inadequate data, or

mapped data for only a small fraction of their invasive species. Still, many national

parks reported hundreds of alien plant species (Fig. 13.1). Chesapeake and Ohio

Canal National Historical Park reported 483 alien plant species. Alien plant species

richness was significantly associated with the richness of rare plant species and

native plant richness.

A recent assessment of alien plant species from the National Park Service

Biodiversity Database (IRMA version. https://irma.nps.gov/Species.mvc/Welcome;

(accessed 15March 2012) showed that 127 national park units contained 50 or more

alien plant species (Table 13.1). These numbers correspond to other recent studies

of widespread alien plant species in the United States (Stohlgren et al. 2011).

Upon closer examination of the patterns of alien plant invasions, the investiga-

tors found strong positive associations between alien species richness and both the

number of visitors and the length of the trail systems in the parks. This confirmed

earlier studies in other countries (Lonsdale and Lane 1994; Lonsdale 1999) and

elsewhere in the United States (Tyser and Worley 1992; Harrison et al. 2002;

Gelbard and Belnap 2003) that roads and trails may be important conduits

of invasive species. Likewise, visitation rates on island reserves were strongly

correlated to invasion (Brockie et al. 1988).

Fig. 13.1 Map of the National Park Service regional boundaries, alien plant species richness, and

study park distribution (Adapted from Allen et al. 2009)

270 T.J. Stohlgren et al.

https://irma.nps.gov/Species.mvc/Welcome


Table 13.1 Alien plant species that occur in 50 or more U.S. National Park units

Rumex crispus 181 Portulaca oleracea 76

Taraxacum officinale 180 Potentilla recta 76

Verbascum thapsus 172 Amaranthus retroflexus 75

Trifolium repens 168 Commelina communis 75

Melilotus officinalis 162 Rumex obtusifolius 75

Medicago lupulina 157 Malva neglecta 74

Capsella bursa-pastoris 153 Dianthus armeria 73

Plantago lanceolata 153 Verbascum blattaria 73

Cirsium vulgare 145 Hedera helix 71

Lactuca serriola 143 Nepeta cataria 71

Poa pratensis 142 Trifolium campestre 71

Stellaria media 142 Linaria vulgaris 70

Bromus tectorum 136 Thlaspi arvense 70

Dactylis glomerata 136 Polygonum convolvulus 69

Convolvulus arvensis 135 Agrostis stolonifera 68

Sonchus asper 133 Elymus repens 68

Rumex acetosella 131 Albizia julibrissin 67

Poa annua 130 Berberis thunbergii 67

Phleum pratense 129 Tribulus terrestris 66

Trifolium pratense 127 Anagallis arvensis 65

Chenopodium album 120 Hemerocallis fulva 65

Erodium cicutarium 115 Holcus lanatus 65

Poa compressa 111 Lespedeza cuneata 65

Tragopogon dubius 111 Lolium pratense 65

Echinochloa crus-galli 108 Achillea millefolium 63

Cynodon dactylon 106 Ulmus pumila 63

Arctium minus 104 Carduus nutans 62

Bromus japonicus 104 Alliaria petiolata 60

Plantago major 104 Elaeagnus angustifolia 60

Daucus carota 103 Cardamine hirsuta 59

Veronica arvensis 102 Cerastium glomeratum 59

Lolium perenne 101 Digitaria ischaemum 58

Asparagus officinalis 99 Lamium purpureum 58

Cirsium arvense 99 Lepidium campestre 58

Lonicera japonica 98 Microstegium vimineum 58

Polygonum aviculare 98 Conium maculatum 57

Leucanthemum vulgare 96 Digitaria sanguinalis 57

Medicago sativa 96 Duchesnea indica 57

Sisymbrium altissimum 96 Lolium arundinaceum 57

Ailanthus altissima 95 Solanum dulcamara 57

Melilotus alba 95 Triticum aestivum 57

Morus alba 94 Allium vineale 56

Cichorium intybus 91 Trifolium dubium 56

Setaria viridis 89 Cerastium fontanum ssp. vulgare 55

Lamium amplexicaule 88 Hesperis matronalis 55

Barbarea vulgaris 87 Arabidopsis thaliana 54

Rosa multiflora 87 Bromus commutatus 54

(continued)
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A recent study on global patterns of invasion showed that a 40-fold increase in

trade (imports) in the past 50 years may be responsible for another alarming pattern:

about half of the most widely distributed plant species in the United States are from

other countries (Stohlgren et al. 2011). It is now common in national parks to see

plant species from Europe and Asia (e.g. annual grasses, asters, tamarisk, thistles,

etc.) dominating landscapes. Thus, external forces (globalisation and trade) are

combining with internal forces (transportation networks and park visitation) to

greatly increase the dispersal of alien propagules. Urbanisation adjacent to the

parks and ground-disturbing projects within them, combined with the landscaping

and nursery trade (Reichard and White 2001), may increasingly add to the number

and genetic diversity of alien plant invaders in U.S. National Parks.

13.2.2 Site-Specific Plant Invasions Increasing Over Time

In many national parks and protected areas in the United States, detailed surveys

over time are lacking and complete inventories are rare. However, an illustrated

example from the Grand Canyon National Park, Arizona, is available. The park

maintains a herbarium of plant collections, with the oldest specimen dating back to

1913. The list of alien plants recorded to date (2011) contains 197 species, although

the nativity of one species of Galium is still being examined. Although survey

efforts have increased over time in the park, they have been reasonably consistent in

the past few decades in their spatial extent, intensity, and training of personnel

involved in collections. A time series graph of alien plant species in the park

(Fig. 13.2) depicts increases during the 1990s from literature reviews, herbaria,

Table 13.1 (continued)

Sorghum halepense 87 Trifolium arvense 54

Agrostis gigantea 84 Chenopodium ambrosioides 53

Sonchus oleraceus 84 Lotus corniculatus 53

Bromus inermis 83 Paspalum dilatatum 53

Polygonum persicaria 83 Arenaria serpyllifolia 52

Descurainia sophia 82 Bromus catharticus 52

Marrubium vulgare 82 Kochia scoparia 52

Polypogon monspeliensis 81 Lathyrus latifolius 52

Saponaria officinalis 80 Ligustrum vulgare 52

Glechoma hederacea 79 Malus pumila 52

Vinca minor 79 Syringa vulgaris 52

Anthoxanthum odoratum 78 Leonurus cardiaca 51

Eleusine indica 78 Populus alba 51

Hypericum perforatum 78 Pyrus communis 51

Salsola tragus 78 Veronica serpyllifolia 51

Trifolium hybridum 77 Acer platanoides 50

Eragrostis cilianensis 76

Data from the U.S. National Park Service (March 2011), presented as genus, species, and number

of park units
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surveys, and a master’s thesis on the topic (Makarick 1999). Most surprising to park

staff, was the rapid increase attributed to new species arriving in the park in recent

years. Five alien plant species were thought to arrive in 2011, based on field surveys

in previously well-surveyed areas. One species, Scorzonera lacinata (cutleaf

vipergrass), had only one previous specimen collected in Arizona, but based on

its rapid spread in other states, it is likely to keep expanding its range.

Verifying the exact date of species arrival is problematic. However, repeat

surveys decades apart provide corroborating evidence that alien species may be

continually arriving in various areas around the country. For example, Hoagland

(2007) repeated a complete floristic survey of the Ozark Plateau in Oklahoma. The

survey was first conducted by an equally competent botanist, Charles Wallis in

1959. Wallis recorded 134 alien plant species in 1959 (Wallis 1959). Hoagland

documented 188 alien plant species over the same area by 2007, an increase of

about one plant species per year over the course of the two surveys. Reports of new

alien species in national parks are consistent with increases in trade and transpor-

tation (Stohlgren et al. 2013).

Documenting the actual spread of alien plant species is also difficult. However,

modeling the distributions of Bromus tectorum (cheatgrass) in Rocky Mountain

National Park, Colorado, may provide insights. Bromberg et al. (2011) used

vegetation plot data from 1996, 2003, and 2007 to model habitat suitability of

B. tectorum in the park. The habitat models were generally able to predict new

occurrences of B. tectorum based on previous data. Subsequent field surveys in

2008 confirmed the spread of B. tectorum into some areas modeled to be highly

suitable (J. Bromberg, personal communication, 2012).

13.2.3 Invasions Changing Landscapes

Many national parks and forests are also affected by a steady influx of competing

tree species from other countries. Top invaders include: Acer platanoides (Norway
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Fig. 13.2 Cumulative alien plant species reported in Grand Canyon National Park over time
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maple), Ailanthus altissima (tree-of-heaven), Schinus terebinthifolius (Brazilian

peppertree), Morella faya (firetree), Robinia pseudoacacia (black locust), Melia
azedarach (Chinaberry tree), Albizia julibrissin (mimosa), Paulownia tomentosa
(royal paulownia), Populus alba (white poplar), and Triadica sebifera (tallow tree).

Like most introduced woody species in the United States (Reichard and White

2001), many of these trees are commercially available, and many of their seeds are

dispersed by wind and birds far beyond their intended garden use.

One of the most dangerous plant invaders in Hawaii is Miconia calvescens
(miconia), a small, large-leaved tree native to Central and South America.

To assess the potential impact in Hawaii, we may look at what the species does

on climatically similar Tahiti. Miconia calvescens was intentionally introduced to

Tahiti (French Polynesia, South Pacific Ocean) in 1937 as an ornamental plant

(Meyer and Florence 1996). As horrifying as it sounds, dense monocultures of

M. calvescens now cover over two-thirds of that island (Meyer and Florence 1996).

Because it forms impenetrable monocultures that allow little light to reach the

forest floor, the tree has displaced Tahiti’s native forests, placing 40–50 native plant

species close to extinction. Almost half the island’s 107 endemic plant species may

disappear in a human lifetime. This serves as an urgent warning because

M. calvescens is now on the doorstep of Haleakala National Park, on the island of

Maui in Hawaii (Fig. 13.3).

Fig. 13.3 Miconia calvescens in Tahiti, and the threat to Hawaiian National Parks
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The news ofM. calvescens’ impact in Tahiti reached Maui, whereM. calvescens
was discovered 8 km from Haleakala NP in 1988; its initial aggressive behaviour in

Maui rainforests indicated a clear threat to the park and adjacent watershed lands.

A major interagency campaign was launched in the 1990s to contain this invasion

until a biological control programme could be developed (Medeiros et al. 1997).

Biological control testing is progressing, but no biocontrol agent has yet been

released. The containment effort has been a success to date, but at great cost

(over US$1 million per year), an obvious challenge to sustain.

Working in concert with plant invasions, is the invasion of forest pests that

weaken native plant species, and drastically changing landscapes. More than

450 alien forest insects are established in the United States (Aukema et al. 2011),

and the national parks are not immune to their ecological effects. Native tree

composition in most national parks in the eastern United States has been radically

altered by Dutch elm disease (Ceratocystis ulmi), Asian gypsy moth (Lymantia
dispar), chestnut blight (Cryphonecttria parasitica), balsam woolly adelgid

(Adelges piceae), emerald ash borer (Agrilus planipennis) and many other species

of alien forest pests (Lovett et al. 2006). Likewise, the forest composition of

national parks in the western United States has been altered by white pine blister

(Cronartium ribicola rust), sudden oak death (Phytophthora ramorum) and many

other forest pests (Wittenberg and Cock 2001).

13.2.4 Changing Disturbance Regimes

Many native species in national parks have been affected by past management

actions (e.g. predator control, water diversions, fire suppression, and grazing

activities). Restoring more natural disturbance regimes, for example, using pre-

scribed fire, may have unintended repercussions due to alien plant species present in

the new species pool.

Many riparian systems in national parks have been affected by adding camp-

grounds, roads, and visitor facilities. Human disturbances have often facilitated

invasions of riparian systems, and restoring these ecosystems may be difficult and

expensive. A recent study by Reynolds and Cooper (2011) in Canyon de Chelly

National Monument, Arizona, showed that removing Tamarix spp. (tamarisk) and

Elaeagnus angustifolia (Russian olive) resulted in replacement by upland species

rather than desired riparian species (e.g. Populus spp., cottonwoods). Controlling
floods may have long term deleterious effects on cottonwood regeneration, with or

without alien species. However, research supports the notion that restoring floods

(natural water regimes) may greatly benefit the native Populus deltoides (cotton-
wood tree), while decimating the alien T. ramosissima (Sher and Marshall 2003).

Plant invasions also affect disturbance regimes, as shown by Pennisetum ciliare
(buffelgrass) invasion in Saguaro National Park, Arizona (Brooks et al. 2004).

Sonoran Desert vegetation is not historically adapted to broad-scale wildfire, due

to patchy fuels and sparse vegetation (http://www.nps.gov/sagu/naturescience/
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invasive-plants.htm; accessed July 2012). As a result, some endemic plant species

may be particularly vulnerable to intense fire, including the Carnegiea gigantea
(saguaro cactus) and foothill tree Cercidium microphyllum (palo verde). Thus, just

in the past decade, the recent invasion of alien P. ciliare in desert regions in the

south-western United States poses a significant management challenge to managers

of protected areas. Pennisetum ciliare, an introduced forage crop native to Asia and
Africa, is a fast growing, perennial grass that creates a vast flammable fuel base.

One 138-ha fire in Saguaro National Park 1994, for example, resulted in 24 %

mortality of C. gigantea and 73 % mortality of C. microphyllum 6 years after the

fire (Esque et al. 2004). Other protected areas at risk from P. ciliare invasion

include Organ Pipe Cactus National Monument and Ironwood Forest National

Monument in Arizona; and parks and wildlife refuges in Texas such as Big Bend

National Park, Santa Ana National Wildlife Refuge, Lower Rio Grande Valley

NWR, and Laguna Atascosa NWR (Esque et al. 2007). Wildfires threaten habitat

for other rare species including desert tortoises (Gopherus agassizii), ocelots

(Leopardus pardalis), and jaguarundis (Herpailurus yaguarondi cacomitli).
Another example comes from the foothills of Sequoia and Kings Canyon

National Parks, California. For more than a century, the native annual and perennial

grasslands have been replaced by alien grass species (Burcham 1957), leaving a

grassland ecosystem in Sequoia National Park dominated primarily by alien grasses

(e.g. Avena fatua, common wild oat; Bromus mollis ¼ Bromus hordeaceus, soft
brome; and Bromus diandrus, ripgut brome; Parsons and Stohlgren 1989). Tall,

highly flammable fuel loads from the alien annual grasses coincide with a hot, dry

Mediterranean climate to create a self-replacing fire cycle in the blue oak woodland

(Quercus douglasii) and surrounding grasslands and chaparral. Burning appears to

increase the number and biomass of both alien and native forb species, but few

native grass species become established after fire (Parsons and Stohlgren 1989).

With up to 90 % of live plant biomass taken up by alien plant species, this remains

the most altered vegetation assemblage in the Park.

Fire-prone invaders provide a particular challenge to the National Park Service.

For example, in Hawaii, Schizachyrium condensatum (Colombian bluestem), an

alien perennial grass invaded native shrublands and woodlands (D’Antonio and

Vitousek 1992). The newly added fuel promoted more frequent and larger fires.

The fires killed many native trees and shrubs, but promoted S. condensatum and

another flammable alien perennial grass, Melinis minutiflora (molasses grass;

Hughes et al. 1991).

13.2.5 Invasive Plants Facilitating Other Invasions

Invasive plants arriving to a protected area may facilitate others, by improving the

suitability of the habitat for the subsequent invaders. The classic example is that of

Myrica faya, a nitrogen-fixing invasive tree in Hawaii, improving impoverished soil

for the invasion of the alien tree, Psidium cattleianum (strawberry guava; Vitousek
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1986; Vitousek and Walker 1989). Altering soil nutrient dynamics, common to

many nitrogen-fixing weeds such as E. angustifolia and E. umbellata (Autumn

olive) in western parks, Pueraria sp. (kudzu) in southern parks, Cytisus scoparius
(Scotch broom) in California parks, and Melilotus alba (white sweetclover) in

northern parks from Kentucky to Alaska, and M. officinalis (yellow sweetclover)

in many national parks across the Unites States, serve as alien species facilitators.

An alien plant species need not be a nitrogen fixer to facilitate invasions.

Invasive Tamarix sp. (salt cedar) provides shade facilitating E. angustifolia seed-

ling establishment, outcompeting native Populus spp. seedlings (Reynolds and

Cooper 2010).

Trampling by domestic stock animals, humans, and invasive animals such as

wild hog, may further facilitate plant invasions. For example, Hernandez and

Sandquist (2011) showed that biological soil crusts (i.e. bacteria, algae, fungi,

and lichens found on soil surfaces in arid and semiarid ecosystems) are easily

disturbed and heavily impacted by trampling and grazing. These activities signif-

icantly increased (>3 times) alien plant emergence, while insignificantly affecting

native species emergence after disturbance (Hernandez and Sandquist 2011).

Alien species interactions also facilitate plant invasions in protected areas.

Wild hogs and escaped domestic grazers can disturb the ground to facilitate the

invasion of alien annual grasses. Horses and pack stock used for recreation can

distribute alien plant seeds after defecating. And nitrogen-fixing weeds can improve

soil conditions for subsequent invaders.

13.3 Discussion

Given the prospects of ever-increasing invasions of alien species, the National Park

Service may be wise to adapt a risk assessment approach to manage invasive

species (Stohlgren and Schnase 2006). Briefly discussed below are key elements

of an effective invasive plant management programme including prevention, early

detection and rapid response, a triage approach to containment, and restoration.

13.3.1 Prevention

Prevention begins by identifying probable invaders from regional watch lists

(Drucker et al. 2008), and evaluating probable pathways of invasion including

wind, animal vectors, vehicles, and even visitors. While preventing wind and

animal vectors is difficult, cooperative invasive species management with sur-

rounding land owners and agencies may help. Visitors may be important vectors

of invasion. A recent study of alien plant seeds in Antarctica serves as a reminder

that even our areas that are most protected areas are not immune from invasion:

about 40,000 human visitors per year carried, on average, 9.5 seeds per person in
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their clothing (Chown et al. 2012). Multiply that effect times up to four million

visitors per year to some U.S. National Parks, with far more seeds carries by cars,

trucks, boats, pets and livestock. Educating visitors on their responsibilities in

reducing plant invasions remains an important challenge.

If your door mat is muddy, you can’t keep a clean house for long. External forces

will make it increasingly difficult to protect national parks (and all protected areas)

from the invasion of plant species. Global trade has increased 40-fold in the past

60 years (Stohlgren et al. 2013). Trade and transportation are directly linked to

species invasions (Stohlgren et al. 2011). Horticulture and landscaping throughout

America will continue to add sources of alien plant materials that will find their way

to the national parks and other protected areas (Reichard and White 2001). What

goes on in Vegas doesn’t stay in Vegas. Wind, water, birds, and other animals will

continue to serve as primary dispersers of many plant species. The National Park

Service may have to reach far beyond their borders to protect the valuable resources

within them. Similar studies in central Europe have reached similar conclusions

(Pyšek et al. 2002, 2003). Economists in Australia demonstrated that increasing

inspections for invaders at the ports of entry may save money in the long run

(McAusland and Costello 2004). It may behove the National Park Service to

actively participate in a global strategy to reduce the costs of future invasions.

13.3.2 Early Detection and Rapid Response

Early warning systems also may require a ‘risk assessment’ approach to biological

invasions (Stohlgren and Schnase 2006; Jarnevich and Stohlgren 2009). Modeling

the potential distributions of invasive species with Geographic Information Systems

is an important component of an early warning system (Jarnevich et al. 2010). Such

models are often data intensive, meaning that a large number of field observations

may be required inside and adjacent to the national park for the best results.

Developing and training teams of park visitors as ‘citizen scientists’ may increase

awareness and help contain invasive species problems (Newman et al. 2010).

Especially for extremely invasive plant species, control efforts must be swift

(Rejmánek and Pitcairn 2002). A strategy similar to the one used to contain

wildfires may be useful. Such a strategy might include interagency centres and

specifically trained crews for containing alien plant species early in the invasion

process. However, some new invasions will likely remain undetected. A long-term

commitment to invasive species containment will likely be necessary.

13.3.3 A Triage Approach to Containment

Quantifying patterns of plant invasions in and adjacent to national parks is an

essential first step (Drucker et al. 2008). For example, in Rocky Mountain National

Park, Colorado, Stohlgren et al. (1997) found hot spots of native plant species were
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also hotspots for alien plant species. In Yosemite National Park, Underwood

et al. (2004) found a similar story, alien plant species occurred most frequently at

low- to mid-elevations, in flat areas with other herbaceous species. This information

can help target coordinated control efforts inside and outside parks.

Many parks now have access to Exotic Plant Management Teams to control

major weed infestations. However, even back in 2004, the National Park Service

admitted that “the funding needs for a viable invasive species programme was

estimated at $80 million per year,” a far cry from the amount allocated to invasive

species issues. In 2003, the Exotic Plant Management Teams received $2.8 million

(Drees 2004). We were unable to find precise budget numbers for invasive species

expenditures by the National Park Service. However, there is strong evidence that

the invasive species issues have grown, probably well beyond the $80 million per

year estimate in 2004.

In a triage approach, it also may be important to consider alien plants, animals,

and diseases. Is it more important and feasible to contain this alien plant, or this

alien animal or this alien disease first? Of course, such decisions should be made

after scientific risk assessments of many potential target species (Stohlgren and

Schnase 2006). Targeting potentially dominant and ecosystem-altering alien plant

species may be a first step. Protecting parks from likely forest pests may also be

wise. Establishing early detection programmes for the nun moth (L. monacha) from
northwest forests, or Asian Long-horned beetle (Anoplophora glabripennis) from
mid-western and eastern forests, or other harmful insects, nematodes and fungi may

save money, species, and landscapes, in the long term.

Control efforts must be cognizant of native species and non-target effects

whether or not they are in native species-rich areas (Stohlgren et al. 1999). It may

not be enough to track ‘the number of acres treated’.

13.3.4 Restoration

It may become increasingly important to track the size if the area treated, the effects

of treatment on target and non-target species, and the size of the area restored and

hardened against future re-invasion by the previous target species, or invasion by

newly arrived alien species. Large-scale restoration of the pristine, native-species-

only landscapes may not be feasible. However, demonstration projects may be a

good first step.

13.4 Conclusions

It may be time for the National Park Service to convene a panel of experts to

develop a synthesis report similar to the Leopold and Robbins reports of 1963,

focused specifically of issues related to invasive species in national parks.
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The committee might view the challenge of protecting parks from ‘biological

pollution’ in the same way the National Park Service has worked with state and

federal agencies to protect air quality standards in the parks. Obvious ‘point

sources’ for botanical pollutants may include ports of entry, commercial nurseries,

and botanical gardens. Non-point sources of botanical pollutants may include land

surface disturbances, urbanisation and landscaping efforts, vehicles, wildlife, and

wind from areas adjacent to parks. New weed screening tools are available for

immediate use (Koop et al. 2012). Genetically Modified Organisms (GMOs),

especially herbicide-resistant GMOs, may pose additional future risks to national

park units. The committee might also be charged with the task of evaluating and

prioritizing multiple threats to park resources and native wildlife species, including

invasive species, land use change, contaminants, recreationists as vectors, and

climate change. It may be important to revise current science and management

priorities based on a ‘triage approach’ to internal and external threats. The com-

mittee might begin by asking, “What are the proximate causes of native population

declines, degradation of habitat quality, and species extirpations?” In many cases,

the answer may lead to invasive alien species. National park managers may find it

increasingly challenging to maintain native species and landscapes, because alien

plant species continue to invade, reproduce, and spread when budgets are

insufficient.
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Chapter 14

Small, Dynamic and Recently Settled:

Responding to the Impacts of Plant Invasions

in the New Zealand (Aotearoa) Archipelago

Carol J. West and Ann M. Thompson

Abstract New Zealand was one of the last land masses to be populated by humans,

and its isolation has contributed to the large number of endemic species that the

country is known for. With increased global movement of people and goods this

historic advantage no longer exists. In the last several decades numerous legislative,

policy and operational tools have been used to protect New Zealand’s special areas

and biota from invasive alien species. With the benefit of 25 years of dedicated

protection efforts by the Department of Conservation, best practice alien plant

control techniques have been developed, building on lessons from animal pest

eradications, trophic relationships, and on-the ground pragmatism and experience.

Increasingly, an essential tool to achieving greater success will be working with

other agencies, businesses and communities to harness resources. Three case

studies illustrate the approaches and lessons learnt from alien plant management

in New Zealand in the last 25 years: Raoul Island in the far north of New Zealand,

Hen and Chicken Islands to the east of North Auckland Peninsula, and Fiordland

National Park in south-western South Island.

Keywords Eradication • Fiordland National Park • Hen and Chicken Islands

• Raoul Island • Seed bank • Seed dormancy • Zero-density

14.1 Introduction: New Zealand No Longer Isolated

New Zealand (named Aotearoa by indigenous Māori people) lies approximately

1,600 km east of Australia in the southern Pacific Ocean, between latitudes 29�S
(the Kermadec Islands) and 52�S (Campbell Island). It is an archipelago of approx-

imately 700 islands more than 1 ha in size upon the mostly submerged continent
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Zealandia (Campbell and Hutching 2007), and extends approximately 15,000 km in

length. The New Zealand biota evolved in geographical isolation, and the unique

flora and fauna that is characteristic of New Zealand is particularly vulnerable to the

impacts of alien species generally (Diamond 1990).

Historically, New Zealand had no land mammals, other than three species of bat,

one now presumed extinct. Instead, the fauna was laden with endemic birds (many of

them flightless), lizards and invertebrates, set against an equally high endemic flora of

conifer/broad-leaved forests, tussock grasslands, and subalpine communities (Williams

and West 2000). Many endemic plant species, including approximately half of New

Zealand’s threatened plant species, are found in historically rare ecosystems that

occupy just a fraction of the land surface (Williams et al. 2007).

The first introduced plant species resulting from human habitation came with

Māori settlement approximately 800–1,000 years ago, mostly as food sources.

However, the number of plant species introduced by Māori was substantially less

than the number of plants introduced by European settlers in the early nineteenth

century. Both groups brought food plants, but Europeans also replicated their

homelands with ornamental garden flowers and shrubs. Introductions from Europe

flourished, whereas plants introduced by the Polynesians largely died out (some

surviving only on Raoul Island in the far north of New Zealand), primarily because

the climate is more similar to Europe than Polynesia. Today, New Zealand has

2,418 species of native plants, and over 80 % of these are endemic (NZPCN 2012).

In contrast, there are 25,049 species of introduced plants (Diez et al. 2009) and

2,536 of these have naturalised (NZPCN 2012). The Department of Conservation

(DOC) recognises 328 environmental invasive alien plants (IAPs; Howell 2008).

This chapter focuses on IAP management on public conservation land; that is,

land managed or administered by the Government’s Department of Conservation.

Public conservation land makes up about 8.5 million ha of land, about one-third of

New Zealand. Intensive management of IAPs is carried out only within about

500,000 ha in areas of high value ecosystems and species (DOC 2012), in recog-

nition that alien plant invasions can eliminate some native species (Williams and

Timmins 1990).

14.2 Legislation and Policy Tools

14.2.1 Legislation to Support Protected Area Management

Legislation has been used for several decades to help prevent new IAPs entering the

country or a region, and for limiting the spread of a new introduced species. The

Biosecurity Act 1993, and the Hazardous Substances and New Organisms Act

1996, provide legislative and regulatory tools to prevent the unwanted importation

of new pests into and throughout New Zealand.
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The Conservation Act 1987 established the Department of Conservation and is

the umbrella legislation for the protection of public conservation lands, and natural

and historic resources. The Act also restricts the transfer and release of live aquatic

life into any freshwater environment. Three further Acts: The National Parks Act

1980, the Reserves Act 1977 and the Marine Reserves Act 1971 are administered by

DOC and establish the purpose, principles, and powers for managing national

parks, reserves and marine reserves, respectively. This legislation prohibits alien

species from being introduced without authorisation.

14.2.2 Policy Platforms for Invasive Alien Plant
Management

In 1995, DOC developed a strategic plan and supporting tools to identify, prioritise

and manage IAPs. This framework (Owen 1998) contains five objectives, namely

to: (i) minimise the risk of introductions of new plant taxa that are potentially

invasive, (ii) minimise the numbers, or contain the distribution of significant new

IAPs where feasible (‘Weed-led’ programmes), (iii) protect land, freshwater and

marine sites that are important to New Zealand’s natural heritage from the impacts

of IAPs (‘Site-led’ programmes), (iv) sustain and improve skills, control tech-

niques, information and relationships to support DOC’s management of IAPs,

and (v) maintain and improve the quality of DOC’s invasive alien plant manage-

ment systems.

The New Zealand Biodiversity Strategy (Department of Conservation and Min-

istry for the Environment 2000) was developed in response to the Convention on

Biological Diversity held in Rio de Janeiro in 1993, and with the recognition that

New Zealand’s indigenous biodiversity was declining. Later, a national Biosecurity

Strategy (The Biosecurity Council 2003) was developed to meet the increased

challenges associated with excluding, eradicating and managing risks to New

Zealand’s economy, environment, and the health of its citizens. The Biosecurity

Strategy included institutional arrangements, Māori capacity, improved science,

border protection, incursion response and pest management.

14.2.3 Managing for Outcomes

DOC undertakes work according to an ‘Outcomes Model’, comprising five inter-

mediate outcomes that state the high level results that DOC aims to achieve, and the

steps to be taken to achieve those results. Invasive plant management contributes

primarily to the first Outcome, namely, protecting biodiversity: “The diversity of

our natural heritage is maintained and restored”. Supporting the outcomes model

are the scientific tools that enable improved prioritisation of where and how work is
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done, and measures to assess the outcomes of that conservation work (see Lee

et al. 2005).

DOC’s 2012 annual report was, for the first time, informed by the data collected

and analysed for 14 biodiversity indicators measured throughout New Zealand.

Invasive alien plants occurred in 33 % of the locations sampled (fewer than

previously recorded from the same plots), but the distribution and frequency

appears similar to the situation in about 2000. Invasive plants are most commonly

recorded in grassland areas and near human habitation, with most IAPs being

non-woody and shade intolerant (MacLeod et al. 2012). The data also supported

DOC’s IAPmanagement priorities, for example, the current focus on forest margins

close to grasslands and habitation.

14.3 Impacts on Protected Areas in New Zealand

14.3.1 Grasslands

Before human habitation, grasslands dominated by native tussocks grew in alpine

or dry climates with limited soil fertility and high light. After extensive burning by

both Māori and European settlers the quantity of the grasslands increased (McGlone

2004). Northern hemisphere conifers, particularly Pinus contorta (lodgepole pine),

were sown above the natural treeline and have since spread considerably

(Brockerhoff et al. 2004; Craine et al. 2006), affecting native grasslands at all

altitudes within range of any plantations. The high altitude plantations were sown

by the New Zealand government in the (erroneous) belief that they would combat

the high levels of erosion caused by overgrazing by stock, and wild introduced

animals such as deer (primarily red deer, Cervus elaphus) and rabbits (common

rabbit, Oryctolagus cuniculus; Bellingham and Lee 2006). Wilding conifers alter

not only landscape values but also the ecosystem services such as the water supply

provided by grasslands (Mark and Dickinson 2008).

Hieracium and Pilosella species, particularly Pilosella officinarum (mouse-ear

hawkweed), P. piloselloides subsp. praealta (king devil hawkweed), H. caespitosum
(field hawkweed) and Hieracium lepidulum (tussock hawkweed) have invaded short

tussock montane and alpine grasslands in recent decades (Duncan et al. 1997). The

extent of their cover is now hundreds of thousands of hectares, resulting in displaced

native species and possible higher nutrient deposition than from tussock vegetation

(Wiser and Allen 2000).
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14.3.2 Forests and Shrublands

New Zealand’s forests covered 80 % of the land before human settlement, but today

less than 25 % of the original forest remains. There are two main types of

indigenous forest in New Zealand, the southern beech forests and the conifer/

broad-leaved forests, and each type is invaded by a different suite of IAPs.

Nothofagus spp. (beech) forests provide a range of ecosystem services, including

the production of honeydew from native scale insects (Ultracoelostoma spp.),

which in turn provide a rich food source for birds. These forests have been found

to be susceptible to colonisation byH. lepidulum, with species-rich sites more likely

to be invaded (Wiser et al. 1998; Wiser and Allen 2000). A different suite of IAPs

invade conifer/broad-leaved forests. These species often originate as alien orna-

mental garden plants, and the smothering combination of woody vines (Clematis
vitalba, old man’s beard; Asparagus scandens, climbing asparagus; Hedera helix,
ivy) and herbaceous groundcovers (Tradescantia fluminensis, wandering Jew;

Plectranthus ciliatus, plectranthus; Vinca major, periwinkle) can have major

impacts. Shrublands are similarly vulnerable to the spread of garden plants, with
frequent invasion of Cotoneaster glaucophyllus (cotoneaster), Lonicera japonica
(Japanese honeysuckle) and Chrysanthemoides monilifera (boneseed), as well as

many others that combine to out-compete native plant communities.

14.3.3 Wetlands and Estuaries

The effects of IAPs are equally apparent in wetlands. Only 10 % of the original

extent of New Zealand wetlands remain (Peters and Clarkson 2010). Wetland IAPs

can be particularly difficult to manage because of the restrictions placed on the use

of herbicides near and on waterways, combined with the volume and mass of the

types of alien plants often present, such as Salix spp. (willows), Glyceria maxima
(floating sweetgrass) and Osmunda regalis (royal fern), with Spartina spp. (cord-

grass) particularly impacting estuaries. Spartina spp. have been controlled in all

estuaries in the South Island that had been invaded either from deliberate planting

(for land reclamation) or long-distance spread by sea. This work has been very

successful and eradication from the South Island is now being considered. How-

ever, finding Spartina spp. plants in South Island estuaries is difficult as they

typically occur amongst grasses in drains and wet pasture. To improve the likeli-

hood of finding these last individuals, DOC is about to train a ‘Spartina detection

dog’ (K Vincent pers. comm.).
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14.3.4 Sand Dunes

Invasive alien plants such as Ammophila arenaria (marram), Lupinus arboreus
(tree lupin), Stenotaphrum secundatum (buffalo grass) and Carpobrotus
aequilaterus (iceplant) dominate many sand dunes. These weed species invade

dunes but, with the exception of A. arenaria, are not as effective at binding the

sand as the native species Spinifex sericeus (silvery sand grass) and Ficinia spiralis
(pingao). The relatively open nature of the cover of the native sand binding species

readily enables invasion by alien species. In about 2012 the alien plant Euphorbia
paralias (sea spurge) has naturalised at one known site on the west coast of the

North Island in the Waikato region. As forewarned by Hilton (2001, 2003) this

species has dispersed from Australia where it has rapidly invaded sand dunes along

southern and eastern coastlines. The relevant agencies have responded with a

control programme, including public communications and alerts, with the goal of

eradication at this known site.

14.3.5 Lakes and Rivers

Few water bodies are free of introduced plants, although the abundance and impact

of the IAPs varies between water bodies. Freshwater bodies on Stewart Island and

the New Zealand sub-Antarctic Islands are not known to contain any IAPs.

The predominant introduced alien plants in lakes and low-gradient rivers are

Elodea canadensis (Canadian pondweed), Egeria densa (egeria), Lagarosiphon
major (Lagarosiphon), Hydrilla verticillata (Hydrilla) and Ceratophyllum demersum
(hornwort). These species are spread by vegetative fragments, which is an important

consideration when attempting to reduce their spread through public education.

As many lakes on the South Island’s West Coast, including Fiordland, have not yet

been invaded by many aquatic IAPs, precautionary sanitation measures between

water bodies are essential to prevent alien plant spread into unaffected lakes.

Perhaps the most widely known invasive alien species that has impacted New

Zealand’s freshwater resources and values is Didymosphenia geminata (didymo).

This diatomaceous alga, descriptively named ‘rock snot’ and capable of producing

substantive algal blooms, was discovered in the South Island in 2004 and has spread

widely throughout the Island (Ministry for Primary Industries 2012). An intensive

publicity campaign (‘Check, Clean, and Dry’ between waterways) has helped

restrict its spread in the South Island, and so far it is not known to have spread to

the North Island or Stewart Island.
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14.3.6 Marine Coastlines

A number of marine alga species have been introduced to New Zealand via

international shipping, usually in ballast water. Most are not invasive but Undaria
pinnatifida (wakame), first recorded as naturalised in 1987 in Wellington Harbour,

strongly modifies rocky sub-tidal and intertidal communities (Russell et al. 2008).

This species has spread rapidly, primarily via coastal shipping and subsequently by

natural dispersal from all foci. Eradication has been successful in one location to

date (a fouled vessel that ran aground in the Chatham Islands, Wotton et al. 2004),

and is currently underway in Dusky Sound, Fiordland.

14.4 Case Studies

We present two case studies of IAP control on New Zealand islands, and a third

case study from the mainland. These regions are undergoing extensive IAP man-

agement because of their intrinsic natural values, including endemic species and

landscape features, and the likelihood that sustained intervention would succeed in

maintaining or improving the conservation values. Further, the islands selected are

mostly free of mammalian pests, resulting in the IAPs being the primary inhibiting

factor to achieving ecological integrity.

14.4.1 Case Study 1: Raoul Island: Rangitahua

Raoul Island is the largest island in the Kermadec Group and constitutes the

northernmost region of New Zealand, lying about 1,000 km north-east of Auckland

city; it is the only subtropical environment in New Zealand. The island, 2,943 ha in

extent and rising to 516 m a.s.l., is the rugged, emergent summit of a large, active

volcano.

Raoul Island is forested, with beach strand and rocky headland plant communi-

ties and a central, volcanically active crater. The dominant species are the hard-

wood Metrosideros kermadecensis (Kermadec pohutukawa) and Rhopalostylis
baueriana (Kermadec nikau palm) with associated, primarily endemic, subcanopy

trees and shrubs (e.g. Myrsine kermadecensis, Kermadec mapou; Coprosma
acutifolia; Homalanthus polyandrus, Kermadec poplar; Cyathea kermadecensis,
Kermadec tree fern and C. milnei, Milne’s tree fern) (Sykes et al. 2000).

A high degree of natural disturbance is normal for Raoul Island, and the

vegetation has evolved in response. Until the early twentieth century, Raoul Island

was home to immense numbers of burrowing wedge-tailed shearwaters (Puffinus
pacificus) as well as thousands of sooty terns (Onychoprion fuscatus) and many

other seabirds of tropical and subtropical distribution (Gaskin 2011; Veitch
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et al. 2011b). Cyclones are frequent and the island occasionally experiences more

than one during the cyclone season (December to March). Extensive patches of

forest are blown down and coastal vegetation is defoliated by salt-spray. In addi-

tion, volcanic eruptions have been intermittent, the most recent being in 2006 (West

2011). Forest within the blast zone is felled or defoliated and may be buried in

ejecta (pers. obs.). Even though the native vegetation is adapted to recover from

these disturbances, many of the IAPs on the island also benefit.

Multiple human-derived disturbances originated with Polynesian voyagers

about 960 AD (Anderson 1980), who introduced Pacific rats/kiore (Rattus exulans)
and plants (e.g. Aleurites moluccana, candlenut; Colocasia esculenta, taro and

Cordyline fruticosa, ti pore). This continued with European explorers and whalers

in the late 1700s to early 1800s who introduced goats (Capra hircus), pigs (Sus
scrofa) and possibly cats (Felis catus) (West 2002). The island was then settled

intermittently by Europeans from 1836 to 1914 and the number of introduced plant

species quickly exceeded the native plant species, many of which are endemic

(Sykes et al. 2000). In 1934, Raoul Island was gazetted as a Flora and Fauna

Reserve and subsequently transferred to nature reserve status under the Reserves

Act 1977. A meteorological station was staffed from 1937 to about 1992 when

occupation passed to DOC, as the primary work on the island was IAP eradication

(West 2002). An eradication programme was started in 1972 by the Department of

Lands and Survey.

Like most outlying islands of New Zealand, Raoul Island is a priority for the

restoration of ecosystems and threatened species. The target for restoration is that

Raoul Island once again becomes a seabird-dominated island, specifically, to

“restore the Raoul Island ecosystem to a high level of ecological integrity by

assisting its recovery from multiple disturbances” (unpublished Draft Kermadec

Islands Restoration Plan 2009–2019). Following the successful eradication of all

introduced mammals (Broome 2009), preventative biosecurity measures and IAP

eradication are the key focus for management.

14.4.1.1 Raoul Island Restoration: The Story So Far

Raoul Island is free of all introduced mammals, with goats being eradicated in 1984

(Sykes and West 1996), and rats and cats eradicated in 2002 and 2004, respectively

(Broome 2009). As a consequence seabirds are now returning to breed on Raoul

Island and, each year, are recorded in greater numbers. Also, red-crowned parakeets

(Cyanoramphus novaezelandiae cyanurus) and spotless crakes (Porzana tabuensis)
have re-colonised from the nearby Meyer Islets and are plentiful (Gaskin 2011;

Veitch et al. 2011b).

The response of the vegetation to mammal eradication has been similarly

striking. After goats were eradicated canopy cover increased, resulting in a decline

of light-demanding IAPs like Alocasia brisbanensis. Many preferentially browsed

native species recovered, some from near extinction, e.g. Veronica breviracemosa
(Kermadec koromiko; West and Havell 2011), and Homalanthus polyandrus,
which is now widely distributed and relatively common. There was no noticeable
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increase of IAP species, which is attributed to the lower light levels within the forest

and the effectiveness of the IAP eradication programme. Also the IAPs targeted for

eradication appear to have been unpalatable as they were not recorded in the diet of

goats on Raoul Island (Parkes 1984).

Eradication of rats enabled greater recruitment of many native plant species, as it

did for a number of IAPs. Indeed, many IAPs that did not fruit in the presence of

rats began to fruit and recruit seedlings for the first time, e.g. Hibiscus tiliaceus
(fou), Catharanthus roseus (rosy periwinkle) and Bryophyllum pinnatum (airplant;

West and Havell 2011). However, this outcome was anticipated and Vitis vinifera
(grape), the species most likely to spread, was targeted for eradication before the rat

eradication was undertaken (West 2011). Understanding species interactions such

as this has contributed to an efficient IAP eradication programme.

14.4.1.2 Invasive Alien Plant Species: Eradication Successes and

Remaining Challenges

The eradication programme for the range of IAPs on Raoul Island was described by

West (1996) and progress in achieving eradication was subsequently reported (West

2002).With the eradication of rats in 2002 shown to be a significant factor in recovery

of native sea and land birds on Raoul Island, eradication of IAPs is now essential for

complete ecosystem restoration (West 1996, 2002). To date 11 IAPs have been

eradicated (Table 14.1). For some of the historic species (listed in Table 14.1),

some adult specimens are retained (the original planted individuals or, in the case

of Aleurites moluccana, their adult offspring), but the progeny are eradicated or

controlled to zero-density. Aleurites moluccana and Araucaria heterophylla (Norfolk
pine) seed freely and seedlings are common but easily located and removed, and time

to maturity is several years. Mature A. heterophylla specimens are now confined to a

small grove within a historic site on the northern terraces. Aleurites moluccana has no
dispersers and the large seeds fall beneath the parent plants which are relatively

localised at easily managed and confined sites. Araucaria heterophylla, on the other

hand is wind-dispersed from tall, historic individuals but the seed shadow distance is

known and predictable. Ficus cairica (fig), although it fruits prolifically now that rats

have been eradicated, has no pollinator present so there is no viable seed production

and control is limited to removing vegetative spread. Phoenix dactylifera (date) is

dioecious with one gender assumed to be present and no fruit has ever been observed

on the mature palms despite the absence of rats (West 2011). The few plants removed

since 1995 are likely to have grown from discarded date stones as they were located

by the roadside.

Determining when a plant species has been eradicated is difficult for two

reasons. First, plants can be very difficult to detect and, in a forested environment

such as on Raoul Island where the transformer IAPs are vines, trees and shrubs, the

IAPs blend in well with the native species. Olea europaea subsp. cuspidata
(African olive) is an example of such a species, and therefore how attenuated the

eradication time can be. In the last nine years only seven individuals have been
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found (just one mature plant), whereas 700 mature trees were removed from one

location in a single year in an earlier phase of the eradication programme (West

1996). Second, the longevity of the seed bank for all species is unknown and can

only be inferred from data from other members of the same families or genera,

Table 14.1 Species listed in the Raoul Island alien plant database, indicating when eradication

began, the last time a species was recorded (and removed) and whether they might have been

eradicated

Species

Common

name Family

Eradication

began

Last

record Eradicated?

*Aleurites moluccana candlenut Euphorbiaceae 1993 2013 No

Anredera cordifolia Madeira vine Basellaceae 1995 2013 No

*Araucaria
heterophylla

Norfolk pine Araucariaceae 1974 2013 No

Bryophyllum pinnatum airplant Crassulaceae 1998 2013 No

Caesalpinia decapetala Mysore thorn Fabaceae 1974 2013 No

Cortaderia selloana pampas grass Poaceae 1984 1993 Yes

*Ficus cairica fig Moraceae 1996 2012 No

Ficus macrophylla Moreton Bay

fig

Moraceae 1996 1999 Yes

Foeniculum vulgare fennel Apiaceae 1969 1999 Yes

Furcraea foetida Mauritius

hemp

Asparagaceae 1974 2002 Yes

Gomphocarpus
fruticosus

swan plant Asclepiadaceae 1979 2002 Yes

Macadamia tetraphylla macadamia Proteaceae 1996 2003 Yes

Olea europaea subsp.

cuspidata
African olive Oleaceae 1973 2011 No

Passiflora edulis black passion

fruit

Passifloraceae 1980 2013 No

*Phoenix dactylifera date palm Arecaceae 1995 1999 Yes

Phyllostachys aurea bamboo Poaceae 1996 2001 Yes

Populus nigra poplar Salicaceae 1995 2003 Yes

Prunus persica peach Rosaceae 1994 2013 No

Psidium cattleianum purple guava Myrtaceae 1973 2013 No

Psidium guajava yellow guava Myrtaceae 1972 2013 No

Ricinus communis castor oil

plant

Euphorbiaceae 1990 2012 No

Selaginella kraussiana selaginella Selaginellaceae 1998 2013 No

Senecio jacobaea ragwort Asteraceae 1980 1980 Yes

Senna septemtrionalis Brazilian

buttercup

Fabaceae 1978 2013 No

Tropaeolum majus nasturtium Tropaeolaceae 1999 2013 No

Urochloa mutica para grass Poaceae 1996 2009 No

Vicia sativa vetch Fabaceae 1996 2013 No

Vitex lucens puriri Verbenaceae 1997 1997 Yes

Vitis vinifera grape Vitaceae 1995 2012 No

* indicates species that have some mature plants retained because of their historic significance but

all progeny are removed
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acknowledging that there is substantial inter- and intra-specific variability in

recorded longevity (Thompson et al. 1997). In evaluating progress toward environ-

mental weed eradication in New Zealand, Howell (2012) suggests that infestations

should be checked annually for at least 3 years after the last plant has been removed

and that this time frame should be significantly longer for species with long-lived

seed banks. Data from Raoul Island indicate that 3 years is insufficient for some

species as suckers may develop after that time from large individuals, e.g. Vitis
vinifera, or individuals may persist in a seedling bank, e.g. A. heterophylla seed-

lings found more than 6 years after parent trees were felled (D Havell pers. comm.).

All seven species that were tentatively described as eradicated in 2002 (West

2002) are confirmed to be eradicated (Table 14.1) as no individuals have been

detected for at least 10 years. In addition, a further four species (Furcraea foetida,
Mauritius hemp; Gomphocarpus fruticosus, swan plant; Phoenix dactylifera and

Phyllostachys aurea, walking stick bamboo) are also now confirmed as eradicated.

For seven of the targeted species still present on Raoul Island the challenges for

eradication are based primarily on their biology, but also on the difficulty of

accessing the terrain (West 2002). For Senna septemtrionalis (Brazilian buttercup)

and Caesalpinia decapetala (Mysore thorn) the persistent seed bank (possibly

decades, Thompson et al. 1997) is the largest problem, though the highly disturbed

environment on Raoul Island is potentially an advantage, in that soil movement can

bring seed to the surface and increased light at ground level induces germination.

A large population of S. septemtrionalis was detected during aerial surveillance

(May 2009), with approximately 1,500 mature individuals, 4,500 adolescents and

tens of thousands of seedlings. The spread was however limited by dense stands

of Imperata cheesemanii (imperata), an endemic grass (C Ardell pers. comm.).

The detection of this infestation further proves the value of aerial surveillance

whenever it can be achieved.

The challenges to eradicating Anredera cordifolia (Madeira vine) are the

herbicide-resistant tubers and the terrain (the main population is situated at the top

of 50 m bluffs above the sea). In 2003 more than 3.5 tonnes of tubers were removed

and since then some sites have remained free of plants after multiple surveys.

However, new populations are occasionally discovered downhill of known sites.

A total of almost 17 tonnes of tubers has been removed since 1999, with a total of

over 5,000 h of effort. It was hypothesised that this infestation arose via sea dispersal

of tubers from the original plant dumped in Bell’s Ravine (West 1996). Therefore, a

goal of this programme is to avoid tubers falling into the sea to minimise the risk of

distant infestations establishing, as experiments have shown that some A. cordifolia
tubers will float for at least 30 days in fresh water (Vivian-Smith et al. 2007).

It is often possible to anticipate a species’ behaviour based on biological traits,

however, Prunus persica (peach) proved an exception. This species generally

requires considerable winter chilling for strong foliage growth and fruit crops

(Lyle 2006) and it is likely that chilling would be required to break seed dormancy

(Martı́nez-Gómez and Dicenta 2001). However, the climate on Raoul Island is

humid and warm temperate, substantially different from the optimal conditions

described for cultivation. Therefore, it was anticipated that seeds would rot and
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viability rapidly reduce. Despite this, P. persica naturalised away from planted

individuals, most likely to have been inadvertently spread by staff on the island.

Because of the amount of naturalisation and the tendency for felled, poisoned trees

to resprout, P. persica was added to the eradication programme in 1994.
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Fig. 14.1 (a) Prunus persica seedlings and adolescents removed from Raoul Island (b) The

average number of P. persica seedlings on Raoul Island removed each month (1997–2008)
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Approximately 300 mature trees were felled in the first 4 years (since 1994) and

about 30 have been detected since. The longevity of seeds was unexpected, and

seedlings are still germinating more than 12 years after the adult trees were

removed (Fig. 14.1a).

It would appear that P. persica on Raoul Island has physiological seed dormancy

(sensu Finch-Savage and Leubner-Metzger 2006) and that the difference between

winter and summer temperatures is sufficient to break seed dormancy for a propor-

tion of the seed bank each year. Some seedlings are recorded during winter months,

although the majority are found in spring and summer (Fig. 14.1b). Spraying

gibberellic acid on the ground in the infested sites could potentially break the

seed dormancy and extinguish the seed bank more quickly. However, although

there are many laboratory tests that demonstrate the effectiveness of gibberellic

acid at breaking seed dormancy (e.g. Evans et al. 1996), it appears that this

technique has not been used in the field.

The reason that P. persica behaved differently than expected is most likely

because, with the possible exception of Vicia sativa (vetch) and Foeniculum
vulgare (fennel), it is the only species targeted for eradication (see Table 14.1)

that produces physiologically dormant seeds. All others, if they seed on Raoul

Island, would appear to have non-dormant seed that may or may not form a

seed bank.

The highly disturbed environment on Raoul Island presents challenges as well as

the potential advantages described above. After the 2006 eruption, in which a staff

member was killed, staff were not permitted to enter the crater (for safety reasons)

for more than two years. This meant that several target species were able to

reproduce in the crater and add new seeds to the seed bank (e.g. Passiflora edulis,
black passion fruit; Psidium cattleianum, purple guava and Senna septemtrionalis).
Cyclones that cause widespread but patchy treefall and intense rainfall events that

create slips make access more difficult and result in time being spent on clearing

tracks and roadways and slow the rate of progress when grid-searching in weed

plots. The frequency of these events is very variable but can reduce weeding time

significantly in some years.

14.4.2 Case Study 2: The Hen (Taranga) and Chicken
(Marotere) Islands

Taranga and the Marotere Islands were originally settled by the indigenous

Ngātiwai people but were named the Hen and Chicken Islands by Captain James

Cook, who sighted the island group in 1769. The group lies approximately 12 km

east of the Bream Head Scenic Reserve on the east coast of Northland, at latitude

35�S. The islands vary in size, from 2–3 to 489 ha, with a range of native vegetation

across the lands, emerging from eroded volcanic remnants. The islands were

designated as a scenic reserve in 1925, prior to becoming a nature reserve in
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1977. Before protection of these islands was implemented, various, but not exten-

sive, human activities ensued, including the gathering of seabirds and Phormium
spp. (New Zealand flax) and the brief introduction of cattle to Mauimua (Towns and

Parrish 2003). Mauipae (Coppermine Island) underwent several attempts at mining

despite its protected status (Moore 1984).

There has been a long history of scientific interest in the islands, from the late

nineteenth century when noted botanists Kirk and Cheeseman visited, followed by

Cockayne and numerous others (Atkinson 1973), resulting in a wide range of

records for flora and fauna. Many plant and animal species exist on these islands

that are rare or absent on the mainland. Special fauna include the endemic ancient

reptile the tuatara (Sphenodon punctatus), various lizards (Oligosoma townsi,
Oligosoma ornatum) and birds such as saddleback (Philesturnus carunculatus)
and kākā (Nestor meridionalis). Numerous endemic plants are found on these

islands, many of which are rare, declining, or at risk. These range from annual

and perennial herbs such as Euphorbia glauca (shore spurge), Lepidium oleraceum
(Cook’s scurvy grass) and Rorippa divaricata (New Zealand water cress), to coastal

shrubs like Senecio scaberulus (fireweed) and trees including Meryta sinclairii
(puka) and Streblus banksii (turepo).

Hen Island (Taranga) is the largest of the group (489 ha), with a steep coastline

giving way to undulating valleys. Vegetation varies from Kunzea ericioides
(känuka) shrubland and Beilschmiedia tarairi (taraire) and B. tawa (tawa) forest,

with 235 native and 43 adventive species recorded in 1978 (Wright 1978). The three

main Chicken Islands are Lady Alice (Mauimua, 151 ha), Middle Chicken

(Whatupuke, 99 ha), and Coppermine (Mauipae, 77 ha). In 1984, 245 indigenous

vascular plants and 73 introduced species were recorded (Cameron 1984). Since

kiore were eradicated during the 1990s, the health of the native plant communities,

particularly the fruiting species, is expected to improve (Towns and Parrish 2003).

14.4.2.1 A Partnership at Work

The Department of Conservation and the Ngātiwai Trust Board jointly manage

these islands, guided by a 10-year restoration plan (Towns and Parrish 2003). This

plan addresses all biodiversity aspects of the three largest islands. Significantly,

Mauitaha and Araara Islands are managed as kiore refuges. Kiore were introduced

by Māori approximately 800 years ago, and are regarded as a taonga, or treasure.

Despite this, DOC and Ngātiwai worked together to successfully eradicate the kiore

from Hen Island in 2011. Now, all but the two islands containing kiore are free of

mammalian pests resulting in improved conservation outcomes for both the birds

and the invertebrates.
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14.4.2.2 Implementing the Management Plan

The islands have been ranked as a priority ecosystem under the DOC’s Outcomes

Model. In practice, this integrates the site-led weed programme into a holistic

‘prescription’ that aims to mitigate all threats to the islands as well as using best

practice species management techniques.

One of the goals of the 2003 restoration plan is to eradicate or control plant and

animal pests that have the potential to compromise other restoration goals (Towns

and Parrish 2003). To support this goal a Weed Strategy and Operational Plan was

developed to identify the priority IAPs and their management objectives, as well as

the operational methodology for the islands (M. Valdes pers. comm.) The IAPs

include several escaped ornamental garden plants, as well as plants derived of seed

from wind and bird dispersal from the mainland.

Three classes of IAPs (Classes 1, 2 and 3) were determined based on the

invasiveness of the plant and their likely competition with desirable plants

(Table 14.2).

Class 1: IAPs that have the potential to spread quickly and result in the highest

impact on the surrounding ecosystems. The objective of these for Hen

Island is sustained control by 2018, i.e. limiting each species to its present

distribution and, where possible, reducing the abundance of the species

(M. Valdes pers. comm.). For the Chicken Islands, eradication is the

objective.

Class 2: IAPs in Class 2 represent the next level of invasiveness and impact after

Class 1 IAPs. The objective for these is eradication from all of the islands.

Class 3: IAPs that have been judged to have less of an environmental impact,

although their spread may be rapid. The objective of Class 3 IAPs is also

eradication from all of the islands.

The known IAP sites are displayed on a map and GPS unit, so the sites can be

easily found and thoroughly searched. This is especially important as the terrain is

difficult to work on, with some cliff sites accessed by abseiling (Fig. 14.2). Man-

agement is by hand, in order to limit collateral damage to desirable plants and

landscapes. Seed heads are bagged and removed from the island (M. Valdes pers.

comm.).

14.4.2.3 Assessing Progress to Date

In the 20 years since IAP management was strategically considered and

resourced, progress has been achieved in the management objectives. This suc-

cess has been analysed using the Total Count method (Holloran 2006). Individ-

uals are counted when they are removed/killed and recorded in one of three size

classes: seedlings, adolescents and matures. Progress towards eradication is
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Table 14.2 The Hen and Chicken Islands: Priority invasive alien plants are classified according to

their environmental impact and management objective. Class 1 are the most environmentally

damaging

Class 1 Class 2 Class 3

Hen: Sustained control Hen: Eradication Hen: Eradication

Chicken: Eradication Chicken: Eradication Chicken: Eradication

Ageratina adenophora Lycium ferocissimum Cirsium spp.

Ageratina riparia Asparagus asparagoides Phytolacca octandra

Araujia hortorum Senecio elegans Senecio cineraria

Cortaderia jubata Physalis peruviana Senecio bipinnatisectus

Cortaderia selloana Pennisetum clandestinum Cannabis sp.

Paraserianthes lophantha

Erigeron karvinskianus

Myosotis sylvatica

Gladiolus spp.

Senecio jacobaea

Hakea sericea

Fig. 14.2 Sites invaded primarily by Ageratina adenophora, accessed from the ‘Don’t be silly’

track on Taranga. Each site measures between 15 and 150 m2 (Photo Toby Shanley, Department of

Conservation)



shown as a reduced number in each size-class or a reduced number of adults or

juveniles over time.

On Hen Island, which has the most challenging terrain of the islands, there have

been intensive search efforts in recent years, with a focus on large, active, or

difficult IAP sites (Shanley 2010). Araujia hortorum (moth plant), with its tuberous

roots, and shade tolerant seedlings wind-blown seed poses a particular challenge.

There are nine existing sites, eight of which are located on the windward western

side of the island. The ninth site on the eastern side is reportedly clear of

the plants. Since the early 2000s, the number counted has steadily decreased,

but the numbers of adults did increase as a result of intensive searching and control

on a particularly steep site.

The results of Ageratina adenophora (Mexican devil) control have been less

consistent, with a large number of adult plants removed in 2009–2010. Records

show that 17 new or rediscovered plant sites required control. These sites appear to

have been neglected due to their inaccessibility, and point to the need to have

appropriately trained and competent staff on the island (Shanley 2010). The com-

bination of the high seed production of the Asteraceae, and the rapid growth of

A. adenophora seedlings, means that this short-lived, historical lack of control at

certain sites is likely to have increased the work required over time to achieve

sustained control on the island. Similarly, Ageratina riparia (mist flower) is pres-

ently known at two sites on Hen Island. However, one site has needed repetitive

work due to inadequate previous management.

Currently there are approximately 100 sites with records of Cortaderia spp.

(pampas), although some sites are found to be clean when examined, and there are

increasing numbers of archived sites. To counter the ability of Cortaderia spp. to

colonise cliffs, detection and surveillance of new plants is achieved by using a boat

to patrol the coast.

The objective for the class 1 IAPs is sustained control, and this appears to be

succeeding for four of the five species. Both Araujia hortorum and A. riparia plant

numbers show general trends and numbers of Cortaderia spp. tally at dozens, with

some sites now reported as clear of this species. However, A. adenophora numbers

have increased markedly in the last few years (Unpublished data, DOC 2012).

There are some likely near-eradications for two species from class 2 (Physalis
peruviana, Cape gooseberry andHakea sericea, prickly hakea), and one eradication
of a class 3 species, Cannabis (marijuana). For P. peruviana, all known sites

were found clean in 2012. No H. sericea has been recorded on Hen Island since

2009, and no Cannabis plants have been found since 1997 (unpublished data, DOC
2012). These three IAPs all produce abundant amounts of seed, but the factor that is

likely to have helped these potential eradications succeed is the very limited

distribution that the plants seem to have had. Both Cannabis and H. sericea had

been recorded at single sites, and P. peruviana was recorded at only three sites

(unpublished data, DOC 2012). Further, hygiene on the island preventing seed

spread has been vital, as have the strict biosecurity procedures that are part of any

excursion to the islands.
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The Chicken islands have had less consistent weeding efforts but overall have

more invasive plant sites than Hen Island. However, similar progress appears to be

occurring, with some sites on these islands also found to be clean of previously

recorded IAPs, including Araujia hortorum, Pennisetum clandestinum (kikuyu

grass) and Gladiolus spp. (gladiolus) on Lady Alice and A. riparia on Coppermine

(Shanley 2010).

14.4.3 Case Study 3: Fiordland National Park

Fiordland National Park (FNP), gazetted in 1952, is New Zealand’s largest national

park (1,260,740 ha) and is part of the Te Wahi Pounamu South-West New Zealand

World Heritage Area designated in 1990 (Fig. 14.3). The Park is mountainous and

the myriad U-shaped valleys reveal past glaciation from the Pleistocene era. Forests

dominate the slopes to treeline (800–1,000 m a.s.l.), with shrubland, tussock

grassland and permanent snow above. Inland valleys have tussock grass flats.

Very little of the original vegetation has been cleared although it is subject to

high rates of disturbance through tectonic activity and heavy precipitation (rain and

snow). Fiordland National Park lies in the belt of Southern Hemisphere westerly

winds known as the ‘Roaring 40s’, so the combination of strong, moist, onshore

winds and steep topography leads to the high rainfall. There are just three roads in

FNP (Fig. 14.3). Access to the park is by road, water (sea, lakes and rivers) and air

(helicopters and light aircraft).

14.4.3.1 Documentation of Alien Plant Invasion

The major impact on biodiversity in FNP is due to the establishment of alien

mammal species, and IAPs, though the invasion of IAPs has been slower. Red

deer (Cervus elaphus), stoats (Mustela erminea) and rodents (Rattus spp. and Mus
musculus) occur throughout the park. Australian brush-tail possums (Trichosurus
vulpecula) have become abundant in the drier and warmer eastern and northern

parts of the park. Stoats are the main driver behind the reduced populations of many

seed-dispersing native bird species (Dilks et al. 2003). Pigs and chamois

(Rupicarpa rupicarpa) are more confined in their distribution (DOC 2002) and

goats have been eradicated (M. Willans pers. comm.).

Captain James Cook spent 6 weeks in Dusky Sound in 1773, and during that time

created a vegetable garden (Thomson 1922), but by 1791 no traces of the vegetables

could be found (McNab 1907). The first record of naturalised plants (sensuRichardson

et al. 2000) comes from Poole (1951) who, from February to May 1949, recorded ten

herbaceous species within the area bordered by George Sound and Caswell Sound. In

1962, Bryony Macmillan recorded four naturalised plant species at Deep Cove,

Doubtful Sound (Given 1973). At Puysegur Point, the site of a lighthouse that was

permanently staffed from 1879 until 1980, G.I. Collett recorded 37 naturalised plant
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Fig. 14.3 Locations that Ammophila arenaria (diamonds) and Ulex europaeus (dots) have been
recorded from in coastal Fiordland National Park
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species in 1963 (Given 1973, Johnson 1982). In 1972, four naturalised plant species

were recorded in Dusky Sound and Wet Jacket Arm (Given 1973).

The most comprehensive assessment of the distribution and abundance of

naturalised plants was undertaken between 1969 and 1979 by Johnson (1982).

Naturalised plants from 51 locations throughout FNP, from Martins Bay in the

north to the Wairaurahiri River mouth in the south (as well as coastal areas to the

north of the Park) were recorded. The number of species recorded at each site ranged

from 1 to 71, and 136 species were recorded in total (Johnson 1982). Between 1996

and 2000, CJW resurveyed all 27 of the coastal sites surveyed by Johnson (1982). In

addition all other areas where people may have come ashore, or where naturalised

plants might be able to establish betweenMilford and Puysegur Point, were surveyed,

totalling 99 sites. Johnson (1982) recorded a total of 100 naturalised species at the

27 coastal sites, whereas CJW recorded 93 species.

14.4.3.2 Alien Plant Management

Very few of the naturalised plants recorded in FNP are transformer species, but

those that were identified are being actively managed. The top priority IAPs that are

being controlled to zero-density include A. arenaria, Crocosmia�crocosmiiflora
(montbretia), Cytisus scoparius (broom), Rubus fruticosus (blackberry), Salix
fragilis (crack willow) and Ulex europaeus (gorse). Active surveillance occasion-

ally detects other transformer species, which have required on-going eradication

efforts, for example, Calluna vulgaris (common heather), and Buddleia davidii
(buddleia, A Hay pers. comm.). The incursions of these two species represent long-

distance transport by people, most likely tourists.

When Peter Johnson surveyed Fiordland coastal dunes in the mid-1970s, he

recorded A. arenaria from eight locations from Martins Bay in the north (immedi-

ately south of Milford Sound) to Big River in the south (Johnson 1982). At that time

this species was not being controlled but, at his suggestion, eradication was

initiated. Approximately 20 years later A. arenaria was no longer present at Neck

Cove but had established at Catseye Bay where it had not been recorded by Johnson

(1982). Since then, A. arenaria has been found establishing at Neck Cove on two

separate occasions, but has been controlled during annual surveillance (A Hay pers.

comm.; Fig. 14.3). Some of the infestations of A. arenaria expanded substantially

before eradication commenced and many of the locations can only be accessed

readily by helicopter but this IAP is now at zero-density.

Crocosmia�crocosmiiflora is associated with human settlements and has not

dispersed widely. It has probably been present since the lighthouse at Puysegur

Point was built in the 1870s (Hall-Jones 1990). It is currently at zero density and

active surveillance continues.

Cytisus scoparius has never been abundant in FNP, but small populations have

been detected and controlled at several sites, possibly introduced with road gravel.

Johnson (1982) recorded C. scoparius in nine locations and these are the places that
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are actively managed today. This species is at zero-density and subject to active

searches of known locations as well as broader surveillance.

Rubus fruticosus agg. was recorded from four locations in coastal Fiordland: and

also at Deep Cove in Doubtful Sound. The infestation at Deep Cove is likely to have

arisen during the construction of the Manapouri power scheme and possibly after

the road over the Wilmott Pass was built in the mid-1960s (Peat 1995) since it was

not recorded in 1962 (Given 1973). The other locations are likely to date from the

late 1800s. Some of the infestation sites are large and control is on-going.

Eradication of Salix fragilis has been achieved in coastal Fiordland. This species
was known only from Cromarty, the site of a town that sprang up in 1892 to support

a gold rush in Preservation Inlet (Hall-Jones 1990). However, in eastern Fiordland

National Park, S. fragilis is being controlled to zero-density. Active surveillance is

required because this species is well-established immediately adjacent to the east of

the National Park in a stream flowing through private land that flows into the

Eglinton River and thence into Lake Te Anau. It is also along the Waiau River

from the outlet of Lake Manapouri at Pearl Harbour because two major rivers lined

with S. fragilis enter from the east and lake-level manipulations as part of the hydro

power generation scheme result in back eddies of water that contain stem frag-

ments. Aside from this location on Lake Manapouri, S. fragilis has been controlled

to zero-density elsewhere on the lake edge, a programme that was begun by

National Park staff in the 1970s (Johnson 1982). Surveillance of the previously

invaded areas as well as areas downstream within the National Park is undertaken

regularly and any regeneration of this species, which only reproduces vegetatively

in New Zealand, is controlled.

Ulex europaeus has established in a multitude of spots along the Fiordland coast

(Fig. 14.3) but given that it is easy to detect when flowering and is a very well-known

but not well liked plant by many, most people who encounter it in Fiordland pull it

out or report the location to National Park staff so they can control the plants as soon

as possible (Johnson 1982). Fishermen observing the bright yellow flowers from sea

often report infestations to Park staff (pers. obs.). Johnson (1982) recorded 15 loca-

tions ofU. europaeuswithin the National Park whereas CJW recorded 22 locations in

her survey and was aware of additional sites. However, all known sites have been

controlled to zero-density and any newly reported sites are added to the inventory of

sites for annual helicopter-based surveillance and control. Every effort is made to kill

U. europaeus before it has seeded for the first time as the seed is known to be viable

for at least 40 years under normal seed bank conditions (Hill et al. 2001).

There are three other species that are controlled whenever they are detected within

Fiordland National Park: Berberis darwinii (Darwin’s barberry), Hypericum
androsaemum (tutsan), and Leycesteria formosa (Himalayan honeysuckle). All

three species are bird dispersed and have populations too large to control effectively

outside the National Park, often on private land or public land not managed by DOC.

Berberis darwinii grew densely on the foreshore of Lake Manapouri in the

township of Manapouri and for a number of years was controlled by a community

“Weedbusters” group. Now this infestation is being managed by Southland District

Council but it has given rise to new populations immediately adjacent to the
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National Park that are not being controlled. Around Lake Te Anau all known

incursions of B. darwinii are controlled. These are derived from a large population

on private land east of the lake. This species was not recorded naturalised anywhere

by Johnson (1982) and has invaded the eastern edge of Fiordland National Park

from hedgerows and plants in private gardens within the last decade.

Hypericum androsaemum has entered the National Park as a garden escape

through bird dispersal from Milford Sound village. The fruit-eating New Zealand

pigeon (Hemiphaga novaeseelandiae) is a strong flier, well capable of flying the

distances involved to spread the seed from Milford Sound to Anita Bay and Bligh

Sound where it has been found (Powlesland et al. 2011). Hypericum androsaemum
is widespread, though not abundant. However, given the rugged terrain of Fiordland

and the ability of H. androsaemum to persist under a forest canopy (Johnson 1982),

this species is controlled wherever it is found but is not actively searched for

because birds can disperse it anywhere within forest over a vast area, making it

very difficult to find.

Also invading from the east is Leycesteria formosa: it is relatively common on

the eastern side of Lake Te Anau on private land and within the National Park is

controlled whenever it is encountered.

14.4.3.3 Coping with the Current

All of the Ulex europaeus in FNP originates from the West Coast of the South

Island, where it is abundant. The seeds do not float but the wood does (Johnson

1982) and when rivers on the West Coast are in flood entire plants can be uprooted

and discharged to the sea where they are swept along by the Southland Current. If

there are strong onshore winds along the Fiordland coast, surface water drift will

transport the U. europaeus and other flood debris onto the rocky coast above the

normal strand line or push debris into the fiords where, again, it will strand on

downwind shores or in river deltas. The natural vegetation in these locations is

typically low shrubland, often windshorn, which is ideal habitat for U. europaeus.
Ammophila arenaria is also dispersed to Fiordland from the West Coast on the

Southland Current and was recorded by Johnson (1982) at Big Bay and Cascade

Bay, both increasingly further north of FNP. It was apparently planted at Cascade

Bay and is abundant on some beaches further north. Konlechner and Hilton (2009)

have demonstrated that rhizome fragments of A. arenaria can be dispersed more

than 600 km and remain viable in seawater for up to 70 days. This is ample time,

given the rate of movement of the Southland Current and any associated wind-

assisted surface movement (Stanton 1976) for A. arenaria to be dispersed to FNP

from points north.

In order to reduce the rate of reinvasion of A. arenaria, Southland DOC staff

(who manage FNP) requested West Coast DOC staff to eradicate A. arenaria from

Cascade Bay since they were doing the same at Big Bay, north of the National Park.

West Coast staff agreed and Cascade Bay is now free of A. arenaria. The ideal

situation for Fiordland National Park regardingU. europaeus is that all rivers on the
West Coast, south of latitude 42�S would have this species cleared from the

306 C.J. West and A.M. Thompson



maximum flood zone. This could be achieved via the West Coast Regional Council

whose responsibility is to consider IAP management and then consult with the

public about it.

Given the constant pressure of propagules (higher for U. europaeus, lower for
A. arenaria) dispersing from the West Coast it is important that the surveillance and

control programme for both species continues on an annual basis. After the erad-

ication of A. arenaria commenced in the 1980s there was a significant lapse of

commitment and populations at most locations expanded so that, in some cases,

significant knock-down work was required to achieve zero-density. The effort to

maintain zero-density status, however, is slight in comparison. Meanwhile, longer

term strategies, as outlined above, can be implemented.

In addition to surveillance for these two known invaders from the West Coast we

know that dispersal of Euphorbia paralias from Australia to FNP sand dunes is

highly likely (see Sect. 14.3.4). This species will need to be included in the

A. arenaria surveillance programme.

14.4.3.4 Contributors to Success

Sites or regions within FNP with the greatest and most prolonged human contact

have more IAPs (Timmins and Williams 1991). Success has depended, firstly, upon

having clear goals in relation to FNP as an iconic natural landscape and in

recognition that the ecosystems and species within the park are of high value.

Second, a collaborative approach with the communities and agencies who live

and work alongside and in FNP, has allowed for early control of some species

(e.g. fishermen reporting Ulex europaeus; Fiordland Marine Guardians prioritising

biosecurity and supporting the eradication of Undaria pinnatifida from Dusky

Sound: or minimised reinvasion (e.g. Manapouri Weedbusters controlling Berberis
darwinii; West Coast DOC staff controlling Ammophila arenaria up-current).

However, possums are still spreading uncontrolled within the park. The potential

impact they could have in modifying the habitat to the advantage of IAPs, or if they

are likely to disperse seeds that so far have not been dispersed by native and alien

fauna within the park, is unknown. Part of the reason for the low invasion rates of

IAPs in FNP is the intact forest cover, lack of roads and tracks, and the small

number of huts. Possums will have an impact on this at canopy level whereas deer

have been minimal promoters of IAPs in forest communities (CJW pers. obs.).

14.5 Invasive Alien Plant Management in New Zealand:

Adapting to a Different World

The ecology of alien plants and on-the-ground experience has reinforced to weed

managers that achieving successful control and eradication of IAPs is not easy or

achievable in the short-term. In the past 25 years DOC has improved management
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techniques and knowledge, chastened by the length of time that has been required to

eradicate some IAPs.

Despite New Zealand, like Australia, having one of the best border biosecurity

systems in the world and very strong legislation internally, IAPs continue to arrive

from overseas, e.g. Euphorbia paralias, or establish from cultivated plants (Esler

1988; Williams and Cameron 2006). The scale of the problemmeans that a strategic

approach is essential, as is a stringent surveillance and monitoring regime that can

be used to react to new introductions. Techniques need to be adaptable to the

specific situation.

Eradicating IAPs or controlling them to zero-density is difficult and can be

expensive, and most work shows that eradication is usually only effective when

the population is very small (occupying <1 ha, Howell 2012). Innovative

approaches are going to be needed if the control is to be successful, particularly

with species that have rapid growth rates to maturity, persistent seed banks, bird

dispersed seeds, and are hard to locate. In the case of Raoul Island, for example, it is

particularly difficult to estimate the time it might take to achieve eradication of any

species. A compromise in ecological integrity may need to be accepted, for

example, where some IAPs are not eradicated in order to achieve the restoration

of a seabird-driven ecosystem. Genetic markers could in future also be used to

identify sources of invasion to then more effectively manage these sources or their

pathways, as is done with some mammal control programmes (Russell et al. 2005).

From some of the mammal eradication work on islands (Veitch et al. 2011a), and

changes in land use on the mainland, insight into how IAPs respond to the removal

of invasive alien browsers and seed predators or dispersers is being improved. As

invasive alien mammal eradication becomes a reality, the understanding of the

biology and responses of IAPs to altered trophic relationships needs to be improved.

In tandem with the broader scale approach, the ‘managing for outcomes’ frame-

work that DOC has developed (see Sect. 14.2.3) relies on ‘prescriptions’ that

describe the management actions required to ensure ecosystem integrity and/or

species persistence. Many of the actions require the control of IAPs to specific

levels, and monitoring to understand the effectiveness of these actions, and whether

the outcomes are being achieved. This presents further opportunities to understand

trophic interactions and adapt management practices to achieve the desired

outcomes.
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Chapter 15

Plant Invasions in Protected Areas

of Tropical Pacific Islands, with

Special Reference to Hawaii

Lloyd L. Loope, R. Flint Hughes, and Jean-Yves Meyer

Abstract Isolated tropical islands are notoriously vulnerable to plant invasions.

Serious management for protection of native biodiversity in Hawaii began in the

1970s, arguably at Hawaii Volcanoes National Park. Concerted alien plant man-

agement began there in the 1980s and has in a sense become a model for protected

areas throughout Hawaii and Pacific Island countries and territories. We review the

relative successes of their strategies and touch upon how their experience has been

applied elsewhere. Protected areas in Hawaii are fortunate in having relatively good

resources for addressing plant invasions, but many invasions remain intractable,

and invasions from outside the boundaries continue from a highly globalised

society with a penchant for horticultural novelty. There are likely few efforts in

most Pacific Islands to combat alien plant invasions in protected areas, but such

areas may often have fewer plant invasions as a result of their relative remoteness

and/or socio-economic development status. The greatest current needs for protected

areas in this region may be for establishment of yet more protected areas, for better

resources to combat invasions in Pacific Island countries and territories, for more

effective control methods including biological control programme to contain
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intractable species, and for meaningful efforts to address prevention and early

detection of potential new invaders.

Keywords Feral ungulates • Grass-fire cycle • Haleakala National Park • Hawaii

Volcanoes National Park • National Park of American Samoa • South-eastern

Polynesia

15.1 Introduction

The Pacific Ocean is enormous 20,000 km across from Singapore in the west to

Panama in the east. It contains approximately 25,000 islands; more than the rest of

the world’s oceans combined (Gillespie et al. 2008); fewer than 800 of those are

considered habitable by humans (Douglas 1969). Its isolated islands are known for

high levels of endemism, collectively contributing a very significant portion of the

earth’s biodiversity (Myers et al. 2000). Its islands are notable for large numbers of

endangered species and high rates of extinction. Although less famously

documented than predatory and herbivorous alien animals (rats, cats, ungulates

and others), plant invasions significantly contribute to undermining biodiversity on

islands (e.g. Meyer and Florence 1996; Kueffer et al. 2010a).

An analysis of 25 of the world’s ‘biodiversity hotspots’ by Myers et al. (2000)

found that, collectively, the Pacific islands of Polynesia/Micronesia (excluding

New Zealand), with slightly over half their flora endemic to the region, have an

endemic flora comprising 1.1 % (3,334 species) of the world’s flora; the remaining

primary vegetation was estimated to cover 10,024 ha (21.8 % of its original extent),

with 49 % in protected areas. The large continental island of New Caledonia (part of

Melanesia), with 5,200 ha (28 % of the original) of remaining primary vegetation

but only 10 % of it in protected areas, was noted as an exceptionally rich hotspot,

with an astounding 1,865 endemic plant species.

The inherent vulnerability of Pacific islands to biological invasions was recognised

as early as Darwin’s observations in the Galapagos archipelago and elsewhere in the

1830s (Darwin 1859), and re-emphasised by Charles Elton in 1958. Pacific island

ecosystems are recognised as typically having higher representation of alien species

than mainland systems, and the severity of the impact of invasions (i.e. detrimental

effects on native species) on islands generally increases with isolation of the islands,

though rigorous explanation of these phenomena is elusive (D’Antonio and Dudley

1995). Isolated islands, and particularly their ‘protected areas’, provide extraordinary

living museums of speciation and evolutionary radiation; the limitation in our ability to

fully protect such areas from degradation has at least provided dynamic laboratories for

better understanding invasions and their interactions with ecological processes

(Vitousek et al. 1987).

Here we present and evaluate efforts by managers and researchers to address

plant invasions in relatively well-studied protected areas among Pacific Islands

and to highlight associated contributions to invasion biology and management.
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We focus largely on several notable protected areas where substantial effort to

combat invasions has been possible, both to illuminate the various approaches to

the problems posed by, and the solutions applied to address the impacts of alien

plant invasions on native floras of the Pacific Islands.

15.2 Evolution of the Protected Areas Network

and Strategies for Addressing Plant Invasions

Hawaii Volcanoes National Park (NP), island of Hawaii (often called the “Big

Island” with its one million ha of terrestrial surface), Hawaii, USA, has the longest

history of management of any terrestrial protected area in the tropical Pacific Islands.

It was originally established as the largest unit of Hawaii NP in 1916, primarily to

protect its volcanic scenery and for geologic study. It currently covers 1,293 km2,

following the Kahuku addition in 2004 (see below), which added 60 % to the park’s

previous area. This represents about 12.5 % of the area of Hawaii Island or about

7.8 % of the land area of the state of Hawaii; this area is larger than most Pacific

Islands. About 80 % of the total protected area is now comprised of fire derived,

degraded grasslands dominated by alien species, or sparsely to unvegetated, volcanic

terrain (including the upper slopes of 4,169 m a.s.l. Mauna Loa, a shield volcano and

the second – to nearby 4,205 m a.s.l. Mauna Kea - highest peak of the tropical Pacific

Islands). The remaining area of about 250–300 km2 contains diverse plant commu-

nities. Hawaii Volcanoes NP has been on a trajectory of management for protection

of native/endemic biodiversity since the early 1970s when Park managers set out to

eliminate the entire population of about 15,000 feral goats (Capra hircus) with the aid
of fencing. This single event was a ‘game changer’, initially opposed by almost

everyone, including (in 1970–1971) the Director of the U.S. National Park Service

(Sellars 1997), as well as by State government agencies in Hawaii.

Herbivory and associated disturbance by feral goats had been rampant in the area

of Hawaii Volcanoes NP for nearly two centuries since their introduction to the

islands in the 1780s, and more than 70,000 goats had been removed from the Park

area since its establishment in 1916, with no long-term population control (Sellars

1997). Conventional wisdom at the time was that any serious effort toward biolog-

ical conservation in Hawaii was impractical, if not impossible. The impetus for

eliminating goat populations came from a strong movement (described in Sellars

1997), mostly within the U.S. National Park Service, to steer the national parks

(nationwide) toward biological preservation. The goat eradication effort gradually

received increasing and sustained local support, with feral goats largely eliminated

in the Park by the end of the 1970s. Arguably, actions and rationale used by the

National Park Service in the 1970s at Hawaii Volcanoes NP provided the critical

momentum for the rise of ‘active’ conservation in the State of Hawaii by

federal, state, and private entities, with meaningful public support. A generally

environment-friendly climate in the USA in the 1970s and the federal Endangered

15 Plant Invasions in Protected Areas of Tropical Pacific Islands. . . 315



Species Act of 1973 added impetus to active conservation in Hawaii. By the late

1990s, there was broad buy-in to the concept of biological preservation in Hawaii

and over 25 % of the state’s land area had been incorporated under varying degrees

of protected area management (Loope and Juvik 1998). Nevertheless, the national

parks set the standard for what may be possible, and for developing reasonable and

thoughtful strategies to try to achieve identified goals.

In Hawaii, alien plant management in protected areas started on a significant scale

at Hawaii Volcanoes NP in the 1980s, at which time a sophisticated strategy was

developed and articulated. A 1986 symposium entitled “Control of Introduced Plants

in Hawaii’s Native Ecosystems” was held in conjunction with Hawaii Volcanoes NP’s

Sixth Conference in Natural Sciences. A book edited by Stone, Smith, and Tunison,

“Alien Plant Invasions in Native Ecosystems of Hawaii: Management and Research”

(Stone et al. 1992), produced 6 years later, provides remarkable documentation of the

development of Hawaii Volcanoes NP’s strategy for addressing alien plant issues, as

well as of Hawaii’s state-wide situation. It was stated that the “The severity of the alien

plant problem and the fact that it is so widespread in the Islands make a rigorously

organised approach based on relevant information especially necessary. Moreover,

development of a variety of approaches to weed control to deal with different

situations. . . are necessary components of weed management programs.” (Tunison

et al. 1992a).

Tunison et al. (1992a) described the key features of the Hawaii Volcanoes NP

alien plant control strategies “to protect native species assemblages.” In summary:

(i) controlling feral pigs and goats; (ii) excluding fire; (iii) mapping the distribution of

important alien plants; (iv) controlling localised alien plants throughout the Park;

(v) controlling all disruptive alien plants in Special Ecological Areas (the most

diverse and intact areas in the Park); (vi) confining one widespread species, Cenchrus
setaceus (¼ Pennisetum setaceum, fountain grass), to the area it currently infests;

(vii) developing herbicidal control methods for target species; (viii) developing

biological controls for some widespread species; (ix) researching the ecology, seed

biology, and phenology of important alien plant pest species; (x) educating the public

to the importance of alien plant control; and (xi) working with other agencies and

groups in alien plant management.

Haleakala NP, island of Maui, Hawaii, was at first a disjunct part of Hawaii NP,

established in 1916 and protecting the 3,055 m Haleakala volcano above about

2,000 m elevation. It was designated as Haleakala NP in 1961. The important

addition of Kipahulu Valley, a highly pristine rainforest watershed stretching

from sea level to above 2,000 m, and other adjacent lands, have resulted in a

current Park area of 121 km2. In the 1980s, this smaller, but more topographically

diverse Park, eliminated goats with the aid of fencing and initiated alien plant

management, building on the experience of Hawaii Volcanoes NP.

Points that deserve emphasis are the importance and difficulty of creating

protected areas in the first place and the challenges most Pacific island countries

have in funding management of such areas despite the widely acknowledged need

to do so. The addition of the 48,245 ha Kahuku lands to Hawaii Volcanoes NP was

enormously important for biodiversity protection in Hawaii, and the Park has been
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able to devote sufficient resources to take steps to initiate management on those

added lands. The National Park of American Samoa (NPSA) was established in

1988 through an innovative and effective concept involving a 50-year lease to the

U.S. National Park Service for the park land by the local Samoan village councils

(Cox and Elmqvist 1991); the agreements were finalised on the island of Tutuila in

1993, with expansion to other islands in 2002. As such, NPS efforts in both Hawaii

and American Samoa can be viewed as useful and distinct models for creating

protective areas in other island nations across the Pacific.

South-eastern Polynesia is likely representative of most of the Pacific island

regions regarding potential obstacles in establishing and managing protected areas.

An important reason why SE Polynesia has few and small protected areas (e.g. less

than 2 % of French Polynesia’s land area) is that in the main inhabited islands

(e.g. Tahiti, Pitcairn, Rarotonga) the land tenure situation is problematic. Most of

the land is privately owned by families or clans with multiple beneficiaries that may

not be capable of reaching consensus regarding establishment of protected areas. In

French Polynesia for instance, the small atolls of Manuae (Scilly) and Motu One

(Bellinghausen) in the Society Islands and the islets of Mohotani (Motane), Eiao

and Hatutaa (Hatutu) in the Marquesas were more easily declared natural reserves

in 1971 because they were uninhabited and public lands. This was also the case for

the TeFaaiti Natural Park (750 ha) on Tahiti in 1989, the Vaikivi Natural Park and

Reserve (240 ha) on the island of Ua Huka in 1997, and the Temehani Ute Ute

plateau (69 ha) on the island of Raiatea in 2010 (Table 15.1). The lack of local

capacity (long-term funding support to manage these protected areas, trained

conservation managers and scientists, influential nature protection NGOs, etc.),

but also the weak local political will and public support are important constraints in

SE Polynesian countries and territories (pers. comm. from many people working in

the South Pacific, to J.-Y. Meyer). Unfortunately, there are few or no management

efforts or programmes to combat invasive alien plants in protected areas in SE

Polynesia, although many of these islands provide extraordinary case-studies for

illustrating both the impacts of invasive alien plants on biodiversity and cultural

assets (e.g. the monumental stone statues in Easter Island or Rapa Nui), and for

potential habitat restoration projects. Paradoxically, there are many fencing and

weeding projects in French Polynesia recently conducted by local authorities,

communities and NGOs in Tahiti, Raiatea (Society Is.) and Rapa Iti (Australs),

but primarily in unprotected areas (J.-Y. Meyer, unpub. data).

15.3 How Successful Have Strategies for Alien Plant

Management Been in Hawaii Volcanoes NP

and Other Protected Areas?

In this section, we report progress in implementation of a generalised version of the

11 items of Tunison’s (1992b) visionary strategy 20 years later.
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15.3.1 Feral Ungulates and Implications for Managing
Plant Invasions

Hawaii and other isolated islands lack an evolutionary history of ungulate presence,

though large flightless birds may have filled similar ecological niches. Ungulates

are still absent in wildland areas of many Pacific islands (Merlin and Juvik 1992),

but many others have them. Feral goats – as well as deer (Axis axis), sheep
(Ovis aries), mouflon (Ovis musimon), and other ungulates – continue to deplete

biodiversity outside fenced areas in Hawaii but protected areas have become

increasingly fenced (though at great cost) over the past three decades. Feral pigs

(Sus scrofa) are currently considered primary modifiers of remaining Hawaiian

rainforest and have substantial effects on other ecosystems. Although pigs were

brought to the Hawaiian Islands by Polynesians roughly a millennium ago, the

current severe environmental damage inflicted by pigs apparently began much

more recently and seems to have resulted entirely from release of domestic,

non-Polynesian genotypes (Diong 1982). Polynesian pigs were much smaller,

more docile, and less prone to taking up a feral existence than those introduced in

historical times (Tomich 1986). Much of the damage to plants by pigs is direct,

involving physical rooting and feeding. Much damage also occurs from invasion of

opportunistic plant species, often alien, that contribute to further displacement of

native species. Seeds of alien plants are carried on pigs’ coats or in their digestive

tracts, and they thrive upon germination on the forest floor where pigs have exposed

mineral soil (Diong 1982; Medeiros 2004).

Feral pigs have provenmuch harder to eliminate than goats. Hawaii Volcanoes NP

has established 13 pig-free fenced units (often corresponding with SEAs – see below)

with a combined area of approximately 16,000 ha plus. At Haleakala NP, feral pigs

were eliminated in remote Kipahulu Valley in the late 1980s with fencing and snaring

(Anderson and Stone 1993), and the entire Park has since been largely pig-free.

Once aggressive plant invaders have obtained a new foothold in the forest –

often as a result of feral ungulate disturbance and dispersal – they spread opportu-

nistically, aided by pigs and alien birds. Removal of pigs stops the mechanical

damage and some of the seed dispersal, and is essential for halting direct degrada-

tion of biodiversity, but experience has showed that it does not stop plant invasions

(e.g. Huenneke and Vitousek 1990; Medeiros 2004). Frequently, after pigs are

removed from an area, native species may undergo various degrees of recovery,

but plant invasions occupy the sites that had been kept bare by pig-digging. This

trend was recently documented by Cole et al. (2012) who measured a substantial

increase in cover (51 %) of common native species within a large (1024 ha) fenced

exclosure in Hawaii Volcanoes NP from which pigs had been excluded for 16 years;

within the same exclosure, the invasive tree Psidium cattleianum (strawberry

guava) underwent a fivefold increase. Similar effects have been noted with response

of alien vegetation to feral goat removal (e.g. Kellner et al. 2011).

Haleakala NP currently faces serious invasive plant problems in the remote

Kipahulu Valley, especially with Clidemia hirta (Koster’s curse), Hedychium
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gardnerianum (Kahili Ginger), and P. cattleianum. The original expectation was

that removal of feral pigs from Kipahulu Valley would not only reduce direct pig

impact on native vegetation but would also reduce expansion of these invasions to

some degree, ideally facilitating effective management by mechanical/chemical

means (Loope et al. 1992); in retrospect, removal of pigs has allowed substantial

recovery of native vegetation, but H. gardnerianum and C. hirta have also

expanded substantially even with concerted control effort and are currently posing

severe problems, with biological control urgently needed (Medeiros 2004; Arthur

Medeiros, U.S. Geological Survey, pers. comm.).

Feral pigs have recently become a serious problem in the National Park of American

Samoa (NPSA), creating disturbance to native vegetation; substantial control effort has

been made, but the problem persists (Tavita Togia, NPSA, pers. comm.). Ungulates are

also present and create serious disturbance, facilitating alien plant invasions in some

protected areas of SE Polynesia (Meyer, pers. obs.). Feral sheep infest Eiao and

Mohotani, as do feral goats and horses (Equus caballus) in the Vaikivi Natural Park

of Ua Huka in the Marquesas; feral pigs thrive on the Temehani Ute Ute plateau on

Raiatea in the Society Islands, threatening rare endemic plants (Jacq and Meyer 2012);

and cattle (Bos taurus) and horses are causing forest destruction and facilitating

invasion by light-demanding weeds on Rapa Nui (Meyer, pers. obs.). The reserves

on the dry, uninhabited islands of Eiao (with long-standing serious ungulate problems,

Fig. 15.1) and Hatutaa (without ungulates) in the Marquesas provide a dramatic

comparison of the persistence of native vegetation where ungulates are absent and

the degradation of native vegetation with replacement by alien plant species in the

presence of ungulates (Merlin and Juvik 1992; Meyer, pers. obs.).

15.3.2 Fire Management and the Intractable Grass-Fire
Cycle at Hawaii Volcanoes NP

From the inception of Hawaii Volcanoes NP in 1916 until the 1960s, fire had a

small and infrequent footprint across park lands. Although ignition sources were

present (e.g. lava flows, lightning, human activity), vegetation was either too

discontinuous or of too high a moisture content to provide adequate fuels to burn.

In the subsequent decades following 1960, however, fire frequency increased

tenfold and the extent of fires increased an astounding 60-fold (Tunison

et al. 1995) in the extensive mid-elevation seasonal fire management unit (also

known as the seasonal submontane zone). What caused the fire regime to change so

dramatically? It was the local establishment and proliferation during the 1960s

of alien C4 grass species such as Andropogon virginicus (broomsedge) from the

south-eastern US, Schizachyrium condensatum (beardgrass) from South America,

and the spread of theMelinis minutiflora (African molasses grass) during the 1980s.

Each of these species exhibit attributes that make them very prone to burning and

very adept at re-establishing following fire; all create a continuous fuel bed,
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maintain high dead-to-live biomass ratios throughout the year, and exhibit high

extinction moisture content, allowing them to burn at high relative humidity

(Hughes et al. 1991). These alien grasses readily invaded the interstices of what

had been woodlands and shrublands dominated by native woody plants such as

Metrosideros polymorpha (‘Ohi’a lehua) and Leptecophylla tameiameiae
(Puhatikiei) among others. Once invaded by alien grass species, these systems

became exceedingly prone to fire, and when they did almost inevitably burn, the

grasses rapidly recolonised the burned areas (Hughes et al. 1991); in general alien

grass cover increased 33 %, and grass biomass increased 2- to 3-fold following fire

(Tunison et al. 1995; D’Antonio et al. 2000). Melinis minutiflora in particular

increased dramatically from pre-fire cover and biomass values (Hughes et al. 1991).

In stark contrast, an average of 55 % of M. polymorpha individuals suffered

mortality following fire, and this is likely an inflated survivorship given that many

of the surviving trees were located on rocky outcrops and thus experienced little in

the way of fire effects (D’Antonio et al. 2000). Post-fire M. polymorpha seedling

recruitment and establishment is non-existent (Tunison et al. 1995), and most of the

common native shrub species were sharply reduced with respect to both cover and

stem density (Fig. 15.2; Hughes et al. 1991) immediately following fire as well as

after two decades of post-fire succession (D’Antonio et al. 2011). Successive fires

lead to increased dominance of grasses and further diminution of native woody and

herbaceous species populations. Collectively, alien grasses now dominate extensive

areas of dry and seasonally dry habitats in Hawaii. They have been demonstrated to

Fig. 15.1 Isolated native tree Pisonia grandis, in severely eroded landscape overgrazed by feral

sheep, island of Eiao, Marquesas Islands, French Polynesia (Photo J-Y Meyer, November 2010)
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effectively compete with native species (D’Antonio et al. 1998) and alter both light

regimes and soil nutrient dynamics (Hughes and Vitousek 1993; D’Antonio and

Mack 2006). A more recent study (D’Antonio et al. 2011) documenting long-term

patterns of post-fire succession in the absence of subsequent fire events

demonstrated that replacement of native woody species by alien grasses, even in

the absence of fire, persists over the long-term; results indicated that in spite of

multiple ‘fire-free’ decades of post-fire succession, grasses maintained their

dominance and native species failed to recover. As such, fire suppression by itself

is inadequate to restore these systems to any sort of a native-dominated state.

As a consequence, the Hawaii Volcanoes management rule regarding wildfire –

particularly in the mid-elevation seasonal fire management unit – has been one of

active and concerted fire suppression (Hawaii Volcanoes National Park 2005). This is

primarily in order to limit disturbance to, and mortality of, non-fire adapted native

species and limit further proliferation of pyrophytic alien grasses. An exception to

blanket suppression is in the dry coastal lowlands where fire effects studies and

prescribed burns have demonstrated the positive effect of fire on the native grass

Heteropogon contortus (Spear Grass; Tunison et al. 1994; D’Antonio et al. 2000).

In these areas fire may be allowed to occur with minimal interference as a way to

enhance cover of this native grass. Recently, large-scale efforts have been undertaken

to plant a suite of native species that exhibit fire tolerant characteristics into burned

areas. These planting efforts have met with success in terms of the establishment and

Fig. 15.2 Fire-degraded grass-shrubland, elevation � 900 m, Hawaii Volcanoes National Park,

Hawaii. Shrubs in foreground are native Dodonaea viscosa, surrounded by a matrix of alien C4

grass species. Note large, dead Metrosideros polymorpha tree in middle ground (Photo RF

Hughes, January 2013)
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survival of meaningful population sizes, and it is hoped that these relatively

fire-tolerant native plant populations will persist and sustain themselves in the

event that such areas experience successive fires in the future (Rhonda Loh, Hawaii

Volcanoes NP, pers. comm.).

15.3.3 Mapping of Important Alien Plant Species

Adequate knowledge regarding the abundance, extent (i.e. hectares invaded) and

distribution of invasive species is critical for developing effective control strategies

and establishing workload requirements. Hawaii Volcanoes NP undertook a

systematic programme to map the distribution of 38 widespread alien plant species

in 1983–1985 (Tunison et al. 1992b). Results were successful in determining

locations of many untreated populations, helping to assess feasibility of possible

local eradication, shifted priorities, and showing that eight species were too

widespread for control with the resources available – so that efforts for these

species were shifted from a parkwide emphasis to control in selected areas with

high biological value. Mapping and monitoring of an expanding suite of alien plant

species continues at Hawaii Volcanoes NP. An important recent report (Benitez

et al. 2012) reviews the expanding survey/mapping work and control history since

2000, reporting on results for 134 species surveyed by foot, vehicle and helicopter;

33 of those are widespread species and beyond park-wide control.

15.3.4 Park-Wide Control and Eradication of Localised
but Potentially Problematic Alien Plant Species

In the 1980s, Hawaii Volcanoes NP adopted a strategy of controlling certain localised

alien plant species on a park-wide basis while controlling widespread alien species in

Special Ecological Areas (SEAs, see below). The purpose of the former effort has

been to prevent the spread of potentially disruptive alien species while they are still

manageable. Of the 41 species that were initially targeted, mapped, treated with

appropriate herbicides and monitored, control of 21 was considered highly effective,

with partial control for 17 additional species; three species were recalcitrant to control

(Tunison and Zimmer 1992). By 2004, at least 15 of the initial species were

considered eradicated and workloads reduced for most of the others (Timothy

Tunison, Hawaii Volcanoes NP (retired), pers. comm.). The local eradication strategy

has been extended opportunistically to prevent encroachment of new invaders,

especially high impact species such as Falcataria moluccana (batai wood). A current

analysis (Benitez et al. 2012) details progress/setbacks for 134 alien species (101 of

them localised), including 16 species newly established in the past decade; the most

problematic new species for attempted containment may be the shrub C. hirta, first
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detected in 2003, and Cyathea (¼ Sphaeropteris) cooperi (Australian tree fern), first
detected in 2000. The Park’s alien plant programme (including eradication/control of

localised species and control in SEAs) has expanded significantly in scope and

complexity over the past 3 decades. Since the early 1980s, the annual number of

worker days spent in the field searching for and removing weeds has increased from

<200 to >500 by the early 1990s and exceeds 1,200 worker days currently (Benitez

et al. 2012).

15.3.5 Controlling All Disruptive Alien Plant Species
in Selected High-Value Areas

In Hawaii Volcanoes NP, management units called Special Ecological Areas (SEAs)

(Tunison and Stone 1992) were first established in 1985 to control 20+ highly

disruptive invasive plant species recognised as too widespread for park-wide eradi-

cation to be feasible. SEAs are prioritised for intensive weed management based on

their (i) ecological representativeness or rarity, (ii) manageability (accessible and

with high recovery potential for native species), (iii) species diversity and rare

species, and (iv) value for research and interpretation. Control methods varied from

manual uprooting to chemical treatments depending on species. Typically, initial

search and knockdown of weeds (knockdown phase) by control crews is followed by

subsequent revisits (normally at 1–5 year intervals) as needed to keep infestations at

low or manageable levels (maintenance phase) in SEAs.

The SEA concept has proved remarkably effective and flexible to date – whereas

initial weed control may focus on only a few prime areas, the number and size of

units can be expanded with time as opportunities become available. It has provided

Hawaii Volcanoes NP with the ability to protect key biodiversity sites, even when

alien plant species are uncontrollable on a large scale. The SEA programme started

in 1985 with six SEAs and a total of 5,000 ha; by 2007, it had been expanded to

27 SEAs and 27,500 ha. Meanwhile, costs per ha declined from roughly $28/ha to

$8.15/ha (Tunison and Stone 1992; Loh and Tunison 2009).

While we are not aware that any other protected area in the Pacific islands has

formally adopted an SEA approach, many areas focus invasive plant control effort

in areas where rare/endangered species are being threatened by plant invasions.

15.3.6 Local Eradication or Containment of Certain
High-Impact Species

Fountain grass has for decades been considered one of the most disruptive alien

plant species in Hawaii. It is believed capable of invading all Hawaii Volcanoes

NP’s plant communities, except closed rainforest, from sea level to 2,500 m
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elevation. It increases fuel loadings, thus increasing fire potential and most notably

invades and reaches high densities on largely barren lava flows, which normally are

pristine sites with few aliens, potentially making extensive new areas vulnerable to

fire (Tunison 1992a). Hawaii Volcanoes NP’s strategy in general has targeted

problematic widespread species for biological control (believed to be unlikely for

grasses) and/or for conventional control in Special Ecological Areas. However, a

single exception was made, beginning in 1976 and intensified in 1983, for an

8,000 ha infestation of fountain grass, largely localised in the south-western corner

of the Park, with outliers, especially along roads. The strategy for fountain grass has

involved controlling all outlying populations, scouting the areas between these

populations by helicopter, and controlling the periphery of the main infestation;

the grass’s pattern of spread suggested that such strategy could succeed (Tunison

1992a). Workloads were initially large and expensive but have gradually declined

substantially in effort and cost over more than three decades of sustained effort

(Benitez et al. 2012). At this point in time, the considerable investment to contain

fountain grass seems justifiable and sustainable.

The only other case of such an ambitious strategy being applied in a Pacific

island protected area may be the example of F. moluccana in the National Park of

American Samoa (Case study 1).

15.3.6.1 Case Study 1: Falcataria moluccana at the National Park

of American Samoa

Falcataria moluccana (¼ Paraserianthes falcataria, Albizia falcataria) is a very

large, nitrogen-fixing tree of the legume family (Wagner et al. 1999). As an invasive

species, it is daunting as the fastest growing tree species in the world, capable of

2.5 cm of growth per day (Walters 1971; Footman 2001). Individuals reach

reproductive maturity by the age of four and subsequently produce copious amounts

of wind dispersed seed (Parrota 1990). Canopies of single mature trees extend over

0.5 ha, and canopies of multiple trees commonly coalesce across multiple hectares

up to square kilometres (Hughes and Denslow 2005).

Although valued by some in the Pacific, F. moluccana has become invasive in

forests and developed landscapes across many Pacific islands. An archetypical

early successional (i.e. pioneer) species, F. moluccana is generally found in mesic

to wet forest environments and favours open, high light environments such as

disturbed areas; its capacity to readily acquire nitrogen via its symbiotic associ-

ation with Rhizobium bacteria makes it able to colonise even very young, highly

N-limited lava flows such as those found on Hawaii Island (Hughes and Denslow

2005).

Previous research on the impacts of F. moluccana invasion on native Hawaiian

forests demonstrated that wherever it invades, it utterly transforms the entire

ecosystem by substantially increasing inputs of nitrogen, facilitating invasion by

other weeds, while simultaneously suppressing native species. Hughes and
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Denslow (2005) described the impacts of F. moluccana invasion on some of the last

intact remnants of native wet lowland forest ecosystems undergoing primary

succession in Hawaii. Nitrogen inputs via litterfall were 55 times greater in

F. moluccana stands compared to native-dominated forests (Hughes and Denslow

2005), and at 240 kg N ha�1 year�1, were commensurate to typical fertilizer

N inputs of industrialised corn cropping systems of the US Midwest (Jaynes

et al. 2001). Changes in nutrient status coincided with dramatic compositional

and structural changes as well; Falcataria moluccana facilitated an explosive

increase in densities of understory alien plant species, particularly Psidium
cattleianum. In contrast, native species, especially the keystone over-story tree

Metrosideros polymorpha suffered widespread mortality to the point of effective

elimination from forests that they formerly dominated. Even where F. moluccana
populations are killed and/or removed, native species are typically challenged to

grow quickly enough to outpace the rapid recruitment of abundant F. moluccana
seedlings that promptly germinate in response to increased understory light

availability. Based on these findings, Hughes and Denslow (2005) concluded that

the continued existence of native-dominated lowland wet forests in Hawaii largely

will be determined by the future distribution of F. moluccana. As such, detection
and control of individuals or small numbers of F. moluccana has become the

default approach in protected areas such as Hawaii Volcanoes NP.

In American Samoa F. moluccana has invaded large areas of the forests of the

National Park (NPSA) and neighbouring areas on Tutuila Island. The species likely

was first introduced to Samoa on the island of Upolu perhaps as early as the 1830s

and is thought to have spread to Tutuila Island in the early 1900s. By the 1980s

F. moluccana was noted as locally common within NPSA boundaries (Whistler

1980, 1994) and by 2000, approximately 35 % of Tutuila Island (� 6,725 ha)

including much of NPSA, was infested with F. moluccana. This prompted NPSA

efforts to begin aggressive measures to control this species (Fig. 15.3; Hughes

et al. 2012). Research results indicate that F. moluccana displaces native Samoan

trees; although aboveground biomass of intact native forests did not differ from

those invaded by F. moluccana, greater than 60 % of the biomass of invaded forest

plots was accounted for by F. moluccana, and biomass of native species was

significantly greater in intact native forests. Following removal of F. moluccana
(i.e. killing of mature individuals), a number of native Samoan trees grew rapidly,

filling the resulting light gaps, achieving secondary succession without a reinvasion

of F. moluccana. The presence of successional native tree species appeared to be the
most important reason why F. moluccana removal is likely a successful management

strategy. Once F. moluccana is removed, native tree species grow rapidly, exploiting

the legacy of increased available soil N – left from F. moluccana litter inputs – and

available sunlight. In addition, recruitment by shade intolerant F. moluccana seed-

lings was severely constrained to the point of being non-existent, likely a result of the

shade cast by re-establishing native trees in management areas (Hughes et al. 2012).

Like many Pacific islands, American Samoa commonly experiences large-scale,

cataclysmic disturbances from cyclones (Mueller-Dombois and Fosberg 1998) as
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well as more frequent but less cataclysmic disturbances in the form of cyclone ‘near

misses’, tropical storms, and tropical depressions. Collectively these create what has

been termed a ‘chronic disturbance’ regime (Webb et al. 2011), which has played a

potent evolutionary role in shaping the composition, structure, and function of

Samoa’s native forests (Webb et al. 2006). Indeed, nearly 40 % of the common

native trees in forests of American Samoa could be classified as successional (i.e.

regenerating readily in disturbed forest) (Hughes et al. 2012). This is a critical

evolutionary feature for the forest species of American Samoa, and one that makes

large-scale control of F. moluccana feasible. Further, this scenario stands in stark

contrast to results from experimental removal of the alien, N2-fixing tree, Morella
faya (faya tree) from forests of Hawaii Volcanoes NP, where successful

reestablishment and recovery of native forest species following control of the

M. faya is much less certain given the presence of highly competitive alien species

and the relatively slow-growing character of the native species – species that have not

evolved in such a frequent storm disturbance environment (Loh and Daehler 2008).

Yet, if native Samoan tree species are so well adapted to small, forest gap

forming disturbances, as well as large-scale disturbances such as cyclones, how

did F. moluccana attain recent dominance in forest stands in the first place?

Moreover, and what is to keep it from returning to dominance following distur-

bance in the future? Answers can be found in the growth characteristics of

Fig. 15.3 The large, non-native, N-fixing tree Falcataria moluccana has spread over extensive

areas in and around the National Park of American Samoa. The Park has responded with a

remarkably successful campaign of killing trees in place and relying on reproduction and growth

of pioneer-type native tree species to quickly fill resulting light gaps. Photo from June 2006,

8 months after girdling of the F. moluccana trees (Photo Tavita Togia, NPSA)
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F. moluccana. Because this species becomes very tall, very quickly (Walters 1971;

Parrota 1990), and its seedlings accompany recruitment of native species,

F. moluccana will likely outpace other species in the race to canopy dominance.

In addition, since mature F. moluccana individuals attain heights well above those

exhibited by most of the native Samoan tree species (Whistler 2004), F. moluccana
will maintain overstory canopy dominance. As long as cyclones occur at sufficient

frequencies, F. moluccana populations will likely persist and expand in the absence
of on-going management practices. However, removal of mature F. moluccana
individuals, re-establishment of native Samoan tree species, and exhaustion of the

F. moluccana seed bank prior to subsequent large-scale disturbances may suffice to

break the cycle of F. moluccana establishment and proliferation.

15.3.7 Develop Optimally Effective Herbicidal
Control Methods

Any protected area in the Pacific that seriously addresses plant invasions must use

herbicides effectively as part of the overall strategy. Hawaii Volcanoes NP

conducted formal experiments in the 1980s to develop a safe, effective and efficient

arsenal of treatments appropriate for a large number of target species for which

there were no standard treatments (e.g. Santos et al. 1992). In some cases standard

methods may not be sanctioned by National Park Service or other protected area

guidelines. Over the past three decades, standard treatments have become increas-

ingly available (e.g. Langeland and Stocker 1997; Motooka et al. 2002). Common

active ingredients used in natural area weed management have included 2,4-D,

triclopyr, glyphosate, metsulfuron methyl, imazapic and imazapyr; picloram and

hexazinone were proven to be effective in Hawaii as well, but have less utility now

due to restrictions in their use (James Leary, University of Hawaii, pers. comm.).

The new herbicide active ingredients aminopyralid and aminocyclopyrachlor

are proving to be highly effective on many target weed species in Hawaii,

particularly those in the Fabaceae or legume family (J. Leary, pers. comm.).

Individual plant treatment techniques include directed foliar applications, basal

bark applications and basal injections. Additionally, on-going research in Hawaii

has identified effective injection techniques for 16 invasive woody species so far

(e.g. F. moluccana), where effective doses are less than 0.5 g active ingredient

for large mature specimens (J. Leary, unpubl. data). Furthermore, an herbicide

injection is a clean, safe, and efficient technique for delivering very small

aliquots of concentrated formulations directly to the target. Besides proven target

efficacy, this provides a practical use pattern in remote natural areas where a total

payload that weighs a fraction of one kilogram is enough to treat hundreds of

individuals in an all-day effort.

Benitez et al. (2012) summarise current herbicide treatments used for targeted

alien plant species at Hawaii Volcanoes NP.
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15.3.8 Facilitate Biological Control for Otherwise
Intractable Species

Biological control was recognised in the early 1980s as a potentially major

component of effort to address the most severe plant invasions in national parks

and other protected areas in Hawaii. Hawaii already had a long history (dating back

to about 1900) of biological control to assist against insect pests to protect agricul-

ture, and some plants had been successful targets. The National Park Service (NPS)

entered an agreement in the early 1980s with the U.S. Forest Service, the Hawaii

Departments of Land and Natural Resources and of Agriculture, and University of

Hawaii to “intensify biological control efforts on forest pests in the State” (Tunison

1992b). A quarantine (containment) facility was constructed at 1,200 m elevation at

Hawaii Volcanoes NP for plant biocontrol using insects; the facility was completed

and became operational in 1984 (Markin et al. 1992). Hawaii Department of

Agriculture (HDOA) had the only other biocontrol containment facility in the

state in Honolulu, which was capable of accommodating insects and fungal agents

for testing (Markin et al. 1992).

Some details of progress (and lack thereof) with biocontrol are given forMorella
(¼Myrica) faya and Hedychium gardnerianum in Case study 2 and 3, respectively.

The challenges of conducting a biocontrol programme in the public arena are raised

below. Experience with Clidemia hirta, another high-priority target as one of

Hawaii’s most aggressive invaders, has been particularly discouraging; of 17 agents

tested for host specificity in Hawaii, six arthropods and one fungal agent were field

released: a thrips (1953), a fungus (1986), a beetle (1988), and four moths (one in

1970, three in 1995) (Conant 2002). Five established, but none were truly successful.

Biotic interference (by alien ants and/or parasitoids) has been demonstrated for the

thrips and strongly suspected for the moths (Conant 2002). DeWalt et al. (2004)

reported observing promising potential biocontrol agents in C. hirta’s native range in
Costa Rica. A nematode (Ditylenchus gallaeformans), under consideration for

biocontrol of closely-related M. calvescens (miconia), may be the most promising

agent for C. hirta in the long run (Johnson 2010, Tracy Johnson, U.S. Forest Service,
pers. comm.); Hawaii has no native melastomes.

Experience with the recent release of an extremely important biocontrol agent

for strawberry guava provided meaningful insights into the importance (and limi-

tations) of public outreach. After 15 years of exploration and testing in Brazil

(Wikler and Smith 2002), Tectococcus ovatus (Homoptera: Eriococcidae), a leaf-

galling scale insect, was brought to Hawaii for intensive experimental testing to

ensure its safety as a biocontrol agent; Tracy Johnson of the U.S. Forest Service

conducted Hawaii-specific laboratory testing in the Hawaii Volcanoes NP biocon-

trol facility, beginning in 1999. In 2005, a release permit application was issued.

The Hawaii Board of Agriculture held public meetings in 2005–2007, and federal

and state permits for release were obtained in early 2008. However, Johnson then

applied for additional permission for release of T. ovatus on state land (in order to

facilitate intensive post-release monitoring), which triggered the need for a state
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Environmental Assessment (Warner and Kinslow 2011). After an unexpected

additional 3 ½ years of contentious, ‘high-profile’ interaction, primarily with a

local (Hawaii-island) critic and his supporters (described in some detail by Warner

and Kinslow 2011), T. ovatus was finally released on state land near Hawaii

Volcanoes NP in December 2011. Whereas there was organised opposition on

Hawaii island, public opinion on Maui was generally positive toward the release.

Although biological control of plant invaders has proved very effective in some

countries of the world (see Van Driesche and Center 2014, this volume for a

synthesis), it has had few successes for helping protected areas in Hawaii during

nearly three decades of good intention and very significant effort. In general, after

initial enthusiasm for biocontrol was tarnished by some early failures and dead

ends, there has been an apparent tendency among key agencies to fund

on-the-ground mechanical/chemical plant control more generously than biolog-

ical control. The two existing containment facilities are far less than adequate

to accommodate state-wide needs, especially given that HDOA biocontrol

efforts are primarily targeted at agricultural pests. The regulatory process for

biological control has become more rigorous, and some would say unnecessar-

ily slow, perhaps especially for Hawaii (Messing and Wright 2006). Most

recognise the importance of much increased efforts to monitor the fate of

biocontrol releases (e.g. Denslow and D’Antonio 2005). Biological control

continues to have much promise for addressing Hawaii’s most serious invasive

plant issues in protected areas and elsewhere, but an injection of major

resources (not easily obtained, especially in harsh economic times) will be

required for sustained success.

15.3.8.1 Case Study 2: Morella faya

Morella (¼ Myrica) faya is a small evergreen tree (5–10 m tall), an actinorrhizal

nitrogen-fixer, native to the Canary Islands, Azores, and Madeira in the North

Atlantic. It was brought to Hawaii by Portuguese immigrants in the 1880s, probably

as an ornamental, and later was planted on multiple islands by the Territorial

Department of Forestry for watershed reclamation in the 1920s and 1930s. Its

aggressive invasiveness was recognised by the 1930s, by which time it was present

on five of the six major Hawaii islands. The worst invasion is in Hawaii Volcanoes

NP, where it colonises early successional open-canopied forests, on young volcanic

substrates, achieving drastic alteration of N-levels and eventually forming nearly

monospecific, closed canopy stands (Vitousek and Walker 1989). Feral pigs may

have assisted its spread (before localised pig eradication), but ample bird-dispersal

is highly efficient (Woodward et al. 1990). Morella faya increased from one tree

found in 1961 to an estimated 12,200 ha by 1985, to 15,800 ha by 1992, and

30,495 ha at present, with about half of that total comprised of dense infestations

(Benitez et al. 2012). Analysis of airborne imaging spectroscopy, focusing on a

1,360 ha forested area (originally endemic Metrosideros polymorpha) in the

heart of Hawaii Volcanoes NP at 1200 m elevation, suggests that about 28 % of
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the landscape is dominated by M. faya, with an additional 23 % undergoing

transformation as M. faya grows into the canopy (Asner and Vitousek 2005).

In these sites, the rate of diameter growth is 15-fold more rapid than that of

M. polymorpha; the rate of nitrogen-fixation in dense M. faya stands was measured

at 18 kg N ha�1 year�1, resulting in soil N-levels of about five times that of

uninvaded M. polymorpha stands (Vitousek and Walker 1989).

Morella faya is apparently seriously invasive only in Hawaii, though it

has been introduced to Australia, New Zealand and elsewhere. It has been a

target of biological control, one of the first under Hawaii’s interagency biocon-

trol agreement. An expedition to the M. faya home range in 1984 was relatively

unsuccessful in finding promising agents. However, two moth species were

brought back to Hawaii and tested, and one was released but found ineffective

(Smith 2002).

An invasive leafhopper (Sophonia rufofascia) from Asia that was first

recorded in Hawaii in 1987 has a very broad host range and attacks both

M. faya and (to a lesser extent)M. polymorpha. Negative effects of the leafhopper
on M. polymorpha are damaging and have been shown to be more severe where

there is adjacent M. faya (Lenz and Taylor 2001); M. faya has shown significant

mortality. Hawaii Volcanoes NP has explored options for optimal control of

M. faya and concluded that girdling M. faya trees and leaving the dead trees in

place is the most promising methodology for restoring native species (e.g. Loh

and Daehler 2007).

15.3.8.2 Case Study 3: Hedychium gardnerianum

Hedychium gardnerianum (Fig. 15.4) is a serious invader of rainforests at both

Hawaii Volcanoes and Haleakala NPs as well as elsewhere in the Hawaiian Islands.

Its case is unusual in that the first known collection in the state was made in the

Hawaii Volcanoes NP employees’ housing area in 1943; it apparently became well-

established during the 1960s–1980s (Linda Pratt, U.S. Geological Survey, pers.

comm.). It is a large herb (1–3 m tall) that occupies about 3,000 ha (Benitez

et al. 2012) at 750–1,300 m elevation in Hawaii Volcanoes NP and tends to

establish a monospecific understory, gradually smothering native understory spe-

cies and generally preventing native tree seedling recruitment (Minden et al. 2010a,

b). The invasive tree Psidium cattleianum is the only species that appears able

to reproduce successfully through a dense thicket of H. gardnerianum (Minden

et al. 2010b). Experience at Haleakala NP (where it was discovered in the

mid-1980s and is rapidly spreading in spite of control efforts) shows that

H. gardnerianum is fully capable of smothering rare Lobeliaceae (Stephen Anderson,

Haleakala NP, pers. comm.). Analysis of airborne imaging spectroscopy, combined

with ground-based analyses, indicated that M. polymorpha forest over-stories had

significantly lower leaf N concentrations in areas with H. gardnerianum understory –

likely a competitive effect (Asner and Vitousek 2005).
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Hedychium gardnerianum, native to high elevations of Nepal and India, is a

serious invader in many rainforest areas worldwide, especially on islands (Kueffer

et al. 2010a). Exploration and preliminary testing for biocontrol agents is underway

through a multi-country collaborative project with CAB International (Djeddour

and Shaw 2011).

15.3.9 Support/Encourage Research on Biology and
Control Strategies of Alien Plant Species

Scientific research regarding the ecology, impact and control of alien plant species

is critical for intelligent, efficient, and effective management of protected areas. It

can be instrumental in helping to understand and document the nature and relative

threat posed by respective alien species; in its absence, managers risk basing

management decisions on inaccurate conventional wisdom, assumptions, and hear-

say. A relatively rich collection of scientific literature has helped inform and

prioritise management efforts in Hawaii Volcanoes NP. Vitousek and Walker

(1989) and Asner and Vitousek (2005) documented ecosystem-scale influences of

Morella faya invasions, and Loh and Daehler (2007, 2008) addressed successional

Fig. 15.4 Hedychium gardnerianum, a large herbaceous ginger from the Himalayan region, is

becoming an increasingly serious invader of Hawaiian middle and high-elevation rain forests,

capable of smothering and preventing reproduction of most other species in invaded stands (Photo

RF Hughes, January 2013)
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trajectories followingM. faya removal. Huenneke and Vitousek (1990) documented

mechanisms of Psidium cattleianum invasion and their impact for native forest

management. Asner and Vitousek (2005) and Minden et al. (2010a, b) elucidated

the community and ecosystem impacts of Hedychium gardnerianum invasion

into Hawaii’s native forest based on remote sensing and plot-level investigations.

La Rosa (1992) described the characteristics of the alien vine, Passiflora tarminiana
(¼ P. mollissima, banana passion flower/banana poker) as well as the mechanisms of

its invasion into mesic to wet native forests. The grass fire cycle has been the topic of

numerous publications that have helped managers determine the most appropriate

approaches to protect native woodland/shrubland ecosystems, initially by Hughes

et al (1991) and most recently D’Antonio et al. (2011). In Haleakala NP, Medeiros

(2004) addressed patterns and mechanisms of P. cattleianum, H. gardnerianum,
and Clidemia hirta invasion. Diong (1982) addressed the synergy of feral pigs with

increased dominance of P. cattleianum in Haleakala NP. Elsewhere, research in

Tahiti (Meyer 1996a, 2010 and many other papers) has been very important in

alerting Hawaii and for developing strategies against M. calvescens. Research by

Hughes and Denslow (2005) concerning Hawaii and Hughes et al. (2012) concerning

American Samoa – discussed in Case study 1 – illustrates particularly well how the

importance of understanding certain plant invasions in depth can illuminate strategies

for managing those invasions when circumstances are right.

Despite a rich literature documenting the threats posed by invasive alien species,

recent research has addressed the supposition that alien species may prove unavoid-

able components of island ecosystems and should be “embraced” where appropriate

(Hobbs et al. 2006, 2009). Lugo (2004) and Kueffer et al. (2010b) demonstrated in

forests of Puerto Rico and the Seychelles, respectively, the potential usefulness of

alien trees for providing suitable conditions for native plant recruitment following

major anthropogenic disturbances such as deforestation associated with mining or

conversion to agriculture. Clearly, any potential benefits incurred from alien plant

species will be determined by the particular characteristics of the species as well as

the characteristics of the ecosystems they happen to inhabit, and costs and/or benefits

should be evaluated on a case by case basis with an underpinning of ecological

understanding of that alien plant/ecosystem interaction. It appears very unlikely that

such aggressive invaders in the Pacific as F. moluccana, H. gardnerianum, and
M. calvescens will ever prove beneficial for native biodiversity, but keeping open

minds to conservation possibilities for ‘novel ecosystems’ may be warranted.

15.3.10 Education Within Agencies and Outreach
to the Public

Resource managers at Hawaii Volcanoes and Haleakala NPs have tried to thor-

oughly educate co-workers in the National Park Service so that they will continue to
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support alien plant control programmes. Alien plant problems are a minor theme of

some park interpretive programmes that emphasise geological, cultural, and other

biological messages to the public. The Resources Management Division at Hawaii

Volcanoes NP has an active volunteer programme but has been more successful at

generating interest in assignments with wildlife (especially sea turtles) than with

alien plant control activities (Tunison 1992b, R. Loh, pers. comm.). On the whole,

conservation groups and scientists are well informed about alien plant problems,

but it has been difficult to interest the local public about damage caused by alien

plants and the need to control them. One reason may be that Hawaii Island

(although it has native ecosystems more accessible to the public than any other

island) has had a largely rural and small-town culture with little interest in conser-

vation (Tunison 1992b). Fortunately, that situation has been improving as schools at

every level have begun including Hawaiian natural history topics in their syllabi.

There is much greater awareness of invasive species issues for communities in and

around the Park than in more distant parts of Hawaii Island (R. Loh, pers. comm.).

Establishment and progress of Watershed Partnerships and the Big Island Invasive

Species Committee over the past two decades have also stimulated considerable

interest. On the island of Maui, public support for combating alien plants may be

more developed, at least partly because of perceived need for watershed protection.

(Hawaii Island has relatively few watersheds in relation to its size, because of the

relatively gentle topography and porous substrates.) Maui County funding has been

very important for the campaign to combat M. calvescens on East Maui, for

example, where the species threatens not only biodiversity but ecosystem services

in watersheds. At a state-wide level, the population is largely urban (mostly on

Oahu island); many citizens of the state may have little contact with or knowledge

of Hawaii’s endemic biota.

The control of F. moluccana in the NPSA of Tutuila Island (Case study 1)

provides an instructive example of how to effectively involve the public in a

meaningful manner that both builds substantive support and accomplishes stated

objectives to protect native biodiversity. From the outset, managers addressed the

need for action, for example, control of F. moluccana populations in national park

boundaries - with the surrounding village chiefs who are the relevant bodies of

authority (T. Togia, NPSA, pers. comm.). Second, widespread public knowledge of,

and support for, the control effort was cultivated through the use of local media

outlets on a consistent basis. Lastly, and perhaps most importantly, the majority of

funds acquired for F. moluccana control were dedicated to the employment of large

numbers of young people from the respective surrounding villages to actually carry

out the control efforts. This approach created a truly meaningful connection

between the villages at large and execution of control efforts, galvanizing strong

and tangible support in a manner that would be difficult to engender by other means.

To date, NPSA field crews have killed over 6,000 mature trees and restored

approximately 1,500 ha of native Samoan forest in the process. This is a model

that bears consideration when contemplating invasive species control efforts

elsewhere in the Pacific.
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15.3.11 Collaborative Work with Other Agencies to Try
to Address the Alien Plant Problem at Its Roots

15.3.11.1 Early Detection and Rapid Response Outside

Protected Area Boundaries

Individuals in Hawaii became aware in the late 1970s and early 1980s that an

aggressively invasive tree, M. calvescens, with likely serious implications for

extinguishing biodiversity, was undergoing a rampant invasion in Tahiti and that

the species was already present and spreading on the island of Hawaii. They were

unfortunately unable to stimulate sustained agency or collective action until about

2 years after the species was discovered by a Haleakala NP employee on East Maui,

about 8 km from the Park’s remote Kipahulu Valley rainforest, in 1988. By the time

a sustained alarm was raised, increasing information was becoming available from

Tahiti’s M. calvescens invasion (culminating in the accounts of Meyer 1996b and

Meyer and Florence 1996). Based on the behaviour of the species in Tahiti, it was

concluded that remote Kipahulu Valley’s rainforest would not be defendable from a

wave of M. calvescens invasion, so that a more proactive strategy was urgently

needed. Haleakala NP employees first conducted surveys and removal efforts in

1991, other agencies helped, and a small interagency organization, the “Melastome

Action Committee” (later the Maui Invasive Species Committee, MISC) coalesced,

to publicise the problem and try to marshal resources to address the local and state-

wide invasion of M. calvescens and other serious weeds. It became evident that

partnerships are the only opportunity to have a chance of dealing effectively with

such enormous shared threats. From the beginning, containment of M. calvescens
was regarded as a holding action until biological control, first investigated in 1993,

could become available (Medeiros et al 1997). Two decades later, M. calvescens is
under containment by MISC on windward East Maui (only a few small plants have

been found and removed in Haleakala’s lower Kipahulu Valley over the years), but

at considerable sustained cost (Meyer et al. 2011). Haleakala NP has been a major

funding source and provider of expertise and manpower forM. calvescens contain-
ment. Unfortunately, though M. calvescens biocontrol efforts are progressing in

recent years and can soon put forward multiple agents (Johnson 2010), biocontrol

has not received nearly the level of resources that on-the-ground control has

received. The best hope is for continued M. calvescens containment as biocontrol

agents are released and monitored on Maui to assure that Maui’s M. calvescens
invasion is not allowed to ‘explode’ before the biocontrol agents can take over

the job.

The concept of “stopping the next miconia” (i.e. locating and targeting poten-

tially serious plant invasions early, while eradication is still a possibility, wherever

on an island they arise) has gained traction in Hawaii in the past decade, especially

on Maui, with development of pragmatic early detection methodology and actual

eradications by MISC (Loope et al. 2004; Kueffer and Loope 2009; Penniman

et al. 2011). Kraus and Duffy (2010) have described Hawaii’s current relatively
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effective “existing functional management model for the eradication of incipient

populations of invasive species that avoids reliance on official governmental

response”. The individual island-based model “involves formation of informal

multi-partner committees that utilise outside funding to achieve pest-management

goals”. The model has evolved from the efforts to address the M. calvescens
problem, first on Maui and later on other islands.

French Polynesia has devoted substantial education and regulatory effort to

preventM. calvescens from spreading (seeds can be easily spread via contaminated

construction equipment, hiking boots, etc.) from the hub of Tahiti to other high

islands. As a result, no other island has been invaded since 1997 (Meyer 2010). The

National Park of American Samoa has conducted public outreach with the aim of

reducing the spread of well-known plant invaders to its islands as well as eliminat-

ing small populations of barely established species such as P. cattleianum
(T. Togia, NPSA, pers. comm.) The Pacific Invasives Learning Network (PILN,

www.sprep.org) and collaborating organizations have encouraged similar efforts

throughout the Pacific.

15.3.11.2 State-Wide and Countrywide Efforts at Reducing

New Invasions

Given Hawaii’s high vulnerability to invasions, there is an obvious need to contin-

ually reassess possibilities to improve Hawaii’s network for prevention of new

invasions of all taxa. Hawaii’s Coordinating Group on Alien Pest Species (CGAPS,

www.hawaiiinvasivespecies.org/cgaps/) was launched in 1995 (Holt 1996) with

hopes of “an alliance of biodiversity, health, agriculture, and business interests

for improved alien species management in Hawaii”. The CGAPS has evolved into

an important voluntary forum of 14 State, Federal, and private organizations

directly involved in or with a major stake in invasive species prevention and/or

management in Hawaii. It is well integrated with related efforts such as the

relatively new and governmental Hawaii Invasive Species Council (HISC, www.

hawaiiinvasivespecies.org/hisc/). Interagency communication has been greatly

facilitated CGAPS, and progress is continually taking place. However, it must be

said that its task is Herculean, given the forces of globalization, Hawaii’s vulner-

ability to invasions, and perhaps inevitably fragmented government response

(CGAPS 2009; Kraus and Duffy 2010). Notably, there has been exceptionally

little progress in the past two decades in implementation of regulations to restrict

high-risk plant imports into Hawaii, in spite of such efforts as the Hawaii-Pacific

weed risk assessment (Daehler et al. 2004; Denslow et al. 2009), good public

information on the subject, support from an influential segment of the plant industry

(Kueffer and Loope 2009), and even seemingly good support in the state legislature

(Mark Fox, The Nature Conservancy of Hawaii, pers. comm.).

The Pacific Invasives Initiative (PII, www.pacificinvasivesinitiative.org) and

associated programmes are working to facilitate improvement of biosecurity capac-

ity in Pacific island countries.
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15.4 Overview of Plant Invasions of Protected Areas

in South-Eastern Polynesia

We use SE Polynesia as a region that may be somewhat representative of the vast

complexity of Pacific islands and their protected areas, though obviously this is an

oversimplification. Meyer (2004) has reviewed the status of the invasive plant

threat to native flora and vegetation of the region. The islands of SE Polynesia

include French Polynesia (a French overseas territory formed by five archipelagos,

namely the Australs, Marquesas, Society, Tuamotu and Gambier, and comprising

120 islands), Cook Islands (an independent country in free association with New

Zealand, 16 islands), Pitcairn Islands (a UK overseas territory with four islands,

namely Pitcairn, Henderson, and Oeno and Ducie atolls), and Easter Island or Rapa

Nui (a Chilean territory). These archipelagoes are comprised of relatively small tropical

islands, the largest being Tahiti (1,045 km2) in the Society Islands. Except for the

National Park of Rapa Nui (6,660 ha) created in 1930 and a World Heritage Cultural

Site since 1995, and the uninhabited raised atoll of Henderson (3,700 ha) declared a

World Heritage Natural Site in 1988, there are few protected areas in SE Polynesia

(Table 15.1). Only one is found in the main island of Rarotonga (Cook Islands), the

“Takitumu Conservation Area,” which is a community-based management area of

about 155 ha. There are eight in French Polynesia with different protection status

(natural parks, reserves, ‘management areas’, and one UNESCO Biosphere Reserve

comprising seven atolls in the Tuamotu), but their size is relatively small (total area of

about 10,000 ha, less than 2 % of French Polynesia’s terrestrial surface).

Unfortunately, the number of invasive alien plants is high in many islands; some

of them are dominant such as the small tree M. calvescens in low to mid-elevation

rainforest in Te Faaiti Natural Park; the thorny shrub Acacia farnesiana (klu bush,

kolu) in dry coastal areas in Eiao Management Area, a remote islet in the northern

Marquesas; the small tree Rhodomyrtus tomentosa (downy rose myrtle) on the high

elevation wet plateau (400–800 m) of Temehani Ute Ute Management Area

(Fig. 15.5); the shrubs Ardisia elliptica (shoebutton) and Cestrum nocturnum
(night-blooming jasmine) in the lowland rainforests of Takitumu Conservation

Area. Most of Rapa Nui National Park is covered by grassland, which has become

invaded by M. minutiflora, (Fig. 15.6), Cirsium vulgare (bull thistle), Crotalaria
grahamiana (rattle-pod) and Psidium guajava (common guava). In addition to the

presence of grazing and browsing alien ungulates in some reserves, natural distur-

bances such as cyclones may also facilitate plant invasions such as the vines

Merremia peltata (merremia), Mikania scandens (climbing hempweed) and

Cardiospermum grandiflorum (balloon vine) in the Takitumu Conservation Area

(E. Saul, pers. comm., Fig. 15.7), or the spiny shrub Rubus rosifolius (thimbleberry)

and the African tulip tree Spathodea campanulata (African tulip tree) in Te Faaiti

Natural Park.

There are very few programmes to manage invasive alien plants in protected

areas in SE Polynesia, perhaps because the proportion of protected areas occurring

across the areas is commensurately small. Manual and mechanical control of the
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Fig. 15.5 Temehani Plateau, Raiatea, French Polynesia. Invasion of native shrubland by the alien

shrubs Chrysobalanus icaco and Rhodomyrtus tomentosa (Photo J-Y Meyer, April 2009)

Fig. 15.6 Landscape dominated by the alien grass Melinis minutiflora near Anakena, Rapa Nui

National Park, Rapa Nui (Easter Island) (Photo J-Y Meyer, February 2012)
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weeds Asclepias curassavica (Mexican butterfly weed), Cenchrus clandestinus
(¼ Pennisetum clandestinum, kikuyu grass), Crotalaria grahamiana (bushy

rattlepod), and Melinis minutiflora has started in Rano Raraku in 2011 by Rapa

Nui National Park (CONAF) in collaboration with the international branch of the

French National Forestry Office (ONF-International). A pilot project to eradicate

the thorny tree Robinia pseudoacacia (black locust) in the Rano Kau crater

(Fig. 15.8) has been launched in 2012 (Meyer, unpub. data), and habitat restoration

by reintroducing native and endemic plants (including the famous Sophora
toromiro (toromiro) which was extinct in the wild) is planned. A biological control

programme to contain M. calvescens with a fungal pathogen Colletotrichum
gloeosporioides forma specialis miconiae, successfully released (Fig. 15.9) in

Tahiti in 2000, has resulted in the recruitment of native and endemic plants in the

understory of heavily invaded upland rainforests, such as in Te Faaiti Natural Park

(Meyer et al. 2011).

Fig. 15.7 Invasion of native rain forest near Te Manga, island of Rarotonga (Cook Islands),

South-eastern Polynesia, by the alien vines Merremia peltata, Mikania micrantha, and

Cardiospermum halicacabum (Photo J-Y Meyer, October 2009)
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Fig. 15.8 Dense forest of invasive alien Robinia pseudoacacia, RanoKau crater, Rapa Nui

National Park, Rapa Nui (Easter Island) (Photo J-Y Meyer, February 2012)

Fig. 15.9 Sapling of the

highly invasive alien tree

Miconia calvescens
showing effects of the

biocontrol fungal pathogen

Colletotrichum
gloeosporioides forma

specialis miconiae, Fare
Mato, Tahiti, French

Polynesia (Photo J-Y

Meyer, November 2009)
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15.5 Conclusions

From an invasive plants standpoint, protected areas in the Hawaiian Islands,

compared with those of other Pacific island governments, have had the advantage

of a relatively favourable economic situation. They also have the disadvantages of a

highly globalised economy, a history of purposeful alien plant introductions with an

astounding 10,000 species introduced to the islands between 1906 and 1960

(Woodcock 2003), and a society that values horticultural novelty (Meyer and

Lavergne 2004; Denslow et al. 2009; Kueffer et al. 2010a). Most protected areas

in Pacific islands outside Hawaii have little invasive plant management, but may

often have fewer plant invasions as a result of being ‘off the beaten path’, though

that may not remain the case in the future. Increased regulation pertaining to the

importation of alien plant and animal material is called for in addition to increased

enforcement of existing importation regulations.

Hawaii has provided, and continues to provide, a useful laboratory for

experiencing, understanding, and combating invasions. Hawaii Volcanoes NP has

led conceptually and by example, and the strategies adopted there 2 or 3 decades

ago serve as credible approaches for slowing invasions though not stopping them.

However, there are largely intractable situations of the grass-fire cycle and certain

invasive plant species. These problems are enormous, and the inability of the

conservation community to work successfully through the political process to find

a practical strategy for substantially reducing continued plant invasions has been a

major disappointment, though this shortcoming is by no means unique to Hawaii

and Pacific islands. Fortunately, improved herbicide technology offers promising

tools for eradications and control as well for resurrection of native biodiversity after

catastrophic invasions (e.g. Baider and Florens 2011).

Accelerated efforts involving biocontrol are warranted, along with more restric-

tive plant material importation rules and enforcement to help stem the tide of the

most serious invasions and reduce the probability of new ones. If Hawaii’s biocon-

trol efforts can thrive in coming decades, the prospect of enhanced international

collaboration with Pacific island biocontrol projects is appealing.

Historically, the common conservation strategy has been to set up protected

areas in sites with high ecological values, often in pristine habitats or remnants

of natural ecosystems where native and endemic species are dominant. In some

cases in the Pacific Islands, however, protected areas have been set in historically

human-disturbed areas (e.g. in South-eastern Polynesia, lowland rainforests have

been modified by Polynesians during the past 1,000 years) or are currently found

in alien-dominated forests as a result of plant succession after anthropogenic or

even natural disturbances (such as fires, floods or cyclones). Innovative conserva-

tion strategies in these ‘novel’ ecosystems (sensu Hobbs et al. 2006, 2009) should

be explored where possible and appropriate.

A major question for the future, however, is whether plant invasions will become

even less manageable and more problematic in protected areas of Pacific Islands

with increasing manifestations of climate change. Oceanic islands may benefit to
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some degree from moderation of the rate of change by maritime influences, in

comparison with continental areas. Nevertheless, some, and perhaps many, invasive

plant species on islands will likely have an extra edge in competitive ability due to

increased CO2 availability, disturbance from extreme climate events, and ability to

invade higher elevation habitats as climates warm (Bradley et al 2010).
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areas. In: Foxcroft LC, Pyšek P, Richardson DM, Genovesi P (eds) Plant invasions in protected

areas: patterns, problems and challenges. Springer, Dordrecht, pp 561–597

Vitousek PM,Walker LR (1989) Biological invasion byMyrica faya in Hawaii – plant demography,

nitrogen-fixation, ecosystem effects. Ecol Monogr 59:247–265

Vitousek PM, Loope LL, Stone CP (1987) Introduced species in Hawaii: biological effects and

opportunities for ecological research. Trends Ecol Evol 2:224–227

Wagner WL, Herbst DR, Sohmer SH (1999) Manual of the flowering plants of Hawai’i. University

of Hawaii Press, Honolulu

Walters GA (1971) A species that grew too fast – Albizia falcataria. J For 69:168
Warner KD, Kinslow F (2011) Manipulating risk communication: value predispositions shape

public understandings of invasive species science in Hawaii. Public Underst Sci. doi:10.1177/

0963662511403983

Webb EL, van de Bult M, Chutipong W et al (2006) Composition and structure of lowland

rain-forest tree communities on Ta’u, American Samoa. Pacific Sci 60:333–354

Webb EL, Seamon JO, Fa’aumu S (2011) Frequent, low-amplitude disturbances drive high tree

turnover rates on a remote, cyclone-prone Polynesian island. J Biogeogr 38:1240–1252

Whistler WA (1980) The vegetation of Eastern Samoa. Allertonia 2:45–190

Whistler WA (1994) Botanical inventory of the proposed Tutuila and Ofu units of the NPSA.

CPSU technical report 87. University of Hawaii, Honolulu

Whistler WA (2004) Rainforest trees of Samoa. Isle Botanica, Honolulu

Wikler C, Smith CW (2002) Strawberry guava (Psidium cattleianum) prospects for biological

control. In: Smith CW, Denslow J, Hight S (eds) Proceedings of workshop on biological

control of native ecosystems in Hawaii. Technical report 129. Pacific Cooperative Studies

Unit, University of Hawaii, Honolulu, pp 108–116

Woodcock D (2003) To restore the watersheds: early twentieth-century tree planting in Hawai’i.

Ann Assoc Am Geogr 93:624–635

Woodward SA, Vitousek PM, Matson K et al (1990) Use of the exotic tree Myrica faya by native

and exotic birds in Hawai’i Volcanoes National Park. Pacific Sci 44:88–93

348 L.L. Loope et al.

http://dx.doi.org/10.1177/0963662511403983
http://dx.doi.org/10.1177/0963662511403983


Chapter 16

A Pragmatic Approach to the Management

of Plant Invasions in Galapagos

Mark R. Gardener, Mandy Trueman, Chris Buddenhagen, Ruben Heleno,

Heinke Jäger, Rachel Atkinson, and Alan Tye

Abstract This chapter presents an overview of the process undertaken to

understand alien plant invasions and work towards their effective management

in the Galapagos Islands. Galapagos is a unique case study for the management of

alien plants in protected areas because much the archipelago has few alien plants

and the original ecosystems are relatively intact. We discuss a pragmatic approach

developed over 15 years to help prioritise management of 871 plant species

introduced to the islands. This approach includes understanding invasion path-

ways; identifying which species are present and their distribution; determining

invasive species impact on biodiversity, ecosystem function and mutualisms;
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prioritising management using weed risk assessment; guidelines to prevent fur-

ther introduction through quarantine and early intervention; and developing

methods to control or eradicate priority species. Principal barriers to application

of the approach are limited capacity and coordination among managers and

inherent difficulties arising from invasive species traits such as seed banks and

dispersal and their interactions with ecosystems. We also discuss the approach of

managing invasive species individually and suggest it may be more appropriate,

when feasible, for the relatively intact uninhabited islands and dry regions of

Galapagos. The more degraded highlands of the inhabited islands need a more

complex approach that balances costs with prioritised outcomes for biodiversity

and ecosystem functionality.

Keywords Impacts • Islands • Ecosystem function • Mutualisms • Weed risk

assessment • Priorities • Quarantine • Eradication

16.1 Introduction

The Galapagos Islands are a special case for the management of alien plants in

protected areas. The majority of the land area – on the uninhabited islands –

contains very few alien plant species and is in relatively pristine condition

(Bensted-Smith et al. 2002). However, the core areas of human impact – on the

four islands inhabited by humans – contain more introduced than native plant

species and ecosystems are highly altered from their historical state (Snell

et al. 2002a). Thus most of this chapter focuses on the 4 % of the Galapagos

archipelago which has been colonised by humans and the parts of the protected

area immediately surrounding these nuclei.

H. Jäger

Department of Ecology, Technische Universität Berlin, Berlin 12165, Germany

Charles Darwin Foundation, Santa Cruz, Galapagos Islands, Ecuador

e-mail: heinke.jaeger@tu-berlin.de

R. Atkinson

Charles Darwin Foundation, Santa Cruz, Galapagos Islands, Ecuador

e-mail: ratkinson27@gmail.com

A. Tye

Charles Darwin Foundation, Santa Cruz, Galapagos Islands, Ecuador

e-mail: alantye@gmail.com

350 M.R. Gardener et al.

mailto:heinke.jaeger@tu-berlin.de
mailto:ratkinson27@gmail.com
mailto:alantye@gmail.com


Eighty of the 871 non-native vascular plant species1 recorded in Galapagos

(up to year 2012) are found on the 46 islands and islets that have never been

colonised. Figure 16.1 shows that the inhabited islands/volcanoes have an order of

magnitude more alien plant species compared to the uninhabited ones. Most of

the species on the uninhabited islands are herbaceous, annual or short lived peren-

nials, probably accidentally introduced and unlikely to cause great impact (e.g.

Porophyllum ruderale, ruda gallinazo). In contrast, all of the 871 species are found
on at least one of the four main islands inhabited by people: Santa Cruz, San

Cristóbal, Isabela and Floreana. Between 21 and 100 % of the humid highlands

on these islands have been degraded through agriculture and alien plant and animal

invasion (Watson et al. 2009), which effectively forms degraded nuclei surrounded

Fig. 16.1 The number of alien plant species on each island larger than 150 ha (with the six Isabela

volcanoes shown separately because they are mostly ecologically isolated by bare lava on the

lower flanks). Islands with a humid highland zone are shaded light grey. Currently inhabited

islands are labelled in bold, with the inhabited area shaded dark grey; all remaining land areas

constitute the Galapagos National Park. Towns and villages are shown as . . . . black dots. (Plant
data from Charles Darwin Foundation Collections Database (CDF 2009) and Trueman

et al. (2010); island names from Snell et al. (1996))

1We have used species as the taxonomic unit throughout this chapter for consistency, but the

871 ‘species’ in Galapagos actually include subspecies. In this chapter taxonomy and common

names follows Jaramillo and Guézou (2012).
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by less degraded dry peripheries. Baltra, the other colonised island, is an exception

by having few alien species, due to being a small, low island without a humid zone.

Many plant species introduced to the areas used by humans have spread into the

neighbouring Galapagos National Park (GNP), including some that have been

transmitted to uninhabited islands.

In the mid-1990s the Charles Darwin Research Station started a systematic

process to catalogue, understand and prioritise invasive plant management, and

over the last 15 years the authors of this chapter, and many others, have worked

together to develop a pragmatic approach to managing plant invasions in

Galapagos. The goal has always been to facilitate realistic management decisions

that produce achievable and valuable outcomes. The development of this process

was accelerated between 2002 and 2007 by the Global Environment Facility (GEF)

funded project entitled “Control of Invasive Species in the Galapagos Archipel-

ago”. This ambitious programme had a number of elements including: baseline

inventories, quarantine development, research on invasions, experimental eradica-

tions, awareness and participation programmes, capacity building, and develop-

ment of a Galapagos-wide planning and policy framework. Whilst the consolidation

of the results continues to this day, the legacy from this project is significant.

This chapter aims to outline the pragmatic management process as applied in

Galapagos under three main umbrellas: (i) Understanding the problem (identify

introduction and invasion pathways; identify what species are present and their

spatial/temporal extent; determine their impact on biodiversity, ecosystem function

and mutualisms); (ii) Developing management tools (prioritise species for manage-

ment and border biosecurity; develop methods to control or eradicate priority

species); and (iii) Addressing the challenges of applying our approach to attain

achievable goals (the relative benefits of managing single species versus whole

ecosystems for different parts of Galapagos; the importance of engaging people and

the differing visions of various stakeholders). We use examples to illustrate each

step of the management process and discuss limitations. We finish with a summary

of lessons learned and an outline of management opportunities that are specific to

the unique case of Galapagos.

16.2 Understanding the Problem

16.2.1 Plant Introductions and Invasion Pathways

Alien plants have likely been introduced to Galapagos ever since its discovery in

1535 when the archipelago was first opened up to humans. Early visitors included

buccaneers, whalers and fishermen. Few introductions would have occurred prior to

human settlement of the islands which began in 1807 and led to permanent human

presence since 1879 (Grenier 2007). On his visit to Galapagos in 1835, Charles

Darwin recorded 17 alien species in Floreana (a colony that was repeatedly
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abandoned), all of which had been deliberately introduced for agriculture (Hooker

1851). Tortoise hunters had vegetable gardens on Santa Cruz in the nineteenth

century, before that island was permanently colonised in the early 1900s (Lundh

2006).

In 2011, the alien flora of Galapagos amounted to 871 species (Jaramillo and

Guézou 2012). Most of these were introduced in the past 30–50 years (Fig. 16.2;

Tye 2006; Trueman et al. 2010). The recordings of alien plant species in Galapagos

has increased exponentially or multi-stage linearly since records began in 1807,

partly reflecting the introduction rate, but more importantly illustrating the changes

in species recording method and effort (Tye 2006). Many species may have been

present for years, even decades, before they were first recorded hence biasing rate

of increase (Tye 2006). There is further uncertainty about the total number of aliens,

because approximately 60 species are classified as questionably native, which

pending further evidence could be native or introduced. Using fossil pollen and

other plant remains, van Leeuwen et al. (2008) and Coffey et al. (2011) showed that

nine species classified as questionably native or definitely alien had actually been

present in Galapagos before humans. Nevertheless, anthropogenic introductions far

outweigh the natural introduction rate by a factor of at least 13,000 (Tye 2006).

The impact of invasive plants on the Galapagos biota has been emphasised only

since the 1970s (Schofield 1973), though the first invasions probably began prior to

permanent human settlement. Examples include Citrus spp. that were introduced as
anti-scorbutics by visiting pirates or whalers (Lundh 2006) and still persist in the

wild today, and Furcraea hexapetala (Cuban hemp, cabuya) which was planted to

mark a trail and had naturalised on Santa Cruz Island by 1905 (Lundh 2006).
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Fig. 16.2 Cumulative number of alien plant taxa recorded (black squares) and human population

(open circles) in Galapagos since settlement in 1807 (Sources: alien species (Jaramillo and Guézou

2012; Tye 2006); human population (Grenier 2007; INEC 2007, 2011))
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Widespread plant invasions and ecosystem transformation did not begin until well

after settlement, and were facilitated by agricultural clearing and seed dispersal.

One example is Syzygium jambos (rose-apple) that started to form thickets

in San Cristóbal in the 1950s (Lundh 2006). On Santa Cruz the tree Cinchona
pubescens (red quinine) began to spread widely in the 1970s (Hamann 1974;

Fig. 16.3) and several other plant invasions accelerated after the 1983 El Niño

Fig. 16.3 Many parts of the highland grass and fern zone within the Galapagos National Park on

Santa Cruz Island (a – 1970) have been invaded by the tree Cinchona pubescens (b – 2004)

(Photographs by Frank J. Sulloway, taken looking east from Cerro Crocker, reproduced with

permission from the photographer)
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event (e.g. Psidium guajava, guava; Rubus niveus, blackberry; Cedrela odorata,
Cuban cedar; Cestrum auriculatum, sauco; Fig. 16.4). In the south of Isabela,

P. guajava now forms a monoculture of cover over 40,000 ha (Laura Brewington,

personal communication, 2009) and was probably dispersed by feral cattle and

established after a big fire in the 1980s.

Fig. 16.4 Forest of the native Scalesia pedunculata (lechoso; young stand) and Psidium
galapageium (guayabillo; with the brown epiphytic liverworts) (a – in 1975) has been replaced

by taller forest of Cedrela odorata with a mid-storey of Psidium guajava (b – in 2004). Both

photographs are from a permanent quadrat in the ‘caseta’ area in the Tortoise Reserve, Santa Cruz

Island (Photographs by Ole Hamann, reproduced with permission from the photographer)
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To help understand the problem of alien plants in any place it is important to

know how far the flora has progressed along the invasion continuum (Richardson

et al. 2000); this can be done by determining which introduced species fall into each

of the categories of naturalised, invasive and transforming. Of the alien flora in

Galapagos, 332 species (38 %) are naturalised (Jaramillo and Guézou 2012) and

32 of these species (4 % of total) are considered invasive (Tye 2001). Table 16.1

shows a subset of 18 of these invasive species that are widespread and considered to

be problematic for native ecosystems; these fit the bill of transformer species (sensu

Richardson et al. 2000; Pyšek et al. 2004). They are all perennial, have effective

dispersal mechanisms and mostly have a seedbank and/or vegetative reproduction

(Table 16.1). This overall measure of progression along the invasion continuum is

difficult to compare with other locations because of differences in sampling effort

Table 16.1 Current transformer species (those that change the character, condition, form or

nature of ecosystems over a substantial area) and their biological characteristics

Family Species Habit Dispersal

Evidence of seedbank

in Galapagos/vegetative

reproduction

Agavaceae Furcraea hexapetala Herb Wind Yes/yes

Boraginaceae Cordia alliodora Tree Wind Unknown/no

Commelinaceae Tradescantia
fluminensis

Herb Animala Yes/yes

Crassulaceae Bryophyllum
pinnatum

Herb Wind/vegetative

fragments

Unknown/yes

Lauraceae Persea americana Hree Animala No/no

Meliaceae Cedrela odorata Tree Wind No/no

Mimosaceae Leucaena
leucocephala

Small

tree

Water, soil Yes/no

Myrtaceae Syzygium jambos Tree Water/animal No/yes

Myrtaceae Psidium guajava Small

tree

Animala Unknown/no

Passifloraceae Passiflora edulis Climber Animala No/no

Poaceae Melinis minutiflora Grass Animala/wind Yes/yes

Poaceae Panicum maximum Grass Animala Unknown/yes

Poaceae Pennisetum
purpureum

Grass Animala Yes/yes

Poaceae Urochloa
decumbens

Grass Animala/wind Yes/yes

Rosaceae Rubus niveus Shrub Animala, soil Yesb/yes

Rubiaceae Cinchona pubescens Tree Winda Yesb/yes

Solanaceae Cestrum
auriculatum

Small

tree

Animala Yes/no

Verbenaceae Lantana camara Shrub Animala Yes/yes
aAnimal dispersal data from Blake et al. (2012), Connett et al. (in press), Guerrero and Tye (2011),

Heleno et al. (2011, 2013b); and references therein)
bSeedbank data from Landazuri (2002) and Renterı́a (2002); All other data from author

observations
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and methods, and differences in the definition of ‘invasive’ (Guézou et al. 2010).

However the outnumbering of native flora by alien flora is similar to other oceanic

islands, while the proportion naturalised and invasive is lower than on other oceanic

islands (Trueman et al. 2010). Thus Galapagos is at an early stage of the invasion

process (Tye 2006; Trueman et al. 2010). Even if no more introductions occur,

some of the species already present will become naturalised and turn into trans-

formers that impact native ecosystems.

Different types of plants have been introduced over various periods of human

colonisation and this has influenced patterns of invasion and impact. Initially,

intentional introductions were focused on useful, cultivated plants to be grown in

the humid agricultural regions, while the focus has shifted more recently towards

ornamental plants, grown mainly in gardens in the lowland urban areas (Tye 2006),

which now form the majority of alien plant species in Galapagos (Atkinson

et al. 2010). Many species have recently been recorded for the first time and

although they may have been introduced much earlier, most of them still have a

very limited distribution on private properties (Guézou et al. 2010; Trueman

et al. 2010). A similar number of alien species are now grown in the urban areas

of the dry lowlands compared with the rural humid highlands areas of Galapagos,

although the most common species in each area are different (Trueman 2008;

Guézou et al. 2010). Due to their mesic climate and earlier introduction history,

the humid highland areas have suffered more invasions so far (Snell et al. 2002a;

Watson et al. 2009). Invasions of ornamental species in the dry coastal towns have

only recently begun. For example, Kalanchoe tubiflora (¼ Bryophyllum
delagoense, chandelier plant) is now naturalising and dispersing into the adjacent

GNP. The variability of the Galapagos climate also affects invasions. In particular,

wetter periods associated with El Niño assist the establishment and spread of alien

species in the islands (Hamann 1985; Luong and Toro 1985; Aldaz and Tye 1999;

Tye and Aldaz 1999). Also, Leucaena trichodes (wild tamarind) persisted in

gardens for many years, until a recent run of wet years enabled it to naturalise

and establish a seed bank (R. Atkinson, personal observation, 2009). There is

concern that a future warmer, wetter climate would favour further invasions in

the dry lowland areas which occupy the majority of Galapagos land area and

contain most of the endemic species (Trueman and d’Ozouville 2010).

16.2.2 Inventories: Baseline Data for Early Detection

To understand and manage alien plants we need to know what they are, where they

are, whether they pose a problem, and which management options might be

suitable. Exclusion and rapid response to incursions are widely considered to be

the most viable, cost effective means of managing invasive species (Panetta and

Timmins 2004), yet detailed distribution information is needed in order to carry

these out. This information can be obtained by carrying out surveys of alien species

(Hosking et al. 2004). A particular concern in Galapagos is the spread of alien
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species from the inhabited zones (private properties) into the GNP, so the inhabited

areas have been the target for such inventories.

Between 2002 and 2007 a team of botanists carried out one of the most extensive

surveys of alien species in any Pacific archipelago, visiting 6,031 private properties

(97 % of the total in urban and rural zones) in the islands of Floreana, Santa Cruz,

San Cristóbal and Southern Isabela (Guézou et al. 2010). The survey of 253 km2

cost US$300,000 and 17 person-years of trained botanists’ time (Guézou

et al. 2010).

The survey results constitute a useful tool for management. Almost all species

are represented by specimens in the Charles Darwin Research Station herbarium

(CDS). With few exceptions each species record is assigned to a particular property.

Most species were uncommon, with 252 species recorded in five properties or less

(Trueman et al. 2010). If a decision were made to attempt to manage some

uncommon but potentially invasive species in the future, the inventory data could

be used to select potential targets and guide more detailed surveys.

This inventory was also an excellent community outreach tool, and was well

received as evidenced by the small percentage of properties where entry was

refused (<1 %). The team met with landowners and discussed invasive plant

problems, thus increasing community awareness. All species detected were subse-

quently evaluated by the Galapagos Weed Risk Assessment which is discussed

further below.

16.2.3 Impacts on Biodiversity and Ecosystem Function

There is little hard evidence that invasive plant species cause extinctions (Gurevitch

and Padilla 2004). However, there is much evidence that they cause changes in

ecosystem structure and function, and an understanding of such impacts can be used

to determine whether changes are reversible and to inform management.

Cinchona pubescens and R. niveus are the two best studied transformer species

(sensu Pyšek et al. 2004) in Galapagos; there is quantitative information on their

biotic and abiotic impacts. Both species were introduced to the highlands of Santa

Cruz Island, C. pubescens in the 1940s, now covering over 11,000 ha (Buddenhagen

et al. 2004), and R. niveus in the 1960s (Lawesson and Ortiz 1990), now covering

more than 30,000 ha on five islands. Cinchona pubescens is converting formerly

treeless vegetation zones into forests, and R. niveus has formed dense impenetrable

thickets up to 4 m high.

A 7-year study showed that C. pubescens significantly reduced species diversity

and the cover of most species by at least 50 % in the invaded area. Endemic

herbaceous species were more adversely affected than non-endemic native species

(Jäger et al. 2009). Despite the fact that no species went locally extinct throughout

this period where C. pubescens cover averaged 20 %, species did disappear when

C. pubescens cover reached 100 % (Jäger et al. 2007). Similarly R. niveus had

adverse impacts on the native plant community had it invaded (Renterı́a 2011;
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Renterı́a et al. 2012a, b). Species richness was reduced by 56 % when R. niveus
cover exceeded 60 %, with herbs being more affected than ferns. In addition,

abundance of almost all species was significantly reduced in heavily invaded sites

(>60 % R. niveus cover), compared with medium to low invaded sites (<60 %

cover). Such studies provide a scientific basis for management intervention,

although in these particular cases more information, such as social values of

different elements of the invaded ecosystem, would further inform management.

Tradescantia fluminensis (wandering jew) is an example of a species that has fast

become a transformer. It was first recorded in 1985, though apparently introduced in

1972 (Patricia Jaramillo, personal communication, 2012) from Loja in continental

Ecuador as a ground-cover under coffee plantations (Anne Guézou, 2012). It was

first observed to be invasive in 2005 around Los Gemelos (Renterı́a and

Buddenhagen 2006), the most important remnant of Scalesia pedunculata forest,

and is now widespread in the humid and transition zones on Santa Cruz Island

(M. Gardener, M. Trueman, R. Atkinson, H. Jäger, A. Guézou, 2011). It spreads

vegetatively and its seeds are dispersed long distances in the guts of giant tortoises

(Blake et al. 2012) and birds (Heleno et al. 2013b). It forms a thick mat on the forest

floor which inhibits recruitment of native herbaceous species (M. Gardener, personal

observation, 2011). Although these observations and impacts have not been quan-

tified in Galapagos, it is likely that this species is already causing reduced diversity

and abundance in Galapagos as it has done in New Zealand (Standish et al. 2002).

In a meta-analysis, Vilà et al. (2011) showed that apart from changing biodiver-

sity patterns, alien plant species often change ecosystem functions, including

changed physical conditions which can act as irreversible barriers to restoration.

In Galapagos, photosynthetically active radiation was reduced by 87 % under the

C. pubescens canopy, while precipitation increased by 42 % because of enhanced

fog interception (Jäger et al. 2009). In very dense R. niveus stands (>80 % cover),

sunlight reaching the understory (0.5 m height) was reduced by 94 % whereas in

medium to low invaded sites (<20 % cover), sunlight was reduced by 45 %

(Renterı́a 2011). These altered abiotic conditions are expected to lead to alterations

in both alien and native species composition and abundance, although in both these

cases there is no reason to believe the changes are irreversible, as removal of the

invader could eventually restore the original physical conditions.

Some of these impacts can be attributed to specific features of the invader. Rubus
niveus showed faster growth rates and biomass production than four co-occurring

native woody species and had a larger seed bank than native species in the invaded

areas (Renterı́a 2011). Invasive species typically have faster growth than native

species, and often also have higher specific leaf area (SLA; Daehler 2003). The latter

is true for C. pubescens, which has a significantly higher SLA than the endemic

dominant Miconia robinsoniana (Galapagos miconia) and the native Pteridium
arachnoideum (bracken fern) that naturally occur in the invaded area, as well as a

higher leaf turnover rate (Jäger et al. 2013). Total nitrogen, ammonium and phos-

phorus concentrations in soil were significantly higher in invaded compared to

non-invaded areas in the Miconia zone (Jäger et al. 2013). Leaf litter from invaded
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areas also contained more phosphorus (Jäger et al. 2013). These results suggest that a

greater cover of C. pubescens over M. robinsoniana and P. arachnoideum means

more faster-decomposing leaves, accelerated nutrient cycling and thus increased

nutrient availability in the soil (Jäger et al. 2013).

16.2.4 Impacts on Plant Reproductive Mutualisms

Plant animal mutualisms can be used as a measure of ecosystem functionality in

invaded systems. Recent research in Galapagos has deepened our understanding of

pollination and seed-dispersal and the role of alien plants (Buddenhagen and Jewell

2006; McMullen et al. 2008; Guerrero and Tye 2011; Heleno et al. 2011, 2013b;

Chamorro et al. 2012). Many frugivorous animals, particularly birds but also

reptiles, are trophic generalists which readily incorporate invasive plants into

their diets and thus facilitate their spread (Bartuszevige and Gorchov 2006;

Williams 2006). This makes containment difficult. In Galapagos, 12 bird and three

reptile species were found to disperse seeds of alien plants (Heleno et al. 2013b).

Whilst only 5 % of the total number of seeds where alien, they were present in 17 %

of nearly 3,000 animal droppings and represented 24 % of all seed species. Although

this suggests high usage of alien plants by frugivores, these values are still moderate

when compared to relative abundance of alien plants in the Galapagos and values

from other oceanic archipelagos such as Hawaii or the Azores (Chimera and Drake

2010; Heleno et al. 2013a). As in other oceanic islands, reptiles are important seed

dispersers in Galapagos. The widespread lava lizards (Microlophus spp.) are known
to disperse seeds of at least 27 species, including eight aliens (Heleno et al. 2013b)

while the giant tortoises (Chelonoidis nigra) are known to disperse at least 48 species,
including 16 aliens, over large distances (Blake et al. 2012).

Galapagos has few invasive birds, which may have limited the spread of invasive

plants; however other alien vertebrates such as cattle, donkeys, rats and horses, and

also native vertebrates, are contributing to their spread (Clark 1981; Fowler and

Johnson 1985; Renterı́a and Buddenhagen 2006; Chimera and Drake 2010; Heleno

et al. 2011, 2013b). The potential role of the alien bird, smooth billed ani

(Crotophaga ani), in plant invasions is hard to evaluate, however Guerrero and

Tye (2011) and Connett et al. (in press) show that it might be an important disperser

of at least four invasive species including R. niveus and Lantana camara (lantana).

A community level assessment of the importance of native and introduced

pollinators for both native and invasive plants is still in progress, but preliminary

results suggest that while the invasive plants are predominantly affecting pollina-

tion networks on inhabited islands, introduced insects are changing species inter-

actions patterns even on the most remote islands (Chamorro et al. 2012; Traveset

et al. 2013; Traveset and Chamorro, unpublished data). The proportion of self-

compatible species in the Galapagos flora, and evolutionary trends in this trait, are

unclear (Tye and Francisco-Ortega 2011). The Galapagos native flora is

characterised by small, drab–coloured flowers, with poor rewards and associated
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with a depauperate pollinator fauna (McMullen 2009; Chamorro et al. 2012). Tight

co-evolution between plants and pollinators is likely to be rare in Galapagos,

compared with older archipelagos, especially those with specialist bird pollinators,

like Hawaii. Given the relatively recent human presence in Galapagos and the few

documented extinctions, there is no reason to suspect that native plants are already

threatened by limited pollination. However, this could change abruptly with extinc-

tion of a keystone pollinator species like the endemic carpenter bee (Xylocopa
darwini) which is known to visit at least 84 plant species (McMullen 1989;

Chamorro et al. 2012).

In conclusion, it is still too early to say if shifts in the assemblages of mutualists,

either by direct introductions or as a consequence of vegetation shifts, will disrupt

patterns of seed production and dispersal of insular plants in Galapagos. However

accumulating evidence suggests that some of these disruptive processes might have

already begun to occur.

16.3 Developing Management Tools

16.3.1 Weed Risk Assessment to Prioritise Management

A precautionary approach to alien plant species is especially warranted in Galapagos

because 96 % of the land area is a national park which supports a world-renowned

unique biodiversity. Correctly distinguishing potential invaders from non-invaders

has been the main focus of weed risk assessment worldwide particularly for

pre-border screening of potentially useful species (Gordon et al. 2008; Weber

et al. 2009; Koop et al. 2012). While there is less pressure from new introductions

in Galapagos at present, due to quarantine laws, some introductions do still occur.

With 871 alien plants already present in Galapagos and limited resources

available, there is a need for a tool to prioritise management based on the risk of

each species. An objective risk assessment system, using a modified Australian

Weed Risk Assessment protocol (AWRA) (Pheloung et al. 1999; Daehler and

Carino 2000; Gordon et al. 2008; Weber et al. 2009; Koop et al. 2012) was therefore

developed, with a focus on assessment of already-introduced species. Of the

49 questions in the AWRA, a small subset are known to be most useful to predict

invasiveness, i.e. questions that relate to climate match in home range, dispersal, the

presence of a congeneric invader, evidence for invasiveness elsewhere, a positive

response to disturbance, short maturation and ability to propagate vegetatively

(Caley and Kuhnert 2006; Weber et al. 2009).

The Galapagos WRA (GWRA) has two parts (Tye, Buddenhagen and Mader,

unpublished data): one to assess the potential invasiveness of a species that may be

introduced to Galapagos (a screening function similar to the AWRA) and the other,

which we focus on here, to describe or predict the invasiveness of plant species

already present in Galapagos. Literature and internet resources provide answers to
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questions regarding behaviour of a species outside Galapagos, and local expert

opinion provides information on behaviour in Galapagos. The answers contribute

to a scoring system that allocates species into mutually exclusive categories based on

definitions by Richardson et al. (2000) and Pyšek et al. (2004): (1). Transformer

(e.g. R. niveus); (2). Naturalised likely transformer (e.g. Piper peltatum, Santa

Marı́a); (3). Naturalised but no evidence for future invasive behaviour (i.e. it could

become a transformer or integrator (e.g. Kalanchoe tubiflora); (4). Integrator - long
established in Galapagos but believed to have low impact (e.g. Plantago major,
greater plantain, or Pseudelephantopus spicatus, dogs tongue); (5). Not naturalised
potential transformer (e.g. Pueraria phaseoloides, kudzu, or Acacia nilotica, Nile
acacia); and (6). Not naturalised in Galapagos and not a known invader elsewhere

(e.g. Plumeria rubra, frangipani).
Management options can then be considered for each species. One option is to

do nothing: many alien plants appear to be largely harmless wherever they occur

(Category 6). ‘Integrators’ (Category 4) would also not normally be a focus of

management for conservation purposes. These are typically plants that have been

naturalised in Galapagos for decades and have spread to, or had the opportunity to

spread to, all suitable habitats but are still either clearly confined to areas of human

disturbance or have low impact in natural areas (e.g. ephemeral, low density, small

stature or low growth habit, and without other negative effects). Category 5 species

are obvious targets for eradication to prevent potential future impacts. Most

populations of transformers (Category 1) might be regarded as impossible to

eradicate (if they are too widespread) although some rarer ones, or species likely

to hybridise with endemic species, might be susceptible to eradication or worth

subjecting to site-based control (to protect localised biodiversity of high value), or

biocontrol or inter-island quarantine measures. Some preliminary results from the

GWRA have been used to inform pilot eradication projects, though the full assess-

ment has yet to be formally implemented in Galapagos. Once the results are

communicated to management agencies, then appropriate management decisions

can be made for each species.

16.3.2 Management Options

For a conservation manager, the ultimate goal of any action against invasive species

should be the conservation or restoration of native species or ecosystems (Genovesi

2007). The hierarchical approach promoted by the Convention on Biological

Diversity (CBD 2002) is a useful framework for invasive species management,

based on the rationale that financial investment early on in the invasion process is

more cost effective, and puts less strain on the natural system than controlling

already established invasive species (McNeely 2001). Exclusion is the first goal, but

if an incursion occurs, then early detection and timely eradication are crucial to

prevent establishment. If these methods fail and the alien has established in the

wild, options include containment, control, biocontrol and no action.
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Prevention is by far the most important tool for managing invasion. In recognition

of this the Quarantine Inspection System for Galapagos (QISG) began in 1999. In

2009 its function was incorporated into Agrocalidad – a national agency responsible

for animal and plant health. The principle that all species are potentially invasive until

proven otherwise, combined with a permitted species list, is the basis of the QISG.

Inspectors are based at sea and air ports in continental Ecuador and in Galapagos.

There are also strict quarantine rules and inspections for travel between islands,

especially to uninhabited islands, which, for the most part are free of transformer

species. When species that are not permitted are detected, they are identified and

either lodged in reference collections or destroyed. Although the QISG has created a

high level of consciousness about invasive species and may have slowed the impor-

tation of alien plants, an evaluation in 2007 found it to be largely ineffective because

it was under-funded and under-staffed (Zapata 2007).

Eradication is the best alternative after prevention fails, before spread is

significant. The GWRA was used to choose plant species for a pilot eradication

programme in Galapagos. Thirty populations (where a population ¼ one species on

one island) were chosen for evaluation for eradication feasibility, based on three

criteria: (i) limited distribution as known from inventories, field surveys, and

interviews with landowners (e.g. Soria et al. 2002); (ii) proven behaviour as

invasive elsewhere in the world with a climate similar to Galapagos (e.g.

Buddenhagen 2006); or (iii) already invasive somewhere in Galapagos. Information

was collected about the factors affecting feasibility of eradication and its

cost, including among other things discussions with landowners. Twenty-one

populations (18 species) reached management stage, the earliest in 1996. Four of

the eradication operations were successful, all in Santa Cruz; Rubus adenotrichus
(mora silvestre) and R. megalococcus (Sarsa mora; Buddenhagen 2006),

P. phaseoloides (Tye 2007), and Cenchrus pilosus (abrojo). Each of these species

covered less than 1 ha in net area and was on land with a single owner (Gardener

et al. 2010b). It is likely that two more species, Persea americana (avocado) and

Sapindus saponaria (soapberry), have been eradicated in Santiago: both these are

trees with slow maturation times, no long-lived seed bank, and limited distributions.

Most of the remaining projects were abandoned after 1 or 2 years of data collection,

mainly because their extent was greater than initially thought, and because search

and control costs were too high. In some cases, preventing long distance seed

dispersal and managing a long-lived seed bank further hampered success, for

example R. niveus (Renterı́a et al. 2012a). Another barrier to eradicating species

with small distributions was a lack of permission from land-owners to remove

plants (e.g. A. nilotica and Cryptostegia grandiflora, rubber vine). The Special

Law for Galapagos (Congreso Nacional 1998) actually has provisions that allow

government officials to enter private property for managing invasive species;

however, unfortunately this provision, like many others, has not been enforced.

Containment is a component of eradication projects and also a management

option in its own right. The requirements for containment are the reduction of long

distance dispersal and the timely detection of new foci (Panetta and Cacho 2012).

Because most invasive species in Galapagos are either wind or animal dispersed,
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the vectors of dispersal are difficult to manage, as is plant fecundity. As we can see

from the R. niveus example above, these conditions may be impossible to meet

when a plant is widely naturalised.

Control or maintenance management is controlling an invader at a density

sufficiently low to produce the desired conservation outcome. Typical maintenance

options include mechanical, chemical, and biological control (Simberloff 2003). In

Galapagos, both manual and chemical controls are used and have been developed

for various species (Gardener et al. 1999; Buddenhagen et al. 2004). Control, unlike

eradication, is indefinite and, although it may not have a large initial cost, can

become accumulatively expensive in the long-term. It is thus important to under-

take control only where the conservation objective is achievable and where poten-

tial biodiversity or socio-economic losses are considered to be unacceptable if no

management action is taken. This means that the target species should only be

reduced to below a threshold of impact.

Local control is carried out by the Galapagos National Park Service (GNPS) in

sites of high biodiversity value or importance for tourism. A recent evaluation of alien

plant control projects in the GNP between 2005 and 2010 included 17 projects on five

islands covering 11 species (Garcı́a and Gardener 2012). Approximately US

$3,350,000 were spent on these projects to manage a total area of nearly 2,000 ha

at a cost of US$280 per ha per year. Control outcomes were varied: some, such as

the control of the tree species C. odorata and C. pubescens, reduced densities to

below a threshold of impact whereas others, such as control of R. niveus, were
ineffective and the disturbance may have facilitated further invasion; a major

constraint was rapid recolonisation from the seed bank or vegetative shoots (Garcı́a

and Gardener 2012).

Biological control of widespread invasive species has been used effectively for

the last century, sometimes providing exceptional value for money. For example, a

recent economic analysis has shown an overall benefit–cost ratio of 23:1 for

biological weed control programmes in Australia (Paige and Lacey 2006). Van

Driesche et al. (2010) reviewed weed biological control projects for protection of

natural ecosystems worldwide and found that 60 % achieved useful levels of

control. There are also inherent risks associated with biological control that can

lead to unintended consequences, thus informed decision-making is critically

important (Simberloff 2012). Biological control has been successfully implemented

in Galapagos for the management of the invasive Icerya purchasi (cottony cushion

scale) using a cardinal ladybird (Rodolia cardinalis; Calderón-Alvarez et al. 2012).
This success led to interest for other projects including the development of biolog-

ical control agents for R. niveus and L. camara (Renterı́a and Ellison 2007;

Atkinson et al. 2009). If implemented, biological control for R. niveus would

require a significant up-front investment and could take up to 10 years – the

development of a control agent was quoted at USD$660,000 by the Centre for

Agricultural Bioscience International (Mark Gardener, 2011) and does not include

management and coordination costs. To put this in context, the cost of control

action for R. niveus on a single island (Santiago) has been approximately USD

$582,000 over 6 years (Renterı́a et al. 2012a).
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16.4 Challenges of Applying Management

16.4.1 Managing Species or Ecosystems

All of the above methods are aimed at managing alien species individually. Legis-

lation is also often prescriptive at species level (e.g. declared weeds), and manage-

ment of single species is operationally easier to achieve. However, single weed

management strategies can result in unwanted or unexpected negative outcomes at

the community or ecosystem levels (Zavaleta et al. 2001). The most common of these

unwanted outcomes is where an invasive species is reduced in density only to be

replaced by another. For example, in Galapagos the disturbance created by control of

C. pubescens may have facilitated invasion by R. niveus (Jäger and Kowarik 2010).

The recognition that interactions among species are crucial to maintain ecosystem

functioning (Duffy et al. 2007) has recently highlighted the importance of framing

conservation efforts at the community level. This means including information on

how species interact (Millennium Ecosystem Assessment 2005).

In Galapagos, where invasions have not drastically altered ecosystem processes,

such as on uninhabited islands and to a lesser extent dry lowlands of inhabited

islands, managing alien species individually is still a worthwhile approach. There is

also a moral imperative to keep these areas as close to their pre-human state as

possible. Galapagos still has 95 % of its original, pre-human biodiversity (Bensted-

Smith et al. 2002) and relative to most other oceanic archipelagos is in good

ecological order. In these areas, a suitable goal is “the restoration of the populations

and distributions of all extant native biodiversity and of natural ecological/evolu-

tionary processes to the conditions prior to human settlement” (Snell et al. 2002b).

In these areas we therefore support a species-led approach focusing on eradication

and containment of priority species.

However, on the inhabited islands, particularly in the humid highlands, ecosys-

tems are highly degraded. There are so many different invasive species and

ecological impacts that the removal of one species is likely to result in replacement

by another invasive. Here, the pre-human state is not fully attainable given realis-

tically available resources. Novel ecosystems, those that have new species combi-

nations arising through either species invasions or environmental change, are

widespread on continents and islands and often objects of conservation for their

own sake (Chapin and Starfield 1997; Vitousek et al. 1997; Jackson and Hobbs

2009). Owen (1998) describes a site-led approach which is based on the biodiver-

sity value of a site, level of disturbance, the risk of aliens, and the cost of

management. A more sophisticated tool for the same approach is scenario planning,

which uses social and biological data to model outcomes of different management

strategies, assisting stakeholders to make informed decisions (Roura-Pascual

et al. 2011; Hulme 2012). Such approaches may be more suitable for planning

conservation in the more degraded ecosystems in Galapagos. The goal would be to

maintain as much native biodiversity as possible, together with original function-

ality, and undertake management interventions that maximise benefits over the total
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area of intervention (Gardener et al. 2010a). Transformer species that directly

impact biodiversity will still require drastic intervention to prevent biodiversity

loss, and biocontrol may be an option for such species.

16.4.2 Involving People

Management of alien plants is a matter of societal choice: perceptions, values,

motivations, desires and needs of people will determine if and how management

goals are determined and attained. In Galapagos, various stakeholders are respon-

sible for this management. The GNPS (national government) manages alien plants

within the GNP. However, alien plant invasions in the GNP spread from the

inhabited areas. The municipalities (local governments) are responsible for man-

aging urban and agricultural lands but the provincial Governing Council and the

Ministry of Agriculture (national government) also have important roles on these

private lands. The prevention of new introductions comes under the remit of the

QISG, which is part of Agrocalidad (another national government department). It is

a challenge to have all these agencies working together for overall coordinated

management of alien plants in the archipelago. Additionally, all of this top-down

management can only be effective with community support. We expand on some of

the challenges below, relating them to the various aspects of alien plant manage-

ment discussed above.

Within the GNP, major challenges to successful management are limited tech-

nical capacity and scientific knowledge. The lack of scientific knowledge is

compounded by the long history of poor information transfer from researchers to

managers, including language barriers. In the past this has resulted in some conflict

within and between stakeholder groups, or distrust from the community. As a result,

an inter-institutional committee supported by a trust fund for the management of

invasive species was established in 2011 to mitigate some of these problems. This

has helped in some ways. For example, GNPS provided free herbicides and

equipment for the control of invasive species on private land. Another issue is

that private landowners rarely work together, so that even if one farmer controls

invasions on his or her own land, reinvasion is highly likely from surrounding farms

and the GNP.

The limitation in technical capacity is perhaps more concerning. Within GNP,

there is no long-term institutional commitment to an adaptive, well designed

invasive plant management strategy. For example, management goals (including

eradication, control and biocontrol) are not chosen strategically and appropriate

techniques are not employed. Working toward achievable objectives, tracking

costs, documenting plans, results, and failures for any project that is implemented

requires much discipline. This long-term vision needs to be part of the

organisational culture if effective management is to be achieved. There is also a

need for regular training and for monitoring, evaluation, and adaptive management.
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Differences in values held by various sectors of the community can lead to

conflicts when species that produce benefits to the community are also invasive.

Examples are C. odorata and C. pubescens that are both valuable timber trees and

also highly invasive in the GNP and the agricultural zone. Extraction of both trees is

allowed under permit from the GNPS. Ironically, both species (which are native to

Ecuador) are considered threatened by over harvesting in their native range.

Cedrela odorata is listed by the IUCN as Vulnerable (IUCN 2011). There is

pressure to develop a sustainable harvest of C. odorata in Galapagos, despite a

GNPS campaign to control it in some parts of Santa Cruz.

Another challenge is changing values over time. Approximately 80 % of the

alien plants species in Galapagos were introduced on purpose, for medicine, food,

timber, forage, or ornamentation. Many of them are already invasive. Thus some

species that were earlier regarded as successful cultivations are now considered

serious pests. Other species may become invasive in the future and suffer the same

change in value. An example is Aristolochia elegans (Dutchman’s pipe) which is

said to cure stomach problems; there are currently less than 20 plants on a single

farm in Galapagos. However it is known to be invasive and problematic in Australia

(Skoien and Csurhes 2009) and could potentially cause future problems in

Galapagos. This would constitute an easy eradication target but permission was

not given by the landholder because it is considered a useful (yet harmless) species.

In this and other examples in Galapagos, it has sometimes proven difficult to

explain the precautionary principle to the public.

One of the big challenges in Galapagos is the continual influx of people from the

mainland, many of whom are not aware of the vulnerability of Galapagos ecosys-

tems to their actions. Thus a continual awareness-raising and education approach is

needed for all stakeholders to produce a community based vision and integrated

action plan for invasive species management. The best example of a win-win

solution so far in Galapagos has been with a native garden project – providing

native species as alternatives to introduced ornamentals, thus reducing the future

threat to the GNP and to agriculture on the islands (Atkinson et al. 2010). There has

been a high level of community and local government support for the project which

has raised awareness about the potential harm of alien plants, whilst also satisfying

a social need for ornamental gardens.

16.5 Conclusion: Core Lessons Learnt

Research into alien plant issues in Galapagos has contributed greatly to our

understanding of introductions, invasions, impacts and management options. Nine

core lessons have emerged from this work over the last few decades and can provide

valuable advice to other regions:
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(i) Most plants were introduced to Galapagos in the last 50 years and appear to

be still in the early stage of invasion. Even if no new introductions occur, the

number of naturalised, invasive and transforming species will increase.

(ii) Detailed surveys focused on inhabited areas (the nuclei of plant introduc-

tions), and freely available results, form the cornerstone of effective weed

management. Continuous monitoring is required to detect new introduced

species and help to understand how naturalised species might be spreading.

(iii) Impacts of invasive plants are not fully understood. Where quantified,

increasing invasive species cover was correlated with decreases in native

diversity and abundance. Impacts were also observed on physical parameters

such as light, water and nutrients. There is little understanding of ecosystem-

level impacts and the dynamic nature of the invasions.

(iv) Our understanding of mutualistic networks in Galapagos and the impact of

invasive plants on them is still limited. To date it appears that seed-dispersal

and pollination networks are still not severely impacted but are changing.

(v) The Galapagos Weed Risk Assessment system can help prioritise the man-

agement of alien plant species.

(vi) A number of tools for prevention, eradication and control have been devel-

oped in Galapagos. Disciplined application of prevention and early interven-

tion strategies should lead to successes with fewer resources. However, it is

still common practice to try to manage species that are too widespread for

cost-effective control.

(vii) In the more pristine areas of Galapagos, a species-led approach to invasive

plant management is appropriate. In highly degraded areas, a more complex

approach is needed to prioritise management spending at a site level to

achieve optimal outcomes for biodiversity and ecosystem function.

(viii) Within institutions responsible for alien plant management, the main chal-

lenges to successful outcomes are the limitation in technical capacity and

scientific knowledge, and lack of information transfer.

(ix) Local communities are central to weed management and must be fully

involved in management planning and implementation.

As discussed throughout the chapter, most alien plants and their impacts are concen-

trated on the four inhabited islands, especially in the humid highlands. The more

pristine uninhabited islands have been protected from plant introductions due to their

remoteness. This remoteness has two forms. First, human visits to these uninhabited

islands are very limited and highly regulated, so direct impacts are minimal. Second,

the physical (insular) distance from the inhabited islands limits the dispersal of

introduced plants. However, increased human traffic from tourism, conservation

activities and illegal camps reduce remoteness and increase the probability of chance

introductions. Furthermore, there are early signs that the insularity is decreasing.

Research shows that introduced plants are dispersed by frugivores (Heleno

et al. 2013a) and some of these may be capable of inter-island movement. For

these reasons the management of the inhabited and fully protected islands must be

integrated.
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Galapagos is iconic in the conservation world and many people feel that if it is

impossible to manage plant invasions there, then there is not much hope for the rest

of the world. A number of opportunities exist in Galapagos that are not available in

other protected areas: (i) Insular geography with limited pathways for further

introductions; (ii) 96 % of the land area is protected; (iii) 95 % of known native

species are still extant; (iv) Few invasive plants are established or widespread in the

dry lowlands: preventative action here would be beneficial to biodiversity protec-

tion; (v) There is a relatively high level of awareness of invasive species, with

supporting legislation; (vi) The small size of the human population presents the

opportunity to further raise awareness among the majority of residents; (vii) Labour

costs are relatively low, so management costs are not prohibitive; (viii) Few

introduced vertebrates are established, resulting in limited seed dispersal; and

(ix) Pollinator and disperser failure has not occurred in native plants yet.

Scientists, managers, governing agencies and the community need to work

together to overcome barriers and make the most of these opportunities for effec-

tively managing plant invasions. As in Hawaii, both conservation science and

management must “focus on explicit planning that adequately reflects biological

and fiscal realities, rather than impractical, unfocused, and unachievable wish lists”

(Duffy and Kraus 2006). A shared, realistic vision and a pragmatic approach to

achieve that vision will be essential for success in Galapagos.
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Francais d’Etudes Andines. Instituto Francés de Estudios Andinos (IFEA), Lima

Guerrero AM, Tye A (2011) Native and introduced birds of Galapagos as dispersers of native and

introduced plants. Ornit Neotrop 22:207–217
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Chapter 17

Invasive Alien Plants in the Azorean

Protected Areas: Invasion Status and

Mitigation Actions

Hugo Costa, Maria José Bettencourt, Carlos M.N. Silva,

Joaquim Teodósio, Artur Gil, and Luı́s Silva

Abstract This chapter addresses plant invasions in the protected areas of the

Azores (Northern Atlantic), whose flora encompasses a considerable proportion

of alien species (about 70 %). The chapter includes (i) a general characterization of

the Azores, with particular reference to their Island Natural Parks covering 24 % of

the inland surface; (ii) an assessment of the plant invasion status of the Island

Natural Parks (based on distribution data and expert evaluation of potential impacts

and possibility of control of invasive alien plants); and (iii) a report about on-going

and recent management initiatives embracing the control of invasive alien plants.
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Lisboa 1000-179, Portugal

e-mail: carlos.silva.spea@gmail.com; joaquim.teodosio@spea.pt

A. Gil

Azorean Biodiversity Group, CITA-A, Departamento de Biologia, Universidade dos Açores,
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The results show that the Island Natural Parks of Santa Maria Island is potentially

the most threatened by invasive alien plants, followed in decreasing order by the

Island Natural Parks of the islands of Graciosa, São Jorge, Corvo, Faial, São

Miguel, Terceira, Flores and Pico. Some of the most threatening species are

highlighted. Due to the innovative assessment methodology, the results do not

fully corroborate previous studies, showing that just species listing may not provide

a full understanding of the potential effects of invasive alien plants on native

biodiversity, thus bringing new insights that may assist management initiatives.

Several invasive alien plants management projects run by the Azorean Government

and the Portuguese Society for the Study of Birds are described, with reference to

those supported by the LIFE programme and PRECEFIAS (an Azorean project

devoted to control of invasive alien plants in protected areas). Finally, a holistic

discussion is provided stressing strengths and weaknesses of all topics covered in

the chapter so that more effective invasive alien plant management strategies can be

achieved in the future.

Keywords Azores • Invasion status • Island Natural Parks • Plant invasions

• Protected areas

17.1 Introduction

Biological invasions are a major threat to native biodiversity (Mack et al. 2000;

Millennium Ecosystem Assessment 2005), particularly on oceanic islands (Reaser

et al. 2007; Caujapé-Castells et al. 2010) because their biota have evolved in

isolation and their environment has suffered extensive anthropogenic changes

(Loope and Mueller-Dombois 1989). Also, islands generally correspond to rela-

tively small areas with large proportions of endemic species with little chance of

escaping from sudden threats, including habitat destruction and invasion by alien

species (Martı́n et al. 2010). With reference to plants, often alien species form

dominant stands and can modify the three-dimensional structure of native plant

communities or even replace them entirely (Asner et al. 2008).

Many studies have addressed the issue of alien species impacts over oceanic

islands (e.g. Castro et al. 2010; Kueffer et al. 2010) and much attention has been

given to the presence of alien plants in either the Azores as a whole or in particular

islands or particular protected areas (e.g. Ramos 1996; Silva and Smith 2004, 2006;

Schaefer et al. 2011; Arosa et al. 2012). One protected area located in São Miguel

Island has received much attention, because of the presence of the endangered

Azores bullfinch (Pyrrhula murina) (Heleno et al. 2009, 2010; Ceia et al. 2011b).

However, the only archipelago-wide study carried out so far addressing the whole

protected areas, was that of Silva et al. (2008). The authors analysed biological

invasions in the European Macaronesia, including fauna and flora, and defined the

top 100 invasive alien species (IAS) with management priority. They concluded

that: (i) priority habitats or habitats listed on the Habitats Directive are affected by a
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large majority of the top IAS (54 and 33 %, respectively); (ii) 95 % of the top

IAS affect legally protected areas; and (iii) 83 % of the IAS are potentially able

to expand their distribution range (i.e. they are not at equilibrium). From this

top 100 IAS, 83 % are vascular plants. These numbers reinforce the conservation

concerns about the presence and impacts of IAS in the Azores, particularly

regarding protected areas.

In the present chapter, we address plant invasions in protected areas of the

Azores. The following sections provide a global overview, specific case studies,

and on-going or recent management actions. Specifically, we present (i) a general

characterization of the Azores, with particular reference to their Island Natural

Parks (INP); (ii) an assessment of the invasion status of the INP; and (iii) manage-

ment initiatives embracing invasive alien plant (IAP) control run by the Azorean

Government and the Society for the Study of Birds (SPEA). We finish with a

holistic discussion stressing strengths and weaknesses of all topics covered in the

chapter.

17.2 The Azores

17.2.1 Biophysical Background

The Azores are located in the North Atlantic Ocean approximately 1,500 km from

mainland Portugal (Fig. 17.1). The archipelago has a total surface of 2,322 km2 and

consists of nine volcanic islands, spanning 615 km and aligned on a west/

northwest–east/south-east trend. It is divided into three groups: the western group

of Corvo and Flores; the central group of Faial, Pico, Graciosa, São Jorge, and

Terceira; and the eastern group of São Miguel and Santa Maria. The largest island is

São Miguel (745 km2), and the smallest is Corvo (17 km2). Pico has the highest

maximum elevation (2,351 m), and Graciosa the lowest maximum elevation (402 m

a.s.l.). Five other islands have elevations near 1,000 m (Borges et al. 2010).

The climate is temperate oceanic. The mean annual temperature is 17� C at sea

level, the relative humidity is high and the rainfall ranges from 1,500 to more than

3,000 mm per year, increasing with altitude and from east to west (Silva and Smith

2006). The abiotic conditions of the Azores, namely the extreme isolation, from

both mainland and neighbouring islands within the archipelago, and the relatively

young age of most of the Azorean islands, are responsible for the unique character

of the Azorean biota. The Azores present unusually high numbers of widespread

native species and low raw numbers of diversification events (and thus small

numbers of single island endemics) when compared to similar Macaronesian

archipelagos (Carine and Schaefer 2009; Borges et al. 2011).

As regards native plant communities, the Azores are covered by coastal vegeta-

tion, wetland vegetation (lakeshore and seashore communities and a variety of

bogs), several types of meadows, different types of native scrubland (e.g. coastal,
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pioneer, mountain scrubland) and forest (e.g. Morella, Erica, Laurus, Juniperus
dominated forests). The Azorean Laurus dominated forests differ from those found

on the Macaronesian archipelagos of Madeira and Canaries, as it includes a single

species of Lauraceae, several species of sclerophyllous and microphyllous trees and

shrubs (Borges et al. 2010). Nevertheless, the Azores present a large proportion of

native and endemic plant species occurring in most islands, which is associated to

the high compositional uniformity of the Azorean native forest (Sjögren 1973a).

The absence of some endemic species in some Azorean islands is likely due to

recent anthropogenic land-use changes and local extinctions (Cardoso et al. 2010;

Triantis et al. 2010).

After human settlement began in the fifteenth century, other types of vegetation

cover have become progressively dominant while many alien species have been

introduced. Presently, the Azorean landscape includes pastureland (65 %), Crypto-
meria japonica (Japanese cedar) dominated production forest (about 20 % of the

forested area), mixed woodland (dominated by alien taxa, more than 30 % of the

forested area), field crops, orchards, vineyards, hedgerows and gardens (Silva and

Smith 2006).

17.2.2 Alien Flora

The Azores present a very high proportion of alien flora. The introduction of alien

species is clearly associated with human colonization. Nowadays, around 70 % of

the approximately 1,000 vascular plants that make up the Azorean flora have been

purposefully or accidentally introduced. Introductions have been made with differ-

ent purposes, such as ornamental, agricultural and forestry. Also, a considerable

percentage of plants have been probably introduced accidentally, since they are

considered as weeds. Indeed, the positive relationship between human population

Fig. 17.1 The Azores and its inland protected areas, the Island Natural Parks (black area)
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density and the diversity of alien taxa has been statistically demonstrated as well as

a decline in the percentage of alien species with altitude (Silva and Smith 2004).

The current very high proportion of alien flora in the Azores is not a result of a

gradual introduction of alien species over time. According to Sjögren (1973a, b), the

number of plant taxa increased by almost 100 % in the previous 150 years, with alien

plants affecting plant community composition at all the altitudes and in different

biotopes. The percentage of alien taxa increased from 57 % (Trelease 1897) to 62 %

in 1966 (Palhinha 1966) and to 69 % in 2004 from a total of 1,002 taxa (Silva and

Smith 2004), which represents about 205 introduced plants per 10 km2. In the Azores,

the number of alien species per square km varies between one or two times the

number of native species, depending on the island, which is more than in any other

Macaronesian archipelago (Silva et al. 2008). At a local scale, some differences are

found among the Azorean islands. The percentage of alien taxa is lower for Corvo,

Flores and São Jorge, and relatively higher for Graciosa, with intermediate values for

the remaining islands (Silva and Smith 2006).

Many vascular plant species introduced in the Azores are now considered as either

naturalised or frequently escaped (Silva et al. 2010), occurring not only in marginal

habitats but also in a variety of different systems, such as crops, stonewalls and coastal

andwooded areas (Silva and Smith 2006).A negative impact on the native community

of phytophagous insects, lichens and molluscs is expected, as well as changes in

vegetation structure, difficulties in the regeneration of endemic species, and compe-

tition for dispersal agents, leading to a reduction in the frequency and abundance of

native plant taxa (Silva et al. 2008). For one of the best studied protected areas in the

Azores, at Serra da Tronqueira (São Miguel), Moniz and Silva (2003) found changes

in vegetation structure in areas invaded by Clethra arborea (lily of the Valley Tree).
Other species invading protected areas in São Miguel were targeted with research,

including Gunnera tinctoria (Chilean rhubarb; Silva et al. 1996), Hedychium
gardnerianum (Kahili ginger lily; Cordeiro and Silva 2003), Dicksonia antarctica
(soft tree fern; Arosa et al. 2012) and Leycesteria formosa (Himalayan honeysuckle;

Silva et al. 2009), the latter being found in Terceira.

Other studies revealed the effect of alien plants on animal communities. For

instance, Silva and Tavares (1995) showed significant differences in phytophagous

insect composition in Pittosporum undulatum (sweet Pittosporum) as compared to

native tree species. Heleno et al. (2009), in a more comprehensive work, found that

plant and insect species richness, along with plant species evenness, declined as the

level of plant invasion increased. Overall, insect abundance was not significantly

affected by alien plants, but insect biomass significantly decreased at increasing

numbers of alien plants. Furthermore, the impact of alien plants was sufficiently

severe to invert the otherwise expected pattern of species-richness decline with

increasing elevation. Ceia et al. (2009) found that birds showed a higher relative

abundance in native than in exotic forests. Also, the distribution of the Azores

bullfinch was heavily restricted by the spread of exotic forest, as previously

reported by Ramos (1996). Other interesting studies include the use or remote

sensing to detect invasion by P. undulatum and C. arborea at Serra da Tronqueira

(Gil et al. 2011, 2013). Globally, the effect of the introduction of alien plants has led
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to an homogenization of island floras around the world, making the present Azorean

flora more similar to that of very distant archipelagos (e.g. Hawaii) than before

human settlement had begun (Castro et al. 2010).

17.2.3 Protected Areas

The Macaronesian region is part of the Mediterranean biodiversity hotspot as one of

the most important areas for conservation worldwide (Myers et al. 2000). In the

specific case of the Azores, its relatively high level of endemism is of great

relevance for conservation. In this regard, protected areas in the archipelago are

strategically important for effective biodiversity conservation. Progress in the

conservation of the Azorean biodiversity also depends on long-term studies about

the distribution and abundance of threatened species, the implementation of species

recovery programmes and the control of invasive species coupled to habitat

restoration.

The first protected areas in the Azores were officially created in 1972 (integral

reserves of “Caldeira do Faial” and “Montanha do Pico”). Two important European

directives stimulated the establishment of protected areas: Birds Directive (Direc-

tive 2009/147/EC) and Habitats Directive (Directive 92/43/EEC). The latter is the

means by which the European Union meets its obligations under the Bern Conven-

tion. Since the early 1980s, several types of protected areas have been created

following the implementation of those directives in the Azores, including 23 Sites

of Community Importance (SCI) and 15 Special Protected Areas (SPA) that

integrate the Natura 2000 network. In 2007 the regional network of protected

areas was reclassified to establish a model based on management criteria, according

to the International Union for the Conservation of Nature (IUCN) Category System.

As a result, two basic units (the Island Natural Parks and the Azores Marine Park)

and five categories of protected areas (Natural Reserve; Natural Monument; Hab-

itats or Species Management Protected Area; Protected Landscape; Resource

Management Protected Area) were defined. The terrestrial areas classified under

the system in each island compose the Island Natural Park, covering 24.1 % of the

land surface of the Azores (INP, Fig. 17.1). For more details, the reader is referred

to Calado et al. (2009).

17.3 Invasion Status of the Azorean Protected Areas

As previously mentioned, most of the current Azorean flora is alien, including many

invasive plants. Much attention has been given to the presence of alien plants in the

Azores as a whole, and several studies have addressed plant invasions in particular

protected areas. However, although the protected areas encompass the most impor-

tant species and habitats of the archipelago, there has only been one assessment of
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the protected area network as a whole, while in the meantime the Azorean protected

areas have been redefined. For those reasons, assessing the invasion status of all the

Azorean INP is appropriate and needed.

17.3.1 Data

For this analysis, we defined the study area, the target IAPs and used species

occurrence data. To identify the Azorean protected areas we used the GIS layer

available at the Azores Government website at http://www.azores.gov.pt in vector

format (ESRI geodatabase). Given the scope of the assessment, the Azores Marine

Park was excluded from the analysis, and we did not distinguish between the

different categories of protected areas defined inside each INP. Therefore, in each

of the nine islands, all the inland protected areas of different categories belonging to

the INP were deemed as a single protected area. Hereafter we use the terms INP and

protected areas interchangeably.

As target IAP, we used those included in the top 100 IAS described in Silva

et al. (2008). This rank of 100 species was built in order to identify management

priorities for IAS in European Macaronesia. The species of the top 100 were

identified by considering their effects on native biodiversity and habitats and also

the possibility to successfully control or eradicate them. The system was built upon

previous invasive species assessment protocols, particularly the works of Hiebert

(1997) and Morse et al. (2004), and also the work of Marsh et al. (2007) regarding

the allocation of management resources for wildlife conservation.

Species occurrence data were obtained from ATLANTIS, a regional species

database with information on approximately 5,000 species, reported on a 500 m

grid. In more detail, most of the data rely on a comprehensive literature survey

(dating back to the nineteenth century) as well as unpublished records from field

surveys. In ATLANTIS it is possible to store detailed information for each species,

including their taxonomy, distribution data, species description, conservation and

biogeographic status. More details are found in Borges et al. (2010) and at the

Azorean Biodiversity Portal (http://www.azoresbioportal.angra.uac.pt/).

17.3.2 Analysis

We considered all the ATLANTIS 500 m cells overlapping the protected areas that

present plant records (hereafter sample). From this sample, we held the records of

the target IAP (hereafter IAP records). By dividing the IAP records by the sample

for each island, we estimated the relative frequency, fr, of the IAP as an estimate of

their invasion extent inside the islands’ protected areas. Then, we used the out-

comes of Silva et al. (2008) upon which the Top 100 was built. We briefly explain

them hereafter.
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A set of two criteria was used to evaluate and score (i) known and potential effect

of the IAP on native biodiversity and on natural and semi-natural habitats; and

(ii) the probability of their successful control or eradication.

In the present analysis, we used the Silva et al. (2008) scores of criteria (i) and

(ii) to assess the level of threat that each target IAP represents for the Azorean

protected areas. We set a quotient between the scores of criteria (i) and (ii), meaning

that the noxious effects of a given IAP may be faded if the possibility of its

successful control or eradication is high. Such quotient was weighted according

to the species relative frequency, fr. Thus, the overall threat to the Azorean

protected areas was calculated through the following index (Eq. 17.1):

ITi ¼
Xn

s¼1

scores1

scores2
� f rsi (17.1)

where ITi is the index of threat in the protected areas of island i (i ¼ 1,. . ., 9), n is

the number of target IAP falling inside the protected areas of island i, score 1 and

score 2 are the outcomes of Silva et al. (2008) for each target species s, as explained
above, and fr is the relative frequency of species s in the protected areas of island i.

In addition, in order to better understand what the most threatening IAP in the

whole Azores protected areas are, we calculated a homologous index by summing

up the contributions from all islands for each species (Eq. 17.2):

ITs ¼
X9

i¼1

scores1

scores2
� f rsi (17.2)

where ITs is the index of threat of species s in the Azorean protected areas and the

remaining features are as above.

In order to statistically compare the index of threat among islands, a bootstrap

analysis was used. For each island, we randomly sampled 500 INP species compo-

sitions, based on the initial frequency of each IAP. We then used the resulting

500 estimates to calculate the mean and the 95 % confidence interval for the index.

Calculations were performed using R (R Development Core Team 2013).

17.3.3 Results

All islands’ protected areas included IAP within their bounds, ranging from 15 to

34 species. In total, records of 49 IAP from the Top 100 IAS were found in the

protected areas of the Azores. Table 17.1 summarises the results for the nine islands.

As shown in Table 17.1, the protected areas with the highest index of threat were

those of Santa Maria, followed in decreasing order by Graciosa, São Jorge, Corvo,

Faial, São Miguel, Terceira, Flores and Pico. Bootstrap results show that the values

among islands were significantly different (no 95 % CI overlap) except between

São Miguel and Terceira. In general, this result is explained by (i) the invaded area
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extent, which is expressed by the proportion of the sample with IAP; and (ii) by the

relative frequency, fr, of the IAP inside the islands’ protected areas. In the first case,

the two islands whose protected areas showed the highest index values (Santa Maria

and Graciosa) are those presenting higher proportion of the sample with IAP,

whereas Pico’s protected areas stand on the opposite position. In the second case,

the larger the frequencies, fr, the greater the index of threat. However, two islands

are out of this trend: Corvo and São Miguel. The former presents, on average, the

largest frequencies, fr, for the corresponding IAP, but just the fourth index of threat.
This means Corvo’s protected areas are mostly invaded by IAP which are relatively

innocuous and/or have a high probability of successful control or eradication. In

contrast, São Miguel presents, on average, the eighth largest frequencies, fr, for the
corresponding IAP but the sixth index of threat. This means São Miguel’s protected

areas are mostly invaded by IAP which are relatively noxious and/or have a low

probability of successful control or eradication. This is in agreement with several of

the reports cited above, where several noxious invaders in São Miguel are

addressed. The rank of this island is not higher, only because several of its IAPs

are present only on this island, thus scoring relatively lower in the Top 100 score.

Regarding the species’ index of threat in the Azorean protected areas, the species

with highest index values were P. undulatum, H. gardnerianum, Conyza
bonariensis (fleabane), Arundo donax (giant reed) and Acacia melanoxylon (Aus-

tralian blackwood), to cite but the first five. This result corroborates previous

publications on invasive plants in the Azores. P. undulatum has been pointed as

the most important woody invasive plant in the Azores (Lourenço et al. 2011).

Hedychium gardnerianum, A. donax and A. melanoxylon have been mentioned as

well as some of the most invasive plants in the archipelago (e.g. Silva and Smith

2006; Silva et al. 2011). Instead, the ruderal species C. bonariensis has received less
attention, perhaps because it is smaller (terophyte of 10–150 cm) or less conspic-

uous than other IAP, or because it is particularly present at dry pastures and

disturbed locations near the coast where its impact on native plant communities is

considered reduced (although the species is very abundant in such communities).

Species such as C. arborea, G. tinctoria and L. formosa, were expected to have a
lower score, since they are only present in São Miguel, although they have been

reported to pose a real threat to the preservation of the Azorean biodiversity (see

several references cited above).

17.4 Invasive Alien Plant Control

17.4.1 Regional Plan of Eradication and Control of IAP:
PRECEFIAS

In 2004 a Regional Plan of Eradication and Control of Invasive Plant Species in

Sensitive Areas (PRECEFIAS) was approved. This plan focus on more than
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20 species and sensitive areas in all islands of the Azores, and aims to (i) improve

the conservation status of natural habitats and populations of priority species;

(ii) reduce the effects of invasive plants; (iii) produce a list of invasive or potentially

invasive species; and (iv) raise awareness of the problems created by current

invasive species and by eventual new introductions to the flora in the Azores.

Therefore, PRECEFIAS encompasses four measures: (i) inventory; (ii) removal

and recovery; (iii) promotion and awareness; and (iv) monitoring.

During inventory, vulnerable areas were identified in all islands (areas with high

natural value –with natural habitats and populations of priority species). Most of

these areas coincided with the regional network of protected areas defined later in

2007. Then, a list of target invasive species was produced (Table 17.2). Most are

included in the Top 100 (Silva et al. 2008) but it also includes other species. For

example, Pteridium aquilinum (bracken), although not considered as invasive,

is reported as a weed in pastures, causing acute poisoning as well as haematuria

in cattle (Pinto et al. 2007); some species tend to expand vegetatively after long

periods of cultivation (e.g. Aloe arborescens, krantz aloe; Phyllostachys sp.); other
species were recently recognised as potential invaders, such as Tetrapanax
papyriferus (rice paper plant), mostly around human settlements and along water

courses, or in the margins of the laurel forest (Scrophularia scorodonia, balm-

leaved figwort). Table 17.2 and Fig. 17.2 show a list of interventions undertaken in

the archipelago. Moreover, some endemic species have been promoted as an

alternative to alien species used for ornamental purposes (e.g. using the endemic

Viburnum treleasei (folhado), instead of the alien H. macrophylla), although with

reduced adhesion from stakeholders and demanding extreme care to avoid negative

impacts on the endemic species (changes in population genetic structure).

The biomass resulting from control actions undergoes several kinds of

valorisation to increase the sustainability of the plan. For instance, trunks with

economic value are used whereas valueless wood is provided to local populations

for home heating. In the particular case of P. undulatum, secondary branches and

the foliage are powdered and used as a source of compost for pineapple plantations

in greenhouses in São Miguel. In this context, much could still be done to make IAP

control more sustainable, by using biomass for energy production (Lourenço

et al. 2011).

For promotion and awareness, the environment services of the Azores, jointly

with schools and non-governmental organizations, have developed several cam-

paigns to draw attention to the issue of the impacts caused by invasive plants in

island systems and, therefore, to the need for their control. After the recent

implementation of the regional network of protected areas, around €500,000 are

spent annually on these activities.

An interesting case study was the eradication of H. gardnerianum and of Canna
indica (canna), two introduced herbaceous perennial species expanding in the

eastern part of Corvo. Work was carried out from 2004 to 2006 and comprised

four phases: (i) detection of invaded areas in the entire island; (ii) application of
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Table 17.2 Interventions performed in the Azores, within the framework of the Regional Plan of

Eradication and Control of Invasive Plant Species in Sensitive Areas (PRECEFIAS), for removing

alien plant species

Island Location

Area

(ha) Target species

Corvo Biosphere reserve 16.5 Canna indica; Hedychium
gardnerianum; Hydrangea
macrophylla; Leycesteria for-
mosa; Tetrapanax papyferus

Faial Monte da Guia, Varadouro, Morro

de Castelo Branco and

Capelinhos volcano

6.2 Arundo donax; Carpobrotus
edulis; Hedychium
gardnerianum; Hydrangea
macrophylla; Lantana camara;
Pittosporum undulatum

Flores Burrinha, Caldeira Branca and

Morro Alto

372.0 Acacia melanoxylon; Arundo
donax; Hedychium
gardnerianum; Lantana
camara; Pittosporum
undulatum

Graciosa Ponta Branca, Ponta do Carapacho,

Caldeira da Graciosa and

Caldeirinha de Pero Botelho

3.6 Agave americana; Aloe
arborescens; Arundo donax;
Hedychium gardnerianum;
Hydrangea macrophylla;
Phormium tenax; Pittosporum
undulatum; Pteridium
aquilinum; Rubus ulmifolius

Pico Mistério da Praı́nha, Caveiro, Ponta

da Ilha, Caldeirão da Ribeirinha

and Landscape of Vineyard

Culture

17.0 Acacia melanoxylon; Ageratina
adenophora; Ailanthus
altissima; Carpobrotus edulis;
Cryptomeria japonica;
Hedychium gardnerianum;
Hydrangea macrophylla;
Metrosideros excelsa;
Persicaria capitata; Pittospo-
rum undulatum; Rubus
ulmifolius

São Jorge Bocas do Fogo and Ponta dos

Rosais

14.0 Carpobrotus edulis; Hydrangea
macrophylla; Pittosporum
undulatum

Santa Maria Barreiro da Faneca and Pico Alto 7.2 Acacia melanoxylon; Hedychium
gardnerianum; Pinus pinaster;
Pittosporum undulatum;
Pteridium aquilinum; Ulex
europaeus

São Miguel Sete Cidades and Furnas 121.5 Acacia melanoxylon; Clethra
arborea; Cortaderia selloana;
Egeria densa; Eichhornia
crassipes; Gunnera tinctoria;
Hedychium gardnerianum;
Hydrangea macrophylla;
Leycesteria formosa; Pteridium
aquilinum; Persicaria capitata;

(continued)
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control actions; (iii) monitoring in order to detect/avoid re-infestation; and

(iv) public-relations work in order to raise awareness about the importance of

invasive plant eradication in the management of natural areas. The control actions

included removal of the whole plants which was restricted to riparian zones.

Chemical treatments with Ally® were used in other habitats (orchards, woodland,

pastures and roadside slopes). The two species were detected and controlled in a

total of 36.6 ha.

Table 17.2 (continued)

Island Location

Area

(ha) Target species

Scrophularia scorodonia;
Solanum mauritianum;
Ulex europaeus

Terceira Algar do Carvão, Lagoı́nha da

Serreta and Pico Alto

13.7 Hedychium gardnerianum;
Hydrangea macrophylla;
Pittosporum undulatum;
Pteridium aquilinum; Rubus
ulmifolius

Fig. 17.2 Location of the main actions for invasion alien plant control in the Azores:

PRECEFIAS actions (red points) and Island Natural Parks regarded in LIFE projects (Yellow:
“PRIOLO –Azores bullfinch habitat recovery in Pico da Vara/Ribeira do Guilherme SPA” LIFE

project; Green: “Sustainable Laurisilva-Recovery, conservation and sustainable management of

Tronqueira/Planalto dos Graminhais” LIFE project; Blue: “Safe islands for seabirds” LIFE project;

Black: remaining protected areas)
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17.4.2 LIFE Projects

Birds are a good example of how IAS are threatening the Azorean biodiversity. The

Azores bullfinch, an endemic bird of São Miguel adapted to the native laurel forest,

saw its population reaching such low numbers that came to be judged extinct in the

mid-twentieth century. One of the main reasons for this fact is that the native

vegetation is today highly degraded due to the invasion by alien plants such as

P. undulatum, H. gardnerianum, C. arborea and A. melanoxylon (Ramos 1996).

Invasive alien plants provide neither quality food nor refuge for the bullfinch, which

threatens its existence (Ceia et al. 2009, 2011b).

Also, the Azores were inhabited by millions of seabirds. However, these colo-

nies have decreased greatly as a result of the introduction of IAS, including plant

and mammal species, such as rats, mice and cats. Currently, the seabird populations

other than Cory’s Shearwater (Calonectris diomedea) are confined to tiny

uninhabited islets and some remote and inaccessible cliffs.

The Portuguese Society for the Study of Birds (SPEA), a non-profit scientific

association that promotes the study and conservation of birds and their habitat in

Portugal, has run several projects in the Azores to protect birds by focusing on the

issue of IAS. The LIFE project “PRIOLO –Azores bullfinch habitat recovery in

Pico da Vara/Ribeira do Guilherme SPA” (LIFE03 NAT/P/000013) ran from 2003

to 2008 in partnership with the Royal Society for the Protection of Birds (RSPB),

Nordeste Municipal Council, University of the Azores and the Azores Government.

The project aimed to control major IAP, in particular H. gardnerianum and

C. arborea, over nearly 230 ha of native forest in the Serra da Tronqueira

(Fig. 17.2) and also to undertake restoration actions. Thus, more than 60,000

specimens of native and endemic species were planted (e.g. Vaccinium
cylindraceum, Azores blueberry; Morella faya, Firetree; Juniperus brevifolia,
Azorean juniper; Ilex perado subsp. azorica, Azorean holly; Picconia azorica,
Azorean picconia; Frangula azorica, Buckthorne; Laurus azorica, Azorean laurel;

and Erica azorica, Azorean heather).

The results achieved in this project showed a reduction by over 92 % of the

coverage of H. gardnerianum and C. arborea (Silva 2007). This promoted, for

instance, a substantial increase of flowering of native species, which is necessary

for the survival of the Azores bullfinch. Heleno et al. (2010) assessed restoration

success of the invaded forest and found that 2 years after removing alien plants

there were increases in the abundance of native seeds, phytophagous insects, insect

parasitoids, and birds in the experimental plot compared to an un-manipulated plot.

Therefore, this work provides evidence of the positive effects of weeding cascading

through the food web from native plants to phytophagous insects, insect parasitoids,

and birds.

Clethra arborea however has a dual role in the diet of the Azores bullfinch. It is a
crucial winter food resource but it lowers the availability of native laurel forest

species that compose most of the bird’s diet throughout the year (Ceia et al. 2011b).

In order to evaluate the first responses of the Azores bullfinch to habitat restoration,
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these authors studied bird diet, foraging behaviour, food availability and habitat

occupancy in managed (without C. arborea) and control areas. They found a

significant increase in the availability of native food resources in managed areas.

The project also had a positive impact in the local community with creation of jobs

and the promotion of Nordeste and Tronqueira, and it was awarded with the “Best

of the Best – Nature” prize in 2009. The main achievement of the programme was

the downgrade of the Azores bullfinch status from Critically Endangered to Endan-

gered in the IUCN Red list (Ceia et al. 2011a).

The “Sustainable Laurisilva-Recovery, conservation and sustainable manage-

ment of Tronqueira/Planalto dos Graminhais” (LIFE 07 NAT/P/000630) started in

2009. This on-going 4 year LIFE project is being implemented by SPEA in

partnership with the Azores Government and Povoação Municipal Council. This

project aims mainly to extend the actions of previous projects to the raised bogs of

Planalto dos Graminais (Fig. 17.2). The project included the establishment of a

plant nursery dedicated to the production of native plants for conservation purposes.

So far, more than 50,000 plants were produced to be planted in the spaces left open

by the control of IAP (e.g. G. tinctoria and P. undulatum). Adding to the area

accounted since 2003 within the first LIFE project previously described, approxi-

mately more 50 ha of laurel forest and 90 ha of raised bogs are undergoing

interventions. In the latter case, additional measures, such as closure of drainage

ditches and rehabilitation of water lines are being implemented. This project also

aims to raise awareness among the local community and tourists on the benefits

provided by the protected habitats in terms of regularization of the local water

system, and provision of fresh water for human use. In addition, this project aims at

promoting sustainable tourism through participatory processes, based on the Euro-

pean Charter for Sustainable Tourism. The ultimate goal is to find a model that

allows for the conservation of an important natural heritage, at the same time

improving the quality of life of the local populations.

The most recent LIFE project dealing with IAS is the 4 year programme “Safe

islands for seabirds” (LIFE07 NAT/P/000649), implemented by SPEA since 2009

in partnership with RSPB, Corvo Municipal Council and the Azores Government. It

is a demonstration project that arose from the need to study the feasibility of

recovering terrestrial habitats for seabirds. The project aims to evaluate and plan

for the feasibility of controlling and eradicating both invasive plants and alien

predators in coastal areas that are important for seabirds. The seashore of Corvo

(most of it established as protected area; Fig. 17.2) was chosen to develop great part

of this project for much of its geographical location and habitat availability, which

make it an ideal place for thousands of seabirds that nest there every year.

Two sites were selected to apply control techniques and restoration actions,

namely a site of 3 ha covered by Tamarix africana (African tamarisk) and another

one of 12 ha covered byHydrangea macrophylla (bigleaf hydrangea). However, the
control work has been difficult to implement and results are not available yet. In

addition, the islet of Vila Franca do Campo (a protected area at south of São

Miguel; Fig. 17.2) is another area of intervention to test control methods (cutting

and herbicide application) mainly focused on A. donax (giant reed). This IAP
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blocks the entrance of Cory’s shearwater nest burrows and out-competes with

native flora. First results of control actions show a reduction of 92 % of A. donax
stems after 8 months from first interventions (Silva et al. 2011).

17.5 Discussion

The history of biological invasions in the Azores started along with human coloni-

sation in the fifteenth century. In the mid-nineteenth century, the alien flora was

already identified as more numerous than the native Azorean flora (Trelease 1897).

Nowadays, many alien species are considered as either naturalised or frequently

escaped (Silva et al. 2010) and many are an important threat to native biodiversity

(Ramos 1996; Silva and Smith 2004, 2006; Silva et al. 2008; Castro et al. 2010;

Kueffer et al. 2010; Arosa et al. 2012).

The conservation, landscape and scientific values of the Azores were recognised

under the recently redrawn regional network of protected areas, which covers

24.1 % on the inland surface. According to the assessment results here presented,

the invasions status of the protected areas differ from island to island and do not

necessarily follow previous studies that have addressed IAP in the whole Azores.

According to Silva and Smith (2006), Corvo, Flores and São Jorge present

relatively low percentage of alien taxa as opposed to Graciosa, with intermediate

values for the remaining islands. However, using a modified ranking methodology

based on the index of threat focused on protected areas and taking into account

spatial information and the potential for controlling the species, the results are

somewhat different, with the protected areas of Corvo, Flores and São Jorge

ranking fourth, eighth and third, respectively, and Graciosa’s protected areas not

emerging as the most threatened. The highest rank was attributed to the protected

areas of Santa Maria, although the island does not present a particularly high

percentage of alien taxa.

Some limitations of the method applied should be pointed out. The method

focused only on protected areas, which cover a variable proportion of the islands

(from only 5.5 to 45.4 % –Graciosa and Corvo, respectively). Thus, potential IAP

occurring outside the protected areas bounds were not considered, although in some

cases these may invade protected areas in the future. Furthermore, since ATLANTIS

gathers data from different sources, the proportion of sampled cells also varies among

islands and protected areas, thus introducing a possible bias in the index of threat.

Moreover, the method tends to give a lower rank to species mainly affecting one

island. This was the case of C. arborea, G. tinctoria, and L. formosa. Finally, new
invasions are being reported, as is the case of D. antarctica (Arosa et al. 2012).

Indeed, the establishment of new alien species in natural areas has not stopped. For

instance, invasions by Rhaphiolepis umbellata (yeddo hawthorn), a garden plant,

have been detected in coastal areas of Flores; two species of Drosera have been
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recently located in a São Miguel’s protected area (2013) as well as the tree fern

Cyathea medullaris (black tree fern) (Silva L and Jiménez S, unpublished data).

Despite these limitations, the assessment results provide new insights into the

IAP potential impacts in the Azores, namely within protected areas, and shows that

characterizing the flora of a region by listing native and alien species may not

permit to fully understand the potential effects of IAP over native biodiversity. In

addition, the assessment results may provide a basis for prioritization of manage-

ment. The results may in fact provide guidelines for allocating resources for IAP

control. Thus, more attention should be given to the highly ranked protected areas,

such as those of Santa Maria and Graciosa. Nevertheless, these guidelines should be

cross-analyzed with data regarding the conservation value of each site in order to

increase the efficiency of the control/restoration actions.

Although the results of the assessment presented here as well as the publications

mentioned throughout the chapter suggest that the serious situation of the Azores

requires more work to protect its unique biota, remarkable projects have already

been put into practice addressing some of the protected areas threatened by IAP in

the archipelago. For instance, the control and eradication of IAP in Corvo within

PRECEFIAS, especially H. gardnerianum and C. indica, was considered a suc-

cessful case by the Azorean authorities and an example to follow. This is a very

positive outcome of the plan as linking nature conservation and decision-making at

political level is not always achieved. Encouraging results have also been achieved

in the framework of LIFE projects, which have enabled native habitats to be

recovered in favor of the Azores bullfinch and seabirds, which ultimately benefits

other groups of fauna and even the local populations.

Nevertheless, more work is necessary to match the needs for IAP control

identified herein and in other publications. Clearly, the establishment of an opera-

tional system devoted to early detection and control of new invaders, particularly in

the Azorean protected areas, is one of the priorities in a strategy to better manage

plant invasions. However, the limited available financial resources and the high cost

associated to long-term operational projects are a major constraint for ensuring

effective IAP control and eradication policies in the Azorean protected areas. In

order to promote a consistent, integrated and cost-effective IAP assessment and

monitoring in the Azores, the establishment of an Invasion Biology Regional
Observatory (ORBI) was proposed in 2011, during the first Regional Meeting on
Invasive Alien Species (http://www.invasoras.uac.pt/). ORBI would allow for a

better coordination of actions undertaken by researchers, NGOs and administration

bodies, including managers of protected areas. ORBI prior missions would be to

gather, manage, update and spread information on IAS in the Azores, in order to

foster and support more cost-effective control and eradication policies.

It is also important to stress that more efforts should be devoted to objectively

assess the outcomes of management/conservation efforts undertaken in the Azores.

This will be important to evaluate the efficacy of the control actions and the

efficiency in the use of the resources allocated to the regional programmes.
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Moreover, the results obtained in the Azores could then be more objectively

transferable to other regions and to the scientific community as a whole. For this,

a closer connection between management and research should be established in the

future.

Considering the strict link between biological invasions and human activities,

the preservation of native biota in the protected areas of the Azores will depend on

the support of the local society, as a whole, to the implementation of a strategic

approach to the issue, crucial to reverse or reduce the on-going homogenization of

the Azorean flora.
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Chapter 18

Invasive Alien Plants in Protected Areas

in Mediterranean Islands: Knowledge Gaps

and Main Threats

Giuseppe Brundu

Abstract Protected areas in the Mediterranean islands (PAMIs) hold a unique

level of biodiversity and are very sensitive to all human-generated environmental

changes, including their synergies. There is a general lack of information on the

presence and abundance of invasive plants for the whole set of PAMIs, which are

more commonly considered at country level and very rarely as a whole. This is a

serious hindrance for management at international levels. Available information on

a selected set of PAMIs, key invasive alien plants and their impacts are briefly

reported in this chapter. Given the negative ecological and socioeconomic impacts

of many invasive alien plants on PAMIs, their management has become an impor-

tant challenge and a high priority for the conservation of native species and natural

areas in the Mediterranean. Specific policies and strategies, including a dedicated

definition of priorities, are urgently needed.

Keywords Carpobrotus spp. • Invasive alien plants • Island endemic species

• Mediterranean islands • Mediterranean endemic plants

18.1 Introduction

The word island creates an image of fantasy, from which to escape the normal,

routine and stressful lives, and visit a paradise with an exotic island lifestyle (Baum
1997 cited in Lim and Cooper 2009). Insularity often becomes an attraction and

motivates people to travel across political, social and emotional boundaries for the

island experience. While promoting ecotourism may provide economic benefits

(Kafyri et al. 2012), including fundraising for conservation projects (Lindsay

et al. 2008), there are, however, also negative aspects of island tourism that threaten
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sustainability (Lim and Cooper 2009). Conservation strategies represent a crucial

issue in the Mediterranean basin because this area, which represents less than the

2 % of the world’s land surface, houses 10 % of the world’s total floristic richness

(Médail and Quézel 1997, 1999), including high levels of endemism (e.g. Cowling

et al. 1996). In some areas, particularly the mountains and the islands, rates of

endemism often exceed 10 % and sometimes 20 % of the local flora (Médail and

Quézel 1997; Thompson 2005). A characteristic element of this endemism is that of

all the species endemic to the Mediterranean basin, 60 % are narrow endemic

species, in that they have a distribution which is restricted to a single well-defined

area within a small part of the Mediterranean basin (Thompson 2005; Thompson

et al. 2005).

The Mediterranean basin and its islands face serious short-term and long-term

threats (Cuttelod et al. 2008). Increases in the tourism sector and population growth

are two of the major causes (e.g. Chapin et al. 2000), placing increasing demands on

already limited water and energy resources. Climate change and associated impacts,

not yet fully understood, are expected to impact the Mediterranean basin (Schröter

et al. 2005), of which an increased fire risk is likely (Pinol et al. 1998; Moriondo

et al. 2006; Giannakopoulos et al. 2009).

Invasive alien species occur in all nature reserves, including those in the tropics

(Usher 1988, 1991) and predictions are that the importance of invasive alien species

in nature reserves will increase in the future, unless effective control measures are

adopted (Macdonald et al. 1988, 1989; Pyšek et al. 2002). Protected areas (PAs)

situated on islands are well known to be more vulnerable than those located on

mainland’s (Brockie et al. 1988; Holt 1992) and the degree to which a nature

reserve is invaded is, often, closely related to the number of human visitors

(Usher 1988; Lonsdale 1999). The purpose of this chapter is to highlight gaps in

the strategy for nature conservation in PAs of Mediterranean basin islands (PAMIs),

as they are effectively being jeopardised by the presence of invasive alien plant

(IAP) species, the lack of coordinated actions, and information sharing at an

international level.

18.2 The Mediterranean Islands: How Many Islands?

How Many Native Species?

When assessing the risks posed by IAPs on PAMIs we immediately face the

problem of a general lack of data (see also Hopkins 2002). First, the total number

of Mediterranean islands is uncertain. This uncertainty is the result of their large

number, the absence of a common definition and the absence of a database for

Mediterranean islands. Information on the Med islands is more often collected at

country level and less commonly at a geographic or biogeographic level.

For example, Delanoë et al. (1996) report the presence of nearly 5,000 islands,

with 162 islands covering at least 10 km2 and 4,000 islets under 10 km2. Later,
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Delanoë and de Montmollin (1999) describe the presence of nearly 10,000 islands

in the Mediterranean basin, of all sizes and origin. Noteworthy, the Aegean

archipelago alone includes more than 7,000 islands and islets, of which the vast

majority do not exceed 1 km2 (Triantis and Mylonas 2009). As many as 10,000

islands have been listed for Greece (European Commission 2011).

The eastern Croatian coast is, other than the Greek coast, one of the most diverse

in the Mediterranean basin. There are 1,151 islands, islets and reefs, and, depending

on tides, 80 additional reefs periodically appear above sea level (Stražičić 1989).

Sixty Croatian islands have coast lines of longer than 10 km, while 653 islets have

their coastal lines shorter than 10 km, but with developed soil and vegetation.

Further, 438 islets and reefs have also their coastal lines shorter than 10 km but with

neither soil nor vegetation (Nikolić et al. 2008). However, as with other countries,

the number of islands listed for Croatia also differs between sources (e.g. according

to http://www.europeanislands.net/ there are 1,185 islands, including 718 islands,

389 sounds and 78 reefs, with a total area of 3,300 km2).

A national assessment on the total number of Italian islands has never been

published, although the islands and islets surrounding Sicily and Sardinia have been

studied in more detail. For example, according to Arrigoni and Bocchieri (1995)

there are 399 islets (with a surface greater than 300 m) around the island of Sardinia,

giving a total surface area of 279 km2, with the flora of 71 of them having been

surveyed. According to Damery (2008) and Serrano (2008), there are 157 islets

surrounding Corsica, with 130 of them clearly demarcated and named.

According to the Millennium Ecosystem Assessment (MEA) categories, islands

are defined as “lands isolated by surrounding water and with a high proportion of

coast to hinterland”; it stipulates that they must be populated, separated from the

mainland by a distance of at least 2 km, and measure between 0.15 km2 and the size

of Greenland (2.2 million km2). For mapping and statistical purposes, the MEA

uses the ESRI ArcWorld Country Boundary dataset, which contains nearly 12,000

islands, including islands belonging to the Association of Small Island States, and

the Small Island Developing States Network (Hassan et al. 2005). However, this

definition obviously does not suit many Mediterranean islands and especially PAs

in the Mediterranean Islands (e.g. Greuter 2001). Thus, although a total of

10,000–15,000 islands for the Mediterranean basin may be a reasonable estimate,

this figure still needs confirmation. It is especially important if, for example, it is to

be used for the purpose of developing a common database of plant genetic resources

and invasion threats.

It is generally reported that the Mediterranean basin flora includes 24,000–25,000

species of seed-plants, i.e. 10 % of the world’s plant species, with 13,000 endemic

taxa (e.g. López and Correas 2003). The total number rises to 29,000–30,500 if

subspecies are considered (Heywood 1995 and references cited therein). In general, a

considerable portion of all plant species worldwide are restricted to islands (Kreft

et al. 2008). However, the total number of species of the Mediterranean flora on

islands, and their conservation status, is mainly based on estimates (e.g. Greuter

2001), although some of the islands have been more intensively assessed and have

more precise numbers. TheMed-Checklist taxonomic database provides a species list
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(presence/absence data) for 27 geographical areas. Their borders coincide largely

with the political borders of countries around the Mediterranean basin. It is however

not possible to retrieve information directly for all islands, but only for large clusters,

for example, 1,410 species have been listed in the ‘East Aegean Island’ region.

18.3 Protected Areas on Mediterranean Islands

and Their Alien Floras

At the global scale, PAs have been designated by national governments for their

value in protecting particular species, habitats or landscapes, and cover about

21 million km2. This includes 12.2 % of the global terrestrial area and 5.9 % of

the world’s oceans (Price et al. 2010; UNEP-WCMC 2010). A number of interna-

tional networks exist, largely comprising land and sea belonging to PAMIs that are

already designated at the national level. Four of these networks are global, two

derive from international conventions that emphasise conservation: the Convention

on Wetlands (Ramsar Convention), signed in 1971, and the World Heritage

Convention, signed in 1972, respectively (Price et al. 2010). The other two

networks are the World Network of Biosphere Reserves, including biosphere

reserves designated since 1976 under the Man and the Biosphere (MAB)

programme of the United Nations Educational, Scientific, and Cultural Organisa-

tion and the Global Geoparks Network, established in 2004 (Price et al. 2010).

At the European and Mediterranean basin level, ‘Natura 2000’ is the cornerstone

of the regions nature conservation policy, and is regulated mainly by two directives:

the 1979 Bird Directive and the 1992 Habitat Directive 92/43/EEC (Maiorano

et al. 2007). The bird directive identified 193 endangered species and subspecies,

for which the member states are required to designate Special Protection Areas

(SPAs). The habitat directive aims to protect animals (other than birds), plants, and

habitats, for which each member state is required to identify Sites of Community

Importance (SCIs). The SCIs and SPAs make up the Natura 2000 network, whose

aim is to conserve an extensive range of habitat types and wildlife species through-

out Europe, maintaining listed habitat and species at “favourable conservation

status” (European Commission 2000a, b; Maiorano et al. 2007).

The list of Natura 2000 sites in the Mediterranean region was first adopted in July

2006, and updated in March and December 2008. Within the Mediterranean region

there are 2,928 SCIs under the Habitats Directive and further 999 SPAs under the

Birds Directive. There is often considerable overlap between some SCIs and SPAs

which means that the figures are not cumulative. Nevertheless, it is estimated that

together they cover around 20 % (174,930 km2) of the total land area in this region

(European Commission 2009a). Within the EU, the Macaronesian region consists of

three archipelagos: the Azores (see Costa et al. 2013 for a more detailed discussion),

Madeira (both belonging to Portugal) and the Canaries (Spain). Altogether, within the

Macaronesian Region there are 211 SCIs and further 65 SPAs. It is estimated that
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together they cover more than a third of the total land area in this region, i.e. about

3,516 km2 (European Commission 2009b).

The majority of conservation programmes are applied at a national level (Mace

et al. 2000; Halpern et al. 2006; Karka et al. 2009), but with increasing internationa-

lisation of conservation efforts, global and regional coordination is becoming more

common. Within these programmes, government, and non-governmental organisa-

tions in particular, spend some of their resources abroad (Rodrı́guez et al. 2007).

However, compared to local programmes, collaboration between countries can be

costly, complicated, and often requires additional logistics and resources (Karka

et al. 2009). This results in the current situation where this type of data is more

commonly collated at the regional or global level, for example, in the World

Database on PAs and there is no common database for PAMIs. There is, however,

probably more concern and general interest in networking across marine PAs than

terrestrial PAMIs (UNEP-WCMC 2008).

The European inventory of nationally designated PAs began under the CORINE

programme. It is now maintained for European Environment Agency (EEA) by the

European Topic Centre on Biological Diversity and annually updated through

Eionet. EEA provides the European inventory of nationally designated areas to

the World Database of Protected Areas and to Eurostat. The database can be

downloaded from the EEA Data Service. The nationally designated areas data

can also be queried online in the European Nature Information System (EUNIS),

yet it is not possible to make any direct query on PAMIs.

To try to assess the total number and size of PAMIs according to Natura 2000,

the “European database on Natura 2000” (available at the EEA data center) was

downloaded and examined. It consists of data submitted by Member States to the

European Commission. These data are subject to regular validation and updating

processes. After validation, a new EU-wide Natura 2000 database is released. The

spatial data (borders of sites) submitted by each Member State is validated by the

EEA and linked to the descriptive data. An analysis of the data set with GIS

software to calculate the data presented in Table 18.1, was performed excluding

those SCIs and SPAs that exclusively cover water surfaces or Poseidonia oceanica
(Neptune grass) beds.

For assessing the status of knowledge on the presence of alien plants in PAMIs,

one useful starting reference is the work by Delanoë et al. (1996) and their list of

“major islands and archipelagos in the Mediterranean” and of “principal protected

areas in the Mediterranean islands” listing a total of 39 PAs distributed as follows:

Croatia (7), Cyprus (2), Egypt (1), Spain (3), France (6), Greece (6), Italy (7),

Lebanon (1), Malta (2), Tunisia (3) and Turkey (1). This list has been checked and

updated in Table 18.2.

The analysis on the number of PAMIs and their alien flora (Tables 18.1 and 18.2)

highlight the general lack of information. At a national level, not all countries

clearly distinguish the PAs present in the mainland from those located on islands.

All Croatian islands have an area of about 3,267 km2, and total PA on them is

slightly more than 285 km2, i.e. 8.7 % of Croatian island area undergoes some kind

of protection (Boršić, pers. comm.). However, a complete inventory of the alien
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flora of Croatia is not available; there are inventories for some islands (Dobrović

et al. 2005) but not for all PAMIs. The same knowledge gap exists for archipelagos

with fewer islands. Although reasonably well studied and having full inventories

for the total alien flora (e.g. in the Balearics; see Moragues and Rita 2005),

information on single PAMIs may be difficult to obtain or is not available at all.

Larger islands like Sicily, Sardinia and Corsica have very precise and updated

inventories (e.g. Celesti-Grapow et al. 2009; Jeanmonod et al. 2011) but informa-

tion on alien flora in PAMIs is limited. Furthermore, there are also knowledge gaps

in defining and prioritising invasive aliens in the PAMIs. The research done by

Pretto et al. (2012) on 37 small Mediterranean islands revealed that the main

determinants of both total and established alien species richness are to tourism

development and the sprawl of artificial surfaces. The variation in total alien flora

composition is mainly driven by environmental variables, whereas when

established taxa are considered, human-mediated factors account for most of the

explained variation. We can assume that these drivers are also significant for

PAMIs. The EU funded project EPIDEMIE provided a large amount of information

on plant invasions in Mediterranean islands (e.g. Lloret et al. 2005; Lambdon and

Hulme 2006a, b; Vilà et al. 2006; Lambdon 2008; Lambdon et al. 2008a, b), yet the

presence and impacts of invasive plants in PAMIs were not specifically addressed

within that project.

Table 18.1 Number and total

surface of Natura 2000 sites

within protected areas in the

Mediterranean and

Macaronesian islands, with

total values for each country

Country//Islands No km2

Cyprus 61 2,272.4

French islands (total) 91 4,205.1

Corsica 83 2,196.5

Other French islands 8 2,008.6

Greek islands (total) 177 13,604.4

Crete 53 3,783.9

Other Greek islands 124 9,820.6

Italian islands (total) 402 14,794.4

Sardinia 120 6,289.2

Sicily 210 6,177.5

Other Italian islands 72 2,327.7

Malta 39 241.8

Portugal islands (total) 48 992.1

Azores 36 453.1

Madeira 12 539.0

Spanish islands (total) 371 8,322.7

Balearics 158 2,399.2

Canary islands 203 5,793.3

Other Spanish islands 10 130.2

Total 1,189 44,432.9

The Macaronesian islands are included here as an example. Data

source: EEA Data Centre (After GIS analysis and specific elab-

oration for islands and PAMIs)
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Table 18.2 Total numbers of alien taxa for a selected set of protected areas in the Mediterranean

islands (List modified from Delanoë et al. 1996)

Country PAMI

Alien

flora Main references

Algeria ı̂les Habibas (Oran) 4a Véla et al. (2011)

Croatia Brijuni Islands N/A

Kornati Archipelago 1a Henkens et al. (2010)

Limski Zajlev (including the island

of Lim)

N/A

Lokrum Island 6a Bogdanovic et al. (2006)

Malotonski Bay (including the

island of Vepar)

N/A

Island of Mljet >10 Boršić et al. (2009)

Dundo Forest of the island of Rab N/A

Cyprus Larnaka Lake >2 Hand (2003)

Limassol Lake (Akrotiri) and

Limassol Forest-Kyparissia Area

>3 Hadjisterkotis (2004) and Hand (2004)

Egypt Tanees Island (Ashtum El Gamil,

Lake Manzala)

N/A

Spain Chafarinas Islands (Congreso, Isabel

II and Rey Francisco)

1a Calderon (1894)

Cabrera NP (Majorca) 5a Ministerio de Medio Ambiente y Medio

Rural y Marino (2011)

Columbretes Islands 5a Juan and Crespo (2001) and Fabregat

et al. (2007)

France Cerbicale Islands (Corsica) 5a Paradis et al. (2006)

Sanguinares Islands (Corsica) 14 Paradis and Piazza (2003) and Paradis

and Appietto (2005)

Fango biosphere reserve (Corsica) 5 Muséum national d’Histoire naturelle

(2003–2012)

Scandola (Corsica) 11 Muséum national d’Histoire naturelle

(2003–2012)

Lavezzu Islands (Corsica) 7a Gamisan and Paradis (1992), Paradis

et al. (1994), and Paradis (2009)

Port-Cros and Hyères Islands 8–174 Bossu (2010) and Crouzet (2009)

Greece Kithira island 80 Yannitsaros (1998)

Samaria Gorges (Crete) 2a Brundu, personal observation

Palm grove in Vaı̈ (Crete) 2a Brundu, personal observation

Mt Ainos NP (Cephalonia, Ionian

Islands)

N/A

Sigri petrified forest (Lesbos) 3a Brundu, personal observation

Yioura (Γιoύρα) Island (Northern

Sporades)

4a Kamari et al. (1988)

Italy Alicudi (Nature reserve, Sicily) 29 Domina and Mazzola (2011)

Asinara Island (Sardinia) 65 Bocchieri (1988)

La Maddalena archipelago

(Sardinia)

49a Pretto et al. (2012)

Lampedusa Island (Pelagie Islands,

Sicily)

20–23 Pretto et al. (2012) and Domina and

Mazzola (2011)

(continued)
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18.4 Key Invasive Alien Plants in Protected Areas

on Mediterranean Islands and Their Impacts

There are significant differences in the abundance and presence of invasive alien

plants in Mediterranean islands in general (Lloret et al. 2005) and, as a result, in

PAMIs. Nevertheless, some key species need particular attention for prevention

(if they are not yet arrived in the single PAMIs), for early detection (if they are

already present e.g. in nearby islands on the same archipelago), for eradication and

for control and management if already established in the territory.

Table 18.2 (continued)

Country PAMI

Alien

flora Main references

Montecristo Island (Archipelago

Toscano NP)

59 Pretto et al. (2012)

Zannone Island (Circeo NP) 6 Pretto et al. (2012)

Pantelleria (Sicily) 33 Domina and Mazzola (2011)

Elba Island NP 53 Domina and Mazzola (2011)

Ustica Island (Lipari Archipelago,

Sicily)

32–62 Hammer et al. (1999) and Domina

and Mazzola (2011)

Isola delle Femmine Nature reserve 16 Caldarella et al. (2010)

Lachea – Faraglioni dei ciclopi 12 Siracusa (2000)

Tavolara and Molara (Sardinia) 11, 6 Pretto et al. (2012)

Vulcano (Sicily) 40 Domina and Mazzola (2011)

Lebanon Palm Islands (Archipelago of

Tripoli)

3a Ministry of Environment

of Lebanon (2004)

Lybia Geziret Ghara and Geziret Al Elba

(Ghara islands)

N/A

Malta Ghadira (Malta) N/A

Fungus rock (Il Gebla tal-General,

Dwejra, Gozo)

3a Cassar et al. (2004)

Selmunett Islands (St Paul’s islands) 1a MEPA (2012)

Filfla Island N/A

Comino and Cominotto 8a Pavon (2008)

Tunisia Island of Galiton (La Galite

Archipelago)

1a Pavon and Véla (2011)

Zembra and Zembretta Islands 1a Pavon and Véla (2011)

Djeziret Bessila (Kneiss Islands) N/A

Turkey Islets included in

Olympos-Beydağlar{
N/A

N/A indicates that no information on the alien flora was found following standard practices for

conducting meta-analysis on Journal databases and contacting local experts. However information

may be present in grey literature and investigations may be in progress in several of these PAMIs,

but results are not currently available
aIndicates that the total number of alien species is likely to be underestimated as it is not derived

from a specific inventory for that PAMI. In these cases the values may be derived from a generic

flora list, not specifically dedicated to alien species or still in progress, from a generic report or

document on the PAMI, or from expert communications and observations
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When assessing the potential or actual risks posed by invasive alien plant species

on PAMIs, land managers face an additional problem. This is due to difficulties in

identifying species native to other parts of the world that might be scarcely studied

or might be introduced as cultivated varieties or hybrids.

Marsilea azorica (clover fern) was described in 1983 from the isolated Azores

archipelago in the northern Atlantic, where it is restricted to a single roadside pond.

Thought to be an extremely local endemic, it was subsequently listed as a conser-

vation priority species for the Azores, Macaronesia, and Europe, included as

‘critically endangered’ on the IUCN Red list, and as ‘strictly protected’ species

by the Bern convention and the European Union’s habitats directive. However,

Schaefer et al. (2011) demonstrated that M. azorica is conspecific with M. hirsuta
(rough water clover), a species native to Australia, but widely cultivated and locally

invasive in the southern U.S.A. Based on DNA data, they conclude that these plants

are most likely a recent introduction to the Azores from Florida.

The SouthAfricanCarpobrotus edulis (ice plant) andC. acinaciformis (Hottentot fig)
are perennial, clonal, trailing succulents characterised by a mat-forming habit and

thick, three dimensional, elongated leaves with a triangular cross-section.Within their

native range of South Africa, the two taxa can be visually distinguished by flower

colour: C. edulis is the only member of its genus having distinctly yellow flowers

fading to light pink, while C. acinaciformis has vivid magenta flowers (Wisura and

Glen 1993; Suehs et al. 2002). In contradiction to several decades of recording, the

presence of two or more species of Carpobrotus, Akeroyd and Preston (1990, 1993),
basing their observations on foliar characteristics, concluded that C. edulis was the
only species present in the Mediterranean basin, although in the form of several

varieties with different flower colours (and that citations for C. acinaciformis in the

Mediterranean basin were misidentifications of a magenta-flowered C. edulis var.

rubescens). Further complicating the situation is the possibility of hybridisation

betweenCarpobrotus species, which has been clearly demonstrated betweenC. edulis
and C. chilensis (sea fig) in California (Albert et al. 1997; Gallagher et al. 1997), and
noted between C. edulis and three other species, including C. acinaciformis in South
Africa (Wisura and Glen 1993) and C. virescens (coastal pigface) in Australia (Blake
1969). However, recent taxonomic investigation has brought into question just exactly

which Carpobrotus taxon is present in the Mediterranean basin and is the most

aggressive towards the indigenous flora (Suehs et al. 2002). The study from Suehs

et al. (2002), based on morphological and isozyme analysis, clearly discriminates two

invasiveCarpobrotus taxa,C. edulis andC. acinaciformis (orC. aff. acinaciformis) in
the Hyères archipelago off the south-eastern coast of France (French National Park

of Port-Cros). Many studies have demonstrated that despite their very similar appear-

ance and habit, these two taxa differ dramatically in their reproductive strategies

(e.g. Suehs et al. 2005).

Carpobrotus edulis, C. acinaciformis and their hybrids are generally considered

highly invasive species in Mediterranean coastal areas, on islands and PAMIs. Most

studies have focused on the effects of Carpobrotus spp. on the invaded community

(Weber and D’Antonio 1999; Suehs et al. 2001; Moragues and Traveset 2005;

Bartomeus et al. 2008; Jakobsson et al. 2008; Vilà et al. 2008) as well as clonality
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and growth (Sintes et al. 2007; Traveset et al. 2008a, b; de la Peña et al. 2010).

Based on these studies, it appears that Carpobrotus spp. have a significant impact

on the diversity, structure and dynamics of the native vegetation. Moreover, the

invasion has a dramatic impact on the characteristics of the invaded soil, leading to

an increase in organic matter content and a decrease of pH (Vilà et al. 2006; Conser

and Connor 2009; de la Peña et al. 2010) and modification of the lichen and

bryophyte soil community (Zedda et al. 2010; Cogoni et al. 2011). Carpobrotus
spp. may have also negative impacts on several terrestrial animal species (Palmer

et al. 2004; Orgeas et al. 2007; Galán 2008). The fleshy fruits bear a large number,

often over a thousand, of small seeds (Bartomeus and Vilà 2009) that are eaten and

widely dispersed by several mammals such as rabbits (D’Antonio 1990) and rats

(Bourgeois et al. 2005). Several studies have shown that Carpobrotus spp. fruits
and gull-derived resources are significant resources for introduced black rats on

Mediterranean islands and that these enriched resources alters individual growth

rates, reproductive output and rat population densities at a local scale (Bourgeois

et al. 2005; Ruffino et al. 2011).

Several endemic plant species with a very narrow distribution are present on

PAMIs (Table 18.3) and are threatened by Carpobrotus spp. For example, the

critically endangered Apium bermejoi (api d’en Bermejo), occurs in the eastern

part of Minorca island where it is only found in two small areas, separated by a

rocky zone about 200 m wide. The total population numbers less than 100 individ-

uals and covers an area of just a few dozen square metres (de Montmollin and

Strahm 2005). Additionally, Carpobrotus species are particularly problematic as

they are very attractive ornamental species, very easily propagated by cuttings,

rarely perceived as a problem by local communities (e.g. Bardsley and Edwards-

Jones 2006, 2007) and, on the contrary, considered very useful for soil stabilisation

and for providing a green covering of the soil also during the arid season, on mostly

every type of soils and with minimal water requirements. Therefore all planned

interventions to control the species must include awareness raising, education,

promotion of alternative species, to avoid the possible re-introduction in the

restored sites.

De Montmollin and Strahm (2005) report a list of ‘top 50’ endangered

Mediterranean plants, most of which occur in PAMIs. The main factor raising the

risk of extinction for these 50 species is linked to the size of their population and

their distribution. In almost every case, due to the small number of individuals or

tiny area of distribution, any major disturbance (for example, fire or construction

work, competition with other species) might just push the species to extinction or

seriously reduce its chances of survival (de Montmollin 2011). The island experts

that contributed to reporting the conservation status of the ‘top 50’ indicated

invasive alien plants as a major threat for conservation in the 12 cases (Table 18.3).

Indeed, most of PAMIs’ threatened species face more than one threat. Many of

these species have a very limited range, often less than 1 ha, and might be present

on a single islet, thus any habitat modification or space occupation by alien taxa

might represent an additional threat. Habitat modification might also drive

increases in the local abundance of invaders (Didham et al. 2007) and invasive

404 G. Brundu



plant species generally have a strong, albeit variable, influence on patterns of

biodiversity at relatively small spatial scales (Gaertner et al. 2009; Powell

et al. 2011). Quite often the rare species on PAMIs are, like the Hawaiian endemics,

imperilled by the “vicious triumvirate” of feral pigs, goats and alien plants or

similar consortiums (e.g. Pisanu et al. 2012). This is a particular problem when

these threatened plants occur in areas that are protected, or are otherwise not

currently subject to habitat loss or direct habitat destruction by humans, however

fires and herbivores might arrive anyway (see Gurevitch and Padilla 2004). All

known populations of the endangered Medicago citrina (alfalfa arborea) are found

on islands and small islets near the eastern Iberian Peninsula (Aizpuru et al. 2000;

Juan et al. 2004), more precisely only ten isolated subpopulations are currently

known (four from Ibiza, three from Cabrera, two from Columbretes islands and one

from an offshore islet in northern Alicante province), constituting a severely

fragmented genetic system. The alien scale insect Icerya purchasi was reported to

attack M. citrina at Columbretes islands (Juan 2002) which suffer from the com-

bined effect of multiple alien herbivores (European rabbits, Oryctolagus cuniculus;
black rats, Rattus rattus; and house mouse, Mus musculus) in all four different life

stages (Traveset et al. 2009; Latorre et al. 2013).

Many invasive alien species are present since a long time in most of the PAMIs

(Table 18.4) such as, for example, Acacia spp., Agave spp., Ailanthus altissima (tree

of heaven), Amaranthus spp., Cotula coronopifolia (brass buttons), Nicotiana glauca
(tree tobacco), Opuntia spp., Oxalis pes-caprae (Bermuda buttercup), Ricinus

Table 18.3 Twelve endemic and critically endangered Mediterranean plants from the IUCN ‘Top

50 Mediterranean Island Plant’ list, which are threatened by alien plant invasions (according to de

Montmollin and Strahm 2005)

Endemic species Island//PAMIs Invasive alien plants

Anchusa crispa Sardinia (Italy), Corsica (France)

(SCIs)

Carpobrotus spp.

Abies nebrodensis Sicily NP (Italy) Alien fir

Apium bermejoi Minorca SCI (Spain) Carpobrotus edulis

Calendula maritima Sicily SCI (Italy) Carpobrotus edulis

Centaurea
gymnocarpa

Capraia – Tuscan Archipelago

NP (Italy)

Carpobrotus acinaciformis, Senecio
angulatus

Centranthus
trinervis

Corsica (France) Centranthus ruber, Cortaderia selloana

Cheirolophus
crassifolius

Gozo and Malta Agave americana, Carpobrotus edulis,
Opuntia ficus-indica

Cremnophyton
lanfrancoi

Gozo and Malta Agave americana, Carpobrotus edulis,
Opuntia ficus-indica

Helichrysum
melitense

Gozo Agave americana, Carpobrotus edulis,
Opuntia ficus-indica

Medicago citrina Columbretes (Spain) Cuscuta sp., Opuntia maxima

Silene hicesiae Aeolian islands (Italy) Ailanthus altissima

Viola ucriana Sicily (Italy) Alien conifers (plantations)

SCI Site of Community Interest according to Directive 92/43/EEC, NP National Park
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Table 18.4 Key invasive alien plant species in the Mediterranean island protected areas and their

main impacts on biodiversity (I1), agriculture and forestry (I2) and other sectors (I3), according to

the definitions of the EPPO prioritisation method (Brunel et al. 2010a, b)

Species I1 I2 I3 References for impacts on PAMIs

Acacia spp. H L Na Hadjikyriakou and Hadjisterkoti (2002), Cardinale et al. (2008),

Le Maitre et al. (2011), and Wilson et al. 2011

Agave spp. H Ns Na Camarda et al. (2004) and Lambdon et al. (2008a, b)

Akebia quinata H Na Na Brunel et al. (2010b)

Ailanthus
altissima

H M Y Vilà et al. (2006), Traveset et al. (2008a), and Jeanmonod

et al. (2011)

Alternanthera
philoxeriodes

H M Y Brunel et al. (2010b)

Amaranthus spp. L H Y Brundu et al. (2003, 2004) and Camarda et al. (2004)

Ambrosia
artemisiifolia

L H Y Brunel et al. (2010b)

Aptenia cordifolia M Ns Na Brundu et al. (2003, 2004) and Camarda et al. (2004)

Araujia sericifera M M Y Brunel et al. (2010b)

Baccharis
halimifolia

H L Y Brunel et al. (2010b)

Carpobrotus
acinaciformis

H L Ns Vilà et al. (2006, 2010)

Carpobrotus
edulis

H L Ns de Montmollin and Strahm (2005), Vilà et al. (2006), and

Jeanmonod et al. (2011)

Cabomba
caroliniana

H L Na Brunel et al. (2010b)

Cortaderia
selloana

H L Y Brunel et al. (2010b) and Jeanmonod et al. (2011)

Cotula
coronopifolia

M L Ns Biondi and Bagella (2005) and Paradis et al. (2006)

Delairea odorata M Na Y Brunel et al. (2010b)

Eichhornia
crassipes

H H Y Brunel et al. (2010b)

Eucalyptus spp. H Ns Ns Brundu et al. (2003, 2004) and Dı́ez (2005)

Fallopia
baldschuanica

M Na Na Brunel et al. (2010b)

Gomphocarpus
fruticosus

H L Y Brundu et al. (2003, 2004) and Jeanmonod et al. (2011)

Hakea sericea H Na Y Brunel et al. (2010b)

Humulus
japonicus

H Na Y Brunel et al. (2010b)

Hydrilla
verticillata

H L Y Brunel et al. (2010b)

Ludwigia
grandiflora

H H Y Brunel et al. (2010b)

Ludwigia
peploides

H H Y Brunel et al. (2010b) and Jeanmonod and Schlüssel (2010)

Microstegium
vimineum

H Na Na Brunel et al. (2010b)

Myriophyllum
heterophyllum

H H Na Brunel et al. (2010b)

(continued)
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communis (castor oil plant), Senecio spp., Solanum spp. Their distribution and

impacts can be found in specific literature and floras, e.g. in Camarda et al. (2004)

for Sardinian national parks, in Pretto et al. (2012), for a set of small Italian islands,

including several PAMIs. In Table 18.4 the value for I1 (impact on biodiversity)

addresses the potential for that alien to induce long term population loss affecting rare

and threatened species and to cause serious habitat or ecosystem effects that are

difficult to reverse and it is ranked as high, medium, low according to the definitions

in Brunel et al. (2010a, b). For example, a high impact on biodiversity is reported for

those invasive aliens that colonise habitats that have a value for nature conservation

where it forms large, dense and persistent populations. For example, Eichhornia
crassipes (water hyacinth) and Ludwigia grandiflora (water primrose) in water bodies

and Carpobrotus spp. in dune ecosystems.

Acacia species are among the most serious plant invaders worldwide (e.g. Kull

et al. 2011; Le Maitre et al. 2011; Wilson et al. 2011). They have been initially

introduced in Mediterranean islands to stabilise sand dunes and as ornamental and

are now very common in PAMIs. In the invaded areas they decrease native plant

diversity (Marchante et al. 2003), significantly alter soil properties and impact

water cycling. Nevertheless, there are also indirect unexpected effects of the

introduction of Acacia spp. in PAMIs. Symbiotic rhizobia isolated from seven

Table 18.4 (continued)

Species I1 I2 I3 References for impacts on PAMIs

Nassella spp. M M Na Brunel et al. (2010b) and Bourdôt et al. (2012)

Nicotiana glauca H L Y Bogdanovic et al. (2006)

Opuntia spp. H L Y Vilà et al. (2003), Camarda et al. (2004), Monteiro et al. (2005),

and Bartomeus et al. (2008)

Oxalis pes-caprae M H Y Moragues and Rita (2005), Vilà et al. (2006), and Caldarella

et al. (2010)

Paspalum
paspaloides

H M Na Camarda et al. (2004) and Fraga i Arguimbau (2008)

Paspalum
dilatatum

H M Na Brundu et al. (2003, 2004)

Pennisetum
setaceum

H L Na Moragues and Rita (2005), Brunel et al. (2010b), Caldarella

et al. (2010), and Pasta et al. (2010)

Pistia stratiotes H M Y Brunel et al. (2010b)

Salvinia molesta H L Y Paradis and Miniconi (2011)

Senecio
inaequidens

M M Y Brundu et al. (2003, 2004)

Sesbania punicea M L Y Brunel et al. (2010b) and Jeanmonod et al. (2011)

Solanum
elaeagnifolium

M H Y Pavletić et al. (1978), Tscheulin et al. (2009), and Brunel

et al. (2010b)

Solanum spp. H H Y Camarda et al. (2004)

Verbesina
encelioides

M M Na Brunel et al. (2010b)

L low impact, M medium impact, H high impact, Y impacts recorded also for other sectors, Na no

available information on impacts, Ns not significant impact
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wild legume shrubs native of Sicily (Genista spp.) were identified as being of

tropical and Australian origin and their presence in Sicily and some neighbouring

islands could be explained by the introduction of Australian native Acacia spp. into
the Mediterranean basin (Cardinale et al. 2008). A similar case is reported

for Eucalyptus spp., very common tree species in many PAMIs, even if the effects

of the introduction of alien root-symbiotic fungi together with Eucalypts have

received little attention but have been demonstrated by Dı́ez (2005) for Eucalyptus
camaldulensis (river red gum) and E. globulus (Tasmanian blue gum), i.e. the most

common species in PAMIs.

Prickly pear cacti (Opuntia spp.) are one of the most well-known examples of a

plant genus that has invaded a variety of habitats around the world (Cronk and

Fuller 1995). In Mediterranean islands and PAMIs, Opuntia spp., notably Opuntia
ficus-indica (prickly pear), Opuntia stricta var. dillenii (erect prickly pear),

Austrocylindropuntia cylindrica (¼ O. cylindrica) (cane cactus), and O. maxima
have been used for fruit consumption, livestock foraging, fencing and as ornamen-

tals. In the past,Opuntia spp. were also used for the production of a red dye that was
obtained from the cochineal insect which infested the plants. Vegetative reproduc-

tion is common, with cladodes breaking off and rooting, usually near the parental

ramet, often forming conspicuous patches (Vilà et al. 2003). Sexual reproduction is

also very important for mid- to long-distance dispersal, which is facilitated by

animals that consume their fruits. In some cases, disperser may also be alien rodents

introduced into the PAMIs (Traveset et al. 2009; Padrón et al. 2011). Invasion by

Opuntia spp. is also considered an example in which a single plant species poses an

opportunity for a novel ecosystem to develop because the invader has functional

traits qualitatively different from the other colonising native species (Vilà

et al. 2003; Monteiro et al. 2005). Furthermore Opuntia spp. might also compete

for pollinators with native species (Bartomeus et al. 2008).

Nicotiana glauca is a woody invader generally found in open and disturbed

areas, including wastelands, roadsides and archaeological sites. Extensive stands

may be found for lengthy periods on stream floodplains and temporary river beds.

Studies have demonstrated that N. glauca is highly toxic to humans and animals,

and is usually avoided as it is unpalatable. However, during severe drought, when

food resources are scarce, livestock may consume the plant and die as the plant

contains the alkaloid anabasine, which is considerably more toxic than nicotine

(Florentine and Westbrooke 2005).

Eichhornia crassipes, Salvinia molesta (floating water fern) and Pistia stratiotes
(water lettuce) have spread throughout the world’s waterways as a result of anthro-

pogenic activities. With the potential to double in biomass in a few days or weeks

and the ability to spread easily due to their free-floating vegetative form, these

species can successfully colonise new habitats, form dense mats along shorelines

and displace native vegetation. In doing so, they affect ecological processes within

rivers and lakes, often decreasing biodiversity. Many native hydrophyte and

helophyte species are found in permanent and temporary freshwater ecosystems

in PAMIs and are threatened with extinction at a regional level (Dudgeon

et al. 2006; Villamagna and Murphy 2010; Hussner 2012). Temporary ponds in
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the Mediterranean are priority conservation habitats under the European Union

Habitats Directive, but those of natural origin are scarce as many of them have been

destroyed or transformed into permanent waters. An annual plant, Cotula
coronopifolia, can build up dense populations that crowds out native vegetation

in these habitats (Biondi and Bagella 2005; Paradis et al. 2006).

A major step in tackling invasive alien plants consists of identifying those species

that represent a future threat to managed and unmanaged habitats in PAMIs. The

European and Mediterranean Plant Protection Organisation (EPPO) reviews and

organises data on alien plants in order to build an early warning system (Brunel

et al. 2010a, b). During a series of dedicated workshops, the EPPO prioritisation

system (Brunel et al. 2010a) has been applied to the Mediterranean basin. Surveys

and rapid assessments of spread and impact have allowed identification of the

following emerging invasive alien plants: Alternanthera philoxeroides (alligator

weed), Ambrosia artemisiifolia (common ragweed), Baccharis halimifolia (saltbush),
Cortaderia selloana (pampas grass), Eichhornia crassipes, Fallopia baldschuanica
(Russian vine), Hakea sericea (silky hakea), Humulus japonicus (Japanese hop),

Ludwigia grandiflora and L. peploides (creeping water primrose), Hydrilla
verticillata (hydrilla), Microstegium vimineum (Japanese stiltgrass), Myriophyllum
heterophyllum (twoleaf watermilfoil), Pennisetum setaceum (fountain grass), Pistia
stratiotes, Salvinia molesta and Solanum elaeagnifolium (silverleaf nightshade)

(Table 18.4). These species should represent priorities for action. Some other species

are placed on the observation list, as available information does not allow them to be

included among the worst threats: Akebia quinata (five-leaf akebia), Araujia
sericifera (moth plant), Delairea odorata (cape ivy), Cabomba caroliniana (Carolina
fanwort), Nassella neesiana (Chilean needle grass), N. tenuissima (Mexican feather

grass) and N. trichotoma (serrated tussock), Sesbania punicea (rattlebox) and

Verbesina encelioides (golden crownbeard).

Researches and botanical surveys conducted as part of the “Mediterranean Small

Islands Initiative” (PIM, http://www.initiative-pim.org/) are providing a useful

source for the presence of alien plant species on PAMIs that were poorly studied

in the past. For example, Pavon and Véla (2011) recently recorded Conyza flori-
bunda (tropical horseweed) on Tunisian islands, while the taxon was not recorded

in previous expeditions (Bocchieri and Mossa 1985). In the framework of the PIM

initiative, the flora of the nature reserve of Habibas (NW Algeria) was studied by

Véla et al. (2001). The Authors highlight the presence of several non-native species

including Carpobrotus sp., Oxalis pes-caprae and Opuntia sp.

18.5 Pathways for Invasive Plant Introduction in Protected

Areas on Mediterranean Islands

Mediterranean islands often have a high human population density, a dense road

network, high ports/harbours and airports per capita (or per area), large dependence

on imports and a high flux of humans across their borders, especially through
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tourism (Hulme et al. 2008b). These attributes are also generally present in PAMIs,

in fact, many of them are leading tourist destinations, especially during the summer

season. All these attributes strongly facilitate the introduction of alien species as

contaminants of trade and/or hitchhikers on transport vectors, from the mainland to

the islands, from the island to the PAMI, between different islands and PAMIs. Yet

even with the increased opportunities for accidental introductions, the majority of

naturalised species arise from intentional introductions that have subsequently

escaped from gardens, agriculture or forestry and botanical gardens (Hulme

et al. 2008b and references cited therein). The use of alien species in farming,

forestry and for recreational purposes has increased in the Mediterranean since the

middle of the twentieth century (e.g. Naveh 1975). In many cases, especially in the

past, PAMIs have not received dedicated forestry policies, so that large areas have

been planted with alien Acacia, Eucalyptus and Pinus species, in some case even

with the purpose of promoting the recovery of native vegetation. Carpobrotus spp.
have often been used to stabilise sand dunes, and associated with the planting of

Acacia and Pinus species. Escapes of ornamental plants represent the largest single

source of naturalised alien species. Almost half of all plant introductions to Med-

iterranean islands stem from the increasing popularity of gardens and landscaping

associated with tourist developments and housing and gardens estate. It therefore

follows that this is likely to be a major source of naturalised species (de Montmollin

and Strahm 2005; Hulme et al. 2008a, b and references cited therein).

Bird activities have several direct and indirect effects on vegetation. First, there are

a number of physical effects, such as trampling, sitting, digging, and uprooting, and

second, the chemical effects due to guanomanure and increasing nitrogen, phosphorus

and potassium compounds. Moreover, the degradation of the vegetation and the

creation of stripped areas favour erosive phenomena on nesting sites, particularly

under a Mediterranean bioclimate with violent rainfalls (Vidal et al. 1998 and refer-

ences cited therein). Therefore species such as the yellow-legged gull, which is

extremely abundant in many PAMIs (e.g. more than 15,000 pairs in the Tuscany

archipelago), can promote the spread of Carpobrotus spp. and other alien taxa.
A great variety of taxa, including reptiles, birds and mammals actively partici-

pate in the seed dispersal of Opuntia spp. (O. maxima, O. stricta var dilleni).
Phenology of Opuntia fruits in Minorca and Tenerife overlaps with only a few

native fleshy-fruited plants present in the area, providing an advantage for the

invader. Opuntia spp. are further integrated into native communities by means of

mutualistic interactions, with both native and alien dispersers (Padrón et al. 2011).

Exogenous drivers, such as the European Union Common Agricultural Policy

(CAP) and tourism (Ioannides et al. 2001) have also considerably impacted the

composition and dynamics of many of the Mediterranean island landscapes, for-

estry and agriculture activities, especially on larger islands (Tzanopoulos and

Vogiatzakis 2011), often directly promoting specific land-use changes and intro-

duction or re-introduction of plant species. The Mediterranean region as a whole

has one of the lowest levels of protection of the five Mediterranean regions of the

world (Karka et al. 2009) and land conversion exceeds protection by a factor of

8:2 (Underwood et al. 2009; Cox and Underwood 2011). On larger islands such as
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Sicily, Sardinia and Crete, investments in irrigation were made and intensive

agriculture is now present (Vogiatzakis et al. 2008), thus potentially representing

an important pathway that may affect PAs on these islands. On the smaller islands

however, agricultural decline is widespread (Petanidou et al. 2008) and this may

also promote the spread of certain taxa (e.g. A. altissima in abandoned olive groves)
to PAMIs. The small island of Ustica, a nature reserve in the north of Sicily (Italy)

has been investigated for its plant genetic resources in 1997. A checklist of the agri-

and horticultural crop plants comprises more than 110 species, including several

alien taxa, e.g. Acacia saligna (Port Jackson willow), (Hammer et al. 1999).

In larger islands some pathways may be similar to those already well described

for the mainland (e.g. see Hulme et al. 2008a, b; Hulme 2009), including the

presence of Botanical Gardens, arboreta, acclimatisation gardens (Hulme 2011).

For example, the Sóller Botanic Garden (Serra de Tramuntana, Mallorca, Balearic

Islands) has an important collection of species of the Balearic Islands, consisting of

about 308 endemic (rare or endangered taxa) but also species of the flora of other

Mediterranean islands, i.e. Corsica, Sardinia, Sicily, Malta, Crete and Cyprus.

Another important botanical garden is located in the island of Lokrum (Croatia).

The purpose of the garden was to investigate the introduction and adaptation of

tropical and sub-tropical plants, especially those important for forestry, horticulture

and pharmaceutical purposes. Seeds were obtained from other botanical gardens

around the world on an exchange basis. Attention focused mostly on trees and

shrubs from similar world climates, such as: central Chile, southern and eastern

Australia, central and southern coastal California and the south-western Cape

region of South Africa (www.imp-du.com).

18.6 Eradication and Management of Invasive Plants

in PAMIs: A Sisyphean Task?

Ideally, each PAMIs’ management plan should have an invasive alien plant strategy

as a part of their general management plan. In order to abate the threat of invasive

alien plants, the major strategies that should be included are to (i) inventory the

islands alien flora, list the species and the pathways; (ii) assess invasive species

threats (existing and potential); (iii) prevent new introductions and further spread of

established invaders (for example in other islands of the same archipelago);

(iv) control high priority species and pathways in priority habitats or ecosystems;

(v) restore/rehabilitate native species and communities in high priority sites (e.g. Tu

2009); (vi) implement an early detection and rapid response approach and contin-

gency plans for possible outbreaks.

To avoid negative impacts from invasive alien species in PAMIs it is best to

prevent their entry. Yet it is unrealistic to expect exclusion measures to be 100 %

effective and policies for preventing invasions must include monitoring and control

measures. Furthermore, many alien plant species have been deliberately introduced
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in the PAMIs before they were declared, and in some cases also after being

declared, for example, as a result of unwise forestry policies.

Recognising that resources for managing invasive alien plants threats on PAMIs

are limited, it is essential to set priorities, identifying those species or populations

and those PAMIs that are of highest priority for active management. PAMIs could

be ranked according to their conservation value in several ways, e.g. identifying

critically endangered species (birds, reptiles, amphibians and mammals breeding on

islands, native and endemic plant species, etc.) according to IUCN or other

methods. Other important elements for setting priorities for invaders and PAMIs

is the feasibility of the control actions, the ‘conservation gain’, the possibility to

disrupt processes of ‘invasional meltdown’, legislative obligations, the possibility

of minimising disturbance to other species, the cost of eradication, the possibility to

control pathways responsible for unwanted re-introduction (including the risk

related to the presence of the visitors), the island size and topography, the distance

from the mainland and/or form other islands in the same archipelago, the possible

synergies with climate change that will likely radically change both land use and

threats from alien plants in the coming decades in PAMIs. On larger Mediterranean

islands where several PAMIs are present (see Table 18.2) it is also necessary to set

priorities between PAs and invasive species within the same island. There is no

standard method for prioritising alien plants, or control actions and eradication on

islands (or PAMIs), as to date most of the studies on island prioritisation have been

done on alien vertebrates, both at regional and global scale (e.g. Robertson and

Gemmell 2004; Capizzi et al. 2010; Harris et al. 2011).

The management of plant invasions in general requires a level of public aware-

ness and support, in particular when there are conflicts of interest (Andreu

et al. 2009). For example, Acacia spp., were largely introduced into many

PAMIs, have many beneficial uses (Griffin et al. 2011). They are often seen as a

precious resource that is central to many rural livelihoods by providing fuel wood,

food, fodder, and shelter (Kull et al. 2011; Wilson et al. 2011).

In 1992, the European Union approved the LIFE programme and many LIFE
Nature projects were funded with the aim of implementing actions to preserve natural

habitats, flora, and wildlife protected under the Birds Directive and the Habitat

Directive. These actions are mostly carried out within the Natura 2000 Network

(Table 18.1), which in many cases protects entire islands or significant portions

of islands and guarantees the conservation of many threatened and declining species

and habitats. Out of a total of 715 LIFE Nature projects financed from 1992 to 2002,

14 % included actions addressed at alien species (European Commission 2004).

Nevertheless, as already indicated by Genovesi (2005) for Europe in general, only

localised removal of alien plants have been achieved in PAMIs to date.

In 2001 the eradication of Carpobrotus spp. started in Minorca island (Spain),

funded by a LIFE Nature project, with the purpose of removing Carpobrotus spp.
from all Sites of Community Interest. The intervention also included the control and

removal of Carpobrotus spp. in private and public gardens. Action to monitor and

or locally control Carpobrotus spp. have been achieved, or are in progress, in

PAMIs located in Italy (e.g. Sardinia and Montecristo island in Tuscany), France
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(e.g. Port-Cros National Park; Archipel de Riou Nature Reserve; ı̂le Lavezzu and ı̂le

Mezzu Mare in the archipelago ı̂les Sanguinaires in Corsica, see Paradis et al. 2008)

and Malta. According to the 4th National Report to the CBD (MEPA 2004)

Carpobrotus was successfully eradicated from Ir-Ramla tat-Torri (northern coast

of the island of Malta) and Ir-Ramla l-Ħamra (along the northern coast of the island
of Gozo). LIFE Nature projects are also funding the eradication of Ailanthus
altissima from Montecristo island in Italy (2010–2014) and control of Acacia
saligna in Cyprus (Conservation Management in Natura 2000 sites in Cyprus).

A. saligna is considered a serious threat to the habitat of the salt lake of Larnaca, so
that it was planned to remove a number of such plants from the area.

On the Italian island Isola delle Femmine (Nature reserve) Opuntia stricta and

Solanum sodomaeum (apple of Sodom) have been locally eradicated by hand

removal, while Ailanthus altissima was removed by hand removal and herbicide

applications (Genovesi and Carnevali 2011). Nevertheless the flora of Isola delle

Femmine it is still rich of alien taxa, including Oxalis pes-caprae and Pennisetum
setaceum that are considered highly invasive on the island (Caldarella et al. 2010)

and undoubtfully of more difficult control.

In Malta, according to a national report (MEPA 2004) a number of invasive

species are being earmarked from removal from a number of PAs. Preliminary

efforts have been undertaken, or are on-going, and are aimed at controlling the

spread in the Maltese Islands of Carpobrotus edulis from sand dunes, Arundo donax
and Vitis vinifera (common grape vine) from Ir-Ramla l-Ħamra, A. saligna from

Għajn Tuffieħa (western coast of the island of Malta), Agave spp. from Rdum

tal-Madonna. Other species being active managed on Malta are Ricinus communis
and various Opuntia spp.

Unfortunately however, many PAMIs belongs to countries that do not yet have a

national strategy on biological invasions, thus control efforts against invasive plants

are not always accompanied by relevant measures to prevent further introductions.

18.7 Conclusions

Most of the PAMIs hold a unique level of biodiversity and are very sensitive to all

human-generated environmental changes, including their synergies. Many invasive

alien plants represent a serious threat for nature conservation in PAMIs, as they

out-compete several endangered native plants. Nevertheless, information on

PAMIs is included in country level statistics and is not specific to Mediterranean

islands and PAMIs. In addition, international databases, European and international

legislation do not often distinguish PAMIs from other PAs. There are also gaps in

the knowledge on the presence of invasive alien plants in PAMIs as not all of them

have been investigated at the same level of detail. This is a serious hindrance for

management at an international level and specific policies and strategies, including

a dedicated definition of priorities, are urgently needed.
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Iñigo, Isabelle Mandon, Pietro Mazzola, Frederic Mèdail, Eva Moragues, Daniel Pavon, Francesca
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Chapter 19

Threats to Paradise? Plant Invasions

in Protected Areas of the Western Indian

Ocean Islands

Stéphane Baret, Cláudia Baider, Christoph Kueffer, Llewellyn C. Foxcroft,

and Erwann Lagabrielle

Abstract The islands of the Western Indian Ocean are well known for their unique

biodiversity. However, much of the native habitat has been destroyed and the

remainder is threatened by invasive alien species. In this review we assessed the

different protected area systems, synthesised the history of invasive alien plants and

actions against them, and compared contrasting approaches in habitat management

across the different island groups. Of the total terrestrial area of the Western Indian

Ocean Islands, a third is under formal protection (defined as all six IUCN categories
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e-mail: stephane.baret@reunion-parcnational.fr

C. Baider

The Mauritius Herbarium, Agricultural Services, (ex MSIRI-MCIA),

Ministry of Agro-Industry and Food Security, Réduit, Mauritius
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La Réunion, France

e-mail: erwann.lagabrielle@ird.fr

L.C. Foxcroft et al. (eds.), Plant Invasions in Protected Areas: Patterns, Problems
and Challenges, Invading Nature - Springer Series in Invasion Ecology 7,

DOI 10.1007/978-94-007-7750-7_19, © Springer Science+Business Media Dordrecht 2013

423

mailto:stephane.baret@reunion-parcnational.fr
mailto:clbaider@gmail.com
mailto:christoph.kueffer@env.ethz.ch
mailto:Llewellyn.foxcroft@sanparks.org
mailto:erwann.lagabrielle@ird.fr


of protected areas), with the proportion of protected areas and conservation status

differing substantially between the islands. The awareness of the problems related

to protected areas and specific invasive alien plant control actions, and which are

supported by official government strategic documents, are further developed in

Mauritius-Rodrigues, La Réunion, and Seychelles, but are still to be developed for

the Comoros archipelago. We discuss the different approaches to management

across the islands, the varying habitat types, fragmentation and degree of invasion.

Invaded habitats are being managed by a range of approaches, including restora-

tion, re-creation or inclusion as a novel ecosystem. We conclude by suggesting

improvements in the protected area system in the Western Indian Ocean Islands,

including priority actions that are necessary to prevent further invasion and control

of invasive alien species already in the region.

Keywords Biodiversity hotspot • Endangered species • Novel ecosystem • Oceanic

island • Tropical forest

19.1 Introduction

Together with Madagascar, the Western Indian Ocean Islands (WIOI) are regarded

as one of 34 global biodiversity hotspots (Myers et al. 2000; Mittermeier

et al. 2004) and are well known for their unique biodiversity and high endemic

species richness (Kier et al. 2009; Thébaud et al. 2009; Baider et al. 2010; Strijk

2010). Unfortunately, the islands are also known for their widespread loss of native

habitat (Vaughan and Wiehe 1937; Strasberg et al. 2005; Caujapé-Castells

et al. 2010), and the high extinction rates of both animal and plant species (Cheke

and Hume 2008). One of the most important threats to the biodiversity of the

region’s islands is the invasion and widespread habitat transformation by invasive

alien plants (IAPs) (Kueffer et al. 2004; Caujapé-Castells et al. 2010; Kueffer

et al. 2010a). Further habitat destruction has been halted on most islands, with,

unfortunately, the exception of the Comoros archipelago (Louette et al. 2004). In

order to halt further biodiversity loss in the region, it is critical to protect the

remaining areas of native habitat, control IAPs, and where possible, restore habitat.

To safeguard global biodiversity and thereby work towards fulfilling the obli-

gations of the Convention on Biological Diversity (CBD 1983), numerous countries

have set up different systems of protected areas (PAs), with various level of

protection and different types of management. However, on most oceanic islands

especially, the creation of protected areas alone is not sufficient to maintain the

diversity of uniquely evolved species, as even within protected areas active con-

servation management is required against the threats posed by IAS (Kueffer

et al. 2004; Baret et al. 2006; Macdonald 2010). Because of their uniqueness –

islands of different geological origin and ages, with rich biodiversity and with

different political systems, land use history and historical dynamics of species

invasion – the WIOI provide an excellent opportunity to (i) analyse the different

terrestrial protected areas systems in place, (ii) compare the history and status of
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invasive alien plant management and (iii) learn from the unique approaches and

effectiveness of habitat management and restoration across the islands. We discuss

six case studies: (i) La Réunion, (ii) Seychelles, (iii) Mauritius, (iv) Rodrigues,

(v) Mayotte and (vi) Comoros.

19.2 The Western Indian Ocean Islands

The Western Indian Ocean Islands include six islands or groups of islands

(Fig. 19.1, Table 19.1). The Comoros archipelago is comprised of Grande Comore

(1,148 km2), Anjouan (424 km2) and Mohéli (290 km2), forming the Union of the

Comoros. The fourth island of the Comoros archipelago is Mayotte, which is

French territory. Because of their difference in sovereignty, which affects the PA

system and their management, the Comoros (1,862 km2) and Mayotte (363 km2) are

discussed further as separate island groups.

The Mascarenes are formed by the islands of La Réunion (2,512 km2), Mauritius

(1,865 km2) and Rodrigues (109 km2). Similar to the Comoros archipelago, La

Réunion is also French territory, while Mauritius and Rodrigues are part of the same

independent country. However, Mauritius and Rodrigues are also discussed sepa-

rately because of their different colonisation histories, which resulted in varied

approaches to PAs and management of invasive alien plants.

The Republic of Seychelles (455 km2) encompasses two types of islands with

different geological origin, comprising about 70 coralline and 40 granitic islands

(continental fragments that formed part of the Gondwana supercontinent and

became fully isolated about 65 million years ago). Where not specified otherwise,

we restrict our discussions to the inner (granitic and main populated) islands.

19.3 Protected Area and Conservation Status of the

Western Indian Ocean Islands

Islands are the ecosystems that have been most severely affected by invasions of

alien species globally (Reaser et al. 2007). In order to provide context within which

to discuss the invasion of alien species and current management approaches, a

description of the status of PAs and conservation in theWIOI is necessary. As many

different PA systems are used across the islands, we used the IUCN categories (see

Dudley 2008 for the full definitions) in our discussion. We only included formally

declared terrestrial PAs, including the terrestrial sections of marine protected areas,

in the analysis.

When classified according to the six IUCN categories, a large proportion

(32.9 %, Table 19.2) of the total terrestrial surface area of the WIOI is currently

under protection (Table 19.3). About 20.3 % of the total land mass has been given
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high protection status (falling within the upper four IUCN PA categories). These

areas are either currently undergoing invasive alien plant management, or are in the

planning phases (Table 19.2). However, the size of the PAs across the islands varies

considerably. The largest formally protected areas are on La Réunion (1,039.6 km2

Fig. 19.1 Distribution of the Western Indian Ocean Islands. (a) the WIOI in relation to Africa,

(b) the main islands of the Comoros archipelago, (c) Seychelles, (d) Mauritius and (e) Réunion

Table 19.1 Salient features of the Western Indian Ocean Islands

Native remnant vegetation cover

Land Area (km2) Inhabitants Summit (m) Land area (km2) Land area (%)

Comorosa 1,862 584,400 2361 335,2/372,4 18,0/20,0

Réunion 2,512 820,000 3070 999,8/1313,8 39,8/52,3

Mauritius 1,865 1,288,684 828 29,8/93,3 1,6/5

Mayotte 363 252,425 660 18,2 5,0

Rodrigues 109 38,039 398 0,6/1,1 0,5/1

Seychellesb 455240 82,24782,000 906 4,6/45,5 1,0/10

TOTAL 7,167 3,065,795 – 1388,0/1844,2 19,4/25,7

Native vegetation cover (forest with at least 50 % canopy cover of natives: intact and lightly or

moderately invaded, in index including: highly invaded or novel ecosystems, when it is known)
aData for the Comoros was estimated because different sources have confirmed that native habitat

continues to be exploited
bIncluding outer coralline and granitic inner islands. In the columns ‘land area’ and ‘inhabitants’

index gives separate data for granitic inner islands
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or 41.4 % of the island), and in the Seychelles (>59 % or 271.5 km2, for both

coralline and granitic islands). In La Réunion, most of the intact habitats and

threatened plant species are found within PAs (about 41 % of the land area of the

island). Only the Seychelles include PAs with the highest level of protection (IUCN

category Ia; 209 km2, 45.9 %). There are three national parks in the inner (granitic

and main inhabited) Seychelles island group. If the Aldabra atoll UNESCO World

Heritage Site is added to the above PA system, about 75 % of the land area of

the Republic of Seychelles is formally protected. Significantly lower, PAs in

Mauritius and Mayotte total only 87.9 km2 (4.7 %) and 41.8 km2 (11.5 %) respec-

tively. Comoros (16.4 km2, 0.9 %) and Rodrigues (0.7 km2, 0.6 %) have the least

area protected.

19.4 Invasion History and Management of Invasive

Alien Plants

19.4.1 La Réunion

La Réunion was colonised by the French in 1642 and has remained under French

administration. Awareness of the impact of the invasive species dates back to the

end of the nineteenth century, with the botanist Cordemoy already concerned about

the proliferation of Rubus alceifolius (giant bramble; Cordemoy 1895). Driven by

scientists at the beginning of the 1980s (Cadet 1977; Lavergne 1978), and later by

decision-makers and administrators, a strong political desire to control invasive

alien plants began to emerge. Due to this commitment, and with the support of

many stakeholders, for example scientists, consultants, the Regional and General

Councils, the Forest Department (Office National des Forêts, ONF and Conserva-

toire d’Espaces Naturels, CEN-GCEIP) and the local ministry of environment

(DIREN, now DEAL), both invasive alien species control and awareness cam-

paigns were launched. The first comprehensive assessment of the extent of the

invasive alien plant problem in La Réunion was conducted in 1989, forming the

Table 19.2 Sum of land

areas (km2 and %) according

to IUCN categories I to IV

(heavily protected or with

IAP control on-going); and

from category I to VI,

including indigenous

plantations and novel

ecosystems

I + II + III + IV I to VI

(km2) % (km2) %

Comoros 16,4 0,9 16,4 0,9

Réunion 1039,6 41,4 1937,2 77,1

Mauritius 87,9 4,7 87,9 4,7

Mayotte 41,8 11,5 41,8 11,5

Rodrigues 0,7 0,6 0,7 0,6

Seychellesa 271,5 59,7 272,5 59,9

WIOI total 1457,9 20,3 2356,5 32,9
aIncluding coralline and granitic islands
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basis for the first official management strategy (Macdonald 1989; Macdonald

et al. 1991).

Invasive alien plant control programmes were, and continue to be, supported by

collaborative research programmes undertaken by the University of La Réunion,

the Agronomical Research Centre (CIRAD) and the National Botanical Garden

(Conservatoire Botanique National de Mascarin, CBNM). These programmes con-

tributed through providing information on the scale of invasion, species involved

and their specific attributes (e.g. colonisation rates and reproductive strategies,

and other biological and ecological attributes), and their impact on ecosystems or

native species. In-depth scientific studies were conducted on various invasive

alien species, including R. alceifolius (Amsellem 2000; Amsellem et al. 2000,

2001, 2002; Baret 2002; Baret et al. 2003, 2004, 2007, 2008; Baret and Strasberg

2005; Le Bourgeois et al 2013), Ligustrum robustum subsp. walkeri (Sri Lankan
privet; Lavergne et al. 1999; Radjassegarane 1999; Lavergne 2000), Hedychium
flavescens (yellow ginger; Radjassegarane 1999) and Acacia mearnsii (black wat-

tle; Tassin 2002; Tassin and Balent 2004; Tassin et al. 2009).

At the same time, by ONF demonstrating the benefits and use of mechanical

and/or chemical control sites, invasive species removal was initiated and became a

major component of forest management. However, the lack of IAP control in all the

PA (areas too wide according to the limited number of employees and the too

slooping areas) but also on the surrounding private areas reduces the efficiency of

the management interventions.

Various local strategies, which partially integrate the management of IAP in La

Réunion have been produced such as ORF: (Orientations Régionales Forestières

2002) and ORGFH (Orientations Régionales de Gestion de la Faune Sauvage et de

ses Habitats; Salamolard 2002). Ecological restoration guidelines (Triolo 2005) and

the La Réunion Biodiversity Strategy (DIREN and ONCFS 2005) have also been

developed. A review and assessment of the management practices used by the ONF

(Hivert 2003), and the information on invasive plant management (Kueffer and

Lavergne 2004), were compiled nearly a decade ago, resulting in many ground-

level and in-depth syntheses. As from 2003, procedures for early detection and

rapid response to plant invasions were initiated by the ONF. In 2006, the local

environmental ministry created a technical group on biological invasions. The

French branch of the IUCN published an assessment on the current status of

invasive plant species, with recommendations for their management for La Réunion

and all other French overseas territories (Soubeyran 2008). A detailed management

plan for their control was created by a ‘watch unit’ (Salamolard et al. 2008).

The advancements of invasive plant control in La Réunion is partially a result of

increased global awareness of the problems caused by IAS, leading to increasing

on-the-ground efforts to control the spread of alien plant species within the French

State and its territories. The Grenelle law, adopted in 2009, declares the State

responsible for implementing management plans against both terrestrial and marine

IAS, in order to limit their establishment and spread and to reducing their negative

impacts. Thus, the local environmental ministry was instructed to produce an

invasive plants strategy for La Réunion, which was finalised in 2010 (Baret

et al. 2010).
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On La Réunion, most PAs are threatened by alien plant species (Baret

et al. 2006; Macdonald 2010). Therefore, control of invasive plants is essential,

and in some cases, habitat restoration is also necessary. These activities are mainly

implemented by the Forest Department. Even, in highly degraded ecosystems, some

native threatened plant species continue to persist, however in extreme cases, only a

few individual of endemic plants are known (which is also true for other WIOI).

Although at first these areas would be considered of low conservation value, their

restoration can serve as corridors between fragmented native habitats, and they are

essential for conservation of some species on the brink of extinction. For example,

in order to connect lowland to upland, a project called LIFE+ COREXERUN was

initiated to conserve semi-xerophilous forest by restoring 30 ha. Unfortunately,

these areas are often very steep and human access for management impossible, and

thus the preservation of linear corridors is difficult. Restoration of unused areas

(frequently abandoned land and now invaded), could connect natural areas through

the arrangement of patches in the shape of Japanese stepping stones. These areas

could be set up mainly outside PAs in order to limit further alien plant plantations,

but also to facilitate connectivity between natural habitat fragments. As about 30 %

of the land area of La Réunion is still relatively intact (Strasberg et al. 2005), control

of invasive plants is considered the most important conservation management

action. In some small areas, eradication of invasive plants is complemented with

active habitat restoration. In other small areas (outside PAs), maintaining planta-

tions of indigenous plants is also important. These have the dual objectives of

preserving both the natural and cultural heritage of the region. Indeed, the people of

Réunion have utilised the local flora for a range of needs (for example as medicinal

plants, for bee-keeping and wood harvesting). The sustainable use of plants under

controlled conditions will also limit the unsustainable, unmanaged harvest of plants

in PAs. This is already in place in La Réunion and the National Parks continue

working towards this aim.

19.4.2 The Seychelles

The Seychelles islands were not permanently settled until 1770, initially as a French

colony, but it was officially turned over to Britain in 1815. Since 1976 the

Seychelles have been an independent country. In the following, we summarise

the major historic phases of alien species introductions and management responses

based on Kueffer and Vos (2004), Beaver and Mougal (2009), and Kueffer

et al. (2013).

The early settlement phase was characterised by agriculture and forestry based

on a wide range of commodities, and almost complete deforestation of the islands.

As early as the 1820s, most of Mahé was cleared of its original forest, and by the

1870s the only native vegetation that remained was in small patches in inaccessible

mountain areas. Alien species formed the basis of subsistence and the economy.

Major invasive species introduced in this period include the spice and fruit trees
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Cinnamomum verum (cinnamon), Psidium cattleianum (strawberry guava) and

Syzygium jambos (rose apple), cats (Felis catus), black rat (Rattus rattus), the
common myna bird (Acridotheres tristis), and the giant African land snail

(Lissachatina fulica). Cinnamomum verum became the most widespread alien

plant species after colonising large parts of the deforested areas, and the black rat

became a major threat to the native fauna. Individual naturalists noted the problem

of widespread IAS in the nineteenth century already (cf. Gerlach 1993).

During the early British colonial era, in the first half of the twentieth century, the

presence of British consultants for agriculture and forestry shaped environmental

management. The colonial government promoted the re-afforestation of degraded

land with alien tree species, some of which later became invasive; especially

Falcataria moluccana (Moluccan albizia), and to some degree Chrysobalanus
icaco (cocoplum). With the opening of the international airport in 1971 and the

subsequent development of the tourism industry, which was strongly promoted by

the Seychelles government after independence in 1976, nature conservation,

already a concern among experts since the 1960s, rapidly increased in importance.
The government prepared the first National Environmental Management Plan in the

1980s, and by 1997, the country had produced its first National Biodiversity

Strategy and Action Plan, in response to the Convention on Biological Diversity

(Dogley 2010). The 1990s were also the time when invasive alien plant species

were recognised as a major conservation concern in Seychelles (Stoddart 1984;

Gerlach 1993; Carlstroem 1996; Fleischmann 1997). However, although awareness

of the problem increased, the increase in travel and transportation also led to many

new introductions of alien species. These include Clidemia hirta (Koster’s curse),

the ring-necked parakeet (Psittacula krameri), crested tree lizard (Calotes
versicolor), the spiralling whitefly (Aleurodicus dispersus), and a vascular wilt

pathogen (Verticillium calophylli), which affects the native coastal tree

Calophyllum inophyllum (takamaka).

Until very recently the planting of alien Acacia species including A. mangium
(black or hickory wattle), for erosion control after forest fires was still promoted.

Since the mid-1990s, the Ministry of Environment, together with the Swiss Federal

Institute of Technology (ETH) have collaborated through a long-term project to

investigate the biology and management options of plant invasions in Seychelles

(Kueffer 2006). The project documented baseline information (Kueffer and Vos

2004), distribution of invasive plants (Fleischmann 1997), functional ecology of

invasive trees (Kueffer et al. 2007, 2009; Schumacher et al. 2008, 2009), and

impacts on ecosystem processes of these trees (Kueffer et al. 2008; Kueffer

2010). This information was used to propose a habitat restoration strategy for

widespread C. verum dominated forests (Kueffer et al. 2010a, b). So far only

small scale pilot projects have been implemented, but two larger scale projects

aimed at IAP and habitat restoration have been funded for Inselberg (rocky outcrop)

vegetation on Mahé and the World Heritage Site Vallée de Mai and its surroundings

on Praslin (C. Kaiser-Bunbury, personal communication, 2012).

While awareness of the invasive species problem is high within the Seychelles

Government and the local population, capacity is lacking for implementing an
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effective biosecurity system and large-scale invasive plant control and habitat

restoration projects. There are however three main aspects that support, and provide

opportunities for invasive plant management: (i) only relatively few alien plant

species became widespread invaders, possibly because one alien plant, C. verum,
dominates most habitats and hinders invasion of other alien plants, or due to the

relatively recent increase in travel and transport in the 1970s, (ii) large alien animals

such as pigs (Sus scrofa), goats (Capra hircus), or deer (Cervus sp.) did not

establish in the wild on these small islands with a rugged topography, and (iii) on

small offshore islands eradication of invasive species, and habitat restoration is

feasible.

The most successful IAS control programmes in the Seychelles to date come

from work on small offshore islands of some 20–200 ha. These areas are managed

primarily for, or with high priority given to, nature conservation purposes (e.g.

Aride, Conception, Cousin, Cousine, Frégate, North). While some of these islands

are strict nature reserves, others support a luxury hotel, surrounded by land which is

managed as a natural area. Once the alien vegetation is replaced by restored native

vegetation, invasive plants are generally a relatively minor problem on these

islands, in contrast to invasive animals (especially rigorous prevention of the

reinvasion by alien mammals such as rats). Some species, including Cocos nucifera
(coconut) saplings, Carica papaya (papaya), and some creepers require manage-

ment (Kueffer and Vos 2004). On the populated main islands different pilot trials

of chemical or mechanical control of different alien plant and animal species

have been initiated, but no large-scale control or habitat rehabilitation effort

has been implemented yet. The implementation of an effective biosecurity system

on a national scale is currently being investigated through a project entitled

‘Mainstreaming prevention and control measures for invasive alien species into

trade, transport and travel across the production landscape’ and funded by GEF

through UNDP.

Strategies for invasive plant management are currently being developed for PAs

(Kueffer et al. 2013), including widespread species such as C. verum. On the main

island of Mahé, in the Morne Seychellois National Park, a novel forest ecosystem

dominated by alien C. verum has formed at mid elevations from ~400 to 600 m

a.s.l. Although these mid-elevation forests are dominated by alien trees, many

threatened native plant and animal species still occur in this habitat. Typically,

70–90 % of adult trees are C. verum, and consequently the eradication across large

areas is not a feasible management option. As an alternative, habitat management

strategies that allow for maintaining native biodiversity in C. verum-dominated

forests are being developed (Kueffer 2003; Kueffer et al. 2010a, b, 2013). It is

hoped that some characteristics of the novel forest ecosystem can be used as

opportunities for biodiversity conservation, while negative impacts are being mit-

igated. One novel factor of these forests that strongly shapes plant regeneration is

root competition by adult C. verum trees, which produce a dense root mat just below

the soil surface (Kueffer et al. 2007). While this can negatively affect native species

regeneration, it also appears that such strong belowground competition functions as

an effective barrier against the invasion by other alien plants such as P. cattleianum.
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Invasion by P. cattleianum is likely to be more problematic because they form very

dense aboveground thickets, thereby strongly suppressing native plants. Fruit

characteristics of C. verum are also novel (Kueffer et al. 2009). Cinnamomum
verum produces fruits that are high in protein and total energy content than those

of native species (Kueffer et al. 2009), and in combination with alien fruit trees

from nearby gardens and plantations, has probably contributed to the current high

population densities of endemic frugivorous birds and fruit-bats. This novelty may

mean that C. verum contributes to a high habitat quality for native frugivorous

animals, but also that C. verum competes with native plant species for seed

dispersal services and thereby negatively impacts native plant regeneration.

One current idea is that given these potential positive functions of C. verum it

might be possible to establish small patches of completely native vegetation stands

of a few meters in diameter in a matrix of C. verum forest (Kueffer et al. 2010a, b).

These stands can be established by either weeding remnant stands of mostly native

trees or by forming artificial gaps through the felling of a few C. verum trees and

replanting them with native plants. If such a management strategy, which aims to

establish and maintain small native-dominated vegetation patches in a matrix

dominated by C. verum, is successful, then this may help to overcome some of

the problems associated with a C. verum dominated landscape. These native

vegetation patches could for instance function as sources of native seed, which

may promote a scattered establishment of native species in the C. verum matrix

forest.

19.4.3 Mauritius

The island was intermittently colonised by small Dutch groups from 1638 to exploit

its natural wealth capital, especially black ebony (Diospyros tesselaria). At the
same time alien species of animal and plants were introduced, although a permanent

settlement did not start until 1722, when France took possession of the island.

Mauritius has a very well documented history, including precise dates of introduc-

tion of many species that would later become invasive; many of which are also

invasive across the other WIOI. For example, many of the worst invasive plant

species in Mauritius (e.g. P. cattleianum and Hiptage benghalensis, liane cerf),

were introduced through the Pamplemousses Botanical Garden, the first botanical

garden in the southern hemisphere (Cheke and Hume 2008). Within 370 years of

human presence on Mauritius, only 5 % of the original habitat has survived as

fragments in areas unsuitable for agriculture. Extinction rates of endemic species

varies from a ‘low’ of 10.9 % among angiosperms, to 44.4 and 58.8 % among land

snails and land birds respectively, while proportions of threatened endemics ranged

from 80 to 100 % (Griffiths and Florens 2006; Cheke and Hume 2008; Baider

et al. 2010). In 1766, probably some of the world’s earliest legislation for IAP

control was promulgated, followed in 1767 by legislation on re-afforestation

using native species, as well as creation of forest, mountain and river reserves.
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Similar laws, regulations and ordinances were issued during the next 200 years,

however due to the lack of enforcement Mauritius was to become one of the most

ecologically devastated areas globally. This resulted in Mauritius having amongst

the highest extinction rates and endangered species per area; earning it the very

symbol of human-induced species extinction, the dodo (Raphus cucullatus).
When Mauritius became a British colony in 1810, the rate of deforestation for

sugar cane plantations rose to unprecedented levels (Vaughan and Wiehe 1937).

The negative effect of this rapid deforestation coupled with the rapid spread of

invasive plants was an issue of substantial concern (Bouton 1838). The post-

introduction spread of invasive plants was documented as very rapid, taking as

little as 30 years for Rubus alceifolius to be considered a serious problem (Brouard

1963). Most of the country was under alien forest and scrub by 1870s (Thompson

1880). As from the 1900s plantations of Eucalyptus spp., Pinus spp., Cryptomeria
japonica (Japanese cedar), Casuarina equisetifolia (coast sheoak), and Ligustrum
robustum var. walkeri were established (Brouard 1963), with the latter species

becoming an important invader. In the 1950s, Camellia sinensis (tea) was intro-

duced as a cash crop (Brouard 1963), with some large areas of remaining native

forest destroyed. It was to persist for only a few decades as an important economic

activity, thereafter spreading into the native wet forests. At this time, a series of

small nature reserves representing different vegetation types, were created (Brouard

1963). The control of invasive plants in native forest remnants was pioneered in the

1930s (Vaughan and Wiehe 1937), when a small patch of wet forest was manually

weeded and fenced against large alien mammals such as Java deer (Cervus
timorensis) and feral pigs (Sus scrofa). These areas later became known as Con-

servation Management Areas in Mauritius. A few successful biological control

agents were introduced for controlling Cordia curassavica (black sage), Opuntia
vulgaris (prickly pear) and to a lesser extent also Lantana camara (lantana; Fowler

et al. 2000).

On the mainland, mostly in 1990s, new Conservation Management Areas were

created after the proclamation of the Black River Gorges National Park. In the

mid-2000s, use of chemical control and ring barking was shown to be less damag-

ing to native saplings and seedlings (Seepaul 2006) and much cheaper than manual

control (Larose 2005). It was quickly adopted by private land owners, and more

recently by Government agencies as well. Aldabra tortoises (Aldabrachelys
gigantea) are in the process of being released in Round Island to control invasive

alien plants, but also as an analogue to the endemic, now extinct Cylyndrapsis
species, and it is expect that they should help disseminating seeds of native species

(Griffiths et al. 2010).

Recognising the deleterious effect of invasive plants, especially in health and

agriculture and native biodiversity for the Republic of Mauritius (including Rodri-

gues), national multi-sectored strategy and action plan against IAP was approved in

early 2010. This document is considered as first step to promote a long-term

integrated approach to IAP, but little of its implementation has formally started.

Management of invasive alien plants is an important component of the GEF funded

project to increase the PA network on Mauritius, that also should includes creation
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of incentives for private landowner to manage, restore and protect native forest

remnants.

Invasion of the native mainland habitats by alien plants is such that the vegeta-

tion canopy consists of more alien than native plants over about two-thirds

(or 60 km2) of the surviving remnants (Page and D’Argent 1997; Safford 1997).

For example, a study at five of the best preserved wet native forest areas showed all

to be extremely invaded in the understory, with alien plants making up 78.6 % of all

woody stems of �1 cm diameter at breast height (Florens et al. 2012). All five sites

are dominated, in terms of their relative importance, by at least one or more IAP,

which in most cases is P. cattleianum (Florens et al. 2008). Thus due to the need to

save species and with little to lose if nothing was to be done, Mauritius has become

a laboratory to test various restoration approaches, like alien mammal eradication,

invasive plants’ control, reintroduction of locally extinct species (Thébaud

et al. 2009), species translocation (Christinacce et al. 2008) or introduction of

analogous species to restore ecosystem function (Griffiths et al. 2010). In contrast

to some C. verum forest in the Seychelles, control of alien plants is feasible and

research shows that it has led to an improved survival rate of native plant species

(Florens 2008). These native species also grow faster and have a higher reproduc-

tive output, increasing the regeneration of previously invaded areas (Baider and

Florens 2006, 2011; Florens 2008; Monty et al. 2013). Invasive alien plant man-

agement has also been shown to be beneficial to other groups, with the diversity and

abundance of native butterflies much higher in these areas than in invaded forests

(Florens et al. 2010). In some cases, endemic plants (Baider and Florens 2011) and

animals (Florens and Baider 2007) that were considered extinct have ‘reappeared’

in forests cleared of invasive plants. It has unfortunately also been shown that some

native groups, for example molluscs, do experience negative side effects of IAP

control (Florens et al. 1998). Additionally, some interactions, like increased her-

bivory on endangered plant species have resulted in lower fruit set (Kaiser

et al. 2008). Some of the negative effects are transient, or could be reduced or

eliminated with gradual removing instead. The long-term survival of Mauritian

species and ecosystems calls for control of alien plants over large areas. It has been

recognised that the area of native habitats requiring control needs to increase

tenfold, or to an area of 1,000 ha (MNBSAP 2006); the areas currently being

managed still total less than 100 ha. The success of Mauritius in saving species

and restoring ecosystem has in most cases been supported by sound research.

Research has played an important role in native forest restoration and in saving

species on the brink of extinction, by pioneering the development of improved and

cheaper techniques. Many of these concepts and techniques have been used in the

other WIOI. In contrast to La Réunion, there is usually good communication

between researchers and managers, although sometimes incorrect but ingrained

ecological concepts persist (Florens and Baider 2013). However, the Mauritian

Government is currently imposing stringent new conditions for conducting ecolog-

ical and conservation research in the National Parks (Florens 2012). In the long-

term this will risk the leading role that Mauritius is playing in the control of invasive

alien plants in the region. Moreover, it will also impact on the training of new a
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generation of local scientists to take over the daunting task of saving the unique

species, ecosystems and their functions, at a time where there is still hope to do so.

19.4.4 Rodrigues

Rodrigues, a previously completely forested island (Leguat 1708), was not

colonised until the nineteenth century. The first small group of men stayed in

Rodrigues from 1671 to 1673 (Leguat 1708), followed by very occasional visitors

up to 1735, when an outpost to control the collection of tortoises was created and

maintained until 1771. During this period goats and cats were introduced, and fire

was recorded to have destroyed part of the island in 1761, reoccurring in the

ensuing years. Although there were few people, overexploitation of native tortoises

and spread of invasive animals (e.g. rats, cats) led many Rodriguan endemic animal

species to extinction in a very short time. A small permanent settlement was

established in 1792 and by 1809, when the British took possession of the island,

Rodrigues was already covered in shrubby vegetation, citrus trees, crop planta-

tions, with few patches of native Latania (latans) and Pandanus (screw-pines)

remaining. By 1845, invasive alien grasses turned coastal areas into fire prone

grasslands, abandoned croplands were covered by spiny weeds, large areas of land

were left bare, and little native forest remained. Balfour (1879), who described the

flora of the island, reported that goats and cattle (Bos primigenius) had eaten

everything within their reach, fire regularly burned the island, and invasive plants

could be found in large numbers, preventing any regeneration of native species;

many of which were already rare. For example, Balfour (1879) mentioned that

Leucaena leucocephala (white popinac), introduced in about 1850, covered large

areas of Rodrigues, forming dense and impenetrable stands with no other species

growing in-between. Regulations to prevent cutting of trees were issued, with the

result that some areas later turned into secondary alien forest, mainly by the

expansion of Syzygium jambos, and to a lesser extent Psidium cattleianum, Litsea
glutinosa (Indian laurel) and Ravenala madagascariensis (traveller’s palm; Strahm

1989; Cheke and Hume 2008). Although some native vegetation was also recorded

to have expanded by 1914, some areas remained as bare land because of the heavy

use by cattle, goats and pigs (Cheke and Hulme 2008). Plantations of alien plants

for food, for example S. jambos and Artocarpus heterophyllous (bread fruit), and

for forestry, started in 1915 (Brouard 1963). Other species, like Lantana camara,
were introduced before 1938, to become one of the worst invaders in the coastal

areas. The few pockets of native trees that had survived were substantially reduced

during the 1950–1960s and eventually nature reserves were declared in 1980s.

However, at the same time Acacia nilotica (prickly acacia), which was later to

become invasive, was introduced for soil protection.

Due the almost complete transformation of the island by invasive plants and fire,

Rodrigues has virtually no original habitat remaining, with only some small patches

in the outer islets, on mountain slopes or in one very dry limestone area. As a result
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the extinction rates of endemic species are very high; from 21 % for plants (around

77 % of the endemic species are considered threatened), to 100 % for reptiles

(Cheke and Hume 2008; Baider et al. 2010). The main reference on the forest

structure and association of species that can be used for restoration are from brief

descriptions in 1879 (Balfour 1879), although by this time most of the primary

forests had disappeared. With improved information available, Strahm (1989) also

briefly described the main habitats and associated species. Therefore, restoration in

Rodrigues mainly consists of IAP removal followed by planting native species.

Since 1986, restoration has being carried out in two of the mainland nature reserves,

Grande Montagne (13 ha) and Anse Quitor (8 ha) (Payandee 2003). There is a

strong community participation component in the restoration programmes in Rodri-

gues, but little scientific guidance, monitoring and dissemination of techniques and

results that could be used as a model in other islands. An area in Anse Quitor, at the

François Leguat Giant Tortoise Reserve, is being replanted with native plants and

giant Aldabra tortoises (Aldabrachelys gigantea) and a smaller Madagascan species

(Astrochelys radiata, radiated tortoise) were introduced to restore ecological func-

tion of the extinct giant tortoises, with “encouraging results” (Burney 2011).

Although most of the native plant species in Rodrigues were known to be endan-

gered (Strahm 1989), after nearly two decades of restoration efforts, the populations

of many of these most threatened species have not recovered, and still remain on the

brink of extinction (A. Waterstone, personal communication, 2010; Strahm,

Baider & Florens, unpl. data). However, the restoration programmes have allowed

for the populations of some groups of insects (Orthopthera) to recover in these areas

(Hugel 2012). This result shows the importance of the restoration work, as also

shown in Mauritius, where some species surviving as tiny populations (e.g. with

two adults of Ixora vaughanii, Baider and Florens 2011), are able to recover after

removal of invasive plants.

19.4.5 Mayotte

Only about 5 % of the native vegetation remains in Mayotte (DAAF 2012) with

intensive deforestation starting around the mid-nineteenth century for the produc-

tion of sugar, vanilla and ylang-ylang. When most of these fields were abandoned,

secondary native forest started reclaiming those areas, a process rarely or not seen,

on any other of the Mascarene Islands or the Seychelles. Around 48 % (or 625

species) of all plant species on the island are alien, and some of them are invasive,

for example: Litsea glutinosa, L. camara, R. alceifolius and Antigonon leptopus
(coral vine), Spathodea campanulata (African tulip tree), C. verum and Mangifera
indica (mango). Leucaena leucocephala and Albizia lebbeck (lebbeck) are invasive
in the lowlands (Vos 2004; DAAF 2012). Also, some silvicultural species, such as

Acacia mangium, used for re-afforestation and rehabilitation of eroded steep slopes,
are becoming invasive (Vos 2004; DAAF 2012). The problem of alien plant

invasions has only recently become an important issue on Mayotte, with some
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invasive plant control programmes now emerging. A programme for the control of

L. camara in natural forests that cost 240,000 Euros was initiated in the late 1990s,

however, with questionable results (DAAF 2012). A more recent survey of invasive

plants has been done in the Majimbini reserve, resulting in the development of a

management proposal (Cathala 2011). An awareness campaign only started in 2010

through a workshop organised by the National Botanical Garden (CBNM), which

has an office on Mayotte. This workshop was aimed at stakeholders managing

natural areas such as the ONF and local NGOs. The recent outbreak of Salvinia
molesta (giant salvinia or kariba weed), in one of the very few reservoirs for potable

water in the island, illustrated the sanitary and economic problems associated with

invasive plants. The need for an official list of invasive plants has been recognised

by the local authorities to allow for strict entry control measures on the island, as

well as to implement management plans in the field (DAAF 2012).

Except for localised invasive alien plant control, no important management

actions against invasive plants are on-going. After a few attempts over the last

few decades, a new project to control the alien liana Merremia peltata (merremia),

which invades forested areas, has started (DAAF 2012; Lesur 2012). Management

actions that have been suggested for Mayotte include the restoration of the some of

the most well preserved habitats, but also restoration of some highly disturbed

habitats in an attempt to link forest fragments (such as corridors along rivers or

specific managed areas), improving plants dissemination and animal movement

(DAAF 2012).

19.4.6 Comoros

The Grande Comore, the largest of the three islands of the Comoros, rises to

2,361 m a.s.l., and includes the largest area of native vegetation in the region,

mostly on the slopes of the active volcano Mount Karthala. Anjouan, the second

largest of the Comorian islands, has almost no native vegetation left. In just 10 years

(1973–1983), forested areas decreased by 36 % on Grand Comore, 53 % on Mohéli

and 73 % on Anjouan (Louette et al. 2004). The rate of deforestation seems to have

decreased, but is still on-going. The Comoros was considered the country with

highest annual net loss of forest in the world for the period 2000–2010 (Chakravarty

et al. 2012). Other than the native baobab (Adansonia digitata), the large vegetated
patches on these islands are plantations of Cocos nucifera, Cananga odorata
(ylang-ylang). Invasive alien plant species on Comoros differ across altitude and

precipitation gradients: for example on the Grande Comore, Pteridium aquilinum
(bracken fern) is found in lowland areas, while P. cattleianum is found at the

mid-elevation of the scarps of Mount Karthala. The latter was not present onMohéli

in 2004, but L. camara and S. jambos were considered the most problematic species

(Louette et al. 2004). On the Comoros, the negative impacts of invasive alien plants

are not fully understood by the government or most stakeholders (Hamidou 2012).
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For example, an official list of invasive plants has not yet been produced, although

16 alien plant species are considered invasive. Since 1994, laws and regulations

relative to environmental protection have been created, including the prohibition of

the introduction of some alien plant and animals. To date, control of invasive plants

is sporadic (Hamidou 2012).

19.5 Lessons Learnt from Invasive Alien Plant

Management in the Western Indian Ocean Islands

Invasive species management has been a conservation concern for many years in

most of the WIOI, and some type of invasive plant management is now in place on

all island groups. However, the intensity and type of activities varies substantially

across the region. Managers and scientists in different island groups have to some

extent followed different paths, and combining experiences from the different

islands may provide improved opportunities for effective management. In La

Réunion much emphasis has been placed on developing a comprehensive strategy

for managing invasive species that links many different actors and stakeholders.

The strategy encompasses all stages of IAS management, from border control and

early detection, to control and habitat rehabilitation (Baret et al. 2010). Control of

invasive plants in La Réunion is limited by the high cost of labour and other

priorities that the field managers are required to deal with. Unfortunately IAS

pressure is increasing, and with new invaders establishing and limited management

capacity, maintenance of native habitats will become increasingly difficult. In La

Réunion for example, following a fire that covered 850 ha of native upland habitat

(Payet 2012),Ulex europaeus (gorse) was detected over half of the burned area, and
as the seeds germinate quickly following fire, control was urgently required. Due to

the lack of coordination, management was delayed and the plants were able to

establish over a large area. The control is now expected to be very costly. Fortu-

nately, public awareness is growing, with volunteers from NGOs and the military

collaborating on invasive plant control programmes. This further emphasises the

importance of a coordinated effort between volunteers and professionals, to ensure

long-term success. Coordinating control actions, generating sufficient resources for

invasive plant management and identifying priorities is therefore important and

urgently needed in most of the WIOI (Baret et al. 2006, 2010; Lagabrielle

et al. 2009, 2011; Macdonald 2010). Such a comprehensive approach to IAS and

PA is not yet integrated in most WIOI, although some activities and strategies in

this direction are under way (e.g. through a national biosecurity project in the

Seychelles and the IAS strategy and expansion of PA in Mauritius). An important

aspect of a multi-stakeholder strategy is to consider the local uses and values of

native plants (e.g. medicinal plants, bee-keeping, wood). For instance, sustainable

plantations of native tree species outside of PA can serve as a buffer against alien
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plant invasions and ecological corridors (or Japanese style stepping stones) for

native species (Baret et al. 2012).

Interestingly, some of the Western Indian Ocean Islands invasive plant manage-

ment approaches, and also PA system improvements, serve as models for other

islands within the region. On Seychelles and Mauritius, for instance restoration of

small offshore islands has been going on for decades with successful results. On

Mauritius, restoration of larger inland habitats can be used and replicated on other

WIOI like Seychelles and the Union of the Comoros, where labour is still relatively

affordable for undertaking restoration projects over larger areas. Of course, the

status of the native vegetation and its potential for recovery will influence the

management techniques of invasive plants in PAs. Recovery of native vegetation

is possible in areas where removal of alien species has been carried out, as the

experience of Conservation Management Areas in Mauritius has shown (Baider and

Florens 2011). In other areas like on Rodrigues, restoration of native vegetation

from completely degraded vegetation has been achieved within just a few years,

with the support from local communities an important factor in its success. Finally,

Seychelles is leading the conceptual thinking and research on how to manage some

types of alien-dominated novel forest ecosystems (Kueffer et al. 2013); and based

on the results of these, new ideas could also be adopted in the other islands.

Unfortunately in some cases, for example the Union of the Comoros, IAS manage-

ment and habitat restoration is less advanced than on the other islands (Hamidou

2012), mainly because of the low-income and low level of development of the

country, which directs priorities away from conservation.

Therefore, building on the existing experience in the region, it should be possible

to achieve rapid progress for the control of IAS and improvement of PA system for

the region as a whole. Strong collaboration across the Western Indian Ocean

Islands, supported by implementation on the ground, is essential to conserve its

rich and unique biodiversity. Invasive alien plant strategies should underline the

conservation needs in the short, medium and long-term. We suggest some priorities

for each island group (Table 19.4), based on the current status of invasive plant

control and PAs of the islands. Such priorities range from setting-up local strate-

gies, to increasing awareness of the local population. For each of the WIOI, except

the Seychelles, one of the most important priorities is to consolidate or increase the

PA system, in order to reach at least 17 % of their area. Additionally, all types of

native habitats, including novel ecosystems if necessary, need to be included. In a

few cases some of the priorities that are important in some islands have already

been achieved on others, for example in La Réunion where early detection of

invasive plants and rapid response management programmes are in place.
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19.6 Conclusion

As Margules and Pressey (2000) have argued, PAs have two main roles, (i) they

should sample or represent the biodiversity of each region and (ii) they should

separate this biodiversity from processes that threaten its persistence. On highly

disturbed and invaded oceanic islands in particular, it would be naı̈ve to believe that

the establishment of PAs is enough to safeguard threatened native biodiversity.

Management for biodiversity conservation is essential, and this involves in partic-

ular the control of IAS. As the restoration of degraded habitat is often more cost-

efficient than species-focused recovery programmes (e.g. Balmford et al. 2002),

conservation and sustainable utilisation of the rich and unique biodiversity of the

WIOI is not an impossible task, but requires rapid and concerted action. Although

there are a number of potential solutions to protect natural habitat and associated

Table 19.4 Priorities to improve the PA system, IAP detection and control, and habitat restoration

on the different WIOI

Priorities/WIOI COM MAY RUN MAU ROD SEY

Protected areas

Create new protected areas and revisit classification

system

2 2 1

Elevated IUCN categories of PA

Aim at obtain�17 % of PA in all different types native

habitats with connectivity

2 1

Create PA in novel ecosystems when original habitat

do not exist anymore to achieve the �17 % of land

mass under the network

2

Methods

Improved and cheaper IAP management 2 3

Promote expert exchanges between the WIO islands 4 5 5 5

Perspectives

Set up a local strategy 1 1 3 3

Improve legislation and enforcement 5 3 2

Develop research to improve IAP control and habitat

restoration

4 4 4

To create local and regional programmes of early

detection, and rapid response, restoration

2 4 1

Demonstrate to decision-makers the need to set up

new PA and/or to elevate IUCN categories of

existing PA

4 5

Increase local population awareness about negative

effect of IAP and techniques of control

1 2

Implicate local population in IAP or/and in plantation

of indigenous species (in lieu of IAP)

1

Increase coordination of stakeholders and awareness

about necessary resources to prevent and

control IAP

3 5

Only five priorities are provided for each island/country
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biodiversity, in order to identify priorities decision-making tools are still necessary.

One element that can support effective conservation measures is networking and

knowledge sharing at local to global scales (e.g. Kueffer 2012). At a global scale,

the recently established Global Island Plant Conservation Network (GIPCN, www.

bgci.org/ourwork/islands) may become a useful institution for collaborative activ-

ities among island conservationists. At a regional scale, the creation of an invasive

alien species network in the Western Indian Ocean was identified as a priority at a

recent workshop organised by IUCN in Mayotte in January 2012 (http://www.

especes-envahissantes-outremer.fr/actualites.php). Such a network is currently

being developed with support from the Indian Ocean Commission (IOC – COI)

and the IUCN, with a discussion list already functional (Western Indian Ocean –

Invasive Alien Species, WIO-IAS, https://list.auckland.ac.nz/sympa/info/wio-ias).
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Islands (Mauritius, Rodrigues, Réunion) and the northern dependencies of Mauritius.

Bioculture Press, Mauritius

Griffiths CJ, Jones CG, Hansen DM et al (2010) The use of extant non-indigenous tortoises as a

restoration tool to replace extinct ecosystem engineers. Restor Ecol 18:1–7
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Soubeyran Y (2008) Espèces exotiques envahissantes dans les collectivités françaises d’outre-mer.
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Chapter 20

Southern Ocean Islands Invaded: Conserving

Biodiversity in the World’s Last Wilderness

Justine D. Shaw

Abstract The Southern Ocean islands are some of the most isolated landmasses in

the world. Few of the islands support permanent human settlements or land based

industries and as such they remain as some of the most uninvaded landscapes

globally. Over 250 non-native plants are currently established across the region.

Most are grasses and small herbs, and as such have similar growth forms to the

native vegetation. Many of the invasive plants present today arrived several hun-

dred years ago with whaling and sealing gangs, others have been introduced more

recently with cargo and building programmes associated with research stations. The

Southern Ocean Islands provide a unique opportunity to study and manage invasive

plants as the islands have low propagule pressure and very few confounding factors

that drive invasion processes elsewhere, such as herbivores, agriculture and land

clearance. Invasive plants vary in abundance and distribution on islands and

residence time has been shown to significantly influence their area of occupancy.

The high protection status of the islands has led to numerous management actions

and restoration programmes, some involving invasive plant eradication attempts.

Rigorous biosecurity measures are essential to stem future introductions and ensure

the island ecosystems remain intact.
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20.1 Introduction

There are 25 islands and archipelagos scattered across the Southern Ocean between

latitudes 37�S and 55�S (Fig. 20.1). These Southern Ocean Islands (SOI) represent

some of the most remote landmasses in the world. Almost all of them are entirely

protected areas and as such represent some of the most pristine environments

remaining on earth today. All these islands are truly oceanic, and have been

separated in time and space from continental landmasses. This physical isolation

has benefited the conservation values of these protected areas by limiting propagule

pressure and as such the threat of invasive alien species. With varied geological

origins, either continental, volcanic or opholitic, the islands differ in age. Some

islands were extensively glaciated during the last glacial maximum while others

remained little affected (Bergstrom and Chown 1999). Latitude strongly influences

island climate with northern islands generally being warmer; however, climate is

also influenced by island position in relation to the Antarctic Polar Frontal Zone and

its movement. In general, the oceanic climate is cool, wet and windy. Despite their

variance in origins and positions the islands form a broad biogeographical unit

(Chown et al. 2001) although differences between them are well noted (Greve

et al. 2005; Shaw et al. 2010; Terauds et al. 2012). They are notable for their vast

numbers and diversity of seabirds and marine mammals, but perhaps less well

known are the distinct terrestrial ecosystems that occur nowhere else in the world,

containing many endemic species of plants, invertebrates and even a few endemic

land birds. These terrestrial island ecosystems often benefit from marine-derived

nutrients deposited by the hundreds of thousands of seals and seabirds (Smith

1987).

Floristically the islands are dominated by bryophytes and lichens, with vascular

plants being less speciose; however, vascular plants dominate the vegetation struc-

ture at least at low elevations. The southern islands (also known as sub-Antarctic)

support vegetation described as tundra-like, with major growth forms being tall

tussock grasses, megaherbs (Fig. 20.2a), cushions plants (Fig. 20.2b), small grasses

and herbs (Bliss 1979). The more northern (cool-temperate) islands (e.g. Auckland,

Campbell, Snares, Antipodes, Tristan and Amsterdam groups) support shrubs and

short trees. The major vegetation communities on the islands are short grasslands,

tussock grasslands, feldmark and herbfield communities. These islands represent

the southern limit of diverse vascular plant communities; Antarctica to the south

only supports two indigenous vascular species. Indigenous vascular plant species

richness varies across the islands and can be best explained by the size and

temperature of the islands (Chown et al. 1998), with bigger, warmer islands having

more species. Chown et al. (1998) concluded that Southern Ocean Island indige-

nous species richness is determined by the severity of island climates and the effect

of island area on heterogeneity of habitat and possibly population size. For exam-

ple, small, cold McDonald Island has only five indigenous vascular plants while the

larger, warmer Auckland Island supports over 180 species (Shaw et al. 2010).

Islands that are close together have more similar floras (Greve et al. 2005; Shaw

et al. 2010).
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Due to the low intensity of human activity, lack of land-based industry, the low

incidence of invasive species and the abundance of wildlife these islands are

recognised as having high conservation and scientific value (Dingwall 1995;

Chown et al. 2001). These islands also have high conservation value given that

they support some of the few terrestrial ecosystems to occur in mid to high southern

latitudes (Chown et al. 1998; Bergstrom and Chown 1999). The endemic landbird,

invertebrate and plant species all depend on these terrestrial island ecosystems for

their survival. The islands provide nesting grounds for many of the world’s

procellariiform species, with many islands listed as habitat critical for several

IUCN listed species.

Fig. 20.1 Map of the Southern Ocean Islands
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Fig. 20.2 Intact, invaded and recovering ecosystems of the Southern Ocean Islands. (a) World

Heritage Campbell Island was once grazed by sheep. After their eradication native vegetation

expanded, in particular the native megaherbs Pleurophyllum speciosum (Campbell Island daisy),

(b) Volcanic World Heritage Heard Island with the native cushion plants Azorella selago (cushion
plant), megaherbs Pringlea antiscorbutica (Kerguelen cabbage) and prostrate herb Acaena
magellanica (buzzy) present around a low altitude drainage line, (c) Heavy rabbit grazing on

World Heritage Macquarie Island has reduced the native tussock grasses Poa foliosa (tussock

grass) to fibrous pedestals, which have been invaded by alien Poa annua (annual bluegrass; Shaw

et al. 2011) as shown at this nutrient enriched coastal site, (d) The red inflorescences of alien

Rumex acetosella (sheep sorrel), growing in a small patch near the meteorological station on

Marion Island, (e) Hundreds of thousands of King penguins (Aptenodytes patagonicus) breed on

the islands and deposit vast amounts of guano. Invasive plants, such as Sagina procumbens
(procumbent pearlwort) thrive under physically disturbance and nutrient enrichment (Frenot

et al. 1998), (f) Once established invasive plant propagules may be dispersed by native animal

movement; the picture shows moulting Southern Elephant seals (Mirounga leonina) lying on a

lawn of the invasive grass Poa annua – propagules are often observed adhering to their hair.

(Photos credits (a) and (e) Aleks Terauds, (b) Kate Kiefer, Australian Antarctic Division, (c), (d),

and (f) Justine Shaw)
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20.2 Reserve Status and Protected Areas

Most Southern Ocean islands are wholly protected and in a global context this

makes the region unique. In other parts of the world protected areas are typically

remnants or fragments of a once broader ecosystem or ecoregion (Piekielek and

Hansen 2012) and are different from their surrounds (Seiferling et al. 2012). Only

the Falkland Islands and Tristan da Cunha support resident populations of people

with whom agriculture and private land tenure are associated and as such there is

less protected area coverage on these islands and island groups.

Five countries have sovereignty over the 25 islands: France, United Kingdom,

Australia, South Africa and New Zealand. All islands have high-order protection

under these sovereign nations; nine have the highest World Conservation Union

(IUCN) ranking and eight are World Heritage Sites (UNEP). Chown et al. (2001)

examined the higher plant, insect and bird taxa in conjunction with alien species

presence of all the Southern Ocean Islands, showing that the eight World Heritage

islands together with seven others represent 90 % of terrestrial species across the

region. Macquarie Island is the only UNESCO Biosphere Reserve. Marion, Prince

Edward, Crozet, Kerguelen, Gough, Inaccessible, Amsterdam and St Paul Islands

are all Ramsar sites either individually or as island groups (RAMSAR 2012). All

nations governing these islands are signatories to the Convention on International

Trade in Endangered Species of Wild Fauna and Flora (CITES), except France,

which has agreed but is not yet a signatory (de Villiers et al. 2006). With the

exception of the Falkland Islands, all governing authorities require that visitors

obtain a permit before landing (de Villiers et al. 2006), and all are governed by

management plans, which are administered by the sovereign nations. In addition to

the high-level reserve status, many islands have zoning systems restricting human

activity for conservation purposes (Prince Edward Islands Management Plan Work-

ing Group 1996; Australian Antarctic Division 2005; Parks and Wildlife Service

2006; Lebouvier and Frenot 2007).

The risk posed by alien species is a well-recognised threat to island biota

(Bergstrom and Chown 1999; Chown et al. 2001; Frenot et al. 2005; Kueffer

et al. 2010). The Convention on Biological Diversity’s Conference of Parties

calls upon signatories to “establish quarantine measures to ensure protection of

islands within their nation states from alien species threats, which could damage

island ecosystems and induce biodiversity loss” (Convention on Biological Diver-

sity 2006). In all of the islands’ management plans provisions are made for invasive

species management. Some documents identify priority species for management on

the islands, while others state more generally that invasive species should be

managed. This chapter provides a summary of the state of alien plant invasions

and their current management in protected areas (in this case, islands) restricted to

the Southern Ocean. Established alien plants are described and the islands that are

most invaded are identified. Pathways of plant introductions, from historic to

20 Southern Ocean Islands Invaded. . . 453



present day and the mechanisms through which alien plants impact the island

ecosystems are discussed, as are the implications of these introductions. The level

of area protection in the region, and its implications for plant invasions and their

management, both in the region and more broadly is also explored.

20.3 Invasive Alien Plants in the Southern Ocean Islands

Across the 25 islands examined here approximately 280 alien species have

been recorded (excluding transients; see Table 20.1), including plants originally

introduced for cultivation that have escaped and become established. However,

most of the alien plants were not intentional introductions. The alien status of

these species is based on the long history of botanical survey relative to human

arrival (Hooker 1847; Eaton 1875; Moseley 1879) and the origin of these plants is

typically relatively easy to determine. For example, the most commonly occurring

(widespread) invasive alien plants (IAPs) across the region are native to Europe

(Frenot et al. 2005; Shaw et al. 2010) rather than the closest Southern Hemisphere

continents. Most alien plants are concentrated at sites of intense human activity,

including research stations and historic sites such as whaling stations or sealing

depots. Some alien species have also been found at sites of farming and gardening

activity (Meurk 1975) Monitoring of recent arrivals is usually straightforward

given the low human activity and small size of the islands (Bergstrom and

Chown 1999).

Like the dominant native plants, most alien plant species are grasses and herbs,

with no woody structure and low stature. A few alien shrubs occur on some lower

latitude (i.e. typically warmer) islands (Meurk 1982; Lee et al. 1991) although a

single individual shrub has established recently on sub-Antarctic Marion Island

(Gremmen and Smith 2008). Most alien plants are persistent rather than invasive,

and have restricted distributions on the islands they have colonised (Frenot

et al. 2005). At Kerguelen only seven of the 69 alien plants are invasive and

widespread, extending beyond the bounds of the research station; while at Crozet

seven of the 58 introduced plants are considered invasive (Frenot et al. 2001).

Seventeen alien plants are established on the Prince Edward Islands, six of which

have spread rapidly to become widespread (le Roux et al. 2013). Across the region

some recent arrivals have been documented as spreading rapidly (Gremmen and

Smith 1999; Frenot et al. 2001; Ryan et al. 2003; Scott and Kirkpatrick 2005; le

Roux et al. 2013) even in the absence of pollinators and natural dispersers, whereas

others occur as single individuals or in small patches. However, the most invasive

species occupy large areas, and displace native plant species and impact broadly on

the ecosystems. Some of these species have colonised numerous islands (Frenot

et al. 2005; Shaw et al. 2010; see Table 20.2) and have invaded other areas around

the world (Holm et al. 1977; Chwedorzweska 2008; Pyšek et al. 2009).
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Table 20.1 Alien plant richness of Southern Ocean Islands. Small islands and islets that have not

been well surveyed have been excluded

Island groups/archipelagos Major individual islands Area (km2)a Number of alien plantsb

1 South Georgia 3,755 37

2 Prince Edward Islands Prince Edward 44 3

3 Marion 290 14

4 Crozet Cochons 70 6

5 Apôtres 3 2

6 Pinguoins 3.2 1

7 Est 130 5

8 Possession 150 58

9 Kerguelen 7,200 67

10 Heard and McDonald Heard 368 1

11 McDonald 2.6 0

12 Amsterdam 55 57

13 St Paul 8.1 10

14 Macquarie 128 3

15 Campbell 113 70

16 Auckland 626 33

17 Snares 3.3 2

18 Bounty 1.3 0

19 Antipodes 21 4

20 Tristan da Cunha Group Gough 57 24

21 Inaccessible 12 28

22 Nightingale 4 8

23 Tristan 86 133

24 Falkland Islands West Falkland 3,500 95

25 East Falkland 5,000 97
aAreas are taken from Chown et al. (1998)
bRepresents the alien plants that have been recorded, but does not include plants that were

deliberately introduced for cultivation or are known to be transient and have disappeared since

discovery (Taken from Shaw et al. 2010)

Table 20.2 The most

widespread alien plant species

in the Southern Ocean Islands

Plant species Family Islands occupied

Poa annua Poaceae 17

Stellaria media Caryophyllaceae 13

Cerastium fontanum Caryophyllaceae 12

Sagina procumbens Caryophyllaceae 11

Rumex acetosella Polygonaceae 10

Holcus lanatus Poaceae 9

Poa pratensis Poaceae 9

Agrostis stolonifera Poaceae 8

Festuca rubra Poaceae 8

Sonchus oleraceus Asteraceae 7

Agrostis capillaris Poaceae 6

Taraxacum officinale Asteraceae 6

Trifolium repens Fabaceae 6

Plantago lanceolata Plantaginaceae 6

Poa trivialis Poaceae 6
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The common invasive plants of the Southern Ocean Islands are from globally

invasive taxa such as Poaceae, Asteraceae and Leguminosae (containing Fabaceae;

Pyšek 1998), with each family having numerous invasive species across the region

(see Fig. 20.3). There are several species which are common across many islands

(see Table 20.2). The grass Poa annua (annual bluegrass) is the most widespread

alien occurring on 23 of the 25 islands examined here (Fig. 20.2c). The only islands

where this species has not been recorded lack any alien plants. Poa annua has a long
history on most islands, being recorded on many early botanical surveys cross the

region (although see Walton and Smith 1973). Heard Island is a notable exception

as the grass was only first detected in two small patches in 1987 (Scott 1989). It has

since spread but so far remains relatively restricted (Scott and Kirkpatrick 2005),

which may be an artefact of its short residence time. On other islands it is

widespread (e.g. Johnson and Campbell 1975; Meurk 1975; Copson 1984;

Bergstrom and Smith 1990; Frenot et al. 2001; Gremmen and Smith 2008;

le Roux et al. 2013). In terms of the intra-island distribution, some species are

typically widespread, whereas others vary in their distributions. Poa annua and

Cerastium fontanum (common mouse-eared chickweed) are generally widespread

where they occur (Walton and Smith 1973; Gremmen and Smith 1999; Copson and

Whinam 2001; Frenot et al. 2001; le Roux et al. 2013). Sagina procumbens
(procumbent pearlwort) has undergone rapid expansion on several islands

Fig. 20.3 The number of alien plant species per family (with two or more species) in the alien

flora of the Southern Ocean Islands. Thirteen other families are represented by one species
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(Gremmen and Smith 1999; Frenot et al. 2001; Ryan et al. 2003; Cooper et al. 2011;

le Roux et al. 2013). By contrast Agrostis stolonifera (creeping bentgrass) has had a
differing response across different islands, expanding rapidly on Marion (Gremmen

and Smith 1999; le Roux et al. 2013) while remaining localised on Kerguelen,

Possession (Crozet), Gough and the Tristan archipelago (Frenot et al. 2001;

Ryan 2007).

The extent of a species distribution can differ markedly between islands. The

probability of invasion increases with time since introduction (Rejmánek 2000).

These islands offer a unique opportunity to study residence time, as unlike many

other areas the timing of introduction is often known or can be determined, given

the islands’ long history of botanical research. By incorporating the date of first

detection, current distribution and in some instances expansion rates the role of

residence time (see Rouget and Richardson 2003) in driving plant invasions in

protected areas can be investigated. A significant positive relationship was found

between residence time and area of occupancy for all established alien plants on the

Marion Island (le Roux et al. 2013). It is important to consider that some restricted

species may still be in a lag phase (Richardson and Pyšek 2006) and as such should

not preclude them from management actions.

It has been widely acknowledged that changing climates in the region (Smith

and Steenkamp 1990; Pendlebury and Barnes-Keoghan 2007; le Roux 2009)

increase the potential for new invasive species to establish if propagules continue

to be introduced (Bergstrom and Chown 1999; Frenot et al. 2005; Convey

et al. 2006; Chown et al. 2008). There is a relationship between the number of

native plants and alien plants on Southern Ocean Islands (Shaw et al. 2010)

similar to protected areas in the USA (McKinney 2002), other temperate regions

(Timmins and Williams 1991; Pyšek et al. 2002), and global patterns more

generally (Stohlgren et al. 1999; Sax and Gaines 2008). This suggests that the

islands have low biotic resistance to invasion. Native plant species richness is a

proxy variable for area and habitat heterogeneity, and in a comprehensive study

Chown et al. (1998) showed that larger Southern Ocean Islands are the most

susceptible to the establishment of alien plants because of their higher habitat

heterogeneity and larger number of human occupants. Chown et al. (1998) con-

cluded that climatically severe islands have a lower probability of propagules of

invasive alien species surviving on them than more temperate islands. So while

visitor frequency influences invasive plant species richness on Southern Ocean

Island energy availability is also an important driver (Chown et al. 2005).

20.4 History and Pathways of Introduction

Due to their climate and isolation, the islands have a relatively short history of

human activity compared with most other areas. The earliest recorded landings on

the islands were in the mid-1600s. For example, South Georgia was sighted in 1675

by Antoine de la Roche (Burton 2005) and Ile Amsterdam was discovered in 1522

20 Southern Ocean Islands Invaded. . . 457



with the first landing recorded in 1696 (Micol and Jouvetin 1995). The advent of

sealing in the late 1700s and early 1800s saw an expansion of shipping and land-

based activity into the region. Fur seals were widely hunted for their skins across

the Southern Ocean. Once this resource was depleted, elephant seals and to a lesser

extent penguins were harvested at many locations for their oil. In later years, as

whaling became industrialised, South Georgia and Kerguelen supported whaling

stations, albeit with differing success and longevity (Tønnessen and Johnsen 1982).

The advent of these activities saw an increase in activity more generally with

whalers, tradesmen and fishermen using some islands for food or bait sources

(see Micol and Jouventin 1995). These early human inhabitants directly harvested

native wildlife and intentionally introduced other animals (Cumpston 1968;

Jouventin and Roux 1983). Sheep (Ovis aries), cattle (Bos primigenius), goats
(Capra hircus), rabbits (Oryctolagus cuniculus), pigs (Sus scrofa) and cats (Felis
sylvestris) were all repeatedly introduced across the region to enhance food supply

and livelihood (see Convey and Lebouvier 2009 for a comprehensive assessment).

By the 1950s scientific research and weather stations were established on numerous

islands by national agencies (Walton and Smith 1973; Frenot et al. 2001) resulting

in an expansion in human presence and infrastructure, and in several cases an

increase in alien plant (Frenot et al. 2001; Chown et al. 2005) and insect introduc-

tions (Gaston et al. 2003).

Several alien plants occur on the islands as a result of deliberate attempts to grow

fruit trees or vegetable gardens (Walton and Smith 1973; Meurk 1975; Wace and

Holdgate 1976) and in unattended gardens established by whalers on Auckland

Island turnips, cabbage, potatoes and kale continued to grow successfully for many

years after their propagators had departed (Johnson and Campbell 1975). Similar

phenomena have been observed on Inaccessible Island (apples, potatoes) and

Gough (potatoes) (P. G. Ryan, personal communication, 2012). However, over

time few of these garden plants have become invasive. Some IAPs are directly

associated with historic sites, such as whalers and sealers camps (Wace 1960;

Huntley 1971; Walton 1975; Gremmen and Smith 1999). Seeds of several grass

species were deliberately sown for sheep farming during the 1970s on Kerguelen

and some have become invasive (Frenot et al. 2001). Invasive plant species have

also become established across the islands through accidental introductions. Prob-

ably the greatest historic source of invasive plants came from livestock fodder taken

to the islands (Walton 1975). Hay and grain from various sources such as the

Falkland Islands, Australia, New Zealand, South Africa and possibly Norway

provided a source of propagules.

Understanding the modern pathways of introduction to these islands has appli-

cation to protected area management globally. In recent times plants have become

established near research stations, probably after being introduced via building

materials, in particular sand, and other cargo (Bergstrom and Smith 1990). Expan-

sion of infrastructure on islands has been implicated as a driver of an increase in

introductions. Recent studies have quantified propagule pressure to these islands,

with clothing and cargo identified as sources (Whinam et al. 2005; Lee and Chown

2009). Chown et al. (2012) found that the scientists visiting these islands are more
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likely than tourists to transport plant propagules to the region (although it is

important to acknowledge the greater number of tourists that visit the region than

scientists). They found that at least half of the propagules reaching the region

originate from environments with similar climates. It is important to consider the

vectors and also the origins of propagules entering protected areas. Seabirds have

been suggested as vectors of invasive plant introductions over short distances. For

example birds may have been responsible for transferring two invasive plants to

Prince Edward Island from nearby (approximately 22 km) Marion Island

(Bergstrom and Smith 1990; Ryan et al. 2003). Dean et al. (1994) reported invasive

plant species colonising albatross nests and at nest entrances of burrow nesting

seabirds, and suggested that birds may act as vectors. Surface disturbance and

nutrient enrichment associated with seabirds (Dean et al. 1994) and marine mam-

mals (Frenot et al. 1999) also facilitate invasive plant. It is common to see IAPs

such as, Poa annua, Cerastium fontanum, Stellaria media (common chickweed)

and Sagina procumbens (among others) associated with colonies of burrowing

seabirds, surface nesting seabirds (Fig. 20.2e) and marine mammals (Fig. 20.2f).

Human traffic has been implicated as a driver of some invasive species distri-

butions within islands (Scott and Kirkpatrick 1994; Gremmen and Smith 1999;

Convey et al. 2006). Human movement, via walking has been implicated as a driver

of P. annua distribution on Macquarie Island (Scott and Kirkpatrick 1994). While

on Marion Island, human intervention plays a role in local spread of species by

increasing propagule pressure between areas (le Roux et al. 2013). However, it is

important to note that species are able to spread in the absence of human movement

such as on Prince Edward Island (le Roux et al. 2013) and Heard Island (Scott and

Kirkpatrick 2005).

Different species have different rates of spread within the same island, for

example, On Marion Island S. procumbens spread at 1.84 km2 year�1, while Juncus
cf. effusus (common rush) spread at 0.3 km2 year�1 (le Roux et al. 2013). This

highlights the importance of removing alien plants in protected areas as soon as

they are detected. On Prince Edward Island, a protected area with very low human

visitation and strict biosecurity, S. procumbens spread 2.36 km2 year�1, highlight-

ing that wind, water or animal dispersal act as drivers of dispersal in protected areas

with low human activity.

20.5 Impacts on Sub-Antarctic Ecosystems

To date most research on invasion biology on the Southern Ocean Islands has

focussed on the impacts of invasive vertebrates on island biotas (Bonner 1984;

Convey et al. 2006). Cats and rats (Rattus rattus) have been shown to impact on

seabirds (e.g. Jones et al. 2008; Medina et al. 2011) and as such these have been the

main species targeted for management to date (Chapuis et al. 1994, 2011; Copson

and Whinam 2001; Courchamp et al. 2003). Furthermore, reindeer (Rangifer
tarandus), sheep, rabbits, cattle and goats have been introduced across the region,

20 Southern Ocean Islands Invaded. . . 459



with rabbits being the most widespread. However, there have been few studies

quantifying the impacts of invasive plants on ecosystems they invade.

Shaw et al. (2010) showed that plant introductions have resulted in differentia-

tion of island floras. The addition of alien plants caused neighbouring islands to

have more different floral assemblages. Several studies have shown that invasive

plants expand their distribution with time and disturbance, thereby outcompeting

native vegetation (Huntley 1971; Gremmen and Smith 1999; Frenot et al. 2001;

Scott and Kirkpatrick 2005). Sagina procumbens is invasive on Marion Island and

reduces native plant richness where it occurs (Gremmen 1997; Chown et al. 2010).

Using historical photos from Marion Island, Chown et al. (2010) were able to

demonstrate large scale displacement of native vegetation over 40 years. In one

of the few studies to quantify the impacts of an invasive plant Gremmen

et al. (1998) showed that A. stolonifera has modified the Marion Island terrestrial

ecosystem. This invasive grass is thought to have been introduced with fodder

brought to the island in the 1950s and was first detected in 1965 at the meteoro-

logical station at Transvaal Cove (see de Villiers and Cooper 2008). It occurs across

a wide range of habitats, and is particularly abundant along drainage lines. When

A. stolonifera invades a region it significantly reduces bryophyte biomass and alters

vegetation structure (Gremmen et al. 1998). Vegetation dominated by A. stolonifera
has low species richness, and significantly lower abundance of indigenous plants.

In drainage line habitat, 30 % of native species were found to have disappeared

(Gremmen et al. 1998). Invaded habitats were found to have significantly less

biomass of enchytraeids (Annelida) and significantly more of one adult weevil

(Ectemnorhinus similis) and the snail (Notodiscus hookeri) (Gremmen et al. 1998).

More research and modelling are required to quantify how invasive plants impact

on protected areas. Particularly as these questions are fundamental to decision

makers and management authorities who fund management actions.

20.6 Invasive Species Interactions

The complexity of invasive species interactions has been documented for verte-

brates on several Southern Ocean Islands (Huyser et al. 2000; Bergstrom

et al. 2009a; Chapuis et al. 2011) and the impact of introduced herbivores on

vegetation structure and dynamics is similarly well studied (Costin and Moore

1960; Meurk 1982; Leader-Williams 1985; Copson and Whinam 1998; Micol and

Jouventin 1995; Scott and Kirkpatrick 2008). Vertebrate grazing can lead to a

dominance of invasive plant species (Walton 1975; Leader Williams 1985; Micol

and Jouventin 1995). For example on South Georgia, reindeer grazing influences

the abundance and distribution of P. annua (Leader Williams et al. 1987). However,

while this grass is tolerant of trampling, urine scorching, grazing and uprooting

(Grime 1979) it is intolerant of competition from native vegetation on South

Georgia. Within 4 years of reindeer exclusion P. annua became greatly reduced

in mesic meadows, while under grazing it thrived, forming closed swards
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(Leader Williams et al. 1987). Similar reductions in Cirsium vulgare (spear thistle)
were observed following cattle eradication on Ile Amsterdam and grazing rabbits

have been shown to cause an increase of P. annua on Macquarie Island through

similar mechanisms (Copson and Whinam 1998). Few native species respond in a

similar positive manner to grazing by introduced mammals, allowing P. annua to

outcompete native species in response to grazing pressure.

The interactions between invasive species are complex with many different

factors influencing their strength and direction (Bergstrom et al. 2009b; Dowding

et al. 2009; Raymond et al. 2011). There are instances where managing one invasive

species may assist in the management of others. For example thickets of the

invasive plant Ulex europaeus (common gorse), on a small island of the Falkland

Islands, supports higher numbers of invasive rodents than most native vegetation

types, as it provides cover from predation (Quillfeldt et al. 2008). Clearing of these

thickets may assist in the management of rodents.

Perhaps more complex management issues relate to the removal of one invasive,

which can lead to an increase in another. The removal of rabbits on Ile Verte and Ile

Gillou, small islands within the Kerguelen archipelago, led to a significant increase

in abundance and cover of invasive Taraxacum officinale (dandelion) across all

habitats (Chapuis et al. 2004). Poa annua, C. fontanum and Senecio vulgaris
(common groundsel) also increased following rabbit removal, albeit on a smaller

scale. The different response of these invasive plants to rabbit removal is attributed

to the nature of rabbit grazing on each species and their responses. While rabbits

grazed on P. annua and C. fontanum on both islands (Bousses et al. in Chapuis

et al. 2004) they also actively removed inflorescences of T. officinale thereby

reducing the plants reproductive output (Chapuis et al. 2004). Senecio vulgaris,
however, was not grazed by rabbits and appeared to increase due to climate change

(Chapuis et al. 2004).

These cascade effects present conundrums for land managers who are forced to

make trade-offs for conservation outcomes. For example, rabbit management on

Iles Kerguelen has led to increases in invasive plants. If the original motivation of

rabbit removal was to restore native vegetation then it is not a straightforward

management issue. Further complications arise when also considering the conser-

vation of burrowing seabirds which are directly and indirectly affected by rabbits

(Brothers and Bone 2008; Brodier et al. 2011). Based on the lessons learnt from Iles

Kerguelen Chapuis et al. (2004) suggested that in some instances rabbit control via

myxomatosis may be preferable to eradication in order to allow a small population

of rabbits to continue grazing on the invasive Taraxacum species facilitating the

re-establishment of native vegetation and thereby reducing erosion which will

benefit seabirds (Chapuis et al. 2011).

Experience of alien species invasions on Southern Ocean Islands provides

valuable lessons on effective management of protected areas, particularly with

regard to trophic cascades associated with invasive vertebrate introduction

(Crafford 1990; Chapuis et al. 1994; Courchamp et al. 2003; Quillfeldt

et al. 2008), removal (Micol and Jouventin 1995; Huyser et al. 2000; Bergstrom

et al. 2009a), control (Copson and Whinam 1998) and the associated responses of
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invasive plants (Leader Williams et al. 1987; Copson and Whinam 1998; Brodier

et al. 2011; Chapuis et al. 2011). The traits of plant species need to be considered

when trying to predict their responses to vertebrate control and eradication. For

example, when predicting the ecosystem response to eradication of rabbits on

Macquarie Islands it is relevant that Taraxacum species is absent from the island,

and the three invasive species (P. annua, C. fontanum and S. media) present are
likely to respond differently given their species traits and the associated native

vegetation.

20.7 Mitigation and Management

While the threat of invasive species to the islands biodiversity has long been

recognised (Carrick 1964), recent research has highlighted how biosecurity mea-

sures can reduce propagule pressure to the region (Chown et al. 2012). Furthermore

Lee and Chown (2011) quantified how human movement intra-regionally,

i.e. within an island or between islands facilitates invasive species expansion.

Effective quarantine protocols are essential to reduce the threat of alien species

introductions to protected areas. The high reserve status and associated governance

of the Southern Ocean Islands have enabled stringent quarantine protocols to be

adopted for all visitors and cargo to the islands. The permit system for accessing,

building and undertaking research in these protected areas also facilitates the

enforcement of strict quarantine protocols. While the rigour of this practise varies

between island and operators, overall awareness has increased markedly in recent

years. Tourist activities are heavily regulated through permits and observers where

tourism currently occurs. Tour operators are required to ensure that tourists clean

their boots prior to disembarking tourist vessels and no food products are permitted

ashore. People travelling to most of the islands are not permitted to take outdoor

clothing that has been utilised in other areas. Most programmes provide their

personnel with new or clean boots and outer clothing. These biosecurity principles

are shared between countries and applied to other areas, such as Antarctica (Chown

et al. 2012) and other remote islands, and have broader applicability to protected

areas more generally. Some national programmes have gone further than others, for

example, the South African government has banned the importation of fresh fruit

and vegetables to Marion and Prince Edward Island in an effort to reduce the risk of

alien introductions. Heard Island has similar restrictions. As Nature Reserves,

National Parks and World Heritage Areas there is a sense of responsibility to

restore these islands where possible. In the past there has been a focus on vertebrate

pests, such as cats and rats. As over time these restoration efforts have been

successful, there has been a shift in focus to invasive plant eradications across the

region.

The lack of resident human populations within or adjacent to these island

protected areas affords a unique management scenario, one that is for the most

part devoid of conflicting interests from stakeholders. In other protected areas,

462 J.D. Shaw



conflicts can arise over invasive species removal or restrictions on livestock grazing

or numerous of other land use practises that drive plant invasions due to differing

values systems, perceptions and land use by different user groups (Simberloff 2003;

Ford-Thompson et al. 2012; van Wilgen 2012).

The provision for invasive plant removal is identified in most island manage-

ment plans for the purpose of maintaining biodiversity. To date there have been

21 recorded management actions to control or eradicate alien plants on Southern

Ocean Islands, focusing on small restricted populations. These projects have had

varied success. Mechanical removal has been used in the majority of cases with

herbicides also used in some instances. In most situations, the target species

were selected due to their low area of occupancy, or restricted distribution. Indeed

to date the few successful plant eradications involved small populations (or just a

few individuals) and were detected early. The grasses Anthoxanthum odoratum
(sweet vernal grass) and Rumex crispus (curled dock) were physically removed

from Macquarie Island, both plants had very restricted distributions (Copson and

Whinam 2001). Rumex acetosella (sheep sorrel) occurs in only two patches on

Marion Island (Fig. 20.2d) and as such it is a candidate for management (Gremmen

and Smith 2008; le Roux et al. 2013). A Rumex species was eradicated from

Enderby Island, an islet of the Auckland group, through hand pulling over several

years by researchers who regularly visited the island (Department of Conservation

unpublished data). However, it is worth noting that repeated removal of

R. acetosella over several years failed to remove this species from a <1 m2 area

on the plateau of Inaccessible Island (P. G. Ryan, personal communication, 2012).

Eradication of several small patches of Agrostis gigantea (redtop) was attempted on

Marion Island (Gremmen and Smith 2008), and in 2006 an attempt to eradicate

a single, small patch of Agropyron repens (couch grass) commenced through

mechanical removal and repeated herbicide application (de Villiers and Cooper

2008). In one of the largest campaigns to date, a sustained effort has been made

to remove S. procumbens from Gough Island since it was initially detected

in 1998. The site of occupancy has been treated with herbicide, hot water, gas

burners and mechanical removable of plants and top soil, yet germinants still

continued to emerge after several years of treatment (Cooper et al. 2011). Attempts

to remove P. annua and Stellaria media on the Snares Island through chemical

and manual removal have failed, due to the established seedbanks and difficul-

ties associated with the logistics required for ongoing actions (Department of

Conservation, New Zealand unpublished data). The control attempts of Cardamine
flexuosa (wavy-leaved bittercress) on South Georgia have not yet been successful

(Government South Georgia South Sandwich Islands 2010) due to seedbank

persistence.

The eradication of single alien plants or a restricted small patch of a plant, have

been proposed for several islands (Department of Conservation, New Zealand

unpublished data; Parks and Wildlife Service 2006; Osbourne et al. 2009;

le Roux et al. 2013). To date populations such as these are the only types that

have been successfully eradicated on Southern Ocean Islands. These cover numer-

ous species, for example, the eradication of 20 species is proposed on Possession
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Island of the Crozet group (National Nature Reserve of French Southern Lands,

unpublished data). In such proposals, reserve managers consider the resources

required to undertake invasive plant management in the context of the likely out-

comes and associated conservation benefits (de Villiers and Cooper 2008). These

risk analyses must include the logistical constraints of physical isolation, limited

personnel, weather, technological limitations and wildlife disturbance. For

populations of invasive plants that cover large areas the cost cannot be justified

given the low probability of success. With the current technologies available it is

unlikely that widespread invasive plants will be completely removed in the near

future. A complicating factor for managing invasive species in high conservation

protected areas is there are often legislative limits on what management actions are

permissible. Approval for strategies such as the introduction of biocontrol agents is

often harder to achieve, the same too for broad scale herbicide application, given

the off target impacts on other species of high conservation value. While eradica-

tion of invasive plants may not be feasible in other protected areas it is still possible

to manage transport of invasive propagules within areas by restricting human

movements to invaded areas, or conversely, protecting uninvaded areas. Designated

intra-island pathways and wash down points have been used on scientific expedi-

tions to manage P. annua spread within Heard Island.

Given their current reserve status, Southern Ocean Islands could be considered

some of the most protected areas in the world. Unlike many other protected areas

they also have the added benefit of being geographically isolated and have low

human visitation and activity. Currently the two inhabited island groups the

Falkland Islands and Tristan da Cunha have the highest numbers of established

alien plant species than all other islands which are wholly protected areas (i.e. no

resident human populations). Chown et al. (1998) discuss the relationship of human

occupants and island area in driving this alien plant richness. What is perhaps most

pertinent to the current management of invasive plants on these inhabited islands is

their reduced protected area status (i.e. not whole island) resulting in conflict

between invasive plant management and land use and tenure (United Kingdom

Overseas Territories 2011). While efforts are currently underway to develop a

Falkland Islands Protected Areas Strategy, aiming to build a network of protected

areas it is undeniable that current agricultural practices, in general, complicate

invasive plant management. Large scale (i.e. whole island) protected area status

has alleviated such land management conflict on most other Southern Ocean

Islands.

Changing climate, such as warming and drying, together with increased visita-

tion have the potential to increase invasions to these islands (Bergstrom and Chown

1999; le Roux and McGeoch 2008; Davies et al. 2011); however, strict legislation

and governance has ensured threats are minimised to date. Nevertheless, propagules

continue to be introduced to the region (Whinam et al. 2005; Lee and Chown 2009)

and invasive species already present are likely to spread under climatic change and

in some instance already appear to be doing so (Frenot et al. 1998; Chown

et al. 2013; Scott and Kirkpatrick 2013). Invasive species pose a considerable threat

to the biodiversity of these protected areas, and for this reason it is critical that new
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introductions are prevented and where possible existing invasives are managed.

International collaboration on invasive species research (Frenot et al. 2005; Chown

et al. 2012) is critical for developing successful mitigation strategies, and will be

required into the future to ensure the on-going protection of these islands from the

establishment of invasive species.
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Part III

Managing Invasions in Protected Areas:
From Prevention to Restoration



Chapter 21

Manipulating Alien Plant Species Propagule

Pressure as a Prevention Strategy for

Protected Areas

Laura A. Meyerson and Petr Pyšek

Abstract In this chapter we argue that preventing the introduction and spread of

alien species in protected areas is still a highly relevant and critically important

management strategy despite current and future global change. There has been a

provocative and attention grabbing call of late in the conservation literature to

accept alien species invasions as inevitable and perhaps even desirable. Such ‘novel

ecosystems’, it has been argued, may function equivalently or better under future

conditions. However, we suggest that it is the very uncertainty that global change

and its associated impacts bring that makes prevention more necessary than ever for

protected areas. Here we focus on the variables affecting protected areas that can

and cannot be manipulated to strengthen prevention efforts. Because so much has

been learned about alien species prevention, we also outline different approaches

for existing protected areas and those that are planned in the future, with particular

emphasis on the management of invasive alien plant pathways and propagule

pressure.
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21.1 Introduction

Preventing the introduction and colonization of invasive alien plants is an integral

component of the management plans of protected areas (PAs) around the world.

However, absolute exclusion of unwanted species is recognised as an unrealistic

goal in most cases (Rejmánek and Pitcairn 2002; Pluess et al. 2012a, b) and the

porosity of PA borders has been well documented since the first global effort to

survey invasions in PAs (Usher 1988). Global climate change, atmospheric N

deposition, human population growth, land conversion and associated disturbances,

and higher levels of trade are all factors contributing to accelerating rates of

invasions in most ecosystems (e.g. Meyerson and Reaser 2002; Meyerson and

Mooney 2007; Hulme et al. 2009; Chytrý et al. 2012), and present further chal-

lenges to the successful prevention of invasive plants incursion into PAs. Other

challenges, such as the activities that foster plant introductions in the surrounding

matrix (e.g. horticulture, erosion control) and global economic fluctuations that

affect the ability to staff and manage PAs for prevention of invasive plants, further

complicate management.

Given this rather grim view, it is appropriate to ask whether prevention attempts

are still relevant, worthwhile, or even possible. Prevention is a key management

option, generally considered as more effective than mitigation and restoration after

invasion has taken place (Pyšek and Richardson 2010). Prevention has been

identified by the Convention on Biological Diversity in 2002 as the priority

management action, with early detection, rapid response, and possible eradication

only to follow when prevention fails, and long-term management being the last

option (Simberloff et al. 2013). Generally, prevention is applicable at different

stages (e.g. Pyšek and Richardson 2010; Blackburn et al. 2011), starting with

screening and constricting pathways and vectors, intercepting movements at

national borders and assessing risks resulting from international trade; these

approaches repeatedly proved successful in reducing the propagule pressures of

potential invaders and saving substantial amounts of money to economies (see

Simberloff et al. 2013 for examples).

In this chapter we focus on invasive alien plant species prevention as a critical

component of PA management. Here, we define ‘prevention’ as the protection of a

defined reserve from invasive alien plants which includes both (i) trying to prevent

the arrival of new invasive species and (ii) eradicating or controlling those already

present. Therefore, this definition includes limiting the spread of an invasive

species already established in a PA, as prevention from on-going and potentially

increasing impacts within the reserve. This perspective takes a page from the

successful biosecurity approaches that have been employed by New Zealand

(Hulme 2011a) and other countries at their borders to manage incursions of

unwanted organisms (www.biosecurity.govt.nz/biosec).

Specifically, we highlight the variables controlling plant invasions in PAs with

regard to whether or not they can be manipulated. This strategy may be both more

effective for preventing the introduction and spread of invasive plants, and more

efficient in terms of allocating scarce resources to invasive plants management in PAs.
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21.2 Prevention from a Practical Perspective:

The Relevance in the Face of Global Change

Over the last several decades, management approaches of PAs have necessarily

evolved to recognise and incorporate global, regional and local changes and to

consider uncertainty in future trajectories. This evolution holds also for manage-

ment of invasive species in PAs where absolute exclusion may not only be imprac-

tical from an economic perspective but also simply impossible given new and

evolving introduction pathways that facilitate high levels of propagule pressure.

In the face of inevitable global change, why is prevention of plant invasions into

PAs still relevant? Much literature in the last decade has focused on changing

temperature and precipitation patterns that could favour invasive species and

negatively impact habitats for native species (e.g. Thuiller 2007; Lambdon

et al. 2008; Palmer et al. 2008; Potts et al. 2010). This, of course, includes PAs

where many unique biotic and abiotic features and interactions are regulated by

temperature and precipitation (Baron et al. 2009). Recent work by Diez et al. (2012)

analysed three regional North American datasets of flowering phenology over time.

They found that predicting general patterns of phenological response to climate

change may be possible at the community level once regional climate drivers (i.e. in

addition to temperature) are accounted for (Diez et al. 2012). Such predictions may

help to inform the timing and types of management efforts, particularly when

interbreeding and hybridization are of concern.

Research has also predicted that both native and introduced species will migrate

towards the poles as the climate changes (Walther et al. 2002; Parmesan 2006;

Hellmann et al. 2008; Baron et al. 2009), as is already occurring for several species

(Parmesan and Yohe 2003). This implies that at least some of the native species that

reside within PA boundaries will migrate out of the reserve and new species (both

native and alien) will expand their range, migrate in, and colonise the PA resulting

in novel biotic assemblages (Baron et al. 2009). Some plants already present in the

PA will likely increase in abundance and perhaps also in their distributional range.

How individual PA management will respond to the immigration of natives not

previously present and to the proliferation of other species already within the

reserve should depend on the particular management goals of each site, including

how those native immigrants interact with important extant fauna and flora.

A further challenge to the relevance of preventing plant invasions is the recent

high-profile species translocation conservation strategy (assisted migration) and the

controversies that this has generated (Hoegh-Guldberg et al. 2008; Ricciardi and

Simberloff 2009; Richardson et al. 2009; IUCN 2012; Schwartz et al. 2012).

However, as has been well documented, invasive species cause significant and

lasting changes in natural landscapes over time through ecosystem engineering (e.g.

hydrology, accretion, erosion), allelopathy and nutrient cycling (e.g. N-fixation,

resource acquisition), and altering light and temperature regimes, that result in

profound changes in faunal and floral communities (habitat loss, extirpation, decrease

in species diversity, community structure and trophic relationships, etc.); these various
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types of impacts have received much attention recently (Farnsworth and Meyerson

2003; Liao et al. 2008; Gaertner et al. 2009; Pyšek and Richardson 2010; Vilà

et al. 2011; Pyšek et al. 2012; Strayer 2012; Simberloff et al. 2013).Many PAs contain

endangered species or rare ecosystem types that could be permanently altered or

driven to local extinction by an unchecked invasion. In many countries, PAs are not

only considered national treasures because of their historical significance and the

species they harbour (e.g. Yellowstone National Park, USA), but are also critical for

providing ecosystem goods and services, such as water (vanWilgen et al. 2011, 2012)

and an income source for those who live nearby. The potential loss of some or all of

these native species, ecosystems and eco-services due to biological invasions keeps

the prevention strategy both relevant and crucial.

21.3 Proactive Prevention: To Manipulate or Not

In all PAs, there are variables that can be changed and other variables that are

beyond the control of PA management (Table 21.1). While each PA is unique in

terms of its location and placement in the larger landscape matrix, some general

factors can be applied across most PAs. Detailing these factors for each PA is an

important starting point for a PA management plan to better understand where

effort and resources can result in positive change and where they cannot. However,

the first and perhaps most important distinction in proactive prevention in PAs is

whether manipulations to prevent plant invasions are intended for established

reserves or for those still in the planning stages.

Globally, the percentage of terrestrial area dedicated to protection of nature has

grown over the last two decades. Figure 21.1 presents data on the percentage

change in PAs for different regions of the world. Developed regions are grouped

while developing regions, arguably hot spots of biodiversity, are distinguished. All

regions show at least some increase in the percentage of protected area since 1990

and some (both developed and developing) show additional gains since 2000. If this

increasing trend in protected area creation continues, a bifurcated approach for

prevention in established PAs versus prevention planned PAs is needed. This dual

prevention protocol would allow best practices to be implemented at the earliest

stages in newly established PAs, and lessons to be learned from existing PAs where

prevention has been successfully applied. However, major knowledge gaps persist.

We still do not have satisfactory answers to questions such as:

• Do prevention opportunities differ between established and planned protected

areas?

• Is it possible to design new parks that aid in prevention?

• Are prevention strategies ‘built in’ to reserve design more effective than

retroactive prevention?

Below we discuss the major factors affecting invasions in nature reserves and

begin to address these questions.
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21.4 Vulnerability to Invasion

21.4.1 Location in the Extant Matrix: Managing Natural
and Human-Induced Drivers of Propagule Pressure

For planned reserves, drivers of propagule pressure can, to a certain extent, be

managed according to the PA location in the landscape matrix. In the Czech

Republic and elsewhere in Europe, there are different types of PAs that differ in

their levels of protection. In large-scale PAs that include extensive sections of

inhabited landscapes such as national parks or so-called ‘protected landscape

areas’, human activities, including commercial activities, are regulated but not

excluded. Within these PAs, the most biologically valuable parts are declared as

nature reserves and strict protection measures imposed, with the aim to completely

Table 21.1 Overview of factors aimed at preventing or minimizing alien species incursions into

extant and future PAs

Factor type Established PAs Planned PAs

Manipulatable Establish buffer zones Location in landscape matrix

(with respect to IAS propagule

drivers and socioeconomic fabric

of region)

Restrict/regulate access to fragile

areas

Planning buffer zones

Input of propagules (intensity and

timing of park visits, boundary

control, biosecurity in PAs)

Education and implementation

of codes of conduct

Human behaviour, education,

and codes of conduct

Location of visitor centres, entrance

gates, roads and hiking trails

Water regime

Regulated fires

Managing/eradicating invasive

species already present

Allocation of funds into preventive

measures of IAS management

Non-manipulatable Location in landscape matrix Climate change

Climate change Natural fires

N-deposition N-deposition

Natural fires Human population development

and activities

Human population development

and activities

Stochastic events

Stochastic events

Factors are divided according to whether or not they can be manipulated, completely or partially,

with the aim to reduce invasive plant species and their impacts, and presented separately for PAs

already existing and those to be established in the future. See text for discussion and examples of

how the management can be accomplished or mitigation implemented to address those factors that

could not be changed or managed
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remove them from human influence and allow only natural processes to act. Data

from the Czech Republic indicate that small-scale nature reserves located within

larger PAs resulted in lower levels of invasion than in reserves established in the

non-protected area landscapes.

This finding resulted in the formulation of the “several small inside single large”

principle (SSISL) and was suggested as a biodiversity maintenance tool to help

prevent plant invasions in nature reserves (Pyšek et al. 2002). This is because of the

higher propagule pressure resulting from more intense human activities in land-

scapes that are not subject to any protection (Chytrý et al. 2008). Similarly, small

dry rainforest reserves in Queensland, Australia that do not contain extensive areas

of surrounding habitat are unlikely to be secure in the long term (Fensham 1996),

pointing to the importance of the surrounding zones in management of small-scale

reserves (see also Chown et al. 2003; Jarošı́k et al. 2011a). Establishment of future

small-scale PAs, where this option is available or it is being decided among several

possible areas of comparable quality to preserve, should take into account the

character of surrounding landscape and connectivity of its more natural parts in

the matrix. The above examples suggest that the most convenient strategy from the

prevention point of view is to place, whenever possible, new PAs in regions of low

human activity, ideally in partially protected landscapes.

Generally, managing pathways and propagule pressure is the key concept behind

prevention. A recent study of alien plants incursion into Kruger National Park

(KNP), South Africa (Foxcroft et al. 2011), indicated that understanding how

drivers of propagule pressure operate can be potentially applied to the management

Fig. 21.1 Proportion of terrestrial area protected in developed and developing regions in 1990,

2000, 2010. The differently shaded bars represent pooled data for both categories for each of three
decades. Pooled data are shown for developed regions in the left set of bars, developing regions are
shown by individual regions. Data Source: IUCN and UNEP-WCMC (2012) The World Database

on Protected Areas (WDPA): Accessed March 2012. Cambridge, UK: UNEP-WCMC
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of not only planned but also existing PAs. In this study, the number of alien invasive

plants colonizing the park by crossing its border was primarily determined by the

amount of water runoff and density of roads outside the park in its close surround-

ings. Of these two major vectors of propagules, the water runoff had a stronger

effect, but both were complementary – where there was no river outside the park,

roads acted as an effective driver for propagule pressure. Although the specific

effects of factors likely differ among individual PAs, the role of the two major

propagule drivers, representing natural and human-induced dispersal, seems to be

generally applicable to PAs (Foxcroft et al. 2011). Interestingly, if the general KNP

model is applied to individual invasive species, predictors from inside the park,

such as the presence of main rivers and species-specific effect of vegetation types,

also become important. Landscape characteristics outside the park, such as location

of rivers, may serve as guidelines for management to enact proactive interventions

to manipulate landscape features near the KNP to prevent further incursions. Pre-

dictors from the inside the KNP can be used to identify high-risk areas to improve

the cost-effectiveness of management, to locate invasive plants and target them for

eradication (Jarošı́k et al. 2011b).

However, the fact that rivers are the most powerful drivers of alien species

propagules (Richardson et al. 2007; Pyšek et al. 2010) creates a conflict of interest

because rivers increase habitat heterogeneity and maintain biodiversity and are

therefore important landscape elements of many PAs. At present, park managers

have little control over the upper reaches of the rivers that flow through KNP.

Nevertheless, quantifying the threshold value of water runoff from surrounding

areas below which invasion is less likely opens the way to prioritise control

measures such as targeting particular riparian areas outside the PA for removal of

invasive plants more urgently than others. Or, further spread of alien plants into

KNP may be limited by relocating entrance gates to areas where water runoff is

low, or follow the same principle if there is a need to create additional entrance

gates (Foxcroft et al. 2011).

21.4.2 Buffer Zones: Making Use of Natural Vegetation
Resistance to Invasions

Globally, there are twice as many alien species outside of nature reserves than are

present within PAs (Lonsdale 1999), suggesting that there are some mechanisms

conferring resistance to invasion on PAs. There is some rigorous evidence in the

literature that natural vegetation in PAs acts as a buffer against invasion by aliens

species. Vegetation of temperate reserves in the Czech Republic was shown to act

as an effective barrier against the establishment of alien plants; old reserves had

initially fewer aliens than young reserves, and over time it was more difficult for an

alien species to invade a nature reserve than a corresponding section of

non-protected landscape (Pyšek et al. 2003). The Kruger National park study
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revealed that in addition to the drivers of propagule pressure, the presence of natural

vegetation decreased the abundance of invasive species inside the park. The number

of records of invasive plants declined rapidly beyond 1,500 m inside the park,

indicating that the park boundary limited their spread (Foxcroft et al. 2011). This

phenomenon, of natural vegetation creating a buffer zone, can be potentially used

as a prevention tool, if such zones are planned for future reserves, or established

around existing PAs. Using vegetation buffer zones as a long term prevention

strategy could help minimise the costs, disturbances, and risks associated with

on-going active management in core protected areas. For existing parks, such as

the KNP example, by focusing only on a subset of vegetation types identified as

high-risk for invasion along the park boundary, and fine-tuning the target areas by

using information on the presence of rivers and vegetative buffers, management can

be made more cost effective (Jarošı́k et al. 2011b).

21.4.3 Visitors: A Goldmine for Prevention?

It has been repeatedly documented that the number of alien species that occur in a

PA is closely related to that of human visitors, this pathway being one of the

commonly used surrogates for propagule pressure in invasion studies (Macdonald

et al. 1988; Usher 1988; Lonsdale 1999; McKinney 2002; Pyšek et al. 2002; Lee

and Chown 2009a, b). In general, horticulture is considered as the most important

pathway of introduction of invasive plants (e.g. Mack 2000; Hulme 2011b), but

unintentional introductions, such as by visitors to PAs, also generate potentially

invasive species. In the Czech flora, unintentionally introduced plant species are

less likely to become invasive, but those that do represent a threat to natural areas

because they invade a wider range of semi-natural habitats than species escaped

from horticulture (Pyšek et al. 2011). The accidental introduction of invasive plant

propagules by visitors interacts with the different land-uses within the PA. This can

increase the spread of alien plants from areas within the PA such as tourist camps

and staff villages, which serve as source areas of propagules (Foxcroft 2001;

Foxcroft and Downey 2008).

In many parts of the world, measures to prevent the introduction and spread of

invasive plant propagules by visitors to established reserves are already in place.

For example, some parks regulate pathways by controlling the number of visitors

and the seasons during which people can visit the park, or the accessible areas

(e.g. Galapagos, Ecuador [www.galapagospark.org]). Many parks ask visitors to

clean their shoes, clothes, tires and vehicles, equipment and pets before entering

(e.g. Olympic National Park, Washington, USA and Yosemite National Park,

California [www.nps.gov/yose/naturescience/invasive-plants.htm], USA) and

some even provide cleaning stations for sanitizing hiking and hunting gear prior

to entering the PA (e.g. Fiordland National Park, NZ, www.doc.govt.nz). However,

additional prevention measures are possible and desirable, particularly for PAs that

are still in the planning stages. For example, informed by scientific knowledge,
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strategic placements of entrance gates, visitor centres, or staff villages could be

considered to reduce threats from plant invasions (Jarošı́k et al. 2011b; Foxcroft

et al. 2011). Finally, an important part of preventive measures aimed at reducing

propagule pressure and disturbances caused by visitors is education. Human behav-

iour is key to preventing biological invasions and it can be assumed that the

majority of people visiting PAs are open to being educated about how to contribute

to solving problems rather than creating them. Educated visitors can become a part

of the on-going monitoring system for new introductions to PAs and all visitors

should be educated on appropriate biosecurity precautions and their importance for

the PA’s preservation. In addition to directly changing behaviour, educated visitors

can create culture change in which peer pressure helps to maintain biosecurity

standards. In Europe, ‘codes of conduct’ relating to invasive plants exist for both

the horticulture industry (e.g. Heywood and Brunel 2009) and for botanical gardens

(Heywood and Sharrock 2012). They are aimed at educating those industries and

the people that work in them. Developing and implementing a similar code of

conduct for protected areas might be an effective way to formalise and encourage

behaviour that strengthens prevention and results in a culture change by PA visitors.

This is important because many PAs in Europe, such as large-scale national parks

and protected landscape areas host gardening-related and other commercial activ-

ities, and as shown recently by Hulme (2011b), botanical gardens can represent

serious threat in terms of alien plant invasions.

21.4.4 Factors that Cannot Be Manipulated

Some factors cannot be manipulated for a single PA, regardless of whether PAs are

established or still being planned (Table 21.1). These include global climatic factors

that change over time (e.g. 2 �C temperature increase per decade is projected by the

IPCC 2007), the amount of N-deposition, natural fires beyond control and other

stochastic events such as hurricanes or earthquakes, and the multiple pressures

associated with human population development and growth. The United Nations is

projecting that by 2100 the global population will exceed 10 billion with Africa and

Asia as the most populous regions globally (www.un.org/esa/population). Popula-

tion growth includes demographic and socioeconomic factors such as trade, but also

political turmoil, changes in human life style, increases in consumption, behaviour

potentially associated with increasingly scarce resources. International treaties and

regulations to manage these global changes are notoriously difficult to enforce,

particularly when they negatively affect trade and when they involve both devel-

oped and developing nations. While these larger global forces paint a somewhat

gloomy picture, the take away message is that in terms of managing invasive plants

in PAs, it is critical to dedicate energy and resources to the factors that can be

controlled, but also to be prepared to adapt when outside forces influence preven-

tion efforts.
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21.5 Never Too Late: Eradication Can Reduce

Propagule Pressure

Eradicating existing invasions is another dimension of prevention where the aim is

to prevent propagules from spreading further within the target area, particularly

when eradication is part of an early detection and rapid response strategy to manage

‘offensively’ rather than ‘defensively’ (sensu Rejmánek and Pitcairn 2002). As

such, it is grouped with factors that can and should be manipulated to strengthen

prevention. Both inside reserves and in the landscape outside of reserves the goal is

to remove invasive populations. However, within reserves, eliminating or reducing

propagules from which other invasive populations could establish is particularly

crucial because most habitats in a PA are valuable and subject to protection. Indeed,

most eradication campaigns against invasive plants have been conducted in some

kind of PAs (23 of the 27 analysed in Pluess et al. 2012b; see also Genovesi 2011;

Simberloff 2014 for an overview of successful eradications). The analysis in Pluess

et al. (2012b) of factors affecting whether eradication will be successful or not

indicated that event-specific factors, such as the extent of the infested area, reaction

time and measures of sanitary control can be taken into account and even be

manipulated to some degree by authorities dealing with invasive species manage-

ment. Specifically, initiating the campaign before the extent of infestation reaches a

critical threshold, starting to eradicate within the first 4 years since the problem was

detected, paying special attention to plant invaders escaped from cultivation, and

applying sanitary measures can substantially increase the probability of eradication

success (Pluess et al. 2012b).

21.6 Game Over or Game on?

Is prevention of plant invasions in PAs still a relevant strategy? Our conclusion is

emphatically yes. A policy shift away from invasive species prevention could in

fact be disastrous, perhaps most especially in highly diverse developing countries

where the stakes are especially high (Nuñez and Pauchard 2010; Lovei and

Lewinsohn 2012). In addition to managing PAs under the uncertainty of climate

change, an increased uncertainty would be added in terms of the effects and

interactions of invasive plants with resident flora and fauna and abiotic processes,

further complicating management and likely increasing costs. For these and other

reasons, we strongly argue that prevention remains relevant and is perhaps more

important than ever as the ability of ecosystems and native species to adapt to a

changing future comes to the forefront of management and research agendas.

Despite the recent flurry of articles in high impact journals touting the inevita-

bility of novel ecosystems and the benefits of invasive species, there have been

spectacular successes associated with the eradication of invasive species and

preventing their spread to new areas (e.g. Simberloff et al. 2011). We concede
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that in the face of overwhelming global change and dynamic international trade

many of the old ecological rules no longer apply and those hard and fast solutions

for completely preventing biological invasions are not feasible. However, we argue

that we need to develop innovative approaches for preventing new introductions

and invasions and must continue working to eradicate existing invasions, particu-

larly in PAs that serve as the repositories for our global biological wealth. These

approaches would include different strategies for existing versus planned reserves,

managing pathways both spatially and temporally, managing propagule pressure

through the creation and management of buffer zones to reduce propagule pressure,

and redoubling our efforts to educate the millions of annual visitors to PAs

worldwide and harness their enthusiasm to reinforce prevention efforts.

Given the uncertainty of how the future climate will affect the introduction and

spread of invasive plants and the ecosystems where they are introduced, we would

be wise to invest our energies in scenario-based planning which allows for an array

of alternative futures (Baron et al. 2009). By employing strategies informed by

adaptive management and research that distinguishes management approaches that

do and do not accomplish prevention, we can begin to close the gap between theory

and practice in preventing invasions in protected areas.
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Jarošı́k V, Pyšek P, Foxcroft LC et al (2011b) Predicting incursion of plant invaders into Kruger

National Park, South Africa: the interplay of general drivers and species-specific factors. PLoS

ONE 6:e28711
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Chapter 22

Guidelines for Addressing Invasive Species

in Protected Areas

Piero Genovesi and Andrea Monaco

Abstract Biological invasions pose a severe and increasing threat to the world’s

protected areas, and protected areas are being called upon to improve their manage-

ment efficacy. Based on a review of best practice cases presented in this book and

other sources, a set of guidelines to deal with invasive alien species is proposed,

discussing the challenges and opportunities that protected areas face. These guidelines

have a broader scope than the management of invasive alien plants within protected

areas only, and include recommendations on all aspects related to invasive species,

from raising awareness within the public and decision makers, to developing staff

capacity, encouraging responsible behaviour, implementing prevention actions,

improving the ability to react promptly to new incursions, developing surveillance

and monitoring frameworks, integrating invasive species into management plans, and

also for encouraging action at a broader scale than that of the protected area. These

guidelines can help protected areas play a key role in preventing and mitigating the

global effects of biological invasions, also catalysing more stringent action and

policies at all scales.
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22.1 Introduction

Invasive alien species (IAS) are of one the most important direct drivers of

biodiversity loss and ecosystem service change (Brunel et al. 2013), globally

increasing at an unprecedented pace (Butchart et al. 2010). Furthermore, the

challenges related to this threat are expected to grow, because of the strong links

between invasions and other factors of change such as global warming, growing

human populations, and habitat loss (Simberloff et al. 2013; Spear et al. 2013). In

particular, the potential synergic effects of invasions and climate change appear

alarming (Willis et al. 2010), because global warming can exacerbate the rate of

invasions (Dudley et al. 2010). Additionally, efforts to reduce climate change

impacts, if not carefully planned, may introduce further IAS (Ricciardi and

Simberloff 2009; IUCN 2013).

The impact of biological invasions can even be worse in protected areas (PAs)

than elsewhere, because these areas preserve key elements of global biological

diversity, ensuring the maintenance of essential services for the livelihood of many

communities (Foxcroft et al. 2014). Addressing this issue requires reconsidering

general PA policies, as well as overall priorities, posing complex challenges to PAs,

for example, to find ways to ensure understanding and support by PA visitors and

even staff. It is therefore urgent that PAs improve their strategies to address this, as

well as other key threats, such as habitat loss and climate change.

The guidelines proposed here aim to guide PA managers on how to approach

IAS, in order to prevent and mitigate the impacts of biological invasions within, as

well as beyond, the borders of PAs. The guidelines are largely based on examples of

invasive alien plants (IAP), which are the main focus of this volume, but the

proposed principles apply to all other taxonomic groups. The guidelines are pro-

vided to enhance the pivotal role that PAs can play, making optimal use of the

specific knowledge, skills and sensitivity of PAs in terms of, for example raising

awareness, surveillance and monitoring, which are all key elements for a more

effective response to invasions.

These guidelines are aimed mainly at PA managers and staff, practitioners and

local communities, but also authorities, NGOs and funders. All these stakeholders

are central to more effective management of invasive species, and at the same time

to promote a more effective role of PAs on this issue at all levels.

22.2 Challenges and Opportunities for Protected Areas

in Addressing Invasive Alien Species

The urgent need to address the threats being posed to PAs by biological invasions

more effectively has been highlighted by several authors, who have tried to identify

the obstacles that limit implementation (e.g. Laurance et al. 2012; Tu and Robison

2014). Based on a survey of PA managers, De Poorter (2007) highlighted the main
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impediments to more effective IAP management as (i) the lack of capacity for

mainstreaming IAS management into overall PA management, (ii) the limited

capacity of staff at site level, (iii) the low level of awareness, (iv) the gaps in

information on IAS available to PA managers, (v) the lack of funding, (vi) legal or

institutional impediments, (vii) and the clashes of interests between stakeholders.

A recent survey in European PAs (in 2012; Pysek et al. 2014) highlighted that IAS

are perceived as the second most serious threat to PAs after habitat loss and

fragmentation, and even more important than tourism. The survey also highlighted

the main impediments to action in Europe, largely confirming the findings by De

Poorter (2007), with (i) limited resources indicated as the main problem, followed

by (ii) the lack of capacity, (iii) lack of awareness, (iv) gaps in information, (v) little

support by the public or stakeholders and (vi) the institutional and legal impedi-

ments to action. Apart from these constraints, the complexity of the issue and the

need to implement measures that are specifically targeted at IAS, pose additional

challenges to park mangers. For example, the interactions between IAS, which can

show synergic patterns and cause surprising cascade effects, require the responses

to be very careful planned (Shaw 2014). Further, the measures usually adopted by

PAs, such as enforcing a protection regime not necessarily coupled by active

management, are clearly not enough to reduce the impact of IAS. For example,

many islands are protected, but still highly impacted by invasions (Bergstrom and

Chown 1999; Frenot et al. 2005; Kueffer et al. 2010; Baret et al. 2014). This is

because of the inherent vulnerability of islands, as well as of all isolated ecosys-

tems, to the impacts of IAS (Brundu 2014; Loope et al. 2014; Shaw 2014), and the

need to implement measures specifically tailored to these situations. Also, the

unintended effects of the establishment of PAs may facilitate the introduction of

IAS, for example in the Mediterranean islands, which are characterised by high

tourism pressure (Brundu 2014).

The urgent need to specifically address this threat in PAs is also linked to the

‘environmentalist’s paradox’ (Raudsepp-Hearne et al. 2010). Despite constant

improvement of human wellbeing in many areas of the world, and the expansion of

PAs, the state of the environment often continues to worsen, and invasions are

becoming epidemic in scale (Cox and Underwood 2011; McNeely 2014; Mora and

Sale 2011), challenging the global community to improve the efficacy of conservation

measures.

The ability to maintain the ecological integrity of PAs depends extensively on

the efficacy of management outside their borders, and therefore PAs are also called

to catalyse a more effective approach to IAS management beyond their borders

(Laurance et al. 2012; Spear et al. 2013). In this regard, PAs can play a key role in

catalysing the participation of interest groups and communities, promoting more

active support by society and of the measures needed to address invasions. Raising

awareness on invasions at all levels is indeed one of the most important roles that

PAs can play. Protected areas generally have high credibility in society, and could

therefore be particularly effective in communicating and educating visitors, local

communities and the general public on invasions, an issue that is particularly

difficult to approach (Boshoff et al. 2008).
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The broad strategic approach needed to address IAS is indeed well known.

Article 8(h) of the Convention on Biological Diversity calls parties “as far as

possible and as appropriate, (to) prevent the introduction of, control or eradicate

those alien species which threaten ecosystems, habitats or species”. Further details

were provided in 2002 at the Conference of the Parties of the Convention on

Biological Diversity, with decision VI/23 providing guiding principles for invasive

alien species management, based on a ‘hierarchical approach’. This approach calls

for prevention as the first line of defence, early detection and rapid response when

prevention fails, eradication as the best option to manage established species, and

permanent management when the other options are not applicable (Wittenberg and

Cock 2001).

All these measures need to be applied at the appropriate scale, from species-

specific approaches to ecosystem management responses, and considering action at

multiple scales, from local to regional and even global (Foxcroft et al. 2009; Seipel

et al. 2012). Building on this concept, PAs should ideally address the problem of

invasions at the earliest possible stage of their planning, possibly starting from the

design of any new protected area itself (Meyerson and Pyšek 2014). The landscape

configuration of the geographic context in which a PA is established, and the natural

corridors connecting the PA with surrounding areas, affects the permeability of the

PA and is important in determining the future patterns of invasions (Foxcroft

et al. 2011; Meiners and Pickett 2014).

Measures addressing IAS not only are important to reduce their impacts on

biodiversity, but can also be beneficial for other aspects, for example by reducing

patterns of erosion or the risk of fires (Foxcroft et al. 2014), as well as for human

safety. Several IAS have biological characteristics that pose a danger to the safety

of park employees and visitors, as in the case of the lionfish (Pterois volitans
and P. miles). Lion fish, which have poisonous spines that can be hazardous to

people snorkelling and scuba diving, have invaded many of the south-eastern

ocean and coastal parks of the USA (McCreedy et al. 2012; Whitfield et al. 2002).

Often the danger presented by invasive species is unexpected by park employees

and visitors, and improving awareness of these dangers can help reduce

further harm.

Invasions are also relevant to the perception of PAs by the public. The appeal of

PAs is linked to the natural scenery and biodiversity of these areas, and the

reduction of native species or the extensive habitat alteration that IAS can cause,

can affect the appreciation of PAs visitors. Also, the implementation of manage-

ment actions in several cases have raised concerns and criticisms by the PA’s

visitors that need to be addressed carefully (van Wilgen 2012). For example pine

trees (Pinus spp.) in the Cape peninsula (South Africa) have been grown for

plantation forestry since the seventeenth century, are particularly damaging to the

endemic fynbos biome (van Wilgen and Richardson 2012), but at the same time are

regarded by people as attractive and ecologically beneficial (van Wilgen and

Richardson 2012).
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22.3 Guidelines: Eight Components to Improving Invasive

Species Management in Protected Areas

22.3.1 Raise Awareness on Biological Invasions at All Levels

The limited awareness and concern of the public is a major constraint to the efforts

to prevent and mitigate the impacts of IAS (Pyšek et al. 2014). A key role of PAs is

to be a focal point for the diffusion of information and knowledge on biological

invasions at all levels, from the PA staff and managers to the visitors, to local

communities and the general public. Protected areas can in fact play a pivotal role

in this regard, because of the credibility that these institutions generally have. More

specifically, PAs have direct contact with visitors, which should be used to inform

them about the threat posed by IAS, while at the same time communicating the

value of native biodiversity for the preservation of nature, but also of the ecosystem

services we all rely upon.

The awareness of IAS can also be raised through the involvement of the public in

the different activities related to the monitoring and management of IAS. There are

very valuable examples of the involvement of scuba divers in the detection of

seaweeds, as in the case of the seaweed Caulerpa webbiana in the marine PAs of

Azores (Amat et al. 2008), for which a specific webpage has been created to report

observations of this invasive seaweed (http://www.horta.uac.pt/caulerpa/httpdocs/

english.html). In the Adirondack Park (New York State, USA) The Nature Con-

servancy involved volunteers in a monitoring campaign that delineated the distri-

bution of 13 IAP along major roadways, allowing for prioritization of actions

(Brown et al. 2001). These two examples highlight the potential of local commu-

nities’ involvement for monitoring and detecting IAP. Also, and perhaps more

importantly, to mainstream conservation and the need to combat IAS, thereby

profoundly influencing the perception of the public to impacts of IAP, and the

severe effects of biological invasions more generally. There are also several

examples show the efficacy of communities and volunteers for eradication and

management of IAP. The “balsam blitzes” is an initiative aimed at controlling the

Impatiens glandulifera (Himalayan balsam), in the Pembrokeshire Coast National

Park (Wales, UK), involving volunteers mostly from local NGOs. The on-going

eradication of Lysichiton americanus (American skunk cabbage), in the Taunus

Nature Park (Germany), is carried on with the involvement of over 100 volunteers

(Pyšek et al. 2014).

The involvement of local communities not only can support management, but

also raise general awareness on the issue, or even have significant social and

economic benefits. An example is the Tutuila Island in the National Park of

American Samoa (Loope et al. 2014), where park managers have worked with

chiefs of the villages surrounding the park to control the invasive tree Falcataria
moluccana (batai wood). They have also circulated information through local

media outlets. The campaign managed to raise funds that were used to employ
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large numbers of young people from the villages, and galvanised strong support

by the local communities in the recovery of the native ecosystems. The best

known programme involving local communities for controlling IAP, at a much

larger scale and not restricted to PAs, is without any doubt the ‘Working for

Water’ programme, launched in South Africa in 1995. The programme has a dual

aim of controlling IAP and fighting poverty, and since its inception has cleared

more than one million hectares, providing jobs and training to approximately

around 20,000 people, in majority women (http://www.dwaf.gov.za/wfw/;

van Wilgen et al. 2012).

Several successful campaigns aimed at raising awareness on the issue of

invasive species in non-protected land can provide examples for PAs. The

‘Weedbuster’ (http://www.daff.qld.gov.au/4790_7012.htm) is an awareness and

education programme launched in Australia in 1994 (thereafter also in New

Zealand and South Africa) aimed at protecting the environment from weeds, by

active initiatives such as the ‘weedbuster weeks’ or the ‘weedbusters dirty week-

ends’. Gardeners are asked to identify any weedy ornamental species that might

be growing on their properties and replace them with non-weedy alternatives from

local garden centres. An example of the many human dimensions related to

invasive species, and of the possible ways to address them, is the “Operation

No Release” in Singapore (http://www.nparks.gov.sg/cms/docs/operation_no_

release.pdf), aimed at discouraging the release of living animals done in the

Vesak day (holy day), a Buddhist celebration where thousands of birds, insects

and animals are released in a ‘symbolic act to liberation’ (Shiu and Stokes 2008).

This successful programme is based on an active role of National Parks rangers,

stationing at popular release sites and discouraging the public from releasing

animals.

Raising the awareness of the public requires effective communication strategies

and sensitive arguments, such as the already mentioned example of the direct

danger to the safety of people posed by the lionfish. In some cases even the PA

employees can be unaware of the threat of biological invasions, and require specific

communication efforts. For example, the staff of the Kruger National Park (South

Africa), in particular the longer-standing personnel, strongly opposed the parks

efforts to clear well-known invasive ornamental plants that had been in their

gardens for a long time, and supported the programme only after specific education

and communication efforts by the PA authorities (Foxcroft 2001).

22.3.2 Integrate Invasive Species and Protected
Area Management

Addressing biological invasions raises serious technical challenges, often calling

for complex solutions. Different to other drivers of biodiversity loss, combating

IAS requires coordinated measures ranging from prevention to control, and
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especially in the case of long, well established species, the interactions among

species (native and other alien species) need to be taken into account. Further-

more, biological invasions interact in complex and non-additive ways with other

drivers, such as climate change. This can alter the pathways of arrival of IAS,

influence the probability of establishment, and modify the competitive and pred-

atory effects on native species, also affecting the prevention and control strategies

(Rahel and Olden 2008).

As also highlighted by Tu and Robison (2014), PAs are required to develop and

enforce well planned, coordinated and effective strategies to address IAS, integrat-

ing all the elements from awareness raising and communication efforts, regulatory

measures, prevention aspects, as well as eradication and management programmes

into a single programme. There are indeed examples of coordinated and effective

approaches to IAS in PAs. In North America, the National Park Service manages

IAS on park lands at different scales, through an integrated approach of cooperation

and collaboration, inventory and monitoring, prevention, early detection and rapid

response, treatment and control, and restoration (http://www.nature.nps.gov/biol

ogy/invasivespecies/). Most US parks have incorporated IAS management into

long-term planning and routine PA management. For example, Curecanti and

Glen Canyon National Recreation Areas have implemented ‘boat checks’ to help

visitors make sure their boats are free of zebra and quagga mussels (Dreissena
polymorpha and D. bugensis) prior to entering the park (http://www.nps.gov/cure/

planyourvisit/mussel_free_certification.htm).

Unfortunately, in many cases the approaches adopted by PAs tend to be limited

in focus. There is a tendency to concentrate efforts on the reaction to invasions,

often neglecting more proactive approaches. For example, South African

National Parks, which are acknowledged as being among the best managed in

Africa, often focus more on the control of widespread IAP and of some

mammals, but have to a large extent not focused sufficient attention to possible

prevention, early warning and rapid response programmes (e.g. see Foxcroft and

Freitag-Ronaldson 2007).

The dynamic basis of biological invasions also calls for an adaptive manage-

ment approach, although there are many obstacles to adopting this method

for IAS, including the lack of frameworks for decision making and feedback

mechanisms, and the inadequacy of the governance structures (Foxcroft and

McGeoch 2011). However, there are interesting examples where adaptive

management approaches have been successfully applied, for example in the

Kruger National Park (Foxcroft and McGeoch 2011). In particular, it would

be important that PAs base their activities on IAS on a priority setting exercise,

in order to sustainably manage the available resources, and to direct them in the

most effective way for minimizing the impacts of IAS (Randall 2011). There are

examples of tools to support objective priority setting, such as the Alien Plants

Ranking System developed in the USA (APRS; http://www.npwrc.usgs.gov/

resource/literatr/aprs/index.htm). The computer-based programme helps decision

making by taking actual and potential impacts, as well as feasibility of control,

into account.

22 Guidelines for Addressing Invasive Species in Protected Areas 493

http://www.nature.nps.gov/biology/invasivespecies/
http://www.nature.nps.gov/biology/invasivespecies/
http://www.nps.gov/cure/planyourvisit/mussel_free_certification.htm
http://www.nps.gov/cure/planyourvisit/mussel_free_certification.htm
http://www.npwrc.usgs.gov/resource/literatr/aprs/index.htm
http://www.npwrc.usgs.gov/resource/literatr/aprs/index.htm


22.3.3 Implementing Site-Based Prevention Actions
as a Priority

Prevention includes screening and addressing pathways and vectors, intercepting

movements at borders, and taking action based on risk assessment. These activities

have been identified as a global priority by the Aichi Target 9 and adopted by the

Convention on Biological Diversity, calling for the identification of key pathways

of invasions and implementing measures to address them. Meeting this target

requires action at multiple spatial scales, from global, to regional, and down to an

individual PA or site-specific efforts, and linking the processes and responses

operating at the different scales (Kueffer et al. 2014). Protected areas could do

more than routine management of IAP, by encouraging responsible behaviour by

private individuals and industries by, for example, promoting the adoption of

agreed standards, best-practice guidelines or codes of conduct. An example,

implemented at the level of an individual PA, is the code of conduct implemented

by the Kruger National Park, which includes a list of IAP not to be planted, and to

be immediately removed if observed (Foxcroft et al. 2008). Another example is the

environmental code of conduct for terrestrial scientific field research in Antarctica

(SCAR 2009). This includes provisions for all visitors, especially scientists, to the

Antarctic and Sub-Antarctic by, for example, cleaning or sterilising equipment to

remove propagules. At even larger scales, PAs could support and encourage the

implementation of the codes on IAS and horticulture, and IAS and botanical

gardens (Heywood and Brunel 2009; Heywood 2012). Other actions at the scale

of a PA could include the on-going assessment of site-specific activities and vectors

responsible of IAS introductions, and developing measures to reduce the risk of

further invasions. In this regard PAs should identify potential new invaders,

forecasting which IAS are expected to enter their borders, in order to intercept

them when feasible. This approach has proved successful at larger scale contexts

(see Simberloff et al. 2013 for examples), and should therefore also be adopted

at site specific scales.

Although in general prevention is acknowledged by far the most cost effective

way to address invasions, PAs often tend to focus more on management of IAS,

than on the sources of invasions, or on addressing new invasions in their early

stages. Prevention in PAs should also include the eradication or control of newly

arrived IAS, before they become widespread (discussed more in detail in

Sect. 22.3.5, and Table 22.1, Guideline v). As discussed by Meyerson and Pyšek

(2014), reducing the rate of introductions into PAs is in fact a particularly important

strategy, because it would significantly reduce the probability of establishment of

IAP. There are however many examples of effective prevention efforts in PAs of all

regions of the world (Meyerson and Pyšek 2014). Some parks, such as the

Galapagos National Park and Marine Reserve, regulate the number of visitors and

the periods of access. Many PAs in the USA and New Zealand impose cleaning of

shoes, clothes, vehicles or equipment before entering, in some cases providing

cleaning stations. The ‘Check, clean, dry: didymo controls’ programme of the
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Table 22.1 A summary of guidelines for addressing invasive alien species in protected areas

Guideline Rationale

(i) Raise Awareness on Biological

Invasions at all Levels

Limited awareness and concern of the public is a

major constraint to prevention and mitigation of

impact of IAS, and PAs should thus give priority

to informing on this issue. In some cases also

PA employees are not fully aware of the issue

(ii) Integrate Invasive Species and

Protected Area Management

Addressing IAS requires strategic approaches, based

on coordinated prevention as well as management

measures. Dynamic nature of invasions calls for

more proactive rather than reactive approaches to

the issue, and to adaptive management

(iii) Implement Site-Based Prevention

Actions as a Priority

Prevention should be the first line of defence from

invasions. Protected areas can do much in this

respect, encouraging responsible behaviours by

privates as well as enterprises, identifying most

relevant vectors and pathways of invasion, or

IAS expected to arrive to their territories, and

developing focused measures to reduce risks.

Prevention should also be linked to early warning

and rapid response

(iv) Develop Staff Capacities for all

Aspects of Invasive Species

Management

Capacity and awareness of PA officials and staff are

crucial for applying most of the guidelines.

Trained staff are key to effective management,

and can contribute to communicate to the visitors

as well as to the general public

(v) Set up Rapid Detection and Prompt

Response Framework

Early warning and rapid response is a key element of

any strategic approach to invasions, as it is much

more effective and cost effective than controlling

invaders once they have established. It requires a

coordinated framework for surveillance and

monitoring activities, identification of invading

species, assessment of risks, sharing of information,

development of alarm lists and selection and

enforcement of appropriate responses. Support by

the public, and contingency action and funding

are also very important

(vi) Manage Invasive Species Beyond the

Protected Area Boundaries

The invasion of PAs often originates from the

surrounding areas and this calls for a landscape

perspective to planning. Establishment of buffer

zones should be explored. To enhance prevention,

PAs should cooperate with surroundings

landowners and institutions, and lobby with

competent authorities for implementing regulatory

or voluntary measures to address activities such as

forestry, horticulture, hunting, or botanical gardens

(vii) Implement Surveillance, Monitoring

and Information Exchange Networks

Effective prevention and response to invasions – but

also awareness – largely depend on knowledge

basis. Information on the spread of invasive

species, biological traits of the species, impacts,

and available management alternatives are

essential. Early warning and rapid response

(continued)
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Fiordland National Park (New Zealand) is aimed at preventing the establishment of

the invasive freshwater algae Didymosphenia geminata (didymo) in the park, by

encouraging visitors to check, clean and dry all gear before leaving the lake edge

and moving into lake tributaries or other waterways (http://www.biosecurity.govt.

nz/biosec/camp-acts/check-clean-dry). The Southern Ocean Islands have

implemented stringent quarantine protocols for all visitors and cargo, including

tourist vessels; these efforts have also much increased the awareness on biological

invasions in recent years (Shaw 2014). Prevention efforts could be based on

voluntary approaches such as the codes of conduct mentioned above, but should

consider regulatory approaches, for example addressing the activities carried on

within the PA’s borders, or in the surrounding areas, that could cause a risk of

introductions (forestry, livestock breeding, horticulture, etc.).

Despite the positive examples reported above, it is evident that much more could

be done in terms of information and education of visitors, as the behaviour of

people is essential to increase biosecurity of PAs. In French Polynesia intense

education efforts as well as regulatory approaches, have successfully prevented

Miconia calvescens (miconia) spreading from the hub of Tahiti to other islands,

preventing further invasion since 1997 (Meyer et al. 2010; Loope et al. 2014).

Indeed a major limit for adopting a more comprehensive and effective strategy to

address this threat is the scarcity of resources. However, this constraint highlights

the importance of addressing the causes of invasions instead of the symptoms,

calling for better planning, and for prioritising actions such as prevention, instead of

concentrating the staff and funding in managing to the most visible IAS, often with

limited effects in terms of impact mitigation.

Table 22.1 (continued)

Guideline Rationale

require effective surveillance and access to

information to identify new invaders and screen

the associated risks. PAs should thus give priority

to collection, sharing and access to information,

also exploring the involvement of visitors and

volunteers in data collection

(viii) Lobby with Institutions and Decision-

Makers to Support Stringent Policy

Addressing biological invasions requires action by

PAs at all levels, from the local to the global

levels, including cooperation with institutions

and all competent authorities for adopting

regulatory or voluntary measures to address key

pathways, and for identifying priorities. Protected

areas should support the adoption of more

stringent policies at the national as well as global

scale, and influence donors and funding agencies

policies. Protected areas can also document

impacts, circulate best practices, and catalyse

coordination amongst relevant institutions and

stakeholders
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22.3.4 Develop Staff Capacity for All Aspects
of Invasive Species Management

The capacity and awareness of PA officials are crucial for applying most of the

guidelines presented. For example, PA managers have a key role in preventing

further invasions, and streamlining employees’ knowledge, experiences and skills,

and would indeed significantly improve the ability of the PA to manage IAS

(Tu and Robison 2014). In general the capacity of PA staff has been highlighted

as essential for fulfilling the need for visitor’s education on biological invasions and

the value of biodiversity in PAs (Boshoff et al. 2008). One example of a programme

aimed at improving skills and share experiences and ideas, is the Pacific Invasives

Learning Network (http://www.sprep.org/Pacific-Invasives-Learning-Network-

PILN/piln-welcome), launched in an area of the world with particular problems

of isolation and access to knowledge (Micronesia, Polynesia, Melanesia and

Hawaii). The programme builds on multi-agency teams, and is aimed at

empowering effective invasive species management through a participant-driven

network rapidly sharing skills and resources, and providing links to technical

expertise and information. The capacity of the staff, both in terms of technical

skills and of general awareness on the problems, is particularly important for

enabling the rapid detection of new incursions, and the prompt reaction to these

(see also Sect. 22.3.5, Table 22.1, Guideline v). One example in this regard are the

SANParks ‘honorary rangers’, who volunteer to assist in a variety of activities in

the organisation, as well as in the management of IAS. Improved public opinion is

crucial to support PAs to be able to address the real causes of invasions, for

example, by supporting the development of policies based on prevention, instead

of only focusing on the ‘symptoms’ that affect their territories, such as widely

established IAS.

Park rangers are often the front interface with the public, and informed staff can

thus significantly help raising the awareness of the park visitors, and to ensure the

public support to the control activities carried out by the PA. Once again an

interesting example comes from the US National Park Service, where the park

officials are trained to communicate the implications of the lionfish invasion,

thereby improving the understanding of the need for lionfish removal (McCreedy

et al. 2012).

22.3.5 Set Up Rapid Detection and Prompt
Response Framework

Early warning and rapid response to new invasions is a key pillar of an effective

strategy and PAs can indeed play a particularly important role in this respect, acting

as ‘miners’ canaries’ of incursions (Loope 2004). In this regard PAs need to

improve their ability to rapidly enforce effective management of newly arrived
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IAP, at the earliest possible stage after their introduction into the PA’s territory.

Prompt detection and rapid response can still be successful in eradication efforts

that are likely to be challenging, such as for marine species. For example, in

the case of the highly invasive Pacific alga, Caulerpa taxifolia, an incursion in

California was quickly detected and successfully eradicated within 6 months of

discovery, while procrastination in the Mediterranean allowed the species to invade

thousands of hectares off the coasts of Spain, France, Monaco, Italy, Croatia, and

Tunisia, making it ineradicable with current technologies (Simberloff et al. 2013).

Prompt reaction not only is much more effective, but also more economically

viable. A review of successful or attempted plant eradication programmes carried

out in New Zealand revealed that early removal of plants costs on average 40 times

less than removal carried out after an invasive plant has widely established

(Harris and Timmins 2009).

To enable more effective early detection and rapid response requires a coordi-

nated framework for surveillance and monitoring activities, species identification,

risk assessment, information sharing, and selection and enforcement of appropriate

responses (Genovesi et al. 2010). Developing alarm lists of possible new invaders

can also enable more rapid reaction. An effective large scale approach to early

detection and rapid response is the California Weed Action Plan (Schoenig 2005),

which although generally enforced at a large scale, can provide valuable sugges-

tions for PAs. The action plan, which is supported by a budget of about US$2.5

million/year, is based on an official list of noxious weeds for which prompt action is

mandatory. A network of biologists, and trained farmers and volunteers enable

early detection of new incursions, and grants are provided to implement weed

control activities. The action plan has allowed the successful removal of over

2,000 infestations and the complete eradication of 17 weeds. The Californian

example highlights the importance of coordinated and comprehensive frameworks

for enabling prompt reaction to invasions. A questionnaire circulated to experts,

decision makers, and practitioners in Europe identified the gaps for establishing an

early warning and rapid response framework for IAS. These included (i) the limited

funds available, (ii) the lack of early detection mechanisms, (iii) the absence of

legal tools to regulate IAS introductions, (iv) the need for competent authorities to

be able to carry out the appropriate responses, (v) the lack of legal tools to

regulate possession of IAS, (vi) the limited ability to detect new invasions,

(vii) the unclear assignment of roles and responsibilities, (viii) the technical

constraints to management, and (ix) the legal obstacles to implementing control

or eradication programmes (Genovesi et al. 2010). Many of these constraints

also affect PAs and a coordinated approach needs to address all these aspects.

Additionally, PAs need to identify priorities based on a rigorous risk assessment

process, make best use of their resources, including the involvement of communities

and volunteers (Pyšek et al. 2014), and enforcing effective responses once a new

invader is detected (Simberloff 2014).

For the enforcement of early warning and rapid response systems to invasions it

is essential to have adequate support from the public, and PAs should thus give

particular attention to the communication thereof. It is also important to have
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methods in place to monitor the effects of the system in terms of outcomes, to allow

improving the overall framework (Tu and Robison 2014). To improve their ability to

respond promptly to new incursions, PAs could establish contingency plans, designed

for species or broader taxonomic groups, as identified on the basis of an assessment of

the most probable new invaders (see also Sect. 22.3.7, Table 22.1, Guideline vii).

Contingency plans should include training on management alternatives, and possibly

the establishment of dedicated task forces, which could be created for an individual

PA or at a larger scale (see also Sect. 22.3.4, Table 22.1, Guideline iv). For example,

the US National Park Service has developed an invasive plant management

programme, creating 16 Exotic Plant Management Teams, which provide highly

trained mobile assistance to parks throughout the National Park System (http://www.

nature.nps.gov/biology/invasivespecies/EPMT_teams.cfm). Protected areas should

also procure and maintain the basic equipment needed for managing different

taxonomic groups, thereby assisting in improving the time taken to implement

rapid response actions. The identification of contingency funding sources is crucially

important to enable effective response to new invasions. For example, the successful

eradication of Caulerpa taxifolia in California was made possible by the rapid

procurement of substantial resources.

22.3.6 Manage Invasive Species Beyond the Protected
Area Boundaries

Land use outside PA boundaries provides propagules for colonization (Meiners and

Pickett 2014), with features such as river networks facilitating the spread of IAS

(Foxcroft et al. 2011; Vardien et al. 2013). This is also the case of weeds entering PAs

through agricultural practices adopted outside their borders (Bazzaz 1986; Hulme

et al. 2014), and areas with high human population density (Spear et al. 2014). The

IAP that are present in the adjacent areas are thus a key factor affecting the

composition and number of individuals colonizing a PA (Rose and Hermanutz

2004; Dawson et al. 2011). This effect is particularly evident in the case of small

PAs occurring in modified landscapes, where it is therefore particularly important to

adopt a landscape perspective to planning (Meiners and Pickett 2014), and also

consider the establishment of buffer zones where promoting lower-impact land

uses and involving local communities (Laurance et al. 2012). Cooperation with

surroundings landowners and institutions is thus an important element for enhancing

prevention, and this can also be done at a much larger scale than the immediate

surroundings of the PA, discussing and lobbying with the competent authorities at

all levels the adoption of regulatory or voluntary measures to address activities

potentially at risk of causing invasions, such as forestry, horticulture, hunting, or

botanical gardens (see also Sect. 22.3.3, Table 22.1, Guideline iii). Also the

establishment of buffer zones of land managed not to facilitate invasions can be an

effective way to reduce risks of invasions in PAs (Foxcroft et al. 2011).
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22.3.7 Implement Surveillance, Monitoring and Information
Exchange Networks

The efficacy of any strategy to address IAS strictly depends on the available informa-

tion, and on the sharing of data, knowledge and experience. For example, inventories

of invasive species in PAs, based on rigorous scientific criteria, are an essential tool for

PAs to prevent and control invasions (Pyšek et al. 2009). Furthermore, the effective

management of IAS requires good quality data on the spread of invasive species, as

well as access to information on the biological traits of the species, its impacts, and on

the available management alternatives. In addition to the elements highlighted above

(see also Sect. 22.3.3, Table 22.1, Guidelines iii and v), early warning and rapid

response requires effective surveillance to detect emerging incursions, and access to

information to correctly identify the new invaders and to screen the associated risks to

implement responses (Genovesi et al. 2010). Also, meta-analyses of the available data

can permit to prioritise pathways of introduction, as well as species, for example

on the basis of the impacts they cause and the vulnerability to the control actions

(Hulme et al. 2008).

Protected areas should implement surveillance and monitoring schemes,

enabling the standardised collection of data on the distribution and abundance of

IAS (Pyšek et al. 2014). Citizen science could significantly improve efficacy of

surveillance and monitoring of IAS, and PAs should explore possible ways to

involve visitors and volunteers in the collection of data (Gallo and Wait 2011; see

also Sect. 22.3.1, Table 22.1, Guideline i). Information not only are important for the

effective management of IAS, but also – as already stressed – to raise awareness on

the issue, by providing to the public examples on the causes and consequences of

invasions, including in particular the impacts on biological diversity as well as on

ecosystem services.

Monitoring should not be limited to IAS, but also address the efficacy of

management actions, collecting information on the effects of control activities, on

the costs of management, and on the public perceptions of the issue. All this

information is essential to avoid waste of resources, especially in the case of

permanent management, that should always be based on an assessment of the

cost/benefits, and to an evaluation of the sustainability of the required actions in

the medium-long term. The importance to increase the sharing of information on

IAS has also been stressed by the Convention on Biological Diversity, that with

Decision X/38 started an initiative aimed at increasing the interoperability of

databases on IAS, that has then led to the launch of the Global Invasive Alien

Species Information Partnership (GIASIP; http://www.cbd.int/doc/meetings/sbstta/

sbstta-15/information/sbstta-15-inf-14-en.pdf); all major existing global informa-

tion systems such as the Global Invasive Species Information Database of the IUCN

SSC Invasive Species Specialist Group (http://www.issg.org/database/welcome/)

and the Invasive Species Compendium of CABI (http://www.cabi.org/ISC/) have

agreed to cooperate at improving the exchange of information within the GIASIP

(http://giasipartnership.myspecies.info).
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The importance of data sharing for PAs is twofold. On the one hand PAs need to

access tools for identifying species, prioritising action, and enabling prompt reaction.

This requires access to information on the management alternatives, as well as contacts

of experts at the global scale. Access to information is particularly important in

developing countries, or in remote areas such as oceanic islands, where local expertise

is often limited (see the Pacific Invasive Learning Network in Sect. 22.3.4). On the

other hand, PAs can provide data and information that can guide action, including

examples of best practice, which can enable improved management in other contexts.

For this reason PAs should implement web based information platforms to report

information and data, and at the same time to work with national, regional and larger

scale information services to improve the global sharing of information. Databases

providing information about alien species are an important tool for building manage-

ment capacity at a global level. An example of an initiative aimed at bridging gaps

between IAP experts and managers working on IAS in mountain areas is the Mountain

Invasion Research Network (MIREN, www.miren.ethz.ch), encompassing 11 regions

across the globe (Dietz et al. 2006; Kueffer et al. 2014). The implementation of data

sharing platforms could also permit the involvement of the public for the monitoring

and management of IAS, for example through the use of applications developed for

mobile phones, tablets, etc. (e.g. “PlantTracker” http://planttracker.naturelocator.org/;

“Aliens Among Us app”; http://www.royalbcmuseum.bc.ca/TravellingExhibitions/

default.aspx; “iAs_sess”, http://ias-ess.org). Trained volunteers can indeed support

monitoring, but could be particularly helpful for detecting new incursions; the “Eye

on Earth” initiative provides an interesting example in this regard (Pyšek et al. 2014).

One example of an effective information system for invasive species in PAs is the

Marine Invasive Species Database, compiled by the US National Park Service using

reports of invasive species in National Parks from several agencies and NGOs. The list

permitted to identify marine invasive species documented within each park boundary,

as well as a list of potential marine invasive species that are present within the

ecoregion, but not yet documented in a park. The Great Lakes Invasive Species

Database, also implemented by the USNational Park Service, includes data on invasive

species for five Great Lakes National Park units, both covering species recorded for the

parks, as well as invasive species established in the region but not yet reported for a

national park, the latter aimed at enabling early detection of new incursions.

22.3.8 Lobby with Institutions and Decision-Makers
to Support Stringent Policies

Addressing biological invasions requires action at all levels, from the local to

the global level. Trade regulations, which are important for preventing invasions

(e.g. horticulture), can only be enforced at the national, regional or even global

scale. Furthermore, legal frameworks can facilitate, but also constraint the efficacy

of action, as highlighted by the results of the survey carried on in Europe on the
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issue, which reported the inadequacy of legal systems among the key constraints for

combating IAS (Genovesi et al. 2010). Therefore, as also stressed in Guideline vi

(Sect. 22.3.6, Table 22.1), PAs should cooperate with institutions and all competent

authorities for adopting regulatory or voluntary measures to address key pathways

such as forestry, horticulture, hunting, or botanical gardens (Hulme et al. 2008).

Another area where it is important to cooperate at a larger scale than that of PAs, is

the identification of priorities in terms of management of IAS. In order to make best

use of the available resources these priorities should in fact be identified at the

national scale and across all protected areas, basing the decision on a rigorous

assessment of risks.

Protected areas, through synergic actions, can indeed do much more to promote

the adoption of more stringent policies at the national as well as global scale, and to

convince donors and funding agencies to secure budget and funding for IAS.

Protected areas can document impacts and project future effects of IAS, and can

provide information on the resources spent to address this threat. They can catalyse

coordination amongst relevant institutions and stakeholders, so promoting more

effective actions also beyond their territories (Tu 2009). Regional or national

networks of PAs (e.g. IUCN World Commission on Protected Areas, Europarc

for Europe, etc.) should encourage national and global institutions, such as the

Convention on Biological Diversity, to adopt and enforce more effective policies,

and to address the legal constraints to management of IAS, that in some cases have

been shown to limit the effective response to invasions. Furthermore, interacting

with relevant national or even supranational institutions can facilitate the access to

available resources, as in the case of the European Union LIFE funding instrument.

The LIFE funding programme has been particularly effective in promoting

management of IAS in European PAs and incorporating control efforts in

ecological restoration of protected land (Scalera and Zaghi 2004; Pyšek et al. 2014).

An example of a regional attempt to develop such guidelines, are the European

Guidelines on Protected Areas and IAS, which is promoted by the Council of Europe

and supported by the IUCN SSC Invasive Species Specialist Group (Monaco and

Genovesi 2013). The guidelines are based on European legislation and international

conventions on the mitigation of impacts caused by IAS to PAs, and the need for

more effective management of this threat in PAs to preserve biodiversity. The

European guidelines take into account the best practices in the regional PAs, and

will provide non-binding recommendations to PAs to improve their ability to respond

to this threat. Especially in the case of PAs, self-regulation can in fact be much more

appropriate, effective and successful than any legally binding scheme.

22.4 Conclusions

Biological invasions affect protected areas all over the world. The effects of this

threat to the biodiversity of PAs are dramatic and are expected to grow in the future,

especially as they increasingly interlink with other factors of change such as climate
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change, habitat loss and human pressure. The impact of IAS on PAs has long been

underestimated, and the concerns of scientists that this threat was going to increase

(Usher 1988; Macdonald et al. 1989) was similarly ignored by many national and

supranational institutions.

It is therefore urgent that PAs improve their management of IAS, if they want to

fully play their role as champions of the protection of the global diversity and of the

ecosystem services we all rely upon for our very existence. Letting nature take its

course is not a strategy that can be used for IAS (Meiners and Pickett 2014;

Meyerson and Pyšek 2014) and active management of this issue is therefore

fundamental. However, only evidence-based policy and management, developed

through rigorous science, will allow PAs to respond appropriately to the growing

environmental crisis at all scales.

Protected areas can and should play a major role in the struggle against

invasions, not only by improving the efficacy of IAS management within their

territories, but also monitoring the patterns of invasions, raising awareness at all

levels, improving the capacity of practitioners to deal with invaders, implementing

site-based prevention efforts, enforcing early detection and rapid response frame-

works, and catalysing action also beyond the park boundaries.

Protected areas cannot stop invasions, but can indeed be important in preventing

and mitigating the global effects of this threat by being reservoirs of the heritage of

native species and ecosystems. They can also be used as sentinels of incursions to

speed up response at all levels, champions for increasing information and awareness

with the different sectors of the society, as well as catalysts for action at all scales.
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Plant invasions in protected areas: patterns, problems and challenges. Springer, Dordrecht, pp

19–41

Frenot Y, Chown SL, Whinam J et al (2005) Biological invasions in the Antarctic: extent, impacts

and implications. Biol Rev 80:45–72

Gallo T, Wait D (2011) Creating a successful citizen science model to detect and report invasive

species. BioScience 61:459–465

Genovesi P, Scalera R, Brunel S et al (2010) Towards an early warning and information system for

invasive alien species (IAS) threatening biodiversity in Europe. EEA technical report n.5/2010.

European Environment Agency, Copenhagen

Harris A, Timmins SM (2009) Estimating the benefit of early control of all newly naturalised plants,

Science for conservation No. 292. New Zealand Department of Conservation, Wellington

Heywood V (2012) European code of conduct for botanic gardens on invasive alien species.

Council of Europe Document T-PVS/Inf (2012)1. Council of Europe, Strasbourg

Heywood V, Brunel S (2009) Code of conduct on horticulture and invasive alien plants. Nat

Environ 155:1–35

Hulme PE, Bacher S, Kenis M et al (2008) Grasping at the routes of biological invasions: a

framework for integrating pathways into policy. J Appl Ecol 45:403–414

Hulme PE, Burslem DFRP, Dawson W et al (2014) Chapter 8: Aliens in the arc: are invasive trees

a threat to the Montane forests of East Africa? In: Foxcroft LC, Pyšek P, Richardson DM,
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Chapter 23

Protecting Biodiversity Through Strategic

Alien Plant Management: An Approach for

Increasing Conservation Outcomes in

Protected Areas

Paul O. Downey

Abstract Despite wide acknowledgement of the significant threat posed by

invasive alien plants to biodiversity, management strategies have not yet adequately

addressed the problem. Among the reasons for this are the lack of knowledge of

the biodiversity at risk from invasive alien plants, an emphasis on control rather

than the outcome of such control actions, ineffective monitoring programmes, a

lack of resources, institutional barriers to change, and mismatches between policy

and management. To resolve this situation, strategies for managing invasive alien

plants need to focus on specific biodiversity conservation outcomes and put in place

a range of measures to ensure that the aims are achieved. One area where such a

change would have significant conservation outcomes is the management of inva-

sive alien plants in protected areas, given the threat posed to high-value biodiver-

sity. Such a system would also enable conservation outcomes to be reported on. The

lack of outcome reporting has been highlighted as a significant problem in numer-

ous studies, including the recent assessment of progress towards the Convention of

Biological Diversity targets. Here I present an overview of one approach that has

been developed to ensure that invasive alien plant management delivers desired

conservation outcomes. To achieve this, each step in the planning and management

process was evaluated and modified to ensure that it could deliver the desired

outcome. The potential application of this approach within protected areas to

improve the management of invasive alien plants and increase the protection of

biodiversity is discussed. Adoption of these processes by managers of protected

areas will have long lasting benefits for both invasive alien plant control and

biodiversity conservation as it prioritises management to areas where control is

likely to have the greatest outcomes; something that is critical given the lack of
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resources currently available to manage invasive alien plants in many protected

areas across the globe.

Keywords Invasive alien plants • Threat • Conservation outcomes • Biodiversity

• Protection • Management • Monitoring • Prioritisation • Triage

23.1 Introduction

One of the main mechanisms used to abate biodiversity declines globally has been

the creation of Protected Areas (PA) and a PA network or reserve system, starting

with the formal recognition of Bogd Khan Mountain in Mongolia as a PA in 1778

(UNESCO 2012) and then more famously the declaration of Yellowstone National

Park in the USA in 1872 (through the Yellowstone Park Act 1872) (McNeely 1994).

A century later there were more than 2,500 PAs globally, covering some 3.97

million km2 (Macdonald et al. 1989), which had expanded to over 8,500 PAs and

5 % of the earth’s land surface by 1994 (McNeely 1994) and almost 158,000 PAs by

2011 (IUCN and UNEP-WCMC 2012), with an estimated area of between 10.1 and

15.5 % of the earth’s land surface (Soutullo 2010).

Individual PAs were initially administered independently because there were so

few of them. As the number of PAs grew, however, governments formed agencies

to administer PAs (e.g. the US National Parks Service and later through interna-

tional oversight by the International Union for the Conservation of Nature; IUCN).

Most agencies that administer PAs have some kind of reserve acquisition

programme that identifies and assesses un-reserved land for potential inclusion in

their reserve system. Such assessments are based on the notion of building a

comprehensive, adequate and representative reserve system, and conserving the

highest quality biodiversity. The process for selecting new PAs has been criticised

as being ad hoc because explicit criteria have not always been used (for further

discussion see Pressey 1994; Margules and Pressey 2000), especially with respect

to biodiversity conservation (Cabeza and Moilanen 2001). Researchers now agree

that both biodiversity persistence and initial conservation values need to be con-

sidered when designing reserves (Margules and Pressey 2000). The success of using

biodiversity attributes in reserve design, however, is heavily reliant on the avail-

ability of reliable information about species distributions, which is not always the

case (Cabeza and Moilanen 2001; Ervin 2003); although the use of data interpola-

tion techniques have been used to account for these incomplete data sets (Polasky

et al. 2000). In addition, broader analyses have been undertaken to determine the

effectiveness of the reserve network with respect to the degree of species diversity

represented (Rodrigues et al. 2004). Whilst such assessments have helped to

influence reserve design, much less rigor has been applied to the ability of PA

agencies to conserve the biodiversity within their existing reserve system, or as

newly declared PAs are added; for example, the extent to which PA management

fulfils its goal of protecting biodiversity (Rodrigues et al. 2004).
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Despite these problems, there is no doubt that PAs are essential for the

conservation of biodiversity (e.g. Bruner et al. 2001). However, it wasn’t until

1994 that specific reference to biodiversity conservation was included by the IUCN

in their classification system for PAs, when the phrase “the protection and mainte-

nance of biological diversity” was added. However, as Boitani et al. (2008) argue

the IUCN PA categories don’t reflect the role of PAs in biodiversity conservation,

despite mentioning conservation objectives, because they don’t explicitly identify

the biodiversity that needs protection, or the processes required to preserve such

biodiversity and the outcomes to be measured. Others have also argued along

similar lines, for example Hockings (2003) who added that it was imperative to

include information on how conservation actions will be maintained over time,

monitored and evaluated, and Mace and Baillie (2008) suggested that threat abate-

ment actions should be used to measure conservation outcomes in PAs. To resolve

these issues Boitani et al. (2008) suggest switching the IUCN PA categories from

those based on management objectives (or statements of intent) to conservation

outcomes.

International treaties such as the Convention on Biological Diversity (CBD;

UNEP 1999) recognised the importance of the existing PA network for the conser-

vation of biodiversity and the need for its future expansion. As a result the CBD

requires signatory nations to establish PA systems as a response to the decline of

biodiversity. However, as outlined above, because the specific details were not

outlined, achieving the CBD targets would be difficult. This is illustrated by a

recent assessment of progress towards the CBD target which showed that

irrespective of (i) some local successes, (ii) an increase in extent and coverage of

biodiversity within PAs, (iii) the policy responses to invasive alien species, and

(iv) a range of other response variables measured, the rate of biodiversity loss does

not appear to be slowing (Butchart et al. 2010; SCBD 2010).

23.2 Threats to Biodiversity Within Protected Areas

The process of identifying, assessing and declaring a parcel of land as a PA

(e.g. National Park or Nature Reserve) effectively addresses the main driver of

biodiversity decline for that individual PA, as any further destruction of habitat is

(idealistically: see Ervin 2003) usually halted. However, such declarations alone do

not halt the decline of biodiversity because many of the other drivers of biodiversity

decline are still active, for example invasive alien plants (IAPs; Foxcroft and

Downey 2008), land clearing and modification caused by competing interests

(Satchell 1997), and poaching (Ervin 2003). Therefore active management is

required for both existing and new PAs, especially those that previously had

different land tenures or uses, such as the conversion of forestry or agricultural

lands to PAs, or those with high visitation/usage.

In a recent assessment of PA management in four countries (Bhutan, China,

Russia and South Africa), five threats to the biodiversity within each country
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were identified (Ervin 2003). The threats demonstrate the need for increased

management action, which included: (i) poaching, (ii) invasive alien plants, (iii)

tourism, (iv) logging, and (v) encroachment (e.g. by competing interests like

agriculture, roads and railways). The assessment (Ervin 2003) also identified five

management challenges that influenced the ability of PAs to deliver biodiversity

conservation outcomes, being: funding, staffing, research and monitoring, resource

inventories (e.g. of biodiversity and threats), and community relations. The issues

identified by Ervin (2003) highlight the complexity of managing land (PAs) for

biodiversity conservation and the need for active long-term management. Without

active management within PAs some species may still go extinct, despite the

broader protection offered by the designation of a PA (Serrouya andWittmer 2010).

23.3 The Invasive Alien Plant Threat and Biodiversity

Conservation in Protected Areas

Based on analyses of the major drivers of biodiversity decline (e.g. Wilcove

et al. 1998) it could be argued that once a parcel of land is declared a PA the next

major threat to the biodiversity contained within that parcel of land can be attrib-

uted to the invasion and subsequent impact of alien species. The problem of

invasive alien plants within PAs has been widely documented (Macdonald 1983;

Loope et al. 1988; Usher 1988; Usher et al. 1988; Macdonald et al. 1989; Macdon-

ald 1990; Timmins and Williams 1991; Pyšek et al. 2002; De Poorter 2007a, b;

Foxcroft and Freitag-Ronaldson 2007; Foxcroft and Downey 2008; Allen

et al. 2009; Foxcroft et al. 2014), as has their invasion patterns (Pyšek et al. 2002;

Pauchard and Alaback 2004) and history within specific PAs in terms of the number

and diversity of alien species that have invaded (Usher 1988). For example,

concerns over alien plants in South Africa’s Kruger National Park were first raised

over 70 years ago with the identification of six ‘troublesome weeds’ (Obermeijer

1937). Unfortunately, little was done to manage these alien plants in the Park for the

next 20 years and even then it was insufficient to adequately address the problem

(Foxcroft and Freitag-Ronaldson 2007). There are now over 350 alien plants in

Kruger National Park (Spear et al. 2011), although not all of which are invasive. An

assessment of the alien species problem within PAs led Macdonald (1990) to

conclude that for most of the world’s PAs there are more invasive species problems

than there are resources available to abate the threat.

Managing alien plants in PAs to improve conservation outcomes requires active

control of, at least, the invasive species, which is specifically targeted to the recovery

of the biodiversity they threaten (Downey et al. 2010c). Despite numerous assess-

ments of the alien plant problem within PAs, based on Downey et al.’s (2010c)

definition of impact or threat, the actual impact to native biodiversity contained within

PAs has been poorly documented. Compounding this problem is that when the threat

from invasive alien plants to native species was assessed in detail, the number of
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species at risk was at least an order of magnitude greater than what was previously

known (Downey 2008a). Although most PA managers and researchers acknowledge

the threat (e.g. Usher 1988; Macdonald et al. 1989), the management practices and

policies put in place to abate the threat and impact are rarely capable of delivering

biodiversity conservation outcomes. One reason is that such strategies seldom include

information on the species at risk or prioritise control based on achieving the desired

outcome (Downey 2010a). Another reason is that many of the early assessments were

focused on the invader rather than the biodiversity that needed protecting, with the

exception of biodiversity in a broad sense (Macdonald 1990).

In a report on the world’s PAs, Chape et al. (2008) outlined the major threats PAs

face, which include invasive alien species. In their superficial treatment of the threat

from invasive alien species, the authors identify four major management options for

alien species in PAs, being: (i) prevention, (ii) early detection, (iii) eradication, and

(iv) control. The authors provide no guidance other than the use of chemical and

biological control, along with the precaution that using such measures might lead to

off-target impacts. The authors also mention the presence of groups (e.g. the IUCN

Invasive Species Specialist Group, ISSG) and conventions (e.g. Convention on

Biological Diversity) which address alien species issues. Ironically, the authors

don’t mention management options around protection or the reduction of impacts

on biodiversity, which must be fundamental objectives of any alien species man-

agement programme within PAs. The authors also provide a regional assessment of

the PA network, which is almost exclusively on the status of the reserve system in

terms of numbers of reserves in each region. As Grice (2004) and Downey (2008a)

argue, such a lack of knowledge of the biodiversity at risk from alien species or

specific management actions required, has greatly hindered our ability to ade-

quately address the problem.

The lack of information on biodiversity at risk from alien plants, and how this

has hampered conservation outcomes, is highlighted in the foreword to a recent

report on why the rate of biodiversity loss has not declined, entitled Global
Biodiversity Outlook 3 (SCBD 2010). In the report the Executive Director of

UNEP states, “Governments also need to rise to the challenge of Alien Invasive

Species”. This is followed, paradoxically, by the use of agricultural economic

impacts as examples to highlight the urgency for action to protect biodiversity

from alien species, rather than specific reference to the known impacts to biodiver-

sity. The report showed that Goal 6 (control threats from invasive alien species) has

not been achieved. The reasons for which are specifically related to the continued

increase in the number of introductions, and that most countries lack effective

management programmes for managing major alien species that threaten ecosys-

tems, habitats or species (SCBD 2010).

In this chapter I examine the reasons for this mismatch between the conservation

challenge and the management focus, and then outline a series of processes

developed to rectify this situation for managing alien plants within PAs. These

processes are neither species nor reserve specific, as they were developed specifi-

cally to ensure alien plant management targeted biodiversity conservation
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independent of land tenure. Thus, they can be applied to all PAs as a way of

increasing the level of protection of biodiversity that is achieved through invasive

alien plant management in a measurable, consistent and robust manner.

23.4 Managing Invasive Alien Plants for Biodiversity

Conservation Outcomes

23.4.1 Mismatch Between Management Actions
and Conservation Outcomes

The need to manage ‘weedy’ plants arose out of agriculture (mainly associated with

growing crops) and as such the field of weed science was initially focused on the

biology and control of alien plants in agricultural systems. As a result there is good

information available on the control of alien plants. Over the past several decades,

however, research has become increasingly focused on alien plants that invade

non-agricultural lands, especially after the SCOPE (ScientificCommittee on Problems

in the Environment) programme of the 1980s (Drake et al. 1989), and specifically,

what makes them invade such areas (Levine et al. 2003). Whilst researchers have

focused on alien plants in native vegetation, many land managers have clung onto

historical approaches to alien plant or weed management, seeing alien plant manage-

ment as a war on weeds, with killing being the main objective. This approach has

actually hampered alien plant management bymaintaining a deep-seated emphasis on

the act of killing all alien plants, rather than on the outcome of the control programmes

(Downey 2011). Contributing to this situation is a widely held assumption amongst

many managers that control of alien plant will lead to a positive response to any

biodiversity present, because the target alien species has been removed. However,

there is growing documentation that alien species management alone does not always

produce positive biodiversity benefits (e.g. Humphries et al. 1993; Luken 1997;

Turner and Virtue 2006; Beater et al. 2008; Reid et al. 2009; Gaertner et al. 2012).

Thus management of invasive alien plants for conservation needs to address these

serious mismatches in order to achieve the desired outcomes.

Several barriers that have hampered the transition to an outcome-orientated man-

agement system for alien plants have been identified. First, there is a lack of data and

inventories on alien plants and/or biodiversity, let alone biodiversity at risk from alien

plants or the alien plants posing the greatest impact, upon which to make decisions or

influence management (Ervin 2003; Levine et al. 2003; Downey 2008a, 2010a,

Downey et al. 2010c). Therefore many management decisions take place in the

absence of robust data on impacts on biodiversity (Grice et al. 2004). Second, there

is a lack of adequate monitoring programmes, despite the necessity of monitoring

being raised more than a decade ago (Blossey 1999), and the increasing emphasis on

the need to monitor the outcomes of alien plant management programmes (Grice

2004; Reid et al. 2009). Third, there is a lack of planning processes to ensure that
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actions result in conservation outcomes (including, for example, prioritisation and risk

assessment, Downey et al. 2010c). Compounding these issues is the fact that many

PAs havemultiple alien plant problems (e.g. there are over 350 alien plants recorded in

Kruger National Park, Spear et al. 2011), and there are generally insufficient funds to

manage all alien plant problems (Macdonald 1990; Ervin 2003).

Whilst the administration of PAs has seen the advent of management systems for

managing alien plants for biodiversity (e.g. Foxcroft and Downey 2008), there is

often a failure to link management objectives with on-ground actions. As Downey

(2010a) argues, this situation arises because such planning systems rarely address all

the steps of the management process (i.e. from planning to implementation, moni-

toring and reporting). In addition, many of these actions require additional resources

to those allocated specifically to controlling alien plants. Given the limited resources

available, any actions, other than the physical control of alien plants, are rarely

undertaken. To highlight this point Reid et al. (2009) found relatively little informa-

tion on the tangible outcomes of invasive alien plant management, despite large

numbers of programmes occurring. Along with many others (e.g. Blossey 1999), I

argue that the lack of commitment to actions other than just physical control has

greatly affected the outcomes of alien plant management, especially for conservation.

In addition, on-ground management of alien plants is not matched with alien

plant policies. For example, Downey (2010b) found that many research and man-

agement studies focused on established and/or widespread alien plants, despite

broad management policies focusing on early detection and eradication as the

priority. There are several reasons for this mismatch. Firstly such policies fail to

adequately address the problem of established and/or widespread alien species,

which are the primary focus for many managers, especially within PAs. Second, the

focus of these two areas are opposed, with early detection and eradication aimed at

preventing future problems, and management of established species aimed at

reducing or abating the current problem, which if left unchecked will increase.

Compounding this problem is that some prioritisation processes have given less

emphasis to widespread established species (e.g. Randall 2000), which has created

problems for the management of these alien plants for conservation (Williams

et al. 2009). Lastly, given limited resources and the scale of the problem, managers

are typically making decisions on cost-benefit analyses, which show early interven-

tion is cost-effective (e.g. van Wilgen et al. 2004). Because an evaluation, in

monetary terms, of the impacts of alien plants on biodiversity is difficult, such

assessments are often not attempted (vanWilgen et al. 2004). As a result comparisons

between costs and benefits between early intervention and management of establish

species for conservation outcomes have rarely been made, but are essential. This

results in decisions being based on an understanding of only part of the problem and

as such decisions on protecting biodiversity tend to receive lower priority.

As a way of addressing these issues, Downey (2011) argued that alien plant

management needed to adopt an outcome-oriented approach that goes beyond the

act of actual control, with specific reference to the protection of biodiversity. Such

an approach would also help ensure that conservation outcomes were achieved

through alien plant management, in which the greatest benefit would be to the
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management of invasive alien plants within PAs – given their conservation

objectives and other challenges outlined above.

Macdonald (1990) [inadvertently] outlines the management problem succinctly

with the statement that “setting priorities has two major components: targeting

introduced species for control and targeting areas within reserves for control

operations”, by not including any mention of either the biodiversity at risk or the

desired outcomes of such control operations. I argue that decisions similar to

Macdonald (1990) are based on the pragmatics of removal of alien species rather

than on the outcome of such activities, which is what is actually required to help

PAs management meet their objectives or goals.

Other authors have also argued that consideration of the impacts from alien

plants is critical when prioritising control efforts (e.g. Byers et al. 2002). In an

attempt to better define the impacts of alien species Parker et al. (1999) outlined a

measure of Impact (I); being the invader’s Range (R), Abundance (A) and Effect

(E) (or I ¼ R � A � E). Whilst they highlight the challenges of defining ‘impact’,

the problems are inadvertently compounded because their measure and the three

variables used are not applicable in a non-theoretical context, which the authors

themselves discuss, and thus cannot easily be used (Downey et al. 2010b). Such

studies also highlight another major problem, in that many researchers have failed

to deliver workable solutions for conservation managers.

23.4.2 Ensuring Alien Plant Management Delivers
on Conservation Outcomes

Because species threatened by IAPs are not necessarily at risk in every known

location (Downey 2010a), and since control cannot be achieved at every site,

recovery of native species is not always possible (D’Antonio and Meyerson

2002). Decision support tools are therefore needed to help land managers focus

on ensuring optimal conservation outcomes. To address many of the problems

outlined above, Downey (2010a) developed a system to ensure that alien plant

management delivered biodiversity conservation outcomes. This system was

based on a significant body of work spanning almost a decade of managing

Chrysanthemoides monilifera subsp. rotundata (bitou bush), a nationally significant
invasive alien plant in New South Wales (NSW), Australia. This shrub was

accidentally introduced to Australia from South Africa a century ago. After initially

being recognised as a potentially invasive alien, its value in stabilising active sand

dunes was realised and it was subsequently actively planted in the 1950s for this

purpose. Chrysanthemoides monilifera now occupies over 80 % of the 1,100 km

long NSW coastline (Weiss et al. 2008). Because of the threat it posed to coastal

biodiversity, in 1999 C. monilifera was listed as a Key Threatened Process under
the NSW threatened species legislation (DEC 2006), which subsequently initiated

the programme developed by Downey (2010a). The underlying basis of the system
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is an 11-step planning process that aims to ensure that all alien plant management

undertaken for biodiversity conservation is targeted to areas where the likelihood of

a positive response to the native species at risk is greatest (Table 23.1).

Each of the 11-steps addresses a critical stage that is required to ensure alien

plant management can deliver the desired conservation outcomes. To achieve this

aim, new systems were needed for many of the steps. For example, Step 2 –

Table 23.1 The 11-step planning process developed by Downey (2010a) to ensure that alien plant

management delivers conservation outcomes

Step Management action Description

1 Determine where the threat is

active

Map the distribution and density of the target alien

species

2 Determine the biodiversity at risk Assess the native species that are threatened by the

target alien species

3 Determine the distribution of the

biodiversity at risk

Map the distribution of the native species threatened

4 Prioritise the species at risk Establish a system to prioritise the threatened native

species, based on the degree of threat posed to them

5 Prioritise sites for control Establish a system to assess individual sites for control

based on the actual threat present and the ability to

deliver effective control

6 Provide best practice management

guidance

Use or establish best practice guidelines that ensure

control measures do not have adverse impacts on the

native species being protected during control

actions. These guidelines and any other supporting

material must also be disseminated to all

stakeholders

7 Identify stakeholders and ways to

engage them

Most alien plant management programmes rely on the

collaboration of a range of stakeholders which need

to be engaged and remain committed to the

programme

8 Prepare a formal strategy and

coordinate its implementation

For any major programme an over-arching plan or

strategy is needed to ensure that the host agency is

committed to the on-ground programme/s. Many

programmes fail without on-going coordination

(including communication)

9 Establish site-specific manage-

ment plans

Site-specific management plans are essential to ensure

that local conditions, constraints and resources are

accounted for. These plans need to have specific

criteria to ensure that the outcomes are achieved.

Such plans also enable local managers to have

ownership, within a bigger programme which is

critical for success

10 Monitor the effectiveness of

on-ground actions

Establish a monitoring system that enables a wide range

of end users to adopt it. Such a system must include

instruction, datasheets, guidance on analysis and a

repository for the data

11 Review and report on the out-

comes of the first 10 steps

The last step is aimed at adaptive management in that

the whole process is evaluated and revised, as

needed, on a regular or strategic basis
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Determine the biodiversity at risk, required a system for rapidly determining the

biodiversity at risk from alien plants. In response to this need, the Weed Impacts to

Native Species (WINS) assessment tool was established by Downey (2006),

involving four stages: (1) a review of the literature; (2) collection and assessment

of the knowledge from land managers and botanists with specific involvement,

either in managing the target alien species or the native species in invaded areas;

(3) rigorous evaluation and examination of an interim list of species potentially at

risk, and; (4) ranking the revised list using a model, which then forms Step 4 –

Prioritise the species at risk in Downey’s 11-step system. Although this process

does not provide the same quality information as scientific assessments of the

impact of an alien species (Downey 2006), the strength of the WINS approach

lies in its ability to enable managers to make informed decisions in a short period of

time, especially if they focus on the highest priorities. Previously many manage-

ment decisions took place in the absence of such information (Grice et al. 2004), as

illustrated by Turner and Downey (2010) who used the WINS system for Lantana
camara (lantana). In addition, there are many challenges with data collection to be

able to quantify the impact of invasive alien plants on biodiversity (Downey and

Grice 2008). Several authors have, however, compiled information on native

species at risk from alien plants. For example Coutts-Smith and Downey (2006)

compiled a list of the native species listed under the NSW Threatened Species
Conservation Act 1995 at risk from alien plants. Such lists do not capture the entire

range of species at risk, whereas the WINS system goes beyond such studies to

ascertain a more comprehensive extent of species at risk, irrespective of whether

they are listed as threatened or not. Evaluation of the native species compiled using

the WINS system for the Threat Abatement Plan for C. monilifera (DEC 2006)

showed that 65 % were not formally listed as threatened (i.e. under threatened

species legislation). In addition, as the 11-step process includes an adaptive man-

agement component (i.e. Step 11), there are mechanisms to revise, refine or even

replace any of the processes currently in place for each step.

Although there have been several meta-analyses of published studies on the

impact of invasive alien plants on biodiversity (e.g. Gaertner et al. 2009; Vilà

et al. 2011), these studies have perpetuated some of the problems outlined here.

These studies focused on the alien species and the mechanisms for native species

declines, rather than on the native species themselves, with the exception of broad-

scale trends. Such studies, whilst useful scientifically, are of limited value from a

management perspective. Downey (2010a) argued that it is critical for management

to be based on information about the species at risk in order to protect them.

Another new system required was a method of assessing specific sites to

determine the likelihood of management actions achieving conservation outcomes

(Step 5 – Prioritise sites for control). Based on a site model outlined in the Threat

Abatement Plan for C. monilifera, a process (Prioritisation of Impacts for Conser-

vation of Sites, PIC-Sites) was developed (Downey 2008b), which accounts for

several key factors that may influence the biodiversity outcome at a specific site.

These include: (i) not all species threatened by invasive alien plants are at risk at

every location; (ii) alien plant control cannot be achieved at all sites; (iii) native
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species recovery is not possible at all sites; (iv) other threats to the native species at

risk may also be active at a site and may not be abated easily; and (v) the density and

health of the species at risk, and therefore their ability to recover following alien

plant control programmes, will vary between sites. Downey et al. (2010c) added

additional factors into a site model (again based on DEC 2006) including the

(i) ability to achieve effective control at the site (i.e. is a control method available

and can the site be accessed easily), (ii) the degree of impact posed by the alien

species at each site; and (iii) the condition of the biodiversity present; including the

value of the site to the species overall survival, and the physical condition of the

site. By using and modifying these processes for Steps 4 and 5, Downey

et al. (2010c) developed a triage matrix for strategically managing invasive alien

plants, in which management is directed to the highest priority species (assets) at

sites where control will have the greatest benefit in the first instance (Table 23.2).

Many existing systems needed to be modified to ensure that the aim was

consistent with achieving conservation outcomes rather than control of alien spe-

cies alone (e.g. Steps 6, 9 and 10). This is particularly why site-specific ‘restoration

plans’ or management plans (Step 9) need to dovetail with alien control actions to

improve conservation outcomes (Holmes et al. 2008). Step 10 – Monitor the
effectiveness of on-ground actions is discussed in detail below. A summary of

Downey’s (2010a) 11-step programme is presented in Table 23.1.

Although several authors have outlined various components of the 11-steps

(e.g. Macdonald 1990; Hiebert and Stubbendieck 1993; Goodall and Naudé 1998;

Timmins and Owen 2001; Nel et al. 2004; Platt et al. 2005; Randall et al. 2008),

none have put them into a comprehensive plan to ensure that conservation out-

comes, in terms of specific species at risk, were achieved by examining every

Table 23.2 Triage matrix for the strategic management of alien plants for the protection of

biodiversity (After Downey et al. 2010c)

Probability of protecting biodiversity at specific sites

High Medium Low

High A – Alien plant

management is

critical, immedi-

ate, targeted and

long-term

B – Targeted man-

agement action

needs to occur

promptly and

long-term

C – Broader management

(i.e. of multiple

threats

simultaneously)

Level of threat

to

biodiversity

Medium D – Targeted man-

agement action

needs to occur

promptly and

long-term

E – General man-

agement to

reduce the

impact of alien

plant

populations

F – General low level

management to

reduce the threat

Low G – Actions to mini-

mise the threat

and prevent fur-

ther elevation of

the problem

H – Low level of

management

only

I – No immediate action,

management action

required only after

completion of higher

priorities
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management stage (e.g. planning through to on-going action, monitoring and

reporting). In addition, the emphasis on the actual biodiversity at risk is at best

rudimentary, and often general in nature (e.g. Macdonald 1990). The basis for the

development of these other processes is similar to those that underpin the processes

outlined by Downey (2010a). For example, Goodall and Naudé (1998) argued that

the current approach to invasive alien plant management was inadequate and that

habitats needed to be ranked according to criteria that encompass the habitat’s

status, protection, and management, thereby enabling priorities to be established

that balance urgent environmental needs with management budgets. Assessments

of other major invasive alien plant management programmes have shown that

management needs to prioritise both the species and areas for control, as control

efforts may not decrease the problem, with invasions appearing to have increased,

and continue to remain a serious threat in many biomes (van Wilgen et al. 2012).

Others have suggested establishing priorities based on the likelihood of success

(e.g. Fensham and Cowie 1998). The triage matrix (Downey et al. 2010c) uses a

combination of the expert knowledge and models to establish alien plant and conser-

vation priorities, something that Cowling et al. (2003) found has merit when they

compared both expert-based and systematic, algorithm-based approaches to identify-

ing priority areas for conservation. Downey (2010a) and Downey et al. (2010c)

examined a range of existing processes when creating those that underpin the

11-steps. These authors go on to say that other processes could be substituted for

those developed for C. monilifera, so long as they met the objectives of the specific

step in question.

The 11-step process outlined in Table 23.1 has been adopted and modified for

another nationally significant invasive alien plant in Australia, L. camara (Turner

et al. 2010), which is a major problem in New SouthWales (NSW) and Queensland.

The modifications were mainly associated with differences in legislation and the

classification of threatened species and ecological communities between the two

States, and the inclusion of a significantly greater number of species identified as

being at risk (Turner and Downey 2010). For example, these authors identified over

1,300 native plants and 150 native animals at risk from L. camara invasion, an order
of magnitude greater than previously identified.

The 11-step process and the triage system are both based on (i) the target alien

plant being identified at the outset, and (ii) a single species focus. When multiple

alien plant species are present, or if there is a need to manage multiple alien species, a

different process is needed to prioritise species for action in the first instance, which

can then be used to feed into the processes outlined above. For example, Downey

et al. (2010b) developed such a system to evaluate the potential threat posed by alien

plants to biodiversity in NSW. Firstly, an initial assessment was used to screen the

1,650 naturalised plant species in that state by removing alien plants that were not

known to threaten native species or weren’t widely established (i.e. naturalised but not

known to be invasive). This process reduced the list to 340 major alien plant species,

which were then assessed with a model to determine those species that are likely to

pose the greatest threat to biodiversity. Using another approach, Randall et al. (2008)

developed an assessment protocol for ranking alien plants based in part on their
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biodiversity impacts, using a system of 20 multiple-choice questions. The authors

are currently assessing alien plants in the USA using this system.

Additional justification for the processes outlined here comes from an

assessment of the recovery plans developed under the US Endangered Species

Act, which showed that the best outcome for managing multiple threatened species

was to group them together based on similar threats (Clark and Harvey 2002).

The Threat Abatement Plan for C. monilifera (DEC 2006), which forms the basis

for the processes outlined here, is a threat specific management plan. It encom-

passes the protection of over 160 native species at risk from one common threat.

Establishing processes for managing the biodiversity at risk from multiple alien

plants poses a range of other challenges. These relate particularly to individual

native species threatened by multiple alien plants, and sites containing multiple

alien plants as well as species at risk. These challenges were overcome when the

processes outlined here were modified and adapted to address all alien plant threats

to biodiversity within each of the 13 Natural Resource Management Regions

(or Catchment Management Authorities) in NSW (DPI and OEH 2011).

Turning a strategy or strategic approach into on-ground action and outcomes is

not easy. Examination of successful attempts to turn strategies into action reveals

that several key factors are required (based on Gelderblom et al. 2003 and Downey

2010a), being: (i) management-based research, typically associated with a long

history of such research; (ii) a history of knowledge and commitment to addressing

the problem; (iii) scientists committed to both the planning and implementation

phases, and; (iv) institutions committed to implementing the strategy long-term,

through provision of resources (people and funding), institutional frameworks,

policies and processes, and promotion of the strategy, its implementation and

outcomes. As Downey (2010a) and others (e.g. Roura-Pascual et al. 2009) argue,

coordination of management was a critical step in ensuring the delivery of conser-

vation management outcomes. These successful attempts to turn a strategy into

action have also strategically realigned existing resources to deliver improved

conservation outcomes. Holmes et al. (2008) argue that specialists are needed to

assist project managers when they develop site-specific restoration or management

plans – something that Downey (2010a) also found.

Prioritisation of alien plants for management has also occurred for emerging

species (e.g. Mgidi et al. 2007) and for eradication targets (Skurka Darin

et al. 2011). Skurka Darin et al. (2011) used criteria that assess the relative impact,

potential spread, and feasibility of eradication. The authors found that priorities

based exclusively on species-level characteristics are less effective compared to

priorities derived from a blended prioritization system that encompasses both

species attributes and individual population and site parameters, because the level

of impact may vary among species and populations; as also outlined by Downey

(2010a). Thus the prioritisation system [WHIPPET] developed by Skurka Darin

et al. (2011) aims to facilitate improved decision-making process by allocating

limited resources to priority invasive plant infestations with the greatest predicted

impacts. Whilst this approach has similarities to that outlined by Downey

et al. (2010c), it has some major differences, which limits its application. First it
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is aimed solely at determining priorities for eradication. Second it assesses relative

impacts in terms of the surrounding habitat, rather than actual impact present at a

site or the impact of the species (i.e. on biodiversity). Lastly it assesses invasiveness

or rate of spread, which is not assessed by Downey et al. (2010c). Both systems

assess feasibility of control – being feasibility of eradication in Skurka Darin et al.’s

(2011) system. Because each system addresses different priorities there is signifi-

cant benefit in using both systems to derive a complete range of priorities, from

eradication to conservation outcomes.

Prioritisations systems are time-consuming to construct and test, and highly

dependent on the availability of robust data, which is not always readily available

(Downey et al. 2010c; Skurka Darin et al. 2011). Other attributes could also be

included, but were specifically not included because this would make the system

too cumbersome to use. Significant progress and investment has now been made

towards developing prioritisation systems for managing alien plants. Such invest-

ment and progress should be used to establish priorities in other areas.

Some jurisdictions (especially in the developing world) may argue that they do not

have the resources to collect and collate the data required to determine priorities using

such systems (Khuroo et al. 2011). However, such arguments are rarely based on an

assessment of the value of investing in robust prioritisation compared to the cost of

their existing approaches. Instead these arguments are based simply around a lack of

resources and capacity. There is a high initial cost, but the priorities established should

lead to long-term saving by directing limited funds to priorities based on achievable

outcomes. Alternatively, prioritising lists of invaders has serious limitations, which

can compromise the overall effectiveness of any programme that includes spending

limited resources on (i) low impact populations of alien plants, (ii) difficult to access

populations of alien plants, or (iii) missing high impact populations of low priority

alien species (Skurka Darin et al. 2011). Thus alien plant management for biodiversity

conservationmustmove to a prioritisedmanagement system. Given that there are now

several such systems available and a growing body of knowledge on invasive alien

plants, such systems could be adopted in other locations without the significant inputs

needed to develop them in the first instance.

A major problem with assessing the effectiveness of large-scale alien plant

control programmes has been a lack of data on the cost-effectiveness. Whilst

there have been some assessments (e.g. McConnachie et al. 2012), which are

extremely useful, the benefits of such programmes to biodiversity are rarely

encompassed. A notable exception is Sinden et al. (2008) who examined the

C. monilifera programme and showed a return of AU$2.56 per AU$1 of investment.

Forsyth et al. (2012) developed a prioritisation tool for invasive alien plant man-

agement in South Africa, which revealed that there are many high priority areas that

are not receiving funding, and low priority areas which are receiving high levels of

funding. The authors state that “clearly, there is a need for realigning priorities,

including directing sufficient funds to the highest priority catchments to provide

effective control”, whilst limiting resources to low priorities. Perplexingly, neither

Skurka Darin et al. (2011) nor Forsyth et al. (2012) make any reference to the work of

Downey et al. (2010c), despite them both establishing prioritisation systems for

invasive alien plant management, and the work of Downey et al. (2010c) being
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readily available (i.e. through internet searches). The work presented here has been

based on a body of published studies over almost a decade (see Downey 2010a) and

has been incorporated within broader weed risk assessment systems (Downey

et al. 2010a).

23.4.3 Ensuring Alien Plant Management Delivers
on Conservation Outcomes in Protected Areas

In an assessment of case studies on alien species management within 24 PAs, Usher

(1988) found very few used prioritisation systems for management. Whilst several

management frameworks have been developed (e.g. Hiebert and Stubbendieck

1993; Timmins and Owen 2001; Nel et al. 2004; Platt et al. 2005), they do not

encompass the on-ground management or monitoring components under one holis-

tic system.

The processes outlined here have been used to establish conservation priorities

for alien plant management programmes across the 800+ PAs in NSW. In addition,

the majority of sites outlined in DEC (2006), which formed the basis for the

processes outlined above, are within PAs. Initial results to date have shown that

this approach has been successful in ensuring the delivery of conservation outcomes

(Hamilton et al. 2010). Whilst the input [cost] required to collect, collate and assess

the data needed to determine the priorities can be high, the conservation benefit

exceed such inputs as management programmes are then prioritised based on

delivering the greatest conservation outcome from alien plant management. This

is critical given management effectiveness in PAs is affected by limited resources

(Ervin 2003) and that control of alien plants in PAs typically only occurs for a

subset of the species present (Macdonald and Frame 1988). The processes outlined

here give PA managers decision support tools to prioritise invasive alien plant

control programmes to areas where they will deliver the greatest conservation

outcome and alien plant control.

23.5 Monitoring the Conservation Outcome

of Alien Plant Management

23.5.1 Historical Monitoring Shortfalls

Increasing emphasis is being placed on the importance of monitoring the effects of

alien plant control programmes (Blossey 1999; Grice 2004; Martin and van Klinken

2006; Maxwell et al. 2009; Reid et al. 2009). Although many invasive alien plant

control programmes underway in natural areas (including PAs) have conservation

aims (i.e. the protection of native plant species), few have linked monitoring
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programmes for evaluating their success in terms of the recovery of native species.

Land managers face a series of challenges regarding monitoring, including: what to

monitor, which techniques to use,where tomonitor, how to design a robustmonitoring

programme, how to analyse and report the data to their managers or others. There is

also a shortage of resources dedicated towards monitoring, specifically time and

money, and monitoring skills and guidance, and a lack of emphasis on monitoring

from on-ground staff. Consequently, many invasive alien plant management

programmes either (i) do not include any form of monitoring, (ii) use simplistic

qualitative monitoring methods like photo points, or (iii) collect data that cannot be

analysed for a number of reasons, mostly associated with the use of an inappropriate

experimental design, inconsistent collection of data, or collection of data that can’t

answer the aim of the control programme or management, and (iv) do not contain

mechanisms to report on the monitoring that has been undertaken (Downey and

Hughes 2010). Long-term analysis of invasive alien plant control programmes are

rare and those that exist show that the management of invasive alien plants in many

instances does not always led to a return to a reference or pre-invasion state, but rather

resetting the invasion clock, either with the initial or new invaders (Beater et al. 2008).

Lastly, assessment of monitoring efforts for the recovery of threatened species

has shown that monitoring did not adequately address the specific threats affecting

species (Campbell et al. 2002). Such assessment has also highlighted the need to

carefully evaluate monitoring programmes to avoid unnecessary monitoring, either

in terms of whole programmes or components, and the need to make monitoring

more holistic. Given that the outcomes of many conservation programmes are

difficult to predict, monitoring of their progress must be an integral component of

any conservation initiative (Campbell et al. 2002).

23.5.2 Monitoring Conservation Outcomes

To overcome the shortcomings outlined above with respect to monitoring, Hughes

et al. (2009) developed a manual aimed at ensuring that the response of native

species is assessed following invasive alien plant control. The manual is separated

into three tiers and each tier is aimed at a different set of stakeholders, depending on

their skills and resources. To ensure greatest adoption the manual was field tested

on a wide range of potential users (including volunteer groups) and the text was

circulated to several experts and potential users for comment. In addition to

instructions for all monitoring methods encompassed, the manual contains data

sheets and guidance on simple analysis, and is freely available (www.environment.

nsw.gov.au/bitouTAP/monitoring.htm).

Whilst this monitoring manual was initially developed for C. monilifera, it
quickly became apparent during its development that it needed to be expanded to

include other alien plants. Where possible the manual was developed to be appli-

cable for other alien plants, although aquatic plants and vines are not adequately

covered, given their unique life form.
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One of the greatest advantages of this monitoring manual is that it ensures

consistency across alien plant management programmes. A lack of consistency

has greatly hampered the ability of conservation managers to make adaptive

management decisions, or illustrate the problems and improve their own knowledge

base. Given that the specific aim of this manual is to assess the response of native

species to alien plant control, it has direct application for monitoring invasive alien

plant programmes within PAs. For example, it has been adopted as standard for

monitoring alien plant programmes within PAs in NSW. In addition, monitoring

data is crucial to the successful implementation and continued use of any adaptive

management strategy (e.g. Foxcroft and Downey 2008).

23.6 Conclusions

The management of invasive alien plants within PAs needs to be better aligned with

ensuring the delivery of conservation outcomes, in terms of establishing robust

priorities, management processes and monitoring protocols. Whilst the processes

outlined here have not been specifically designed for managing invasive alien plants

in PAs, they are directly applicable as they aim to ensure that alien plant manage-

ment delivers the desired outcomes irrespective of where they occur; a key objective

of PAs management. Adoption of these or other similar processes by organisations

that administer PAs, will have significant long-term benefits to conservation of PAs,

invasive alien plant management and the protection of biodiversity.
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Goodall JM, Naudé DC (1998) An ecosystem approach for planning sustainable management of

environmental weeds in South Africa. Agric Ecosyst Environ 68:109–123

Grice AC (2004) Weeds and the monitoring of biodiversity in Australian rangelands. Aust Ecol

29:51–58

Grice AC, Field AR, McFadyen REC (2004) Quantifying the effects of weeds on biodiversity:

beyond blind Freddy’s test. In: Sindel BM, Johnson SB (eds) 14th Australian weeds confer-

ence, Wagga Wagga. Weeds Society of NSW, Sydney, pp 464–468

Hamilton MA, Turner PJ, Rendell N et al (2010) Reducing the threat of a nationally significant

weed to biodiversity: four years of implementation of the Bitou Bush Threat Abatement Plan.

In: Zydenbos SM (ed) 17th Australasian weeds conference, Christchurch. NZ Plant Protection

Society (Inc), Christchurch, pp 166–169

Hiebert RD, Stubbendieck J (1993) Handbook for ranking exotic plants for management and

control. Natural resources report NPS/NRMWRO/NRR-93/08. US Department of the Interior,

National Parks Service, Denver

Hockings M (2003) Systems for assessing the effectiveness of management in protected areas.

BioScience 53:823–832

Holmes PM, Esler KJ, Richardson DM et al (2008) Guidelines for improved management of

riparian zones invaded by alien plants in South Africa. S Afr J Bot 74:538–552

Hughes NK, Burley AL, King SA et al (2009) Monitoring Manual: for bitou bush control and

native plant recovery. Department of Environment and Climate Change, Sydney

23 Protecting Biodiversity Through Strategic Alien Plant Management. . . 525



Humphries SE, Groves RH, Mitchell DS (1993) Plant invasions: homogenizing Australian eco-

systems. In: Moritz C, Kikkawa J (eds) Conservation Biology in Australia and Oceania. Surrey

Beatty, Sydney, pp 149–170

IUCN, UNEP-WCMC (2012) The World Database on Protected Areas (WDPA): Feb 2012.

Cambridge

Khuroo AA, Reshi ZA, Rashid I et al (2011) Towards an integrated research framework and policy

agenda on biological invasions in the developing world: a case-study of India. Environ Res

111:999–1006
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Chapter 24

Overcoming Barriers to the Prevention

and Management of Alien Plant Invasions

in Protected Areas: A Practical Approach

Mandy Tu and Ramona A. Robison

Abstract This chapter familiarises protected areas managers with some of the

basic background information and tools for preventing and managing invasive

alien plants. The most efficient methods for protecting natural areas from the

impacts of invasive alien plants include the prevention and early detection of new

introductions, followed by rapid response to eliminate small populations, and to

keep established populations at manageable levels. Barriers to achieving these

outcomes are typically related to a lack of awareness of the problems, adequate

knowledge, allocation of time from staff and volunteers, available technology, and

continued funding for projects. It is critical to focus management actions on the

most damaging top priority invasive alien plants and their pathways of introduction.

An awareness of the problems and impacts caused, followed by an assessment of

the biological and contextual situation, effective communication on the extent of

the threats, and planning for and implementing dynamic interventions are essential.

Simple steps can be taken to assess the situation and lessen the impacts. This

chapter is designed to serve as a practical roadmap for addressing invasive alien

plant invasions in protected areas.
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24.1 Introduction

Invasive alien plants (IAPs) can have a multitude of effects on protected area

(PA) values. These can occur at the species, population and community levels,

and the most damaging can significantly alter ecosystem functions and processes

(Drake et al. 1989; Chornesky and Randall 2003). Invasive alien plants are,

however, often not recognised as threats to PA values (De Poorter 2007). To our

knowledge, the vast majority of PAs worldwide have not acknowledged or ade-

quately addressed IAPs, and unfortunately, even where they are recognised, avail-

able funding and other resources for their management are often lacking

(De Poorter 2007; Genovesi et al. 2010). Since there will never be adequate

resources with which to manage all IAPs, it is essential to prioritise prevention

and management interventions to achieve the highest possible benefit.

The best approach to ensuring that PA values are shielded from the impacts of

IAPs originates from adequate knowledge and planning. This includes an aware-

ness of threats and an adequate assessment of the biological and contextual situa-

tion. Effective communication on the extent of the threat to PA management and

stakeholders is needed to facilitate capacity building, planning and implementing

dynamic interventions. Although some resources are needed to effectively address

these threats, simple steps can be taken to assess the situation and lessen the impacts

of IAPs.

This chapter is designed to assist PA managers in overcoming some common

obstacles encountered when addressing IAPs. Towards the end of the chapter, a list

of specific questions is provided to serve as a roadmap for creating a realistic and

practical IAP management plan.

24.2 Barriers to Invasive Alien Plant Prevention

and Management

There may be many impediments to the adequate prevention and management of

IAPs. In addition to the difficulty of sustaining active management interventions

and monitoring their success, common obstructions to management may include a

lack of: motivation and awareness of the seriousness of the threat to PA values;

knowledge about what resources are available and how to implement prevention,

early detection and management programmes; equipment, technology and other

tools to map and control IAPs; available person-hours (allocation of staff and/or

volunteers); and sustained funding for continued monitoring and control.

The above items are not discrete, and there are often overlaps in how to best

address each barrier to action. For instance, lack of awareness of the IAP problem

and knowledge of what resources are available and how best to proceed can be

addressed through a range of avenues. These include outreach, education, back-

ground research, expert opinion from other land managers, and some preliminary
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data gathering. Here, we suggest that to overcome these common barriers, each PA

should consider the following:

1. Motivation to get started and willingness to act. A lack of motivation to work on

IAPs may initially stem from lack of awareness, or from feeling overwhelmed by

the scope of the problem. Getting started by articulating clear goals and objec-

tives in writing can provide needed motivation. Similarly, learning some of the

potential impacts of IAPs to PA values, and communicating those threats to

upper management, may result in having them included in overall PA manage-

ment goals.

2. An assessment of the IAP threats. A basic assessment of the current situation is

necessary to communicate the threats and potential impacts of IAPs to PA

values. Once an initial assessment is complete, the PA manager can then decide

how to proceed. This may determine if management actions will be taken,

prevention practices put into place, or further assessments completed.

3. A written prevention and management plan for IAPs. When integrated into the

overall PA management plan (Ervin 2003; Goodman 2003; Pomeroy

et al. 2004), IAPs can start to gain priority in management decisions. There

are unlikely to be sufficient resources to manage all IAPs, thus having a written

plan that adequately assesses the situation, prioritises sites and species, and

outlines possible management intervention options is needed.

4. Implementing prevention, early detection and control programmes. Only when

an IAP plan is completed can funding and other resources be requested and

allocated to projects. Top priorities for IAPs should include prevention and early

detection programmes, focusing a portion of management on small infestations

and/or the most damaging invaders. Optimally, each PA plan should integrate

IAP threats and management options, coupled with recommendations for suffi-

cient staff and funding for long-term prevention and management of IAPs.

5. Staff and funding dedicated to IAP monitoring and management. Dedicated and

knowledgeable staff are essential to prevention and management success in the

long-term. The IAP management plan should outline how many staff and

volunteers are needed, and describe the equipment and other resources needed

to prevent and manage top priority IAPs. Much can be accomplished with

volunteers, but continuity of staff and written documentation are essential to

sustain efforts. If funds are only available on an ad hoc basis, they might best be

used towards assessing IAPs through mapping and monitoring, or for detecting

and preventing the establishment of new invaders. It is crucial to have at least

one staff member dedicated to overseeing IAP project progress.

The remainder of this chapter focuses on how a PA manager might complete a

basic assessment of IAP threats, form of an early detection programme (with

limited resources), and develop an adaptive IAP management plan.
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24.3 Assessing the Ecological Situation and Available

Resources

An assessment of the ecological context is needed before developing an IAP

management plan. This assessment identifies the species and populations of IAPs

that currently, or potentially, threaten PA values. Results from the assessment

logically lead towards the development of management priorities and suitable

interventions, and can also be used as a tool to communicate IAP threats with

upper management, partners, funders, and other stakeholders.

A basic assessment should include a list of the most damaging IAPs within the

PA and a description of the impacts that those IAPs may have on PA values. If

further funds become available, a complete inventory of IAPs could be completed,

including: (i) list of IAPs present within the PA, and their impacts; (ii) list of IAPs

not yet present within the PA, but nearby in the region; (iii) map of IAP locations

and their extents, as well as non-invaded areas; (iv) an investigation of site

condition, in relation to IAP presence or abundance.

To identify IAP threats, the first thing a manager needs to know are which plant

species are considered alien and could degrade PA values. After delineating PA

boundaries, the manager should ideally compile a complete plant list, or at mini-

mum a targeted IAP species list, and note their locations on maps. Mapping the

location and extent of IAPs as well as their proximity to high value sites such as

water, wetlands or rare communities will determine the most appropriate manage-

ment tools and techniques. Mapping IAPs can also identify entry pathways and

vectors. An additional purpose of mapping is to assist in monitoring management

effectiveness.

Information on IAP distribution and abundance can be used to evaluate changes

over time. Total numbers of IAP species, number of sites invaded, or hectares

invaded are all examples of quantifiable measures. In addition to field surveys,

information on what is invasive locally can be acquired through literature and

internet database searches, collection and specimen records from local herbaria,

interpretation of remotely-sensed data, and from local experts (Wittenberg and

Cock 2001; Salafsky et al. 2003; GISD 2012).

To determine what resources are available and whether there are any limitations

to the use of certain tools and techniques, the manager must be able to ascertain if

the existing staff and volunteers have the capacity, ability, and technical knowledge

to: (i) recognise and identify the IAP species that may cause damage to PA values;

(ii) determine best management methods, including where to look for control

information; (iii) recognise pathways of potential IAP entry; (iv) secure the labour

needed to control and remove IAP; (v) identify gaps in practices, programmes, and

policies to prevent IAP introduction; (v) identify who to educate on the issue to

receive institutional and/or public support for IAP work; (vi) determine if there are

limitations to the use of specific management tools or techniques; and (vii) know

who to collaborate with to share equipment and resources, as well as how to

develop community support for control projects.
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24.3.1 Completing an Assessment

An IAP assessment may be accomplished at various levels of detail and complexity.

At the most basic level, the IAPs with the greatest impacts in the PA should be

identified, and those impacts understood and communicated. A few relatively easy

methods for assessing and mapping IAPs when resources are limited may include:

• Find which species are alien locally by talking with a knowledgeable individual

(from a nearby university, agency, or someone with expertise on local plants) or

completing some online searches that may list IAPs in your region (GISD 2012)

• Walk through the PA with that knowledgeable individual to identify local IAPs

• Use hand-drawn maps to record locations and extents

• Rough estimates of infestations may be quantified through visual estimates of

percent plant cover, photo-monitoring, or remote sensing technologies

24.3.2 Using Technology to Assist in Assessment
and Management

Although not essential to IAP management, having access to and utilizing current

technology can assist a PA manager in a variety of ways. While many PAs may not

have access to the latest technologies in remote sensing, mapping software, or

invasive plant control equipment, much can be accomplished simply by using a

computer (or a smartphone) with internet access. The internet can serve as a portal,

enabling a PA manager at a remote site to: discover what may be invasive in a

country or region (e.g. through the Global Invasive Species Database, GISD 2012);

communicate and ask questions to a large knowledgeable audience (such as through

the Aliens-Listserve, ISSG 2012); find a regional IAP expert (Daisie 2012); become

knowledgeable about IAPs and how to manage them (CIPM 2002/2007); identify

possible IAP species, and search for control options and best management practices

(i.e. search for ‘species name’ and ‘control’).

Additionally, there are now many free tools available online that can assist in

mapping and assessing IAPs. Several open source GIS (geographic information

system) software packages are available, there are smartphone applications that can

assist in species identification and mapping, and services such as Google Earth may

provide baseline maps. While funding for equipment and technologies will always

be desired, today there are many technologies that can assist in IAP assessment and

management that only a few years ago did not exist or were prohibitively expensive.

If a PA manager only has a computer or smartphone with internet access, technol-

ogy can be used as a tool to save time, increase accuracy, and assist in IAP

management.
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24.3.3 Case Study 1: Mapping Arundo donax at Cuatro
Ciénegas, Coahuila, Mexico

The valley of Cuatro Ciénegas, Mexico is one of the world’s most unique ecosystems,

displaying a high rate of endemism that is associated with its hundreds of geothermal

springs. These springs and nearby wetlands and rivers have recently been invaded by

the alien grass Arundo donax (giant reed). To determine the extent of A. donax
invasion in the valley, the non-profit conservation group ProNatura-Noreste took the

lead in mapping and assessing the threat to the valley. They used a combination of

GIS-produced maps and hand-drawn paper maps, which were then supplemented

with GPS locations from handheld units, to create their initial assessment of the

extent of A. donax. Later, enhancements to the maps were made using aerial

photographs. While not complete, even the early maps showing the extent and

damage incurred by A. donax to the geothermal springs were informative, and

encouraged further mapping assessment and research.

24.4 Developing an Early Detection and Rapid

Response Programme

After prevention, the early detection and identification of a new species or

population at a given site, and a rapid response to eradicate or contain it before it

spreads, is the next most worthwhile endeavour to minimise IAP damage (Hobbs

and Humphries 1995; Simberloff 2014). Since prevention is covered by other

chapters of this book (Genovesi and Monaco 2014; Meyerson and Pyšek 2014) it

is not detailed here. Many IAPs are difficult or impossible to manage once they are

well established, and therefore prompt management interventions are often the

best use of limited management funds (Rejmánek and Pitcairn 2002; Harris and

Timmins 2009).

Early detection and rapid response (EDRR) can be implemented with limited

staff or as part of a comprehensive programme involving multiple staff and

volunteers. When only one or a few staff or volunteers are available they can be

given information on new species with potential to invade the area, and time to look

for and report any they find. When additional staff or volunteers are available for

surveillance, more thorough and comprehensive surveys are possible. Core ele-

ments of an EDRR programme include: cooperating with surrounding landowners,

training staff and volunteers, detection and reporting, identification and voucher

specimen collection, rapid assessment, planning, rapid response, and monitoring

and evaluation (FICMNEW 2003; Genovesi et al. 2010).

Although an EDRR programme can be run entirely within the boundaries of a

PA, a cooperative programme including surrounding landowners will provide

additional value. All stakeholders should agree on the IAPs being targeted, and

the survey and reporting responsibilities of each group. Regular communication

between all landowners is required to indicate when new species are detected, or
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when surveillance confirms that specific areas are uninvaded. Additionally, partner

involvement may be needed to develop a public outreach or communication plan to

gain support for the problems and planned work.

Creating and maintaining an effective EDRR programme requires training for

PA staff and volunteers, as well as researchers, visitors, and members of partner

organisations that may be able to provide additional assistance. Those leading the

programme should determine survey priorities, monitoring protocols, and mapping

needs, and develop short surveillance or ‘watch-lists’ of IAPs nearby, but not yet in

the PA. Also needed are clear reporting pathways to appropriate staff, agency or

other entities, and direction on how and who will manage new infestations. Those

who will be looking for new invaders and carrying out the EDRR plan should know

how to identify IAP species on the watch-list, the most important places to look for

new IAPs, survey protocols, and how and where to report new invaders.

Once the identification of a new IAP is confirmed, the manager should rapidly

assess its distribution and evaluate its potential to spread further. Options for

eradicating, containing or controlling it should also be determined. Ideally this

information will already be in the IAP management plan. Deadlines should be short

enough to ensure that the new invader does not have time to spread. Contingency

plans and funding sources for the surveillance work and for emergency responses to

new IAP introductions should be identified.

Eradication or containment of even a small population of a new IAP may need

repeated treatments over many years. If managers decide not to take action on a new

IAP, they should clearly document this decision and the reasons for it. Following

management action, the fate of the population should be tracked with regular

monitoring. This may require regular monitoring for many years to ensure that all

individuals are eliminated and that no seeds or plant propagules remain. Monitoring

data should be quickly evaluated and plans for further treatments modified as

appropriate. The data and decisions based on monitoring should be recorded and

reported.

An effective early detection programme can be accomplished in different ways,

depending on the scope and scale of the project and available personnel and other

resources. At its core, early detection is just finding or observing a new plant and

reporting it. When approached holistically as part of the entire PA IAP programme,

early detection may also employ training staff or volunteers to look for certain

species, or to monitor a special site for new invaders. It also includes positively

identifying the new observation, recording its location, which is then rapidly

followed by efforts to control or eliminate the plant(s).

24.4.1 Case Study 2: A One Person EDRR Programme
at Lassen Volcanic National Park, California, USA

Lassen Volcanic National Park is located in the southern Cascade Range in the

western USA. The park has one botanist, who also manages the IAP programme,
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and thus there are limited resources available for IAP mapping, monitoring and

EDRR. The park does, however, have several staff that travel around the park,

completing maintenance work on trails, campgrounds, and other facilities. In the

mid-2000s, the park botanist created a short-list of IAPs that are uncommon in the

park, or are known from nearby, but were not yet on park property. She created a

one-page colour hand-out that included photographs and identifying features of

these IAPs, and gave this to maintenance workers throughout the park. This hand-

out included information on who to contact if any of these plants were observed in

the park. This way, even though the park only has one botanist with many

responsibilities, she was able to get many people involved, looking for and

reporting new plants and infestations.

24.4.2 Case Study 3: Outreach and Education: Encouraging
the Reporting of New Invaders in Laojunshan
National Park, Yunnan Province, China

Laojunshan Park is a relatively new national park in southwest China. Due to its

isolation from major cities and highways, and its high biodiversity, it is relatively

uninvaded by IAPs. In order to educate the local villagers, park visitors and park

officials about challenges facing the park, the non-profit organisation The Nature
Conservancy, worked with partners to develop outreach materials, including a very

popular colour calendar depicting common IAPs. By asking locals to participate

and report IAPs, they worked to engage and inform their stakeholders about

invasive species problems.

24.5 Writing an Adaptive Prevention

and Management Plan

In order to not become overwhelmed with IAP problems, it is necessary to have a

written management plan. A written plan helps ensure continuity, especially as staff

turnover is inevitable. The plan itself can be used to leverage additional funding and

as a communication tool. There are numerous examples available of such manage-

ment plans, ranging from single species plans to national-scale plans for all invasive

species (ISSG 2012; NISC 2012).

An effective plan clearly states PA goals and objectives, and includes an

assessment of the current situation and available resources. The management plan

should not only identify those species that currently, or potentially, pose threats to

goals and values, but should also list high value areas, and prioritise species or

populations for management. It should also include details on treatment options,

planned management actions, methods for monitoring, and evaluating and adapting
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results (Pomeroy et al. 2004). Comprehensive plans should also identify vectors and

pathways of entry, data management needs, and opportunities for collaboration

(Wittenberg and Cock 2001). The best management plans are those that can adapt

to changing situations and conditions, and use a cyclical adaptive management

framework that allows the PA manager to address problems and test solutions

(Fig. 24.1), ensuring that certain measurable objectives are met (Tu et al. 2001).

Using this type of framework for IAPs, the PA manager should first (i) establish

the overall goals of the PA, which identify the core values that the PA aims to

maintain such as a rare species or community, overall biodiversity or ecosystem

processes, open space, or cultural and historic values. The manager then identifies

how IAPs could damage those values, developing specific IAP objectives to

prevent, contain or reverse the damage caused. The process also assists in devel-

oping monitoring measures that can discern when objectives are met. (ii) The

manager assesses the unique situation of the PA, including available resources

and the ecological context. Suitable strategies and tools are identified that can be

used to accomplish the objectives. (iii) Species and/or infestations are prioritised for

management based on the value(s) of the site and the severity of impacts to PA

values, and a plan of action is made. (iv) The plan is implemented and monitoring is

completed. (v) The manager evaluates the impact of the management actions in

terms of protecting PA goals and values, and of achieving objectives. Finally

(vi) the cycle is repeated after re-evaluating conclusions, evaluating steps

(i) through (iv) and modifying and improving objectives, priorities, methods and

plans.

To assist PA managers in writing this type of IAP management plan, a template

is provided by Tu and Meyers-Rice (2002). A short list of questions that can be used

in the development of a plan is also provided in Table 24.1. Case study 4 briefly

illustrates how a plan might be used to inspire action, and case study 5 provides an

example from California, USA of their IAP situation.

1. Establish PA goals and
IAP objectives, develop
monitoring measures

2. Assess the ecological 
situation, identify strategies

and tools

4. Implement plan
and monitoring

5. Assess impact of
management actions

6. Review and modify

3. Prioritise species and/or
infestations for management,

plan for action

Fig. 24.1 Adaptive framework for invasive alien plant management (Modified from Tu and

Meyers-Rice 2002; Tu et al. 2001)
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24.5.1 Case Study 4: Using an Invasive Alien Plant
Management Plan to Stimulate Action and Support
at the Cosumnes River Preserve, California, USA

The Cosumnes River Preserve is a cooperative conservation project located in

central California, USA, involving federal and state agencies and local non-profit

groups. Even though IAPs are common in the region, they were not considered a

high priority for management until one of the site managers wrote an IAP manage-

ment plan, based on a template provided by The Nature Conservancy (Tu and

Meyers-Rice 2002). With a written IAP plan in-hand, the scope of the IAP threat to

the preserve could be described, and several workable solutions offered. In this

way the PAmanagers were convinced to allocate some of the sitemanagers’ time, and

that of several volunteers, to eliminate alien trees from the preserve. Additionally, the

plan kept the staff focused on the top IAP priorities, and helped secure grants for

equipment and IAP control work.

Table 24.1 A roadmap for developing an invasive alien plant management programme

(i) Basic initial questions: setting the stage

1 What are the overall goals and mission of the PA?

2 How might IAPs interfere with these goals or mission(s)?

3 What are three IAP objectives that can be accomplished in the next 2 years?

4 Is there a recent plant inventory and map of IAP locations?

5 What personnel and other resources are available for IAP management within the PA?

(ii) Strategies and developing priorities

6 What are the main vectors and pathways by which IAPs could move into the PA?

7 Which IAPs are in the vicinity but not yet in the PA, and have the potential to severely

impact management goals and objectives?

8 Which are the highest priority sites that are currently uninvaded or lightly invaded?

9 Which are the highest priority IAPs to prevent and control?

10 Are there small populations of IAPs that can realistically be eliminated?

(iii) Management intervention decisions and monitoring change

11 What are the top three IAP priorities (species or specific populations) for eradication,

containment or control? What might be the best method or combination of methods to

eradicate, contain or control those IAP?

12 Will current monitoring be able to determine if the objectives have been achieved?

The questions listed above aim to assist a PA manager in creating a realistic and practical adaptive

IAP management plan. It should provide the basic outline for a plan, including objectives,

assessment needs, suitable strategies, and priorities. Start with answering at least the questions

in section (i). If additional resources are available, continue answering the remainder of the

questions. If a question cannot be answered at this time, contemplate what steps are necessary in

order to create an adequate response. Responses are intended to be used to develop specific action

steps and direct future activities
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24.5.2 Case Study 5: Example of an Invasive Alien Plant
Management Plan: Big Basin State Park, California,
USA (Contributed by Ramona A. Robison
and Tim Hyland)

Big Basin State Park (BBSP), located in the California central coast mountain

range, is about 6,700 ha and is dominated by a variety of vegetation types, including

old growth redwood forest, mixed conifer forest and chaparral. The following

provides 12 aspects that are considered within BBSPs IAP management plan.

1. The overall mission of the California State Parks is “To provide for the health,

inspiration and education of the people of California by helping to preserve the

state’s extraordinary biological diversity, protecting its most valued natural and

cultural resources, and creating opportunities for high-quality outdoor recrea-

tion.” Specific to BBSP, goals include managing vegetation to support high

native species richness, maintaining or enhancing habitat for rare and threat-

ened species, and detecting new populations of IAPs while still small, and

eliminating them where feasible.

2. Invasive alien plants reduce biodiversity and restrict access for recreation.

3. Specific objectives for vegetation management within the old growth redwood

forest at BBSP include:

• Maintain the health of 1,862 ha of old growth redwood forest

• Burn all prescribed burn plots every 7–15 years

• Manage for rare and representative native plant species

• Eliminate all reproductive plants of Genista monspessulana (French broom)

• Prevent the establishment of Ehrharta erecta (panic veldtgrass) and

Brachypodium sylvaticum (false brome)

• Eliminate all populations of Cortaderia jubata (purple pampas grass)

4. BBSP has two on-going mapping programmes that include IAPs. The first is

collected at the Park level and is conducted in conjunction with control efforts.

This mapping is updated yearly and existing points are verified and new occur-

rence points are noted and added to the mapping system. The second mapping

approach covers IAP occurrences within a sub-set of the entire California State

Parks system (279 parks, comprising 607,000 ha). This mapping effort tracks a

sub-set of selected species at designated parks, such as G. monspessulana and

Vinca major (large periwinkle), which are mapped on 3 year intervals and the

results are compared over time across the designated parks.

5. The Santa Cruz District of the California State Parks, which includes the BBSP,

employs three full-time scientists, and two to three seasonal workers. In

addition, there are seven full-time personnel who spend roughly 80 % of their

time on vegetation management. As there are 29 parks in the district, totalling

about 25,500 ha, all efforts to successfully manage IAPs must be prioritised.
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6. Vectors of IAPs into BBSP include roads, trails, waterways, campground use

and adjacent properties. Additionally, encroachment permits are requested for a

variety of uses such as utility line maintenance, special events and movie

filming. Currently the District prepares and approves encroachment permits,

and conducts management unit inspections as part of an early detection rapid

response system. District staff are also responsible for roadside and camp-

ground maintenance, although major highways are maintained by County or

State departments.

7. The District is currently working to develop a ‘watch list’ of nearby IAPs that

could be introduced into the Parks. California has several systems that could be

integrated to contribute to this effort.

8. Within BBSP the highest priority habitats are old growth redwood forest,

knobcone pine and chaparral communities. Fortunately, these three habitat

types are relatively resistant to IAP invasion, but monitoring is needed to

ensure new species are not introduced.

9. The most important IAPs to control in BBSP are those species which could

invade the old growth redwood forest understory. Ehrharta erecta and

B. sylvaticum have the potential to do significant damage and are therefore

high priorities for early detection and elimination.

10. There are a few small populations of IAPs that can be eliminated. For example,

there is a small patch of Ammophila arenaria (European beachgrass) of less

than 0.5 ha, and three patches of E. erecta smaller than 0.1 ha, which are

currently being treated.

11. The top three priorities for management in BBSP are

(a) Ehrharta erecta, which is being managed with chemical control.

(b) Brachypodium sylvaticum is on the surveillance list and is not currently

widespread.

(c) Cortaderia jubata is managed with a combination of mechanical removal

and chemical control.

Control of outliers and monitoring of perimeter areas are also high priorities.

Plants are treated when they are most visible, but before they set seed. Efforts

are made to ensure multiple visits are made to sites during one season, but

unfortunately this is not always possible. Sites with the greatest ecological

value are focused on first.

12. Monitoring consists of annual management unit inspections. Information is

collected on presence and absence of certain species in designated locations.

Additional monitoring is also carried out in areas with active management. In

those cases additional information is collected and tracked to monitor progress.

All control efforts are documented, including number of plants, person hours, and

the amount of herbicide used. These records can be used to determine if control

efforts are succeeding. However, they do not quantify the effect on native plant

communities.
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24.5.3 Prioritizing Invasive Alien Plant Threats
and Management Interventions

One large impediment to writing an IAP management plan is identifying the top

priorities for management. There are often too many IAP species and populations to

control, and never enough resources to manage all of them. Priorities help the

manager direct funds and other resources to the most productive projects and

minimise the workload needed to curtail long-term damage caused by IAPs. It is

generally better to focus on a few IAPs that are not as widespread where there is a

good chance of success, rather than on widespread IAPs which may be impossible

to control. Preventing new infestations and assigning the highest priority to keeping

clean areas uninvaded should always be the top priority. Guidelines for how to deal

with IAPs are further addressed in detail in several chapters in this book (Larios and

Suding 2014; Simberloff 2014; Van Driesche and Center 2014).

Decisions to prioritise IAPs should consider the environmental damage caused

by the target species and the value of the threatened asset (Timmins and Owen

2001). Invasive alien plants that are fast-growing and disruptive to ecosystems, or

occur within the most highly valued sites (such as communities of rare species),

may be the highest priority species or areas considered for active management. The

difficulty of control of a particular IAP species should also be considered, giving

higher priority to infestations in high quality sites which are controllable with

available technology and resources. Therefore, a high priority may be given to

eliminating one or two IAP species over their entire invaded range, and to keeping

several sites of high biodiversity or ecological importance free of a larger suite of

damaging IAPs.

Once an IAP inventory has been completed for the PA, the manager should

identify and determine those species and populations that currently or potentially

threaten values. Many IAPs are able to move into and dominate natural communi-

ties or restoration projects. However, only a small proportion of IAPs may be true

ecosystem engineers (i.e. those species that can completely change or transform the

ecosystem), disrupting ecosystem processes such as fire regime, soil nitrogen

levels, or hydrology, thereby shifting plant communities and altering landscapes

(Chornesky and Randall 2003). It is these ecosystem engineers that are most likely

to threaten the PA values and their management should be a high priority.

The priority-setting process can be difficult, partly because managers need to

consider many factors. There are several prioritization methods available (Hiebert

and Stubbendieck 1993; Timmins and Owen 2001; Tu and Meyers-Rice 2002;

Skurka Darin et al. 2011) that work to rank the invasiveness of plants, invasibility of

sites, and/or to assist in developing management priorities. There are many con-

siderations to take into account when prioritizing sites and species for management.

For example, public support or opposition to management intervention can deter-

mine if a project will be funded, or even be initiated (Genovesi 2007, 2011).

The following guidelines (modified from Owen 1998; Timmins and Owen 2001;

Mazzu 2005) may help in developing IAP management priorities:
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1. First priority. Prevent invasions by IAPs known from nearby PAs or from areas

surrounding the PA (e.g. take action to prevent invasions by requiring use of

weed-free hay, closing trailheads near known infestations, and urging all hikers

to clean their shoes at stations installed at trailheads).

2. Second priority. New IAP populations in the PA or surrounding region; new IAP

populations in sites of high conservation status or other specially designated

sites, or in areas not yet invaded.

3. Third priority. Other IAP populations that are small, easy to control, or not yet

widespread; IAP populations that threaten specific PA values, such as endan-

gered or endemic species or communities, or fragile habitats; keeping large areas

free of the most damaging IAPs; IAP populations that could be a source of

propagules (e.g. upstream IAP populations, roadsides, trailheads, visitor

centres).

4. Fourth priority. Containment of priority IAPs where they exist in large

populations; control and suppression of existing large IAP populations to accept-

able threshold levels.

24.5.4 Selecting the Most Appropriate Tools for Managing
Invasive Alien Plants

One of the last barriers to writing and implementing an IAP management plan is

deciding on the most appropriate tools and techniques. Fortunately, many invasions

can be slowed, halted or reversed, and in certain situations even severely invaded

areas can be restored to healthy ecosystems, but this often requires years of active

management. The objectives of IAP management actions may be eradication,

containment and/or control of the IAP (Wittenberg and Cock 2001; Hulme 2006),

depending on the extent of the IAPs, condition of the surrounding environment, and

available resources.

Eradication is the complete, long-term elimination of an IAP species within a

defined area, while containment is the restriction of the distribution and spread of

the IAP species in that area. Control is the suppression of IAP abundance within or

between a given area, typically to below an acceptable threshold level that

still allows the values of the PA to be maintained (Garcı́a-Llorente et al. 2011).

Eradication is covered in detail in (Simberloff 2014), thus is not further

discussed here.

Often knowing what tools and methods are available for the control and man-

agement of IAPs, and selecting the best tool for a species or situation, can be

daunting. There are advantages and disadvantages to each tool and technique.

Further, control should be thought of as a long-term continual maintenance com-

mitment, because if it is not continued indefinitely, biodiversity and other values

will likely decline to pre-treatment levels. The long-term goals of management at

the control level are to protect sites and values from becoming degraded, to keep

IAPs from spreading and negatively impacting management targets, and to

decrease the resources needed to maintain healthy ecosystems. Control costs may
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be high in the early stages of a project when the IAP species is abundant and

widespread, but as its abundance and distribution in the PA decrease, control costs

may decrease as well. Control actions are often combined with restoration efforts,

which work to bring a project or area into a desired future state while simulta-

neously reducing IAP abundance and promoting native species and communities

(Larios and Suding 2014).

Striving to increase the proportion of time and effort spent on prevention and

EDRR practices, rather than on control and management, is an advisable objective.

At the same time, it is necessary to keep in mind any potential off-target impacts of

the planned management actions and any possible risks to human health and

environmental safety. A decision to do nothing about an IAP species or invasion

also has costs and benefits, and these should be evaluated and recorded. When

selecting the method, choose those tools and techniques that will provide the most

targeted and selective control, ensuring minimum non-target damage to the sur-

rounding environment and native plant communities. Some tools are more selective

or targeted than others, or can be made more selective depending on their applica-

tion. Each tool, technique and methodology is different and has advantages and

disadvantages depending on how it is applied (Table 24.2).

24.6 Conclusions

There can be many barriers to addressing and implementing a successful IAP

prevention and management programme. Initiating a new programme for IAP

management can seem daunting at first, especially if the PA manager is not already

familiar with the problems associated with alien plant invasions and is already

engaged in other land management activities. However, there are many sources of

information available on IAP prevention and management to assist in the develop-

ment of a simple, effective plan. The key is to get started by doing something, and to

let the process evolve as more knowledge and management expertise is developed

for solving the particular IAP management problem.

Obtaining sufficient resources will always be a challenge. The primary focus

needs to be on the objectives and the aspects that can be achieved and will make a

difference, such as prevention and EDRR, and the control of small populations of

the most damaging invaders. When stymied, engage with willing and interested

partners to gauge interest and share resources to raise awareness and initiate a

course of action. Partnerships are critical to raise awareness and provide a venue to

communicate how IAPs may harm and threaten PA values. Academics or experts

from local institutions, or even from other regions of the world, may be able to

assist in identifying and quantifying the IAP situation. Even if there are little to no

resources immediately available, a manager can take steps to prevent new invasions

by minimising the introduction and spread of IAPs. Many IAP infestations take

several years of repeated treatments to produce tangible results, but with on-going

monitoring, prevention and management efforts may show surprising successes.
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Table 24.2 Brief descriptions of some plant control methods and techniques

Method description Advantages Disadvantages References

Manual and mechanical

Manual includes human

labour using: shovels,

picks, axes, saws or

machetes. Mechani-

cal includes use of

machinery: mowers,

brush-cutters, chain-

saws or earth-moving

equipment

Little training is needed

for safe use of most

tools and they can be

used in a variety of

situations; hand tools

are relatively low cost

and can provide very

specific targeted

control

Time and labour inten-

sive; difficult to ade-

quately control IAPs

when populations are

no longer small; often

does not provide last-

ing control; tools may

be sharp and

dangerous

Cal-IPC (2004)

and

DiTomaso

et al. (2013)

Land management practices

Any method that mod-

ifies land practices

(i.e. grazing, pre-

scribed fire or irriga-

tion/flooding) to the

detriment of IAPs,

and benefits PA

objectives

No chemical use; may be

able to treat large

areas; generally low

intensity of human

labour; native plants

may respond posi-

tively; may return a

site to a historic dis-

turbance regime

May not be specific to

IAPs; may result in

more soil disturbance

or damage to

off-target native

plants; generally does

not eliminate the tar-

get IAPs from an area

Brooks and

Lusk

(2008) and

Zouhar

et al. (2008)

Biological

Use of another species,

such as insects, fungi,

or microbes, to con-

trol an IAP species

Relatively low cost to

acquire biological

control agents; can

keep IAPs at a low

level across large

landscapes; no chem-

ical residues; no need

to repeatedly treat

IAP infestations once

agents are established

Few IAP species have

biological control

agents available; may

not work in all

instances; risks of

unintended conse-

quences to native

species and

communities

Coombs

et al. (2004)

and Van

Driesche

and Center

(2014)

Chemical

Use of specific chemicals

(herbicides) to kill

undesirable plants

May be able to treat large

populations at a lower

cost than other

methods; may be spe-

cific to the target IAP;

may achieve good

control; may not be

too labour and/or time

intensive

Chemical residues may

remain in soil or

water; may contami-

nate groundwater

sources; may have

off-target or

unintended impacts

on desirable native

plants and communi-

ties; may have health

exposure issues for

applicators; may be

expensive to obtain

chemicals, applica-

tion equipment, pro-

tective equipment,

and applicator

training

Bossard

et al. (2000)

and Tu

et al. (2001)

(continued)
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Garcı́a-Llorente M, Martı́n-López B, Nunes PALD et al (2011) Analyzing the social factors that

influence willingness to pay for invasive alien species management under two different

strategies: eradication and prevention. Environ Manage 48:418–435

Genovesi P (2007) Limits and potentialities of eradication as a tool for addressing biological

invasions. In: Nentwig W (ed) Biological invasions. Springer, Berlin, pp 385–401

Genovesi P (2011) Eradication. In: Simberloff D, Rejmánek M (eds) Encyclopedia of biological
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Pyšek P, Richardson DM, Genovesi P (eds) Plant invasions in protected areas: patterns,

problems and challenges. Springer, Dordrecht, pp 549–559

Skurka Darin GM, Schoenig S, Barney JN et al (2011) WHIPPET: a novel tool for prioritizing

invasive plant populations for regional eradication. J Environ Manage 92:131–139

Timmins SM, Owen SJ (2001) Scary species, superlative sites: assessing weed risk in

New Zealand’s protected natural areas. In: Groves RH, Panetta FD, Virtue JG (eds) Weed

risk assessment. CSIRO, Canberra, pp 217–227

Tu M, Meyers-Rice B (2002) Site weed management plan template. The Nature Conservancy.

Center of Invasive Species and Ecosystem Health, University of Georgia. http://www.invasive.

org/gist/products.html. Accessed 15 Mar 2012

Tu M, Hurd C, Randall JM (2001) Weed control methods handbook: tools and techniques for use

in natural areas. The Nature Conservancy. Center of Invasive Species and Ecosystem Health,

University of Georgia. http://www.invasive.org/gist/handbook.html. Accessed 15 Mar 2012

Van Driesche R, Center T (2014) Chapter 26: Biological control of invasive plants in protected
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Chapter 25

Eradication: Pipe Dream or Real Option?

Daniel Simberloff

Abstract Invasive alien plant populations have often been eradicated from very

small areas, but pessimism about eradication of widely distributed plants pervades

the management community. Contributing to this view are several legendary and

expensive failed eradication campaigns, the inconspicuous nature of many plants,

the existence of soil seed banks, and the perceived expense of eradication over large

areas. However, if several years’ worth of the cost of maintenance management

campaigns could instead be devoted to a one-shot, well-funded eradication effort,

projects that currently seem impossible might be brought within the range of

feasibility. Factors in addition to cost that must be considered are whether adequate

lines of authority can compel cooperation and prevent sabotage, whether there is

sufficient knowledge of the target species to have identified a feasible approach to

eradication that advances the goal of restoration, and the need for intensive mon-

itoring and possible follow-up operations. Especially for PAs, the likelihood of

reinvasion from nearby sites is a concern. If an eradication campaign would employ

the same general methods as those that would have been used if the goal was

maintenance control, there is likely little cost and much potential benefit to

attempting eradication. Gradual improvement has occurred in plant eradication

programmes through accumulated experience and incremental improvement of

longstanding methods. However, the field of invasive plant management (including

eradication) has not seen the advent of remarkably innovative new approaches and

greatly improved records of eradication success that currently foster optimism and

enthusiasm among managers dealing with invasive animals.
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25.1 Introduction

By ‘eradication’, invasion scientists mean removing every individual of a discrete,

more or less isolated population. This is distinct from ‘extirpation’, which means

eliminating a segment of a population, but with conspecific individuals still present

in contiguous or nearby populations. Unfortunately, the term ‘eradication’ is used

quite colloquially, particularly in media reports and political statements advocating

or announcing ‘eradication’ of some weed or pest species, when what is meant is

really extirpation of the species in some defined area. Sometimes ‘eradication’ is

used to mean simply killing a lot of individuals, not even all of them at the same

site. Part of a general scepticism about the feasibility of eradication stems from the

fact that campaigns colloquially announced as ‘eradication’ campaigns were never

meant to be that, so of course they failed to eradicate the target population

(Simberloff 2003a).

Another factor generating scepticism about the possibility of eradication is the

history of several high-profile, expensive true eradication campaigns that not only

failed to eradicate their target species but had enormous damaging non-target

impacts. An example is the failed campaign in the United States to eradicate white

pine blister rust, introduced in the early twentieth century on white pine seedlings

from Germany (Maloy 1997). The campaign aimed to eliminate the fungus by

eradicating both native and introduced species of Ribes, the alternate host. Labour

costs alone were over $150 million and were particularly heavy during World War I.

During World War II, prison inmates as well as German and Italian prisoners of war

dug up Ribes and spread chemicals, including in wetlands and stream-sides.

Non-target impacts were massive, and the campaign failed utterly. Another

continent-wide campaign, this time to eliminate Berberis vulgaris (European bar-

berry), was similarly motivated. In the United States, B. vulgaris is an alternate host

of stem rust of cereals, which inflicted enormous losses on wheat growers. The

campaign, detailed by Campbell and Long (2001) and Mack and Foster (2009),

began in 1918, lasted 60 years, employed thousands, and rendered B. vulgaris a

rare plant in much of the United States, even today. As the methods included use of

rock salt, kerosene, and dynamite (Mack and Foster 2009), one can speculate about

non-target impacts.

In a widely cited paper, Rejmánek and Pitcairn (2002) found a decade ago that

eradication of agricultural weed populations smaller than a hectare is usually

feasible, and that for infestations between one hectare and 1,000 ha, between a

fourth and a third of attempts they surveyed had succeeded. However, in their

survey the cost of eradications rose so rapidly with area that they felt it was unlikely

that eradications of plant populations occupying more than 1,000 ha would be

feasible. Panetta and Timmins (2004) agreed with this threshold and suggested

that the prospects for eradication of plants from natural areas would tend to be much

dimmer than those for agricultural weeds. Gardener et al. (2010) recently cast

further doubt on the feasibility of most plant eradication projects other than very

small ones, an assertion subsequently publicised in a high-visibility news report
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(Vince 2011). However, the past decade has seen dramatic progress in eradication

of invasive animal populations (see for example Genovesi 2011a, b) on ever-larger

islands, plus further experience with invasive plant management. It is thus timely to

reconsider Rejmánek and Pitcairn’s pessimism regarding large-scale plant eradica-

tions and also ask under what circumstances should attempted eradication be the

preferred response to a plant invasion of a PA as opposed to some sort of mainte-

nance management, such as biological, chemical, mechanical, or physical control.

It is a commonplace that plants are generally harder to eradicate than animals,

especially vertebrates. Seed banks may persist in the soil for many years (Panetta

2004), numbers of plant individuals may be enormous, individuals – even seedlings

of trees – may be small and cryptic, and the attractive baits and traps that have so

aided animal eradication are not applicable to plants. Thus, the degree of optimism

that has begun to infuse the community of managers and policymakers dealing with

invasive animals (e.g. Genovesi 2011a, b) has largely failed to engage those

managing invasive plants. It is telling that, in a recent international conference on

eradication of invasive species on islands (Veitch et al. 2011), of 94 papers, 89 were

about eradicating animals and only 6 about eradicating plants; of 45 abstracts,

44 were on eradicating animals and none were on eradicating plants.

25.2 Successes and Failures

Many small plant invasions have been eradicated from sites other than PAs. Mack

and Lonsdale (2002) describe eradication in Australia of small populations of North

American Eupatorium serotinum (late boneset) in a cattle sales yard, as well as

eradication of Old World Centaurea trichocephala (feather-head knapweed) in a

degraded pasture in Washington state, USA. In the marine realm, the “killer alga”

(Caulerpa taxifolia) was eradicated from two sites in California (Anderson 2005;

Woodfield and Merkel 2006). At one site, about 0.13 ha of the alga was distributed

widely among 42.3 ha of a 100.6 ha lagoon, and the other consisted of a group of

shallow ponds totalling 1.1 ha connected to a harbour. In South Australia,

C. taxifolia was eradicated from an artificial marine water body 7 km long by a

few hundred meters wide (Walters 2009).

Some small populations of invasive plants have been eradicated in PAs. For

instance, Rejmánek and Pitcairn (2002) cite two eradications of small populations

in the Channel Islands National Park, California, while Oryza rufipogon (Asian

common rice) was eradicated from an area of 0.1 ha in Everglades National Park

(Westbrooks 1993). Macdonald (1988) reports ten invasive plant species as having

been eliminated from Kruger National Park, South Africa. He identified only four

of these species: Opuntia aurantiaca (jointed cactus), Acacia dealbata (silver

wattle), Bidens formosa (cosmos), and Nicotiana glauca (tree tobacco). However,

L. Foxcroft (personal communication, 2013) reports that the latter species is present

cyclically. The Bermuda Department of Agriculture has eradicated Livistona
chinensis (Chinese fan palm), Pimenta dioica (allspice), Eugenia uniflora
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(Barbados cherry), and Citharexylum spinosum (fiddlewood) from Nonsuch Island

(Bermuda), a wildlife sanctuary of 5.7 ha (Mack and Lonsdale 2002). In 1972, the

New Zealand government targeted 29 non-native plant species for removal from

2,943 ha Raoul Island, a designated nature reserve. For seven species that occupied

relatively small areas, including highly invasive ones such as Cortaderia selloana
(pampas grass), success is believed to have been achieved, although continued

monitoring is undertaken to ensure that resurgence does not occur from a soil seed

bank (West 2002). However, for the seven main target species, all originally quite

widespread on the island, progress toward eradication has been more gradual, with

occasional setbacks as new infestations are detected (Holloran 2006). In the

Galapagos, four non-native plant species have been eradicated from Santa Cruz

Island (two of these are not found elsewhere in the archipelago), each from an area

less than 0.1 ha (Gardener et al. 2010). Although the great majority of Santa Cruz is

part of the Galapagos National Park, at least one of eradications took place on

private land. Cenchrus echinatus (sandbur) was eradicated from 64 ha on Laysan

Island (Hawaiian Islands; 411 ha), managed as a PA by the US Fish and Wildlife

Service, in a 10-year campaign beginning in 1991 (Flint and Rehkemper 2002;

E. Flint, personal communication, 2007).

A much larger success, although not in a PA, was the eradication of the pasture

pest Bassia scoparia (burning bush) from several thousand ha distributed over a

linear distance of 900 km in western Australia (Randall 2001; Dodd 2004), no doubt

helped by the fact that locations of all plantings had been recorded. Perhaps the

most ambitious current plant eradication programme rivals the Ribes and Berberis
eradication campaigns of the early twentieth century. This is the attempt to erad-

icate a parasitic agricultural weed, Striga asiatica (witchweed), which is ongoing

after over 50 years (Eplee 2001; Mack and Foster 2009) and has reduced the

infested area from 162,000 ha to less than 1,000 ha in North and South Carolina.

Success is likely within a decade (Mack and Foster 2009).

Many more attempted plant eradications have failed than have succeeded.

Gardener et al. (2010), for example, cite failure to eradicate (so far) 26 targeted

plant species in the Galapagos, comparing this record to the four successes cited

above. For at least two of these failures, no campaign was actually implemented.

For Caulerpa taxifolia, several eradication efforts have failed, as against the three

successes noted above (Walters 2009).

25.3 Criteria for Success

Myers et al. (2000) and Simberloff (2002a, b, 2003a, b) have suggested several

criteria that characterise successful eradications and that should be met before

eradication is attempted. Of course the idiosyncrasies of each case will weigh

heavily, but the following factors should always be borne in mind:

552 D. Simberloff



1. Economic resources. Are resources sufficient to complete the eradication as

planned, and are those resources encumbered in such a way that they will be

available for the duration of the project, even as the target population and its

perceived impact are greatly reduced? Costs of removing the last few individuals

may exceed those of removing all the rest, and funding agencies may be inclined

to reduce support once the problem is lessened (Mack and Lonsdale 2002). Are

resources needed to manage the species in areas near the target protected area to

prevent reinvasion, and, if so, are they available?

2. Adequate lines of authority. Eradication is, by its nature, an all-or-none phe-

nomenon. By contrast, in maintenance management by chemical or mechanical

control, for instance, the refusal of a few landowners to permit the project to be

carried out on their property would not necessarily prevent substantial reduction

of the target species. However, an inviolable sanctuary for the target would

prevent eradication by definition. Do such sanctuaries exist adjacent to or near

the target protected area?

3. Enough must be known about the biology of the target species that a route to

eradication can be identified that is feasible with available resources.

4. The eradication project, even if successful, must not produce an undesirable

condition. For PAs, the ultimate goal would almost certainly be restoration of a

semblance of the natural ecological community and the dynamic trajectory it

was following before the invasion. Thus, for instance, high likelihood that an

eradicated plant species would simply reinvade quickly or be replaced by

another introduced species would weigh heavily against attempting eradication

(although this would not necessarily be decisive; see an example below). It is

also possible the method used in an attempted eradication would have a high risk

of non-target impacts that would prevent the restoration goal from being

achieved. Massive use of some persistent herbicide, for instance, or tremendous

damage from machinery used in a scorched-earth operation, might so damage

the prospects for restoration as to be untenable.

25.4 Monitoring: Determining Success

and Detecting Reinvasion

The main issue concerning eradication of any invasive plant population is whether

it is feasible and at what cost. If so, particularly if the campaign is costly, it then

becomes important to consider whether reinvasion is likely, whether it would be

detected quickly, and what could be done about it if it occurs. Protected areas

adjacent to unprotected lands pose particular problems in this regards, whereas

island refuges are obviously at an advantage. Of course to a great extent likelihood

of reinvasion depends on the location of the site relative to extant populations and

the means by which propagules of the eliminated species might arrive. Constant

vigilance is needed first of all to ensure that an eradication effort really was

successful, and secondly, to note and deal with any newly arrived individuals.
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To know that every last individual of a plant species is gone is fraught with many

difficulties, enumerated by Panetta and Timmins (2004). With plants, the existence

of a soil seed bank poses particular problems (Panetta 2004) and, depending on seed

longevity, can mean that many years must pass before one can ascertain that

eradication had occurred. For animals, depending on the species, it is common

practice to declare success (or concede failure) quite quickly, for example, often

1 year for rats and 4 years for the Asian longhorn beetle (Anoplophora
glabripennis) in Chicago (Haack et al. 2010). For plants, sometimes 4 years of

absence has been chosen as the criterion for success, for example, C. taxifolia in

California (Woodfield and Merkel 2006), while for Bassia scoparia in Western

Australia the criterion was 3 years (Randall 2001). However, several announce-

ments of eradication have been premature. For instance, in Queensland, a 40-plus-

year campaign to eradicate several small populations of the North American herb

Helenium amarum (yellow sneezeweed), first detected in 1953, was declared

successful in 2002 after annual searching for survivors failed to detect any (Mack

and Lonsdale 2002; Csurhes and Zhou 2008). But in 2007 several individuals were

found; these were removed and the area continues to be monitored (Csurhes and

Zhou 2008).

25.5 When Should Eradication Be Attempted

in Protected Areas?

Not all potential eradication projects that meet the above criteria for high likelihood

of success can be undertaken, if only because resources would likely not suffice.

However, in assessment of alternative management possibilities – in essence, (i) do

nothing, at least for the present, (ii) attempt some sort of maintenance management,

or (iii) attempt eradication – several factors suggest that eradication deserves more

consideration than it often gets.

First, if an invasion is recent and the invaded area still small, it is likely that

eradication is feasible, as suggested by the data in Rejmánek and Pitcairn (2002; see

Pluess et al. 2012). Furthermore, the cost would be far less than if the effort were

made after the invasion had spread. The likelihood of damaging non-target impacts

would be less, both because the invader is unlikely to have established important

interactions with native resident species and because whatever eradication method

is attempted will not be employed over a large area. Finally, it is risky to wait to see

if the species begins to spread or cause problems and, if it does, only then undertake

an eradication campaign. Many introduced species, including plants such as

Schinus terebinthifolius (Brazilian pepper) and Arundo donax (giant reed), have

remained restricted for long periods, even decades, before rather suddenly spread-

ing widely (see Crooks 2005). Because eradication campaigns typically take time to

plan and implement, one could easily miss a window of opportunity by delaying an

eradication attempt. Also, some invasive plants have major ecosystemic impacts
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that are nevertheless sufficiently subtle that they are not detected quickly; plants

that fix nitrogen or concentrate phosphorus can fall in this category (Simberloff

2011). Waiting until such impacts become evident may allow a species to spread to

a point at which eradication is vastly more expensive and perhaps not feasible.

Crupina vulgaris (common crupina) in the American West and Clidemia hirta
(Koster’s curse) in the Hawaiian Islands, two non-native plants that were discov-

ered soon after arrival and almost certainly could have been eradicated, without

likely reinvasion, were allowed to spread while authorities questioned whether they

would be very damaging. Both proved highly invasive and were well beyond the

stage when they could have been eradicated by the time it was agreed that they

should be controlled (Simberloff 2003b). The alga Caulerpa taxifolia, which has

now spread throughout much of the near-shore western Mediterranean, could also

almost certainly have been controlled had a campaign been undertaken soon after

discovery (Meinesz 1999).

For PAs, the status of the target plant in neighbouring areas is a particular

concern, as the funding for management, including attempted eradication, in the

PA is unlikely to allow efforts beyond that area. Thus, for instance, the State of

Florida and US federal agencies have mounted a promising programme using

chemical and mechanical means to reduce or eliminate Melaleuca quinquenervia
(broad-leaved paperbark tree) from state and federal lands (including PAs) in south

Florida (F. Laroche, personal communication). However, by statute public funds

cannot support such efforts on private lands adjacent to government properties.

Three biological control insects have been released and, of course, do not respect

property boundaries. These may contribute to an effective maintenance manage-

ment programme in this case, but biological control in otherwise untreated areas

would be unlikely to lead to eradication of this or other invasive plant species if this

were the goal.

For widespread invasions, including longstanding ones, the expense of an

eradication campaign can be forbidding even if the technology exists to suggest

that success is possible. However, a comparison to ongoing costs of maintenance

management in some cases leads to speculation about whether attempting eradica-

tion might be the truly most cost-effective approach (Simberloff 2003a). For

instance, the United States spends $45 million annually on management of Lythrum
salicaria (purple loosestrife) and $3 million to $6 million annually on control of

M. quinquenervia). Thus, over a 10-year period, ongoing maintenance management

costs tens or hundreds of millions of dollars. One can imagine that having such

resources available over a much shorter period for an eradication attempt might

make an eradication attempt feasible that would have been impossible with just a

few million dollars. Another possible resource that has not been devoted to plant

eradication is volunteer or prisoner labour. Such sources are now routinely used in a

number of effective maintenance management programmes, especially in PAs (see

Simberloff 2003a), and allow managers to marshal many more workers than could

possibly have been paid. Use of vast amounts of manpower might make it possible

to eradicate much more widespread invasions than would have been deemed

feasible based on personnel costs alone.
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If an eradication campaign uses the same method that would have been used had

maintenance management been the goal, it may well be more cost-effective to

invest added resources and attempt to eradicate the invader. This is because even

failure to eradicate would be no great loss and would probably entail more complete

maintenance management. One would have to tally the costs and potential benefits

of the added effort. An excellent example is the project, begun in 1992, to eradicate

Ammophila arenaria (European beachgrass) and hybrids of two African ice-plant

species (Carpobrotus edulis � C. chilensis) from an 11 ha area of Lanphere Dunes

in Humboldt Bay National Wildlife Refuge in California (Pickart 2013). The stated

goal in terms of these invasive plants was eradication, and the goal for the system

was restoration of the ecosystem to its trajectory before European modification, by

restoring abiotic processes that maintain a dynamic dune ecosystem. Herbicides

were precluded by local community objections, and the impact of heavy machinery

on native vegetation, including two federally listed species, would have been too

great, so the method chosen was digging and pulling by hand. Ammophila arenaria
was almost wholly eliminated after 2 years, and ice-plant after 5. However, rare

resprouts of both species are seen, and there is occasional reinvasion from nearby

areas. Annual spot treatments control these at very low densities. Thus, complete

eradication has not yet been achieved for either species (or else reinvasion quickly

occurs), but the ultimate restoration goal has been met, and, if maintenance

management rather than total eradication had been the stated goal, the method

that was implemented would have been exactly the same. Further, the fact that

quick reinvasion is likely does not invalidate the approach in this instance, as

annual monitoring and spot treatments are feasible and inexpensive.

25.6 Further Advances?

Just within the last decade, animal eradication has advanced greatly, with projects

that would have seemed impossible a decade or two ago now well within the realm

of possibility (Genovesi 2011a, b), with better methods of avoiding non-target

impacts (e.g. Caut et al. 2009) and with important conservation benefits (McGeoch

et al. 2010). Some of these advances result from new technologies and others from

incremental improvement of existing techniques, combined with ambition

(Simberloff et al. 2013). Even if one grants the difficulties that are peculiar to

invasive plant eradication, it seems as if greater successes are possible by the same

routes that are forging progress in animal eradication. For instance, greater efforts

using the same techniques that had previously failed to control invasive plant

species on Motuopao Island (New Zealand) are leading towards successful eradi-

cation of several species (Beauchamp and Ward 2011). Assiduous application of

longstanding techniques has led to eradication of small infestations of 12 non-native

plant species from single islands in the Hawaiian archipelago and the imminent

elimination of eight others (Penniman et al. 2011).
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What do not seem to have arisen in invasive plant control generally, and

eradication attempts in particular, are highly innovative new technologies. Meyer

et al. (2011) suggest a new strategy, focused on preventing fruit production, which

might permit eradication of small infestations of previously intractable Miconia
calvescens (miconia). But absent are plant analogues to completely novel

approaches such as the development of attractive pheromones that have greatly

advanced sea lamprey management (Fine and Sorensen 2008), toxic micro-beads

that have cleared some water facilities of zebra mussels (Aldridge et al. 2006), and

the battery of genetic manipulations currently under way in attempts to eradicate

populations of fishes (e.g. Thresher 2008) and insects (e.g. Pollack 2011). It seems

unlikely that the biology of plants differs in characteristic ways from that of animals

so as to inhibit the development of radically new control technologies.
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Chapter 26

Biological Control of Invasive Plants

in Protected Areas

Roy Van Driesche and Ted Center

Abstract Classical weed biological control is widely used in natural areas. It is

based on introduction of specialised natural enemies (herbivorous insects and

fungal pathogens) from the weed’s native range. It can be used safely if specialised

natural enemies are selected and can be highly effective in suppressing weeds over

large areas. Agents used in modern projects typically have genus or species level

specificity and are safe when proper risk analysis and procedures are followed.

Agents spread over large areas and can move into hard-to-reach areas. If correctly

selected, agents are safe for use in areas too ecologically sensitive for chemical or

mechanical control. Costs are independent of area to be treated because agents are

self-reproducing, and results are self-sustaining. Biological control is most appro-

priate for use against widespread weeds, difficult to control with other methods that

occur in critical habitats and damage biodiversity or ecosystem function. Finding

suitable agents is easier against weeds distantly related to local native plants. Such

targets reduce risk to native flora, facilitate agent screening, lower cost, and

increase likelihood of success. Projects should be partnerships between biological

control scientists and conservation biologists, and biological control activities

should be done within a comprehensive restoration plan for the ecosystem. In

some cases, suppression of the invasive weed may be sufficient, but sometimes

additional actions, such as replanting native species or modifying ecosystem pro-

cesses such as fire or flooding regimes may be essential.
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26.1 What Is Biological Control?

Biological is a tool that can be used in some cases to assist in the ecological

restoration of areas affected by high density, damaging populations of invasive

plants, reducing such plants to densities that pose less of a burden on native

biodiversity and allowing ecosystems to avoid invasion-driven physical transfor-

mations (Van Driesche et al. 2008). This result is achieved by harnessing the power

of herbivory or fungal infections to lower the fitness of targeted exotic plants,

allowing the intrinsic competitive power of native plants to be more effective. If

landscape-scale reduction of the target plant’s density is acceptable (as in the case

of weeds with no economic value), projects seek to lower plant fitness directly,

resulting in smaller infestations, slower spread, and reduced weed biomass. All

components of the target plant – seeds, foliage, stems, etc. – can then be attacked. In

contrast, if plants have important social or economic uses (such as some introduced

forestry species in South Africa), then the project’s goals must be limited to the

suppression of reproduction, selecting agents that attack only flowers or seeds. This

can help limit the plant’s spread from economic use sites into wild lands and can

support manual clearance of existing stands in natural areas by minimizing regen-

eration. Weed biological control is an ecological restoration tactic whose risks are

generally low (Pemberton 2000) and whose use is often effective. In South Africa,

for example, 19 of 23 (83 %) projects were completely or partially successful

(Hoffmann 1996; Clrruttwell McFadyen 1998) and in Hawaii 10 of 21 (50 %)

targeted weeds were completely or partially suppressed (Markin et al. 1992; Gard-

ner et al. 1995). Here we discuss the contribution of biological control of invasive

plants to protection of natural areas, including legally protected preserves, and

suggest steps for strategic integration of weed biological control into restoration

ecology.

While the focus of this book is on controlling weeds in legally protected areas

(parks, preserves), biological projects operate on a much wider scale. Unlike locally

applied measures (chemical and mechanical control or replanting of native species),

which are typically done inside preserves, biological control is applied to whole

landscapes. As such, it is the case that preserves fall inside areas affected by

biological control rather than the reverse. For example, control of Euphorbia
esula (leafy spurge) in the northern prairie of North America was an areawide

reduction of the pest over millions of ha, including a number of preserves as, for

example, the Pine Butte Swamp Preserve of The Nature Conservancy in Montana

(USA). Similarly, biological control of Melaleuca quinquenervia (melaleuca) over

several hundred thousand ha of southern Florida (USA) overlapped with such

preserves as the Everglades National Park (a World Heritage site) and the Big

Cypress National Preserve. In the Northern Territories of Australia, biological
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control ofMimosa pigra (mimosa) certainly included areas within Kakadu National

Park, while biological control of Opuntia spp. cacti and Hakea sericea (hakea) in

South Africa affected Kruger National Park and various Protected Areas of the

Cape Floral Region, respectively. Many other instances of overlap between legally

protected areas and regions where biological control has reduced damaging inva-

sive plants could be identified.

26.2 Advantages and Disadvantages of Biological Control

Versus Other Methods

Invasive plants in natural areas may be locally suppressed by hand weeding,

mechanical control (cutting, dredging, mechanical clearing of brush), and applica-

tion of herbicides. Size of the area over which the weed must be controlled

determines the practicality of these methods. Preserve managers may intend to

suppress a weed in only a specific, often small, area (the preserve), but these patches

are frequently part of a landscape-wide infestation. Weed reduction at the landscape

level requires biological control, but doing so requires long-term commitment of

resources and the expertise of specialised scientists. Consequently, biological

control is not the first choice for weed control on a single preserve. In part this is

because such projects cannot be initiated or carried out at the preserve level since

they act over the whole landscape and require governmental approval, special

skills, and years of effort before rewards are produced. The advantages of biological

control, however, are especially important in cases where invasive plants are

widespread and control is desired over large areas. Because biological control

uses self-perpetuating living organisms, control spreads on its own after effective

agents have been identified and established, until they reach their ecological limits.

These features make biological control the only control method that is economi-

cally feasible for suppression of invasive plants over very large areas (millions of

ha). Also, the method is free of both the disturbances characteristic of mechanical

control and the pollution that may follow the widespread use of herbicides.

Disadvantages of biological control from the perspective of preserve stewards

include the fact that the method is beyond their direct control to initiate against new

target plants. Stewards can, however, participate in regional projects, releasing

useful agents on their property after effective agents become available. The partic-

ipation of The Nature Conservancy (TNC) in the control of Euphorbia esula on

some prairie preserves in North America is an example of such participation.

Aphthona beetles were introduced to preserves after being studied and proven

effective at other sites (Cornett et al. 2006). In some cases, conservation groups

may participate at earlier stages, as for example TNC participation in preparation

for the release and evaluation of Aphalara itadori, a psyllid being studied in the

United States and the U.K. (Shaw et al. 2009) for the control of Fallopia japonica
(Japanese knotweed) along rivers (Gerber et al. 2008).
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The most important disadvantage of biological control agents stems from their

permanency. Once released, inappropriately selected agents can rarely be removed,

although potentially they might themselves be amenable to suppression via biolog-

ical control using insect parasitoids (e.g. Pemberton and Cordo 2001). The use of

biological control against invasive plants requires a high level of certainty about the

safety and desirability of each new herbivore before it is released. The track record

of weed biological control insects released in the United States (including Hawaii)

and the Caribbean since the 1960s provides strong evidence that modern agent

selection processes provide this necessary level of certainly (Pemberton 2000).

Finally, the ecological limits to spread for each newly released biological control

agent must be predicted so that non-target flora in all potentially invaded regions

can be considered. However, human-assisted accidental spread of agents may

occasionally move agents to distant areas (Pratt and Center 2012), far beyond the

area targeted for biological control. In this respect, biological control agents are no

different than any other species, all being potentially subject to such chance events.

26.3 When Is Biological Control the Right Approach?

Biological control projects should not be under taken lightly as they require a long-

term commitment of funds and scientific manpower to carry through to completion.

Premature commitment to a project against a minor pest may consume resources

better used against a more serious invader. Appropriate targets should be invasive

non-native plants that are widespread (or potentially so) or are intransigent to other

control methods in critical habitats and cause (or potentially cause) significant

damage, usually to natural areas. Several factors further modify both feasibility

and cost of projects. Securing agents with adequately narrow host ranges is more

likely when targeted invasive plants are only distantly related to native plants.

Targeting such species lowers the risk to native flora, expedites agent screening, is

often less costly, and is more likely to succeed. Melaleuca and Tamarix spp.

(saltcedar) in North America are both in subfamilies or tribes with few or no

representatives in the native flora (saltcedar: subfamily, Baum 1967; Crins 1989,

and melaleuca: tribe, Serbesoff-King 2003). In contrast, projects in North America

directed against invasive thistles (Carduus, Cirsium, and Silybum) or knapweeds
(Centaurea) are more complicated because there are many congeneric native

species (e.g. for thistles; Schroder 1980), some of which may be endangered.

While projects against targets with native congeners are not uncommon, screening

of more species may be needed to find suitable agents.

While many projects begin with no known prospective agents, some have the

advantage of being directed against species that have been controlled elsewhere,

making them quicker and cheaper because potentially effective species are known.

The principal cost in such cases is the screening of additional species from the flora

of the new area. It is important to recognise that safety is contextual and a species
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safe to introduce in one country may be unsafe in another due to differences in the

composition of resident plant communities.

Projects should be directed against plants that cause the most ecological damage

to local ecosystems. Species that change the properties of the invaded community,

such as increasing fire frequency or intensity (Brooks et al. 2004) or that have a

structural form that allows them to overtop native species are likely to be highly

damaging. Invasive floating aquatic plants, vines, and ground covers are likely to

seriously damage native plant communities. For example, plants such as

Eichhornia crassipes (water hyacinth) and Salvinia molesta (salvinia) severely

alter the submersed aquatic communities that they blanket (Mitchell 1978; Thomas

and Room 1986).

Availability of funding is also an important consideration in starting a classical

biological control programme. Programmes without adequate, long-term funding

(often 10 years or longer) and enough political support to see the work through the

inevitable setbacks have little chance of success. It is also important to select

species as targets for biological control that reflect local conservation priorities.

26.4 Mechanics of Biological Control

Steps and decision points involved in a classical weed biological control project are

illustrated in Fig. 26.1. More detailed information on the actual mechanics involved

is available in the literature (e.g. Harley and Forno 1992; Van Driesche et al. 2008).

The flow chart in Fig. 26.1 is of a generalised nature and does not cover all aspects

of a weed biological control project. Selection of a candidate agent often involves

more than simple determination of host range. It may be warranted to attempt to

predict the potential efficacy of the agent; however, how biological control agents

actually perform in nature depends on a complex set of population processes that

can’t be tested in the laboratory, including the effects of parasitoids, predators,

competitors, and climate. This step is often advocated, even though such predic-

tions have never been proven to be possible. Any such predictions should therefore

be validated after release to advance the science involved. Also, consideration must

be given to the presence of pre-existing agents so that the plant parts attacked, the

phenological timing of agent populations, and agent habitat preferences are all

mutually complementary. Such considerations become important in projects requir-

ing multiple agents. The order of introduction may also need to be considered, so

that earlier introduced agents do not interfere with success of later introductions.

Each project is unique so rules of thumb are often meaningless and projects must be

adaptively managed. The overall purpose of this process is to balance the risk of

introducing a novel herbivore or plant pathogen into the system against the risk

imposed by the plant invader (i.e. the risk of doing nothing).
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26.5 Fitting Biological Control into a Holistic Approach

to Ecological Restoration

Biological control of invasive plants in natural areas (including legally protected

preserves) should be a partnership between biological control scientists and con-

servation biologists, and the biological control activities should be part of a larger,

holistic programme for the restoration of the affected ecosystems or protected areas.

26.5.1 Partnerships and Goal Setting

Partnerships for such biological control efforts are critical because of the compli-

cated nature of the problems being addressed, requiring the active participation of

land managers and ecologists who are familiar with the systems in need of resto-

ration. Skills needed for large scale ecological restoration projects are commonly

spread over several agencies or universities, with distinct budgets and somewhat

different perspectives on the problem. It is important to overcome this separation

and form a team willing to work together to bring into play the full range of ideas

and skills needed. Such partnerships also help avoid conflicts that might arise when

actions are taken by single parties before all concerned have reached an accord.

New invasive weed recognised

Step 1. Prioritise & assess feasibility
of biocontrol for new weeds. Identify origin.

Selection of new weed target

Step 3. Conduct faunal studies on target in native
regions for prospective agentsStep 2. Determine role of weed

as ‘driver’ of or ‘passenger’
in ecosystem alteration. Selection of

candidate agent
Investigate weed ecology
& impact on ecosystem

Demonstrate agent is
safe to release

Agent establishes

Impacts of invasive plant species
reduced

Step 4. Define host range
to assess ecological risk. 

Step 5. Release and colonise agent

Step 6. Evaluate efficacy (validate prediction)

Seek agents that
attack susceptible
weed stage & vital
plant organs that
complement
existing agents

Agent ineffective

Agent fails to establish

Aids in assessment
of programme
efficacy

Host range overly broad

Predict efficacy?

Fig. 26.1 The steps and decision points involved in biological control of an invasive plant species
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Defining restoration goals and the role of biological control and other activities

is a critical first step to be taken by the partners in a project. While biological

control aims to lower the density of what is believed to be an invader damaging to

the natural area, the goal per se is to restore the natural community, either in terms

of biodiversity or ecological function. For example, Lygodium microphyllum (Old

World climbing fern) has changed the fire cycle of invaded Taxodium distichum
(cypress) forests by increasing fire frequency and intensity. Therefore, lowering

these fire characteristics should be a goal of the project. Additionally, if certain

native species have been displaced from a plant community, their return to

pre-invasion levels is also a goal. Such native plants, however, may not recover

spontaneously following the suppression of the responsible invasive species

because propagules of desired plants may be lacking or other invasive weeds may

increase quickly following biological control. For example, at some sites where the

weevil Rhinoncomimus latipes reduced infestations of Persicaria perfoliata (mile-

a-minute weed), the invasive plants Microstegium vimineum (Japanese stiltgrass)

and Rosa multiflora (multiflora rose) increased in abundance (Lake 2011; Hough-

Goldstein et al. 2012). In that case, planting native perennials, along with use of a

pre-emergent herbicide to suppress the other invasive species, was used to restore

such communities (Lake 2011). Similarly, Stephens et al. (2009) found that only

non-native grasses showed consistent increases following reductions of Centaurea
diffusa (diffuse knapweed) caused by the weevil Larinus minuta. Additional mea-

sures were, therefore, necessary to restore that community.

26.5.2 Determining Causality of Community Degradation

Invasive plants may be fundamentally responsible for ecosystem degradation or just

symptoms of other processes. This has been described with the simile of ‘drivers

and passengers.’ Also, if invasive plants are drivers, it is necessary to determine if

they act alone or are facilitated by other factors. Because there is a long time lag

between starting a biological control project and release of effective agents, surveys

for prospective agents should start as soon as there is agreement that the targeted

invasive plant is the driver of the observed habitat degradation. In some cases,

biological control may not be advisable if the invader is merely a passenger,

responding to some other disturbance (e.g. nutrification of an aquatic system

stimulating growth of aquatic weeds).

Determining that an invasive plant is merely a passenger requires careful

observation and knowledge of the community. For example, in the 1950s, several

species of Opuntia cacti were seen as pests in pastures, including the two native

species O. stricta and O. triacantha and one introduced species, O. cochenillifera
(Pemberton and Liu 2007) on the Caribbean islands of Nevis and St. Kitts. How-

ever, these high density cactus stands were largely the consequence of pasture

overgrazing, opening land to cactus invasion and reducing competition from other

plants. However, the ability of the moth Cactoblastis cactorum to suppress Opuntia
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species was well known (Dodd 1940; DeBach 1974), and so it was released on

Nevis, Montserrat, and Antigua (Simmonds and Bennett 1966), ignoring risks to

native cacti. Given that the fundamental reason for damaging cacti levels was

overgrazing by goats (Simmonds and Bennett 1966), the correct response would

have been not biological control, but rather better livestock management. Another

example in which the difference between a driver and passenger is not clear is that

of Alliaria petiolata (garlic mustard), a European mustard that forms dense stands

in deciduous forests of the north-eastern and north central United States, which are

associated with low diversity of native forest herbaceous plants (Blossey

et al. 2002). Based on those facts, biological control of A. petiolata seemed

necessary to protect forest wildflower diversity. However, some have linked inva-

sive earthworms (Maerz et al. 2009) and overgrazing by deer (Knight et al. 2009) as

more fundamental drivers of change in these forests. However, it should be noted

that things can change: species that were not originally drivers may become so once

the community has been widely invaded if the invaders change fundamental aspects

of the community. So, it is necessary to keep an open mind and continue to observe

invaded systems in such cases.

That some invasive plants are drivers of change is well know from impacts in

other locations and the invasion of new areas by such species should be seen as a

cause for alarm and suggest the need for immediate plant suppression (Reichard and

Hamilton 1997). Additionally, studies in the invaded area may reveal that invasive

plants are drivers, having highly damaging effects either by suppressing native

plants, e.g. Miconia calvescens (miconia) in Tahitian forests (Meyer and Florence

1996; Medeiros et al. 1997; Meyer 1998), or by changing a fundamental charac-

teristic defining and creating a community, such loss of water depth due to soil

accretion caused by Melaleuca quinquenervia in the Florida Everglades (Center

et al. 2012). Such plants clearly merit being targeted for biological control.

Synergy among invaders is also possible in systems suffering from multiple

invasions, such as the Florida Everglades (Simberloff and von Holle 1999). The

ecological damage from a single invader, and hence the need for its biological

control, may change due to its interactions with other invaders, requiring a

community-based view to correctly assess risk and need for control. For example,

a non-native plant group, such as the figs (Ficus), which require specific exotic

pollinators, may persist at innocuous levels in the introduced range for decades but

then rapidly become invasive after their pollinators invade (Nadel et al. 1992).

Once able to reproduce, figs produce many fruits that are spread by exotic

frugivorus birds (Kaufmann et al. 1991). Seed dispersal then greatly facilitates

the spread of figs to new areas.

External factors may either enhance an important invader’s impacts or make

undoing its damage more difficult. For example, Tamarix spp. are invasive in

riparian areas in deserts of the south-western United States. However, the invasion

was strongly facilitated by altered river management, dammed rivers being more

favourable for Tamarix and less favourable for reproduction of native cottonwoods

and willows, thus reducing native competition to Tamarix. While biological control

for the suppression of the species is necessary to restore invaded riparian
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communities (DeLoach et al. 2003), it may not be sufficient in some areas if native

vegetation propagules are absent or conditions are unfavourable for their growth. In

such cases, actions such as replanting of native species or resumption of natural

flooding may be required (Shafroth et al. 2005). Similarly, eutrophication of

waterways is well known to exacerbate infestation of invasive aquatic plants

(Coetzee and Hill 2012).

26.5.3 Integrating Activities and Dealing with Complications

In some cases, biological control may need to be combined with other control

tactics to suppress an invader. Also, invader suppression itself may need to be

combined with other efforts to restore habitat conditions favourable for native

species. If an invader is detected early, biological control may not be the right

approach as it may be possible to simply eradicate small invader populations by

chemical or mechanical means. However, if the infestation is spreading rapidly or is

already widespread, biological control is likely to be needed. Biological, chemical,

and mechanical controls, or replanting of native species are likely to be

implemented by different restoration partners due to differences in expertise. In

such cases, careful joint planning of the timing, placement, and degree of all such

activities is critical to prevent delays or conflicts. In restoration projects, unforeseen

complications are common and the restoration plan must adapt to new develop-

ments are they occur. Adaptive management relies on monitoring of the system as it

changes in responses to control efforts, so that tactics and goals can be changed as

needed if new insights are gained into how the system is currently functioning.

While each case is different, complications (or indeed “surprises”) are common-

place and should be anticipated, at least in general terms.

While releases of particular individual natural enemy species cannot be

“undone” (and therefore must be carefully assessed for safety before release), in

the aggregate over many projects and agents, post-release monitoring of outcomes

is useful in determining if estimates of safety were well founded and, if not,

monitoring data can be used to identify faulty assumptions or procedures that

might need to be changed. More commonly, such monitoring is likely to validate

predictions broadly but may detect small deviations from predictions that can be

used to increase efficacy of pre-release safety procedures.

Invader replacement is one such complication. Suppression of a dominant

invader by biological control agents frees space and resources for other plants.

These plants may be native species or, in some cases, other invasive species

formerly suppressed by the controlled invader. Invader replacement is particularly

common in aquatic systems where anthropogenic nutrification has stimulated plant

growth (Coetzee and Hill 2012). Rapid control of a problematic aquatic weed,

particularly through the use of herbicides, often leads to an upsurge in the abun-

dance of a different macrophyte or a massive algal bloom (Richard et al. 1984).

Although spontaneous declines in invasive aquatic macrophytes are not well
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understood, nutrient depletion has been identified as one likely factor (Barko

et al. 1994), and this relationship should be considered in planning the biological

control of such species.

Unanticipated food web effects are another complication that may arise at some

stages of a biological control project. When biological control agents establish and

become common but do not by themselves lower the density of the pest plant they

attack, then the biological control agent may supply a readily available food subsidy

for resident predators. This is generally a temporary condition, subsiding as the

target is controlled. One potential example is that of seed-head gall flies, Urophora
affinis and U. quadrifasciata, introduced to control Centaurea stoebe subsp.

micranthos (spotted knapweed). These flies became abundant and according to

Pearson et al. (2000) failed to control C. stoebe subsp. micranthos (but see Story

et al. 2008). During this period, galled seed-heads became a protein-rich food

source for deer mice (Peromyscus maniculatus), enabling them to more readily

survive winters and reproduce earlier in spring, leading to higher mouse

populations in knapweed stands (Ortega et al. 2004). These authors further specu-

lated that more mice would mean higher levels of Sin Nombre hantavirus, a human

pathogen (Pearson and Callaway 2006). Although this example may seem cause for

alarm, there is no evidence of increased incidence of this virus, and, in terms of the

biological control project’s goals, gall flies alone were never expected to entirely

control the weed. Other agents have combined with them to reduce knapweed

infestations (see Corn et al. 2006; Story et al. 2006, 2008). It does, however,

serve as a reminder that such effects are possible when a new species is inserted

into the trophic structure of a community.

Finally, society’s view of the desirability of suppressing the target pest may

change erratically over time as new facts emerge. For example, biological control

of Hydrilla verticillata (hydrilla), a submerged aquatic weed, began in Florida in

the 1980s. Two leaf-mining flies and two weevils were released as biological

control agents (Center et al. 1997; Grodowitz et al. 1997; Wheeler and Center

2007), with partial suppression of plant density. Subsequently, a new herbicide

called fluridone was developed that provided easier control of H. verticillata and

biological control efforts stalled in the 1990s before the project could be completed.

When H. verticillata became resistant to fluridone in the early 2000s (Michel

et al. 2004), interest in biological control revived briefly, but stalled again when

the endangered Florida snail kite (Rostrhamus sociabilis plumbeus), which nor-

mally feeds on the Florida apple snail (Pomacea paludosa), was discovered

exploiting an exotic apple snail (Pomacea insularum) in mats of H. verticillata.
However, this favourable view of H. verticillata reversed again when it was found

that it supported growth of a toxic cyanobacterium (Wilde et al. 2005) that became

linked to the deaths of thousands of American coots (Fulica americana) (Wilde

et al. 2005) and possibly some bald eagles (Haliaeetus leucocephalus) and other

predators via bioaccumulation of the toxin in food webs (Birrenkott et al. 2004;

Fischer et al. 2006). These impacts on wildlife stimulated interest in the release of

herbivorous fish to control H. verticillata in the south-eastern United States, but

concerns arose that these fish might be sensitive to the toxin or might transfer it
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through the food web to piscivorous species (Wilde et al. 2005). Finally, to

complicate matters further, in some locations manatees (Trichechus manatus)
have been shown to benefit from H. verticillata infestations (Evans et al. 2008).

While biological control of H. verticillatamay or may not be resumed in the future,

these events illustrate the rapidity with which societal views of the desirability of

suppression of an invasive plant can change.

26.6 The Historical Record of Weed Biocontrol

in Natural Areas

Biological weed control has targeted invasive species in many natural or semi-

natural systems (Van Driesche et al. 2010) (Table 26.1) and these efforts have

benefits to legally protected preserves within the affected regions or landscapes.

Here we review many of these projects, to provide a sense of the magnitude of the

benefits of biological control to ecosystem restoration. Projects are arranged by

habitat to give an integrated sense of biological control’s value in particular

systems.

26.6.1 Fynbos Invaders

The South African fynbos supports 8,700 plant species, 68 % of which are endemic

(Richardson et al. 1997; Holmes et al. 2000). Its infertile soils are readily invaded

by nitrogen-fixing plants that raise soil fertility and depress native plant growth

(Lamb and Klaussner 1988; Stock et al. 1995; Yelenik et al. 2004). Fynbos habitats

have been invaded by various introduced woody plants in such genera as Acacia,
Pinus, Hakea, and Sesbania. All of these but the pines have been targeted for

biological control, with considerable success. Biological control, often in the form

of seed reduction, together with manual clearance, has greatly reduced the threat of

several invaders, including (i) Acacia saligna, controlled by the fungus,

Uromycladium tepperianum (Wood and Morris 2007); (ii) A. longifolia (Dennill

and Donnelly 1991); (iii) A. pycnantha (Moran et al. 2005); (iv) A. cyclops, which
formed impenetrable stands in the lowland fynbos (Richardson et al. 1996) and

threatened plant biodiversity in the Cape Peninsula (Higgins et al. 1999), was

rendered less invasive by the seed weevil Melanterius cf. servulus (Impson

et al. 2004) and the flower-galling midge Dasineura dielsi (Adair 2005; Impson

et al. 2008, 2011); (v) Hakea sericea, controlled by five introduced insects and the

pathogen Colletotrichum gloeosporioides in conjunction with manual removal

(Gordon 1999; Esler et al. 2010; Gordon and Fourie 2011; Gordon, personal

communication, 2012), and (vi) Sesbania punicea (Hoffmann and Moran 1998), a

leguminous tree that formed dense bands 20–30 m wide along rivers until three
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beetles (Trichapion lativentre, Rhyssomatus marginatus, and Neodiplogrammus
quadrivittatus) were introduced that destroyed its buds and seeds and bored in its

stems (Hoffmann and Moran 1991), reducing its density >95 % (Hoffmann and

Moran 1998) and returning rivers to pre-invasion conditions (Hoffmann 2011).

26.6.2 Floating Weeds

In warm regions, floating invasive plants may blanket water surfaces,

e.g. Eichhornia crassipes, Salvinia molesta, Azolla filiculoides (red fern), Pistia
stratiotes (water lettuce) (see Table 26.1), having profound effects on light pene-

tration, changes in nutrients, oxygen, and pH (Toft et al. 2003) and affecting the

whole aquatic community. Native benthic plants and associated invertebrates are

strongly affected by these changes (Hansen et al. 1971). Biological control has been

highly effective in some locations against A. filiculoides (Hill and McConnachie

2009; Coetzee et al. 2011a), E. crassipes (Center et al. 2002; Wilson et al. 2007;

Coetzee et al. 2009, 2011a; Julien 2012a), S. molesta (Tipping et al 2008a; Julien

et al. 2009), P. stratiotes (Neuenschwander et al. 2009; Coetzee et al. 2011a), and
Alternanthera philoxeriodes (alligator weed; Buckingham 2002). Many water

bodies have been relieved of burdening layers of these weeds by biological control

and some, like Lake Victoria in East Africa, harbour globally important biota (here,

cichlid fishes) (Anonymous 2000; Wilson et al. 2007).

26.6.3 Wetlands Invaders

Wetlands have been invaded by several non-aquatic plants, including the tree

Melaleuca quinquenervia, the fern Lygodium microphyllum, the shrub Mimosa
pigra, and the herbaceous perennials Lythrum salicaria (purple loosestrife) and

Fallopia japonica. These plants have reduced native biodiversity through habitat

change and competition with native plants. All five have been targeted with

biological control and at least one (M. quinquenervia) has been successfully

controlled, while M. pigra, L. salicaria, and L. microphyllum projects have had

partial success or are in progress.

Melaleuca quinquenervia formed dense monocultures in Florida, displacing

native vegetation (Rayamajhi et al. 2002) and reducing biodiversity of freshwater

marshes by 60–80 % (Austin 1978). The weevil Oxyops vitiosa, the psyllid

Boreioglycaspis melaleucae, and the cecidomyiid Lophodiplosis trifida suppressed

seeding and seedling survival (Center et al. 2007, 2012; Rayamajhi et al. 2007;

Tipping et al. 2009), killing 85 % of seedlings, saplings, and suppressed understory

trees, leading to a fourfold increase in plant biodiversity (Rayamajhi et al. 2009).

This tree is now largely under biological control after an effective integrated control

programme in which biological control contributed restraints on seed production,
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seedling survival, and stump regrowth, while cutting or application of herbicides

removed mature trees (Center et al. 2012).

Lygodium microphyllum from Australia smothers trees in Everglades ham-

mocks, cypress swamps, and pine flatwoods in Florida (Pemberton and Ferriter

1998) and increases fire intensity by forming flammable skirts on tree trunks

(Pemberton and Ferriter 1998). The pyralid moth Neomusotima conspurcatalis
has established and now is defoliating the fern at some release sites, allowing

regrowth of native plants (Boughton and Pemberton 2009). It has been slow to

disperse but is now found several miles from release sites (Center, personal

observation).

Mimosa pigra invaded tropical wetlands in Australia, Asia, and Africa, partic-

ularly along margins of wetlands, lakes, and channels, but also in open plains and

swamps (Cook et al. 1996). In Australia,M. pigra converts several vegetation types
into homogeneous shrublands with little biodiversity (Braithwaite et al. 1989),

threatening vulnerable plant and animal species (Walden et al. 2004). Among two

fungi and nine insects established, two species have shown the most impact to date:

the sesiid borer Carmenta mimosa and the leaf-mining gracillariid Neurostrota
gunniella, which together have reduced seed set and seedling regeneration, causing
M. pigra stands to shrink at the edges (Heard and Paynter 2009). Seed banks are

now 90 % below pre-biological control levels (Heard 2012).

Lythrum salicaria is a Eurasian perennial that has extensively invaded wetlands

in North America, damaging plants, birds, amphibians, and insects (Blossey

et al. 2001a; Maerz et al. 2005; Brown et al. 2006; Schooler et al. 2009). The leaf

feeding beetles Galerucella calmariensis and Galerucella pusilla, the root-mining

weevil Hylobius transversovittatus, and the flower-feeding weevil Nanophyes
marmoratus were released (Blossey et al. 2001a) and caused defoliation at many

sites (Blossey et al. 2001a; Landis et al. 2003; Denoth and Myers 2005; Grevstad

2006). In Michigan, G. calmariensis reduced plant height by 61–95 % (Landis

et al. 2003) and in many sites where loosestrife has been suppressed, native species

have increased (Landis et al. 2003).

26.6.4 Grassland and Desert Invaders

Grasslands and deserts have been invaded by many plant groups, including toxic

forbs, woody shrubs, cacti, and grasses (the latter, often introduced for grazing).

Toxic forbs have been repeatedly targeted for biological control because of their

harm to grazing, e.g. Centaurea diffusa, C. maculosa and C. solstitialis (yellow

startistle), Euphorbia esula, Hypericum perforatum (St. John’s wort), Salsola spp.,

and Senecio jacobaea (tansy ragwort). These comprise some of the earliest weed

biological control projects. Projects against S. jacobaea (McEvoy et al. 1991;

Turner and McEvoy 1995; Coombs et al. 1996) and H. perforatum (Huffaker and

Kennett 1959; McCaffrey et al. 1995) are considered complete successes, at least in

some countries. In coastal prairies in Oregon, biological control of S. jacobaea led
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to a 40 % increase of the rare hairy-stemmed checkered-mallow (Sidalcea hirtipes;
Gruber and Whytemare 1997). In natural California grasslands dominated by

St. John’s wort, biological control allowed native grasses such as Danthonia
californica (California oatgrass) and Elymus glaucus (blue wild rye) to increase

(Huffaker and Kennett 1959).

Projects against invasive shrubs in these habitats include ones against Lantana
camara (lantana), Prosopis spp. (mesquite), and Tamarix spp. Of these, little has

yet been achieved against L. camara (Day and Zalucki 2009; Urban et al. 2011), but
the project against Prosopis spp. has been partially successful (van Klinken and

Campbell 2009; Zachariades et al. 2011a) and saltcedar is currently being repeat-

edly defoliated by introduced chrysomelids in the south-western United States.

Vegetative change from reduction of saltcedar, however, has yet to occur (Dudley

and Bean 2012).

Invasive cacti have been controlled by biocontrol agents several times. Targeted

species include O. stricta (prickly pear cactus), Cylindropuntia fulgida var. fulgida
(jumping cholla), Pereskia aculeata (Barbados “gooseberry”), and Cereus
jamacaru (queen of night cactus). While little has been achieved against

P. aculeata (Paterson et al. 2011), O. stricta has been completely controlled by

Cactoblastis cactorum in several locations (Dodd 1940; Paterson et al. 2011) and

partial control has been achieved against jumping cholla (Paterson et al. 2011).

While not specifically documented, dense stands of cacti such as those that once

dominated large regions in South Africa, certainly caused declines in abundance of

native species (Hoffmann 2011).

Among invasive plants, grasses may be particularly damaging to biodiversity

because of their effects on fire cycles (Brooks and Pyke 2001). However, few

grasses have been targets for biological control because of concerns for the eco-

nomic value of introduced grasses and the assumption that grass-feeding insects

were not sufficiently specialised for introduction. Currently some grasses

(e.g. Arundo donax in the United States) are targets of biocontrol projects (Goolsby
and Moran 2009; Goolsby et al 2011) and pathogenic fungi as well as insects have

been of particular interest (e.g. Palmer et al. 2008).

26.6.5 Forest Invaders

Invasive plants in forest communities that have been targeted for biological control

include (i) forbs: Alliaria petiolata, (ii) vines: Anredera cordifolia (Madeira vine),

Cryptostegia grandiflora (rubber vine), Dioscorea bulbifera (air potato),

Dolichandra unguis-cati (¼ Macfadyena unguis-cati, cats claw), and Persicaria
perfoliata, (iii) shrubs: Solanum mauritianum (tree tobacco), and (iv) trees:

Caesalpinia decapetala (Mauritius thorn), M. calvescens (Table 26.1). Of these,

projects against M. calvescens, C. grandiflora, and P. perfoliata have had some

success.
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Miconia calvescens is a small, broad-leaved tree from the Americas that invaded

natural forests on Pacific islands, including Hawaii and Tahiti and formed dense

monocultures that suppressed native vegetation (Meyer and Florence 1996; Medei-

ros et al. 1997; Meyer 1998). The fungus Colletotrichum gloeosporioides forma

specialis miconiae from Brazil (Killgore et al. 1999) was released in Tahiti and

caused partial defoliation (up to 47 %) in mesic and wet forests below 1,400 m,

which allowed substantial recovery of native vegetation (Meyer et al. 2008, 2009).

Cryptostegia grandiflora invaded forested areas along rivers in the dry tropics of
Queensland, Australia, and later spread into adjacent grasslands and savannas

(Tomley 1995). Dense stands killed eucalyptus trees and reduced native biodiver-

sity, with infested areas being avoided by native birds (Bengsen and Pearson 2006)

and lizards (Valentine et al. 2007). In drought-prone areas, C. grandiflora has been

controlled by the rust Maravalia cryptostegiae (Evans and Tomley 1994; Vogler

and Lindsay 2002) and the pyralid moth Euclasta whalleyi (Mo et al. 2000),

allowing increased growth of local grasses (Palmer and Vogler 2012).

Persicaria perfoliata, a spiny annual vine of Asian origin, invades forest edges

and disturbed open areas within forests in the mid-Atlantic region of the United

States (Hough-Goldstein et al. 2008), degrading wildlife habitat and out-competing

native plants, due to its early germination, rapid growth, and ability to climb over

other plants (Wu et al. 2002). Rhinoncomimus latipes established at release sites

(Hough-Goldstein et al. 2009, 2012) and reduced spring plant densities by 75 %

within 2–3 years.

26.6.6 Coastal Invasive Plants

Plants of several forms have invaded a variety of coastal habitats, including

mudflats, sand dunes, littoral grasslands, and forests. Species targeted for biological

control have included Chrysanthemoides monilifera subsp. rotundata (bitou bush),

Asparagus asparagoides (bridal creeper), Acacia cyclops (rooikrans), Spartina spp.
(cordgrasses), and Ulex europaeus (gorse). Of these, populations of C. monilifera,
A. asparagoides, and A. cyclops (discussed above under fynbos invaders) have been
partially suppressed.

Chrysanthemoides monilifera subsp. rotundata invaded over 80 % of the coast-

line of New South Wales, Australia (Thomas and Leys 2002), where it dominated

sand dunes, coastal grasslands, heath, woodlands, and rainforests and drastically

altered these communities, becoming the dominant threat to 150 native plants in

24 plant communities (DEC 2006). Four introduced insect species established

(Adair et al. 2012) and reduced flowering and seed production (Holtkamp 2002;

Edwards et al. 2009), making a contribution toward suppression. Plant density,

however, has yet to decline (Adair et al. 2012).

Asparagus asparagoides invaded coastal shrublands, woodlands, and forests in

Australia (Morin et al. 2006a), where it smothered natural vegetation. In Western

Australia, areas infested with this species had only half as many native plant species
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as nearby non-invaded areas (Turner et al. 2008a). It also threatened four endan-

gered ecological communities in New South Wales – littoral rainforest, river-flat

eucalypt forest on coastal floodplains, swamp-oak floodplain forest, and subtropical

coastal floodplain forest (Downey 2006), as well as threatening many native plants,

including the orchid Pterostylis arenicola (Sorensen and Jusaitis 1995) and the

shrub Pimelea spicata (Willis et al. 2003). An introduced rust fungus Puccinia
myrsiphylli, a leaf beetle Crioceris sp., and an undescribed Erythroneurini leafhop-

per have established. The leafhopper has had some effect, but the rust fungus

caused significant reduction in A. asparagoides densities (Morin and Edwards

2006; Morin et al. 2006b; Turner et al. 2008b; Morin and Scott 2012).

26.7 Conclusions

The affection of people for novel plants ensures that plants will continue to be

moved into new biogeographical regions where some will become invasive, some-

times in protected nature reserves. Given that prospect, use of biological control to

dampen the impacts of the most damaging of these species in protected areas and

landscapes generally is and will likely remain an important restoration tool.

For example, without biological control the Everglades, a World Heritage Site,

may have been abandoned to become a biologically impoverished Melaleuca
quinquenervia swamp forest, many tropical rivers around the world would be

burdened with over capping layers of floating exotic weeds, and fynbos habitats

would be converted to woodlands of exotic trees. Both the benefits of classical weed

biological control to native plants (Van Driesche et al. 2010) and the limited nature

of the entailed risks (Pemberton 2000) are now better recognised. Improved com-

munication between biological control scientists and conservation biologists (Van

Driesche 2012) and emerging mutual trust should allow the use of biological

control to help resolve some of the worst cases of invasive plants in natural areas,

including in legally protected reserves.
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Chapter 27

Restoration Within Protected Areas:

When and How to Intervene to Manage

Plant Invasions?

Loralee Larios and Katharine N. Suding

Abstract Despite the on-going efforts to set aside land for conservation, biodiversity

is increasingly being threatened by factors such as invasive alien species that do

not recognise these boundaries. Invasive speciesmanagement programmes are widely

incorporated into protected area management plans; however, the success of these

programmes hinges on the ability to identify when a system will be able to recover

after invader control and eradication efforts and when further intervention will be

necessary to aide recovery. Invasive alien plants can alter ecosystem attributes to

produce strong legacy effects that prevent the recovery of a system. Here we provide a

framework for how to identify and incorporate recovery constraints into restoration

efforts. Identifying recovery constraints can help improve how ecological theory –

assembly rules, ecological succession, and threshold dynamics – can be used to guide

restoration efforts.

Keywords Assembly rules • Ecological succession • Threshold dynamics

• Recovery constraints • Invader impacts

27.1 Introduction

Protected areas (PAs) serve as the primary method to maintain and protect global

biodiversity (UNEP-SCBD 2001). Therefore, an important goal in PAs is to

minimise threats to biodiversity and maintain ecological communities in their

natural states (Lockwood et al. 2006). Protected areas can manage certain threats

such as deforestation or poaching, but even the most well managed reserves are still
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susceptible to threats such as climate change, pollution, and invasive alien species

that do not recognise these conservation boundaries and fence lines. We focus on

managing one of these threats, invasive alien plant species (IAPs), in PAs. In

response to this threat, many PAs have implemented large-scale invasive species

management programmes that employ prevention, eradication, and control strate-

gies aimed at slowing or stopping the process of invasion (Foxcroft and Richardson

2003; Doren et al. 2009b).

Increasingly, a challenge in this process is that simply removing the invasive

species is not sufficient to restore native biodiversity. A recent review by Kettenring

and Adams (2011) found that invasive removal successfully reduced the cover of

invasive alien plants (IAP), but did not always result in native species recovery.

Further intervention – with a focus on restoration – may be necessary to take into

account the impacts an invader has on a system (D’Antonio and Meyerson 2002), as

well as address recovery constraints of the native community. However, these

additional intervention actions can be costly in terms of time and money and, in

some cases, they have unintended consequences and actually slow recovery

(Zavaleta et al. 2001; Hobbs and Richardson 2011). Integrating additional inter-

vention efforts within an existing protected area management plan can be compli-

cated by a variety of factors such as limited resources (e.g. staff and infrastructure),

legal mandates under IUCN management categories, or differing agendas among

the stakeholders in the governance group (Keenleyside et al. 2012). The isolated

nature of PAs requires intervention efforts to be a concerted endeavour with

agencies/land owners outside of the reserve, further complicating the success of

management efforts.

In this chapter, we focus on this conundrum: when should we expect a system to

recover without additional restoration efforts after invasive species control efforts?

And when is further intervention necessary for recovery? Resources are often

scarce for PAs, with eradication and control of invasive species often consuming

a disproportionate amount of reserve budgets (D’Antonio and Meyerson 2002).

Identifying necessary points of intervention prior to action is therefore critical for

successful protected area management. We begin by providing an overview of

invader impacts that may constrain and preclude the recovery of a system after IAP

management. We then explore key ecological theories that can be used to guide

restoration strategies. Finally, we discuss how land managers could adjust restora-

tion efforts depending on the constraints present in the system.

In this chapter, we consider restoration to include both IAP control and eradi-

cation efforts as well as additional actions to aid native recovery. As emphasised

elsewhere in this volume, invader management plans in PAs often include control

and eradication efforts in tandem with native recovery efforts. Here, we focus on

restoration after the invaders are removed or reduced. The key questions are thus:

when will passive recovery following these efforts be sufficient to recover desired

native communities, and when will active intervention (sensu Suding 2011) be

needed?
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27.2 Invader Impacts and Recovery Constraints

As PAs operate under the mandate to protect local biodiversity, the continuing and

growing threat of IAP invaders on native biodiversity has made IAP management a

priority for PAs (Macdonald et al. 1988; Vitousek et al. 1997; McNeely 2001).

Understanding invader impacts on ecological communities is an important first step

in understanding how native communities may recover following IAP control. We

particularly focus on IAP legacy effects in PAs, where the impacts of invasion

persist even after invader control or eradication. In these cases, removing the

invader may not always lead to successful recovery of the degraded system

(D’Antonio and Meyerson 2002); additional management and restoration actions

may be necessary to put the native community on a path to recovery (Suding

et al. 2004). Alternatively, if an IAP does not have strong legacy effects, additional

efforts may not be necessary and native communities should be expected to

passively recover following control efforts. Importantly, the impacts of invasion

may occur either progressively with invader abundance or abruptly once the

invader reaches a certain abundance threshold (D’Antonio and Chambers 2006;

Didham et al. 2007). Consequently, whether active or passive restoration is neces-

sary may depend on the pattern as well as the nature of legacy effects.

Native species recovery may often be limited by dispersal following IAP control

(Galatowitsch and Richardson 2005; Traveset and Richardson 2006). Source

populations of native species may be far from the restoration area (McKinney and

Lockwood 1999) or seed dispersal networks may be altered in the invaded area

(Traveset and Richardson 2006; McConkey et al. 2012). For example, in Australia,

recovery of coastal dune communities invaded by Chrysanthemoides monilifera
subsp. rotundata (the South African bitou bush) is limited by poor seed dispersal

from existing native vegetation (French et al. 2011), and in New Zealand, native

shrublands dominated by Kunzea ericoides (kanuka) have a different composition

and a smaller abundance of the avian seed dispersers compared to Ulex europaeus
(gorse) invaded stands (Williams and Karl 2002). Additionally, native seed bank at

a restoration site could be diminished if natives have been absent or in low

abundance, reducing the potential for recovery from in situ germination (D’Antonio

and Meyerson 2002). In southern California, passive recovery of the native coastal

sage scrub community is limited due to the depauperate native seedbank in long

term invaded alien grassland sites (Cione et al. 2002; Cox and Allen 2008).

Plant invaders can alter disturbance regimes, which may create positive feed-

backs that promote invader success (D’Antonio and Vitousek 1992; Mack and

D’Antonio 1998). These feedbacks must be disrupted to allow the recovery of a

system (Suding et al. 2004). A widespread example occurs when annual grass

invaders increase the intensity and frequency of fire (D’Antonio and Vitousek

1992). In the Western United States, for example, alien annual grasses increase

fuel loads, which promotes a fire frequency for which the resident community is not

adapted (Whisenant 1990). Conversely, IAPs can also impact disturbance regimes

by suppressing disturbances (Mack and D’Antonio 1998). Schinus terebinthifolius
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(pepper tree) invasion in Florida’s Everglades National Park has suppressed fire

intensity by decreasing fuel loads (i.e. understory vegetation), which enhances its

own recruitment (Doren and Whiteaker 1990). In these cases, the disturbance

regime may not recover following IAP control, and additional actions may be

needed to re-establish the disturbance regime needed to support the native commu-

nity (Davies et al. 2009).

Invasive alien plants can also impact the physical structure of soils by increasing

erosion rates or sedimentation rates and directly by affecting substrate stability

(D’Antonio et al. 1999), resulting in soil legacies (sensu, Corbin and D’Antonio

2004). For example, while increased sedimentation can promote succession and

facilitate the establishment of native species in degraded forests in Algiers

(Wojterski 1990), increased erosion rates can limit recovery by eliminating habitat

for native species and promoting the establishment of introduced species in the

South African fynbos (Macdonald and Richardson 1986).

Soil legacies can also influence belowground biological processes that promote

IAP abundance and stall native species recovery (van der Putten et al. 2007; Inderjit

and van der Putten 2010). An invader can be successful because it is able to escape

soil pathogens (Klironomos 2002), and it may also alter pathogen incidence in the

native community to reduce competitive effects and facilitate its spread (Eppinga

et al. 2006; Mangla et al. 2008). Pathogen loads may slow the recovery rates of

communities, as they continue to influence the performance of native species even

after IAP removal (Malmstrom et al. 2005). Invasive alien plants can facilitate their

invasion by allelopathy (i.e. the release of phytotoxins, which inhibit the growth of

neighboring plants; Callaway and Ridenour 2004). For example, high impact

invader Centaurea maculosa (spotted knapweed) releases a compound that inhibits

root growth of its neighbouring plants (Bais et al. 2003). Additionally, Alliaria
petiolata (garlic mustard), a widespread invader in North American forests, secretes

compounds that inhibit the symbiotic mycorrhizal associations of native plants.

These altered relationships can prevent the recovery of the community once the

invader has been removed due to residual toxins (Perry et al. 2005). Other invaders

can alter soil properties such as salt concentrations or soil pH, reducing the potential

for subsequent colonization by native species (Vivrette and Muller 1977; Conser

and Connor 2009).

Soil legacies also include invader impacts on biogeochemical cycles that alter

resource availability (Mack et al. 2001; Ehrenfeld 2003). Nitrogen cycling rates are

regularly increased by invaders by altering the microbial community (Hawkes

et al. 2005), altering litter quality (Sperry et al. 2006), or directly by nitrogen-

fixing species (Vitousek and Walker 1989; Le Maitre et al. 2011). Increased

nitrogen availability can result in positive feedbacks that maintain the invaded

state, thwarting recovery efforts (Clark et al. 2005). For example, in temperate

grasslands in Australia, alien annual species that invade native perennial tussock

grasslands can alter nitrogen cycling to favour their own growth. These nutrient

changes are sufficient to push the system past a threshold, preventing the recovery

of native grasses (Prober et al. 2009). Lastly, invaders can also alter the hydrology

of a system via altered transpiration rates, rooting depths, phenology, and growth
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rates (Levine et al. 2003). Tamarix spp. (salt cedar) invasion in the south-western

United States has resulted in higher transpiration rates and marginal water loss due

to the salt cedar’s deeper root system in this water limited system (Zavaleta 2000).

27.3 Ecosystem Models in Restoration

While it is clear that many IAPs have strong legacy effects that can influence the

recovery of native communities, it is also important to put these effects in the

context of ecological processes that guide the path to recovery (Young et al. 2005;

Hobbs et al. 2007; Suding and Hobbs 2009). Conceptual models of ecosystem

dynamics such as assembly theory, ecological succession, and threshold dynamics

can guide restoration projects by providing insights into these ecological processes

(Fig. 27.1). In the following paragraphs we explore these three concepts and how

they can guide decisions about when and how to intervene in PAs following

invasive plant control efforts. For each, we first present the basic framework, then

a case study examining application to restoration in PAs.

27.3.1 Assembly Rules

Assembly theory focuses on how a suite of processes (e.g. dispersal, disturbance,

environment, competition) influence which species are able to establish over time

(Young et al. 2001; Temperton et al. 2004; White and Jentsch 2004; Hobbs

et al. 2007). This framework integrates these processes into a series of filters

(dispersal, environmental, and biotic) that act at varying spatial scales, which can

explain which species from a regional species pool (large scale) are found in the

local community (small scale, Weiher and Keddy 1995; Diaz et al. 1998, 1999). In

the context of native species recovery following IAP control, recovery requires that

filters at each scale allow native species to establish and persist (Fig. 27.1b).

Additional intervention efforts would be focused on the filters that excluded the

desired species from recovering (Fig. 27.1b, dashed arrow).

Three general types of filters are emphasised in assembly theory. The first filter

that species must overcome is dispersal: species must have dispersal traits that

allow them to arrive at a site (Levine and Murrell 2003). As discussed above,

invasive plants can increase the dispersal limitation of native species in many ways,

creating new barriers to the dispersal filter for some native species. If a species is

able to colonise a site, the next filter acting upon it is the environmental filter. To

successfully cross the environmental filter, a species must have the suite of traits

that allow it to survive the given environmental conditions (Weiher and Keddy

1995; Diaz et al. 1998, 1999). Soil legacies of invasive plants, such as erosion and

resource cycling impacts, can alter this filter. An extension to the environmental

filter is the disturbance filter (White and Jentsch 2004), which invasive species may
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Fig. 27.1 Recovery trajectories after invader removal, (a) assuming little invader impact or, (b)

and (c), a legacy of invader impacts. Species composition is symbolised by the capital letters and
abundance by proportion of each square; the desired goal community is C/E/D. Solid lines indicate
scenarios with passive restoration after IAP removal; dotted arrows indicate restoration interven-

tion. We present scenarios consistent with each of the three ecosystem models of recovery.

Successional theory (a) is most appropriate in systems where there is little expectation of strong

invader impacts. In (a), successional theory assumes directional change in species composition

over time. If the natural recovery takes too long, land managers can intervene to accelerate

recovery (dashed arrow in a). In systems impacted by invader legacy affects (b, c), assembly

theory and threshold theory may be most appropriate to guide restoration efforts. In (b), IAP

legacies affect the order of species arrival. Active intervention can focus on adding species,
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similarly alter. The final filter in assembly theory is the biotic filter, which restricts

the community to those species that can coexist in the presence of interspecific

interactions (MacArthur and Levins 1967; Tilman 1990; Chesson 2000). Under the

biotic filter, competitive interactions would limit the co-occurrence of functionally

equivalent species due to niche limitation resulting in limited similarity among

species within community (MacArthur and Levins 1967). Under situations where

invasive species have been controlled or eradicated in PAs, we would expect that

this biotic filter would be less of a consideration compared to the other filters, but it

would be important to manage were reinvasion possible.

The efficacy of active intervention efforts in restoration (e.g. species palette for

planting, selection of planned disturbance to limit competitive interactions) can be

assessed in this assembly filter framework by equating restoration actions with

changes in assembly filters (Funk et al. 2008). For example, seed addition or

planting of native species can be viewed as changing the dispersal filter at a site.

Similarly, a trait-based approach could increase the success of restoration efforts

areas where managers fear invasive species could re-invade following control

efforts by identifying a suite of native species with traits similar to the IAP to

enhance the invasion resistance of the community, thereby strengthening the biotic

filter (Funk et al. 2008).

27.3.2 Case Study 1: California Grasslands

Protected areas such as county parks and reserves within California are often

imbedded within a highly fragmented landscape (Greer 2005). In California PAs,

alien annual grasses have the potential to gain access to the interior of natural areas by

initially colonizing disturbed roadside areas (Gelbard and Belnap 2003). Roadsides

can have large inputs of atmospheric nitrogen deposition (Pearson et al. 2000), which

can interact with local grassland’s N cycling to increase N availability (Sirulnik

et al. 2007), and further promote these annual grasses (Padgett and Allen 1999).

Furthermore, prolonged dominance of alien grasses within a site can reduce the

seedbank of native species and prevent the recovery of a system once the grasses

have been removed (Cione et al. 2002).

To evaluate if the biotic filter can be manipulated to slow or stop the re-invasion

of aliens after control, Cleland et al. (2013) conducted a restoration experiment

along a roadside edge of the Laguna Coast Wilderness Park in southern California

⁄�

Fig. 27.1 (continued) affecting the order of species arrival, to guide the assembly process to arrive

at the target community. In (c), recovery may result in a new undesired state due to invader legacy

impacts, preventing the successional process that would occur naturally (grey boxes). A threshold

model may be the most appropriate to apply in cases such as these, where multiple restoration

activities would need to be done to overcome this feedback (dashed arrow, c) (Modified from

White and Jentsch 2004)
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where they manipulated nitrogen availability and added native seeds representing

different functional groups (annual/perennial grasses, early/late forbs and N-fixing

legumes). In the first year, they removed alien annual grasses and forbs. Then in the

second year, they allowed alien species to colonise naturally. Native communities

with low N availability and in which early forb seed was added best resisted

re-invasion. Thus, they found that by altering resource availability and adding

species that have similar phenology to the problematic invader they could manip-

ulate the biotic filter to increase invasion resistance.

27.3.3 Ecological Succession

Successional dynamics, the changes in species composition within a community

over time, have been a classic and focal question in ecology since the 1900s

(Cowles 1899; Clements 1916; Gleason 1926). Succession traditionally describes

the patterns of compositional change after a disturbance (Clements 1916; Pickett

et al. 1989) but recent studies have gone beyond describing the patterns to identify

the mechanisms, which influence these patterns (Connell and Slatyer 1977; Tilman

1988; Pickett et al. 2009). As successional theory has expanded to incorporate the

possibility of multiple successional pathways versus a single climax community

(Glenn-Lewin et al. 1992), comparing and analysing successional trajectories has

been adopted to describe the temporal change in community composition (Hobbs

and Mooney 1995). Once a disturbance occurs at a site, the availability of safe sites

and propagules for colonization in conjunction with the impacts of established

species determine subsequent successional dynamics (Pickett et al. 1987). In the

context of whether to intervene following invasive species control, additional

intervention activities can be viewed as either altering or initiating any of these

recovery processes (del Moral et al. 2007; Fig. 27.1a).

Ecological restoration can take a variety of approaches to manage succession

toward a desired target. The first and simplest approach is to allow succession to

occur unaided (spontaneous succession, Prach et al. 2001) and should be a viable

option if most abiotic and biotic functioning remain intact after invasive species

control (Lockwood and Samuels 2004; Prach and Hobbs 2008). However, in the

case of large-scale invasions, natural succession is unlikely to be a viable option as

legacies from the invader may influence recovery (Zavaleta et al. 2001). When

legacies are present another approach is to assist succession via manipulations to

the physical environment and to biotic processes that may be important within the

target system (technical reclamation, Prach et al. 2007). Technical reclamation may

be necessary if invasion has resulted in the complete loss of any of the overarching

processes governing succession (e.g. availability of safe sites, propagules, and

species impacts; del Moral et al. 2007; Prach and Hobbs 2008). The third approach,

assisted succession, is a combination of technical reclamation and spontaneous

succession in which site conditions are initially modified to support native species

but subsequent succession is allowed to occur naturally (Prach et al. 2007;
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Fig. 27.1a, dashed line). This approach has been implemented within rangeland

invasive plant management, by pairing removal efforts with post-removal restora-

tion activities (Sheley et al. 2010). While this framework is similar to assembly

theory in that it emphasises identification of processes that constrain recovery, it

also emphasises trajectories of community development over time.

27.3.4 Case Study 2: South African Fynbos

The fynbos vegetation in the Cape Floristic Region of South Africa is highly

impacted by alien trees and shrubs (Acacia spp; Macdonald 1984; Le Maitre

et al. 2011). Acacia spp. are nitrogen (N)-fixing plants, which can increase soil

fertility after an extended presence in an area (Yelenik et al. 2004). They also have a

large impact on water resources, as they consume more water than the native

vegetation (Le Maitre et al. 2000). Under the national ‘Working for Water’ pro-

gram, Acacia spp. and other woody invasive plants have been targeted for removal

(Turpie et al. 2008). Clearing of these invaders is often a combined effort of cutting

down the tree/shrub and, for those species that resprout, applying herbicide to the

stumps with the felled biomass left on site. It can also involve the removal of the

felled material and/or burning (Macdonald 2004). Cleared sites are often allowed to

recover spontaneously after treatment; however, the success of passive recovery is

often dependent on the type of treatment (i.e. spontaneous succession was the most

successful with clearing and removal and the least successful under burning;

Blanchard and Holmes 2008). Blanchard and Holmes (2008) found that once the

biomass was removed, native species had space to establish and assisted succession

approaches were needed. For example, seeding after burn treatments to overcome

dispersal constraints can increase the presence of native fynbos vegetation and

enhance natural recovery; however, continuous eradication efforts are needed until

the large Acacia seedbank is reduced as natural wildfires may continue to promote

the establishment of Acacia after initial removal (Milton and Hall 1981).

27.3.5 Threshold Dynamics

Ecological thresholds are a breakpoint between two systems that, when crossed,

result in an abrupt change in community states (Holling 1973). Thresholds occur

due to positive feedback mechanisms, which make systems resistant to change

(Folke et al. 2004; Suding et al. 2004). While successional models and recovery

pathways apply to many situations of recovery following IAP control, threshold

models can help explain why some systems are not able to recover once the invader

has been removed (Prober et al. 2009). In the context of these ‘stuck’ systems,

threshold models point to the importance of breaking these positive feedbacks in

order to facilitate recovery (Fig. 27.1c).
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A useful framework for incorporating ecological thresholds into management

has been to divide thresholds into two stages. The first stage is the biotic threshold,

which can be identified by changes in vegetative structure or composition (Friedel

1991; Whisenant 1999). The second stage is an abiotic threshold, which identifies

changes in ecosystem functioning (Whisenant 1999). Because impacts on function-

ing are thought to lag behind biotic changes, a system is thought to first encounter

the biotic threshold and subsequently the abiotic (Whisenant 1999; Hobbs and

Harris 2001; Briske et al. 2005). Invasive alien plants that trigger biotic threshold

changes may be easier to control than those that cause biotic and abiotic threshold

changes. Invaders that cause the system to cross both thresholds (ecosystem

engineers, sensu Jones et al. 1994) make the success of restoration efforts highly

uncertain (Ehrenfeld et al. 2005; Kulmatiski 2006; Doren et al. 2009a). Once

management has identified key variables that can indicate whether a threshold

has been crossed, this knowledge can be incorporated into management to identify

when and what management efforts are needed to increase the success of control

and subsequent restoration efforts (Foxcroft and Richardson 2003; Doren

et al. 2009b).

27.3.6 Case Study 3: Australian Subtropical Rainforests

One of the world’s most notorious invaders, Lantana camara (lantana), has invaded
and replaced much of the native vegetation in the subtropical forests in eastern

Australia (Lowe et al. 2000; Bhagwat et al. 2012). Lantana camara was introduced
as an ornamental shrub in the mid-nineteenth century (Swarbick 1986) but has

rapidly spread to the detriment of native diversity, including PAs within Australia’s

national parks. Many of the national parks within eastern Australia are isolated

within a highly disturbed system, a problem common to many PAs globally (Fox

et al. 1997). Edges between the reserves and disturbed areas (e.g. old agricultural

fields in Australia) make reserves vulnerable to weedy invaders such as L. camara,
which readily spread across disturbed landscapes (Gentle and Duggin 1997;

Stock 2004).

However, this landscape also provides an opportunity to investigate the dynam-

ics that allow this invader to invade pristine habitats. Stock (2004) and Gooden

et al. (2009) monitored L. camara and native plant abundance in national parks in

eastern Australia and were able to identify two separate thresholds. After measuring

L. camara cover and canopy cover in gaps in two national parks, Stock (2004)

identified a first invasion threshold: forests whose canopy cover is 75 % native

species can prevent the establishment of L. camara, because the woody invader is

shade intolerant in those forests. If L. camara reaches 75 % cover, however, the

system crosses a second biotic threshold identified by Gooden et al. (2009) in which

native species richness falls dramatically, likely due to L. camara effects on soil

fertility (Bhatt et al. 1994) and soil seed banks (Fensham et al. 1994). These
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thresholds, which identify when a community can resist invasion and when invader

impacts begin to increase dramatically, are being used to guide an integrated

management plan (Stock 2005).

27.4 Addressing Recovery Constraints in the Context

of the Three Models

The ability of ecosystems to recover after IAP control greatly varies and is often

contingent on the system’s intrinsic rate of recovery, its level of degradation, and

its surrounding matrix (Jones and Schmitz 2009; Holl and Aide 2011; Gaertner

et al. 2012). This variability makes it difficult to assess when land managers

should intervene and implement additional restoration practices or leave a system

to recover naturally (passive restoration, sensu Suding 2011). For example, in the

south-western United States, invader removal without any paired plantings of

native flora can detrimentally affect local fauna (Zavaleta et al. 2001), and yet,

active plantings in the tropics may prevent the establishment of native flora and

slow natural recovery (Murcia 1997). Furthermore, within PAs, additional com-

plicating factors such as land use and pollution are either well documented or less

severe than in non-protected areas. Therefore, restoration efforts conducted

within PAs after IAP removal can help improve our collective understanding

of invader impacts and recovery constraints. In this section, we suggest a series

of steps to decide when additional intervention following IAP control may be

needed.

First, an understanding of the extent of IAP impacts and whether they will

persist following invader removal is critical (Sheley et al. 2010). A holistic

assessment should try to identify the causes of the invasion as well as impacts

of the invasion (see invader impacts section above; James et al. 2010). If a holistic

assessment was not initially available, small scale experiments can be used to

identify restraints (Kettenring and Adams 2011). Simply observing the natural

recovery of a system after control efforts would also aide the decision of whether

or not to intervene when assessments are not available (Holl and Aide 2011). If

monitoring indicates natural recovery, land managers can use successional theory

to make inferences about the trajectory of the system (Sheley et al. 2006; Prach

and Walker 2011). However, if monitoring identifies invader legacies, the success

of management efforts is contingent on effectively prioritizing and addressing

those recovery constraints (Fig. 27.2a; Suding et al. 2004).

Identification of constraints can be done through knowledge of natural history,

experimentation (Gaertner et al. 2011; Kettenring and Adams 2011) or research

from other sites (e.g. recent reviews of the effects of the invaders Acacia
(Le Maitre et al. 2011) and L. camara (Bhagwat et al. 2012) on ecosystems).

If one single factor seems to strongly constrain recovery, natural recovery should

be fairly straightforward if land managers can address the single constraint
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(Prach et al. 2001; Lockwood and Samuels 2004). Successional theory and

assembly theory would be helpful in guiding restoration efforts with single

constraints (Suding and Hobbs 2009). However, if multiple constraints are pre-

sent, it is important to assess whether these constraints can be addressed inde-

pendently or need to be addressed in tandem (Suding et al. 2004). If multiple

constraints synergistically thwart the recovery of a system, it would be essential to

address the constraints in tandem to disrupt any feedbacks that are preventing

recovery (Fig. 27.2a; Suding et al. 2004).

Constraints can operate at multiple spatial and temporal scales (Suding and

Hobbs 2009), and processes operating at one spatial or temporal scale can interact

with processes operating at another scale to create strong internal feedbacks that

prevent the recovery of the system (cross-scale interactions; Peters et al. 2007). In

a hypothetical example, if an invader disrupted dispersal processes and produced

soil legacies via allelopathy, successful restoration efforts would have to address

both the soil condition as well as the dispersal constraint. Threshold models

address strong internal feedbacks and nonlinear dynamics within ecosystems

and would be helpful in guiding restoration efforts with interacting constraints

Invader is removed: Are there
recovery constraints (e.g.,
recruitment, soil legacies)?

Passive Recovery
(Succession)

Assisted Recovery:
Are there multiple constraints?

Address Single Constraint
(Assembly Theory, Assisted

Succession)

Do
constraints
interact?

Prioritise Constraints
(Assembly Theory)

Address interacting 
constraints together

(Threshold Dynamics)

No

No

No

Yes

Yes

Yes

CYCA is removed:
Are there recovery
constraints?

Passive Recovery (Succession):
Secondary invasion of other

exotics

Assisted Recovery:
Are there multiple constraints?

Seed limitations
Soil Legacies

Address Single Constraint
(Assembly Theory, Assisted

Succession)

Prioritise Constraints
(Assembly Theory):

1)Seeding
2)Mulch cover

Address interacting
constraints together

(Threshold Dynamics)

No

No

No

Yes

Yes

Yes

Do
constraints
interact?

a b

Fig. 27.2 (a) Decision Tree Model for assessing restoration activities following invader control

efforts. Decision making nodes represent the assessment of identity, number of and interactions

between recovery constraints (bolded boxes). At low and medium IAP abundances, control/

removal efforts may be sufficient to return a community to its restored state (node 1: No

intervention). However, at medium and high invader abundances management actions may not

be sufficient to achieve the full recovery of the degraded system due to recovery constraints.

A recovery constraint assessment can guide decisions for subsequent restoration actions

(nodes 2 & 3). Ecological principles (listed in parentheses) can help inform which restoration

tools to use. (b) Decision Tree model for the control and restoration efforts for Cynara
cardunculus. Initially management efforts relied on passive recovery (dashed line); however
after observing the ineffective recovery of native species, the land managers decided to implement

efforts to overcome constraints. Evaluation of constraints (supporting citations listed in case study)

indicated two potential constraints, and after determining that they likely do not interact to

synergistically thwart recovery, constraints were prioritised. Grey boxes indicate paths that were

not followed in this scenario
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(Suding and Hobbs 2009). If the constraints do not interact, it would be important

to prioritise constraints, and assembly theory could help elucidate which con-

straints and potential restoration approaches could be addressed based on how the

degraded system has deviated from the historical environmental and biotic con-

ditions (Lockwood and Samuels 2004). However, projects that incorporate sev-

eral restoration actions are often more successful; therefore if resources are

available, it would be wise to tackle multiple constraints (augmentative restora-

tion; Bard et al. 2004; Buisson et al. 2008). While these approaches can help a

land manager make better a priori decisions about what restoration activities to

undertake, this approach is not fool proof and should always incorporate moni-

toring and re-assessment to ensure that the system is moving in the desired

direction.

27.4.1 Case Study 4: Sustainable Control Efforts of Cynara
cardunculus (Artichoke Thistle) in Orange County,
California

Cynara cardunculus was introduced into southern California in the nineteenth

century and has become a problematic invader across local grasslands (Thomsen

et al. 1986). It is a perennial species with a deep taproot (about 1.5 m) and large

inflorescences (up to 50 per rosette; Marushia and Holt 2006) filled with up

to 800 wind dispersed seeds (Kelly 2000). It forms dense species-poor stands

(Bowler 2008). Within the Nature Reserve of Orange County, it has invaded

over 1,618 of the 14,973 ha of protected open space and its control has dominated

the Reserve’s budget for invasive species management (McAfee 2008). The

primary control method since 1994 has been direct herbicide application with

the assumption that native communities would passively recover. However,

after 13 years native species did not recover in all treated areas; instead, the

abundance of other alien plants increased (Seastedt et al. 2008). In an effort to

implement more effective management activities for native grassland recovery,

potential constraints were further identified using other published research stud-

ies. For example, seed limitation is often a constraint for native grass populations

across California (Seabloom et al. 2003; Seabloom 2011). Additionally, Potts

et al. (2008) identified that litter quantity and quality changes due to

C. cardunculus invasion, which can negatively impact native recovery

(Bartolome and Gemmill 1981; Coleman and Levine 2007). These findings can

be integrated into a potential management plan for efficient and sustainable

management of treated areas (Fig. 27.2b), where the passive recovery approach

would be replaced with one where seed limitation and soil legacies constraints are

both prioritised within the reserve.

27 Restoration Within Protected Areas. . . 611



27.5 Conclusions

Ecosystems globally are undergoing rapid changes due to global change drivers

such as CO2 enrichment, atmospheric nitrogen deposition, climate changes, land

use, and biotic invasions (Sala et al. 2000). Among these drivers are invasive

species, which are an increasing threat to natural and working landscapes as the

globalization of trade and interactions with other global change drivers increase

the opportunities for introductions (Levine and D’Antonio 2003; McNeely 2006).

A small fraction of those invaders have the potential to trigger large changes in

ecosystem functioning as they spread across a landscape (Williamson 1996) and

can contribute to the degradation of native communities (McNeely 2001). Protected

areas have the unprecedented burden of minimizing these negative invader impacts

as they are tasked with the goal of protecting and maintaining the globe’s

biodiversity.

Here, we emphasised ways to determine whether additional intervention is

needed for native recovery following IAP control in PAs. Multiple lines of evidence

need to be weighed to best gauge when and where to invest in additional interven-

tion approaches and when to stand back and allow the native system to recover

naturally. This decision-making is not clear-cut but can be based on several

ecological frameworks describing how communities are assembled and recover

over time. Protected areas benefit from a holistic management approach, which

addresses IAP detection, sources of invaders, potential external stressors, and

management thresholds dictating when management efforts need to be initiated

(Zavaleta et al. 2001; Foxcroft and Richardson 2003; Clewell and McDonald 2009).

Worldwide efforts to evaluate the effectiveness of management within PAs

(Hocking et al. 2000) provide a unique opportunity to assess the link between

ecological theories that frame the process of recovery and restoration actions.
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Chapter 28

Invasive Alien Plants in Protected

Areas: Threats, Opportunities, and

the Way Forward

Llewellyn C. Foxcroft, David M. Richardson, Petr Pyšek,

and Piero Genovesi

Abstract The potential threats posed by biological invasions are widely appreci-

ated, but the state of knowledge and level of management of invasive alien plants in

protected areas differs considerably across the world. Research done on nature

reserves as part of the international SCOPE programme on biological invasions in

the 1980s showed the vulnerability of natural or undisturbed areas to invasions.

Subsequent work, including the chapters in this book, shows the serious situation

regarding plant invasions that prevails in many protected areas. Many invasive

plants have, or have the potential to, greatly lessen the potential of protected areas

to achieve the things they were proclaimed to do – provide refugia for species,
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Republic, Průhonice CZ 252 43, Czech Republic

Department of Ecology, Faculty of Science, Charles University in Prague,
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habitats and the ecosystem services that they sustain. This brief synthesis discusses

some emerging insights from protected areas of varying kinds and sizes, from

the Azores, Australia, Chile, East and South Africa, Europe, Galapagos, India,

Mediterranean Islands, New Zealand, Pacific Islands and Hawaii, Southern Ocean

Islands, United States of America and the Western Indian Ocean Islands. Work in

some protected areas has led to well-developed management and policy frame-

works. In others, important insights have emerged on invasion mechanisms and the

impacts of invasions. Although there is awareness of invasive alien plants in most

of the 135 protected areas mentioned in this volume, better and more focused

actions are urgently needed. This requires, among other things, improved capacity

to prevent invasions and to react promptly to new incursions, and increasing efforts

to manage well-established invasive species. Research to improve the understand-

ing of invasion dynamics is essential. Full species lists are available only for a

group of well-known protected areas. Updating species lists and distribution data is

crucial for successful long-term management, as are collaborative networks,

research groups, volunteers, and improved accessibility to resources such as online

databases. Efforts to lessen the science-management divide are especially important

in protected areas. One reason is that managers are usually required to implement

invasive alien plant control programmes as part of general protected area manage-

ment activities, and in many cases lack the knowledge and support for effective

science-based management solutions. Overcoming this barrier is not trivial and will

require partnerships between local, municipal, regional and national-level organi-

zations and international non-profit NGOs and donor organisations.

Keywords Biological invasions • Impacts • Invasive alien plants • Non-native

plants • Protected areas

28.1 Introduction

Many books (e.g. Cadotte et al. 2006; Nentwig 2007; Davis 2009; Richardson

2011) and more than 800 journal articles per year for the last 4 years (Fig. 1.2 in

Chap. 1 Foxcroft et al. 2014b) attest to the huge interest in biological invasions.

Indeed invasion biology has grown rapidly to become a strong and vibrant field

within the ecological and conservation sciences. The main aim of this book was to

provide a deeper understanding of the extent and dimensions of invasive alien

plants (IAPs) in protected areas (PAs) – the pillars on which many conservation

efforts are built and rely. Although conservation measures outside formally

protected areas are being given more attention (e.g. Ervin et al. 2010), many

conservation aims can only be achieved in areas that enjoy special levels of

protection. Protected areas are therefore usually seen as core conservation areas

and afforded the highest priority to, for example, maintain functional systems and

populations from which species may disperse. Biological invasions are widely seen

as one of the major threats to biodiversity in general, and as chapters in this book

indicate, in many places also directly to PAs. In many cases, the extent of invasions
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and the levels of impacts due to invasive species have exploded in recent decades.

Traditional measures of protection and intervention do not appear to limit the impact

of invasions within PAs. Another problem is that PAs are increasingly becoming

embedded in a matrix of human-modified landscapes which is creating an increas-

ingly sharp interface between ‘natural’ and highly modified ecosystems. Among

other things, this creates a continuous source of propagules for invasion. It is also

not only the physical location of PAs that affects potential threats. Protected areas do

not always enjoy high priority for the allocation of financial resources and are, in

many cases, expected to generate their own resources, usually through tourism.

Within PAs, limited resources are increasingly stretched across many aspects of

management. Invasive alien plants often end up low on the list of priorities, notwith-

standing their ability to cause impacts on basic ecosystem processes, for example

biogeochemical cycling and fire (Chap. 2 Foxcroft et al. 2014a) and shifting PAs into

alternative states that even active restoration may be unable to reverse (Chap. 27

Larios and Suding 2014).

The chapters in this book were grouped into three parts which sought to:

(i) synthesise insights on plant invasions in PAs and integrate these with current

models and theories of plant invasion ecology, (ii) determine the status of knowl-

edge of IAPs in PAs, and (iii) determine key knowledge areas for informing the

development of successful management strategies.

In the first part we asked authors to explore ways in which PAs could and have

provided unique opportunities for gaining insights into broadly encompassing

themes. Chapters in this part also show how work in PAs has led to advances in

the field. These topics include the role of PAs for developing further understanding

of plant invasions and succession in natural systems, impacts of IAPs, the invasion

of mountain ecosystems and large scale monitoring programmes.

The 14 case studies in Part II aimed to capture experiences from PAs in different

settings and regions. These focus on a range of island systems (e.g. Pacific, Western

Indian, Southern Ocean; Mediterranean) and PAs in continental regions of Africa,

Australia, Chile, Europe, the USA and other areas. The contributions synthesise

diverse insights on IAPs from PAs of different kinds and sizes in many different

environmental settings, and detail what has been learned from research and man-

agement experiences in these areas. The case studies also examined the specific

contexts of the systems and their unique attributes, and explore the extent to which

aspects such as modes and pathways of introduction and dispersal, impacts on

biodiversity, the role of natural disturbance regimes and anthropogenic disturbance,

define natural laboratories for examining questions that cannot easily be studied in

other regions.

The management chapters round off the book by collating insights from general

approaches, integrating them with experiences and context-specific examples. This

section does not present a manual on how to clear IAPs, or lists of the techniques

and herbicides to apply, as these are well documented elsewhere. Rather, the

chapters provide in-depth syntheses of specific fields (e.g. biological control,

Chap. 26 Van Driesche and Center 2014), examine the arguments for well-known

but under-implemented approaches (e.g. eradication, Chap. 25 Simberloff 2014),
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while others offer novel methods for implementing actions within the PA context

(rehabilitation, Chap. 27 Larios and Suding 2014; outcome-based planning,

Chap. 23 Downey 2014; prevention, Chap. 21 Meyerson and Pyšek 2014). Two

chapters discuss the challenges of managing IAPs in PAs more generally (Chap. 22

Genovesi and Monaco 2014; Chap. 24 Tu and Robison 2014). Also emphasised is

the role of PAs beyond their borders, stressing the need to improve prevention and

prompt response to new incursions. Collectively these chapters provide PA man-

agers, conservation biologists, invasion biologists and others with collated knowl-

edge on a wide variety of elements required for formulating comprehensive

approaches to managing IAPs.

28.2 Key Outcomes

In this chapter we focus on three key themes: (i) impacts, (ii) management and (iii)

the role of PAs as focal research sites. The outcomes of these chapters provide

interesting examples on how the knowledge collected in PAs and the growing

understanding of impacts caused by IAPs, can guide more effective management

of invasions.

28.2.1 Impacts

Impacts of IAPs have been demonstrated in almost all regions and a large number of

examples show the severity of change that is likely if invasions continue unabated.

Although the quantification of impacts on species, communities, landscapes, hab-

itats, ecosystem dynamics and services is difficult to elucidate, a surprising amount

of work has been done in PAs (Chap. 2 Foxcroft et al. 2014a). In some cases,

complete switches in ecosystem states have been observed that are unlikely to be

reversed even if the invader is removed (‘legacy effects’ e.g. D’Antonio and

Meyerson 2002). While exaggerated ‘scare tactics’ are certainly not appropriate,

this kind of information has the potential to illustrate the severity of problems that

could occur more widely if IAPs are not effectively managed. Finding ways of

presenting such information accurately, but in ways that are also compelling to the

public and decision makers, is a key challenge.

At the same time that invasion science has started moving away from a focus on

single species to ecosystem level alterations (Chap. 25 Simberloff et al. 2014),

conservation biologists have also started shifting their focus from single species or

habitat conservation towards a more ecosystems based approach (Ostfeld

et al. 1997). Many organisations or individual PAs were not necessarily designed

within this context, and in some cases PAs were especially designated as species-

specific reserves (e.g. Kaziranga National Park established for the one-horned

rhinoceros, Rhinoceros unicornis, and now threatened by IAPs altering feeding
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areas, Chap. 12 Hiremath and Sundaram 2014). In such cases focusing research on

individual IAPs most likely to impact the species of concern is appropriate. In some

cases assessing the impacts of IAPs on particular taxa as indicator species (com-

monly beetles and spiders, see examples in Chap. 2 Foxcroft et al. 2014a) can serve

as indicators of wider ecosystem-level changes. Research on less visible impacts,

for example plant-soil nutrient dynamics, are required to understand whole-

ecosystem energy budgets and function (Ehrenfeld 2010), the alteration of which

can lead to profound changes to PAs. Integration of species- and ecosystem-based

approaches (Likens and Lindenmayer 2012) in future may however provide inter-

esting and novel approaches for understanding and managing biological invasions.

28.2.2 Management Approaches

Biological invasions are a good example of what has come to be known as ‘wicked

problems’ (Conklin 2005). They are inherently complex and there is no single, easy

or correct answer to management problems. There are numerous stakeholders, from

local to global scales, with different perceptions and personal values, and economic

incentives (e.g. increasing international trade), which greatly complicate the for-

mulation of common goals (Chap. 4 McNeely 2014).

There has been a shift away from a focus on techniques for controlling IAPs to

approaches for defining priorities, examining when and where active or passive

restoration is required, defining the appropriate setting and deciding on how to achieve

conservation outcomes. Further innovations are needed to guide the implementation

of control measures with shrinking resources. Collaborations and knowledge sharing

can lead to improved IAP management. Strategies need to focus on determining

biodiversity areas most at risk and optimising approaches for conservation of these,

rather than focussing on the control itself (Chap. 23 Downey 2014). Many hurdles

need to be negotiated in formulating and implementing a successful IAP management

programme; many sources of information are now available to assist in the develop-

ment of effective plans. Once the foundations of a management approach have been

laid, the process can evolve as more resources become available, and knowledge and

management expertise is developed (Chap. 22 Genovesi and Monaco 2014; Chap. 24

Tu and Robison 2014).

Although IAP management programmes are often built into PA management

plans, long-term success depends on whether the affected system can recover after

control, or whether further intervention is needed to aid recovery (Chap. 27 Larios

and Suding 2014). Preventing the introduction and spread of IAPs into PAs is an

essential management strategy, even in the current era of global change. Management

of invasion pathways and propagule pressure is an emerging preventative measure

(Chap. 21 Meyerson and Pyšek 2014). While the literature abounds with information

on eradication as the most effective strategy for managing alien plant invasions, many

managers and scientists remain pessimistic about the feasibility of eradication.

However, if well-funded, planned and implemented, once-off eradication campaigns
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can make projects that appear impossible a reality (Chap. 25 Simberloff 2014). In

regions where sufficient resources are unlikely to be procured over the long term,

biological control should be a key component of the overall management strategy.

Once tested and released, biocontrol agents can be used over large areas and in places

that are difficult to reach, at low cost (Chap. 26 Van Driesche and Center 2014).

There is considerable scope for sharing of experiences with biological control

across PAs.

Monitoring is one of the most important aspects of an overall IAP management

programme, and probably also in PA management generally. Monitoring is needed

to detect incursions by new species and populations (surveillance), track the status

and extent of invasions, determine progress of control operations, and assess the

outcome of eradication attempts and long-term maintenance programmes. Large

PAs, however, present particular problems for effective monitoring, due to need for

robust, cost effective, but rapid assessments. Protected areas provide opportunities

for developing these concepts, and to test their efficacy in the field, for example

using data from routine ranger patrols that are available in many PAs (Chap. 5 Hui

et al. 2014).

28.2.3 Protected Areas as Science Hubs

There are many examples where PAs have formed the nucleus of science research

programmes (e.g. Hawaii, Chap. 15 Loope et al. 2014; Galapagos, Chap. 16

Gardener et al. 2014; South African National Parks, Chap. 7 Foxcroft

et al. 2014c), and where context-specific science can be of direct relevance to

local PA management authorities. Motivations for forming research hubs with

PAs range from, for example, (i) provision of good logistical support,

(ii) employment of scientists within PAs actively carrying out studies, and forging

collaborative programmes with other institutions, (iii) at the request of PA man-

agers for support, or (iv) interest by scientists in a particular area and/or problem,

and (v) in studying ecological processes in relatively undisturbed environments.

In Haleakala and Hawaii Volcanoes NPs (Chap. 15 Loope et al. 2014), species

lists (more than 300 alien plants in Haleakala and 600 in Hawaii Volcanoes) and

distribution data have been extensively assessed. Much research has been carried

out in this PA, providing a very detailed understanding of a few species (Morella
faya, faya tree; Hedychium gardnerianum, Kahili Ginger), a good practical under-

standing of impacts for the most threatening invaders, and helping to inform

management efforts (Table 28.1). In another example, the Charles Darwin Research

Station, Galapagos National Park and other institutions, have collaborated to

develop a scientific basis to guide management of IAPs in Galapagos (Chap. 16

Gardener et al. 2014). The programme comprised a number of components includ-

ing: baseline inventories, quarantine development, while the science programme

focused on, for example, impacts of Cinchona pubescens (quinine tree) and Rubus
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niveus (Ceylon raspberry) on biodiversity and ecosystem function and the role of

IAPs in pollination and seed-dispersal networks (Table 28.1).

In general, international collaborative networks provide opportunities for

exploring the impacts and role of IAPs in different settings, and achieving a broader

synthetic understanding of invasions. Some of these recent efforts have been

conducted with a strong conservation focus. For example, many mountain systems

worldwide have been designated as national parks and reserves (Spehn et al. 2006),

and one third of the world’s PAs are in mountainous regions (Chap. 6 Kueffer

et al. 2014). Mountains are important for people, biodiversity and for providing

ecosystem services, but they are often considered as having a low risk of invasion.

However, a global network (MIRN) examining IAPs in 11 mountain ranges showed

that mountains are not inherently more resistant to invasion. Moreover, future risks

will increase with global warming and continuing human land use and expansion

(Chap. 6 Kueffer et al. 2014). It is important to link these focused projects to the

global efforts to increase the inter-operability of information systems on IAS, such

as the Global Invasive Alien Species Information Partnership, launched by the

Convention on Biological Diversity (Chap. 22 Genovesi and Monaco 2014).

28.3 Glaring Gaps and Serious Shortcomings

Useful insights and experiences in at least some facets of policy, management, or

scientific investigation of IAPs emerged from PAs in all regions. However, some

aspects emerged as fairly general problems or gaps, which are impeding the

implementation of effective IAP management programmes. Such issues relate to

incomplete data on IAPs, poor implementation of research outputs in management

programmes, and the shortage of financial resources.

28.3.1 Species Lists and Distribution Maps: The Urgency
of Systematic Surveys

Inventories of IAPs and of the key correlates of invasions, including geographic

data, are crucial requirements for robust management plans. While the situation is

improving, some areas still lack even basic information on invasive plants in PAs,

for example in many African PAs (Chap. 7 Foxcroft et al. 2014c). This is in

accordance with global distribution of knowledge of invasions in general. A recent

assessment of regional contributions to invasion ecology found a low representation

of developing countries, and Asia and Africa (with the exception of South Africa)

were found to be markedly understudied (Pyšek et al. 2008). In a literature review

of ecology and biodiversity conservation, only 15.8 % of all published papers

related to alien species had authors from developing countries, and only 6.5 %
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had authors solely from developing countries (Nuñez and Pauchard 2010). In

general, the number of documented invasive species also gives a significant under-

estimate of the magnitude of the problem, because its value is negatively affected

by country development status (McGeoch et al. 2010). However, surprisingly also

in Europe, one of the most intensively studied continents (Pyšek et al. 2008),

systematically collected information on IAPs in PAs does not exist (Chap. 11

Pyšek et al. 2014).

The paucity of essential baseline information, including species lists and distri-

bution data impedes development of both local and regional scale prevention,

management and monitoring approaches (McGeoch et al. 2012). Potential errors

common in compiling lists of alien species are often unrecognised (McGeoch

et al. 2012) and need to be taken into account as these data start being collected

and compiled. This uncertainty can be compounded as the lists are used at different

scales and for different purposes, for example, local scale management vs. reporting

globally under the CBD Biodiversity targets across regions (Pyšek et al. 2008).

While many areas are currently developing or expanding such datasets, cognisance

of the potential errors and future use of the data from the outset will greatly increase

the value of the data. A number of potential errors that can lead to uncertainty in

IAP data include obtaining globally comparable data for individual PAs,

non-systematic research, human error and taxonomic issues resulting in species

misidentification, and variations in criteria applied to designate species as invasive

(McGeoch et al. 2012). While some level of uncertainty is likely to be unavoidable,

when determining the primary use of the data, strategies for reducing the level of

errors need to be included.

While many regions have species lists, albeit usually incomplete and often only

considering the most problematic and visible invasive species, there is generally an

absence of distribution data, or where present, it is poor. Such information is essential

for developing management and monitoring programmes. A number of tools that

facilitate collection of spatial data are becoming more readily available, including

free software that can be customised to the needs of a particular PA (e.g.

CyberTracker, Kruger and MacFadyen 2011, and Geoweed, http://geoweed.org).

Not only is collection of data important, but data warehousing – a complex process

– needs to be carefully managed to ensure that data are updated and readily available.

A number of approaches are already in place in various regions and could serve as

model systems for PAs, or by including specific PA-related modules into existing

structures. Some examples are the DASIE project (Delivering Alien Invasive Species

Inventories for Europe; DAISIE 2009; http://www.europe-aliens.org), CAB Interna-

tional’s (CABI) Invasive Species Compendium (www.cabi.org/ISC), the IUCN Inva-

sive Species Specialist Group Global Database (http:://http://www.issg.org/

database), the South African Plant Invader Atlas (SAPIA, Henderson 1998; http://

www.agis.agric.za/wip), and a number of freely available, customisable databases

(e.g. Pl@ntnote; http://www.plantnet-project.org/page:tools?langue¼en). However

while these tools can be effective in developed countries where the required infra-

structure is available, in developing countries access to internet based data is often
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problematic and approaches for overcoming these challenges need to be sought.

These may be alleviated, at least to some extent, through collaborative networks.

28.3.2 Bridging the Science–Management Divide

While the scientific aspects of biological invasions are comparatively well under-

stood, the extent to which this science is problem focused, and relevant for policy

makers and managers, has been questioned (Esler et al. 2010). Although it is

generally acknowledged that scientists and managers must work more closely

together, this is perhaps especially important for PAs, because the managers are

often based in remote areas, without the necessary skills and awareness, have many

other responsibilities, or are trying to implement management programmes without

adequate professional support.

Collaborative networks can help to consolidate information in suitable reposi-

tories or to facilitate links and access between data and information repositories,

and also between members to share ideas and help each other. A number of

agencies and organisations are already involved in various management efforts in

different regions, for example the Mountain Invasion Research Network (Chap. 6

Kueffer et al. 2014) and Global Island Plant Conservation Network (Chap. 19 Baret

et al. 2014). The development of a regional inter-agency collaborative network

focusing on invasive species in PAs is likely to be better positioned to attract

funding and enlist support from experts. Perhaps formal networks (e.g. the IUCN

SSC Invasive Species Specialist Group and the IUCN World Commission on

Protected Areas) can help stimulate or form collaborative networks where they

would be useful, even if only through bringing role players together. Similarly, the

coordinated research programmes launched by the European Union may present

opportunities to overcome the lack of data from PAs across the continent, by

including such a theme into European-wide proposal calls, and forming an inter-

national collaborative network.

28.3.3 Resources: The Ubiquitous Problem

The resources available for IAP management in PAs are, in most cases, inadequate

to implement actions that are deemed necessary to reduce the abundance and

density of invasive plants and manage their impacts. This is partly due to the

many demands being placed on the limited resources available for PA management

in general. Although not unique to PAs, but perhaps felt more acutely in the

conservation sector, is the availability of resources across countries and regions

of the world. For example, Africa (with the exception of South Africa) is probably

at this stage unable, and is in the future unlikely to be able, to provide the resources
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for managing IAPs at anywhere near the levels that will be necessary to prevent

many invasive species from becoming widespread and having major impacts.

Overcoming these constraints in a time of global financial austerity is a huge

challenge, but the case studies reported in this book show how improved, science-

based planning can help to make the best use of available resources. In many cases,

solutions lie in sagacious project management, for example by applying objective

decision-making tools for prioritizing action, and clever integration of prevention

and other forms of management into overall management plans for PAs. Also,

partnerships between local, municipal, regional and national governments and

NGOs, and international non-profit or donor organisations, will need to be included

in any management programme.

The availability and use of technology, whether for management or science,

varies considerably, although not always necessarily in regions or countries as a

whole. Fortunately, additional support has been provided for management in

some PAs through interventions of non-profit organisations. Science-based associ-

ations have often developed through academic – government partnerships, or

international – local scientific collaboration, where the country does not have the

expertise and is otherwise unable to implement various technologies. This also

fulfils the role of knowledge transfer.

It is important that case studies on management programmes (prevention,

eradication, control, mitigation of impacts, etc.) are compiled and assessed, and

that key lessons are circulated. Such insights are unlikely to appear in scientific

journals because of the lack of rigorous experimental designs, non-standard

methods, and the lack of incentives to spend time to publish such work. For this

reason these data and information should be organised and made available online,

for example integrating the different IUCN knowledge products such as the Red

List, the Global Invasive Species Database, and the World Database on Protected

Areas (www.wdpa.org). Integrating data on native and invasive species, as well as

on the features of PAs, would provide extremely helpful information to managers.

28.4 Protected Areas as Natural Laboratories:

Unique Opportunities

Protected areas have many features that make them ideal outdoor laboratories.

Some aspects are unique to PAs due to the kinds of management interventions

they experience, for example, from actively patrolled to unprotected/extensively

utilised, and intense to laissez-faire management approaches. We highlight some

features associated with PAs that may provide for interesting research

opportunities.

• The range in sizes of PAs, from small nature reserves covering a few hectares to

those covering millions of hectares. Also, the global distribution and variety of

geographic and environmental features of PAs, and from islands to mountains,

28 Invasive Alien Plants in Protected Areas. . . 633

http://www.wdpa.org/


all provide many opportunities for comparative work across multiple scales.

These attributes can provide opportunities for identifying general determinants

of invasions in relatively undisturbed environments.

• The management approaches of PAs provide many unique settings. For exam-

ple, many PAs in East Africa are unfenced, have no (or little) artificial water

provision, and some have been studied for decades (e.g. Serengeti NP, Sinclair

et al. 2008). In contrast, Kruger NP is fenced, has numerous artificial water

points, and has also been well studied for several decades (Du Toit et al. 2003).

Protected areas have been proclaimed at different times, have different histories

and fall in different categories (e.g. one of the six IUCN PA classification

categories). Such features provide outdoor laboratories for research of processes

that may not be available elsewhere, where causes of local patterns and specific

mechanisms of particular invasions can be addressed.

• It is reasonable to assume that PAs should have had significantly lower rates of

intentional introductions of ornamental alien plants. In one of the world’s oldest

national parks (Kruger NP, South Africa), ornamental plants accounted for a

large number of the alien plant species in the park. Ornamental plant use in and

adjacent to PAs could thus be an important pathway of invasion and an important

area to focus management attention (Foxcroft et al. 2008).

• The interaction of fire with many IAPs has induced radical ecosystem-level

changes in many regions, including PAs (Brooks et al. 2004). Fire is an integral

part of many, although not all, grassland and savanna ecosystems; interactions

between fire and other factors have evolved over millennia, continuously

adapting the structure, biodiversity and function of these systems (Bond

et al. 2005; van Wilgen et al. 2003). The interaction of fire with certain alien

plant species can create self-reinforcing feedback loops which drives rapid

invasion, as has happened in northern Australia with A. gayanus (Rossiter

et al. 2003; Setterfield et al. 2010; Chap. 2 Foxcroft et al. 2014b). In another

example, a large-scale experiment in Hluhluwe-iMfolozi game reserve, fire

interacted with conventional control actions, inducing a shift from woodland

dominated, to grass-dominated systems (te Beest et al. 2012). Changing fire

regimes (e.g. due to increased ignition events caused by human activities,

changes in climate and vegetation) could alter the trajectories of invasions in

many ways. Changing perceptions of the role of fire as a management tool will

also change options for managing IAPs in many PAs.

• Tourism has been shown to be correlated with increased plant invasions (e.g.

Usher 1988; Macdonald et al. 1989; Lonsdale 1999; Chap. 18 Brundu 2014).

Many regions rely on tourism and associated economic benefits for financial

support beyond PA boundaries (Christie and Crompton 2001; Eagles et al. 2002;

Naughton-Treves et al. 2005). Much work remains to be done to improve our

understanding, and where necessary, reduce the facilitative role of certain cate-

gories of tourism in the spread of IAPs. Tourism can also play a positive role, by

making visitors aware of the threats of IAPs and the value of non-invaded, well-

functioning ecosystems. Conservation agencies are increasingly required to

become financially independent as government grants are redirected to other
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areas of the economy. The different models and numbers of tourists in different

PAs provide an exciting study system for exploring these questions.

• The transformation of habitat by IAPs from, for example, open woodlands and

grassland to dense patches of alien woody shrubs (or vice versa), may potentially

impact herbivore migration patterns. Could such changes, together with the

combination of human encroachment on open boundary PAs and landscape

fragmentation, impact on, for example, the iconic migrations of wildebeest

(Connochaetes taurinus) and zebra (Equus zebra) in Serengeti NP and Tarangire

NP and white-eared kob (Kobus kob leucotis) in southern Sudan? Similarly, the

transformation of grasslands to impenetrable thickets of IAPs is impacting on

feeding areas of the one-horned rhinoceros (Lahkar et al. 2011) and replacement

of woody thickets by Chromolaena odorata (siam weed) displacing black rhino

(Diceros bicornis, Howison 2009).

• A characteristic feature of many PAs is the presence of large numbers of

mammalian herbivores. Large herbivores, in high numbers, have either been

present up until recent decades or are still present. High populations of large

mammals create disturbances of varying kinds and intensities, which could

conceivably allow for invasion into natural areas, while alternatively certain

species may be suppressed. While there have been some studies on the role that

these animals play in preventing or promoting alien plant invasions (e.g.

Constible et al. 2005; Rose and Hermanutz 2004) an improved understanding

of interactions between such key elements of the native biota and IAPs is needed

as a tool to facilitate the development of integrated PA management plans.

28.5 Conclusion

The chapters in this book show that the extent of invasions of alien plants is

growing rapidly in PAs globally. The effects on biodiversity of PAs are already

dramatic in many cases, and the overall impacts attributed to IAPs are increasing

rapidly. Future trajectories are difficult to predict, as invasive species interact in

complex ways with other factors of global change such as climate change, habitat

loss and many forms of human pressure. The impact of IAS on PAs has long been

underestimated, and the concerns raised by scientists more than 20 years ago that

this threat was going to increase (Macdonald et al. 1989; Usher 1988) were largely

ignored by national and international institutions.

Management strategies for IAPs (and invasive alien species in general) in PAs

require urgent attention to avoid a rapid and irreversible escalation of impacts of the

sort that are described on many pages of this book. Assuming that IAPs in PAs will

look after themselves due to some natural processes (following the laissez-faire

approach to PA management by some agencies) is not an option (Chap. 3 Meiners

and Pickett 2014; Chap. 21 Meyerson and Pyšek 2014) and active management of

this threat is crucial. Evidence-based policy and management, developed through

rigorous science, will allow PAs to respond appropriately to this growing threat at

all scales.
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Protected areas can and should play a major role in combating invasions, not

only by improving the efficacy of IAS management within their borders, but also

monitoring patterns of invasions, raising awareness at all levels, improving the

capacity of practitioners to deal with invaders, implementing site-based prevention

efforts, enforcing early detection and rapid response frameworks, and catalysing

action beyond the park boundaries. Protected areas must be more active in

preventing and mitigating the global effects of invasions by being: reservoirs of

the heritage of native species and ecosystems; sentinels of incursions to speed up

response at all levels; champions of information and awareness with the different

sectors of the society; and catalysts of action at all scales.
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Genovesi P (eds) Plant invasions in protected areas: patterns, problems and challenges.

Springer, Dordrecht, pp 473–486

Naughton-Treves L, Holland MB, Brandon K (2005) The role of protected areas in conserving

biodiversity and sustaining local livelihoods. Annu Rev Environ Res 30:219–252

Nentwig W (ed) (2007) Biological invasions. Springer, Berlin
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Labské pı́skovce Landscape Protected Area

(Usti nad Labem Region, Czech

Republic), 215

648 Protected Areas Index



Laguna Atascosa National Wildlife Refuge

(Texas, USA), 195, 276

Laguna Coast Wilderness Park (California,

USA), 605

Laojunshan Park (southwest China), 536

Lassen Volcanic National Park (California,

USA), 535–536

Laysan Island (Hawaiian Islands, USA), 552

Longuza Nature Reserve (East Usambara

Mountains, Tanzania), 154

Lower Rio Grande Valley National Wildlife

Refuge (Texas, USA), 276

M

Maasai Mara National Reserve (Narok County,

Kenya), 121, 124–126

Magoroto Nature Reserve (East Usambara

Mountains, Tanzania), 154

Maksimir Park (Zagreb, Croatia), 215

Malalcahuello National Reserve

(La Araucanı́a Region, Chile), 94

Manas National Park (Assam, India), 248

Manga Forest Reserve (East Usambara

Mountains, Tanzania), 154

Melghat Tiger Reserve (Amravati

District, Maharashtra State, India),

244, 247

Mgambo Nature Reserve (East Usambara

Mountains, Tanzania), 154

Mid Yare Reserve (Norfolk, England,

UK), 215

Mikumi National Park (Mikumi, Tanzania),

119, 121, 127–128

Mlinga Nature Reserve (East Usambara

Mountains, Tanzania), 154

Mlungui Nature Reserve (East Usambara

Mountains, Tanzania), 154

Montanha do Pico Reserve (Pico Island,

Portugal), 380

Morne Seychellois National Park (Mahé

Island, Seychelles), 432

Mpanga Nature Reserve (Kamwenge district,

Uganda), 154

Mtai Nature Reserve (East Usambara

Mountains, Tanzania), 154

Mt Medvednica Nature Park (Zagorje region,

Croatia), 215

Mudumalai National Park (Tamil Nadu state,

Nilgiri district, India), 247

Mukurti National Park (Mukurthi

National Park (Tamil Nadu, India),

248, 257

N

Nairobi National Park (Nairobi, Kenya), 119,

121, 125, 127

National Nature Reserve of French Southern

Lands (French Overseas Territory), 464

National Park of American Samoa (American

Samoa, USA), 317, 321, 326–329,

337, 491

National Park Podyjı́ (South-eastern Czech

Republic along the border with Lower

Austria), 215

National Park Thayatal (North-eastern Austria

along the border with the Czech

Republic), 215

New Forest National Park (Hampshire County,

England, UK), 230

Ngorongoro Conservation Area (Arusha

region, Tanzania), 62, 119, 121,

125–127

Nilo Nature Reserve (East Usambara

Mountains, Tanzania), 154

Nonsuch Island (Bermuda), 552

O

Olympic National Park (Washington State,

USA), 480

Orang National Park (Assam, Sonitpur district,

India), 248

Organ Pipe Cactus National Monument

(Arizona, USA), 276

P

Pabitora Wildlife Sanctuary (Assam state,

Morigaon district, India), 248

Pasoh Forest Reserve (Simpang Pertang,

Malaysia), 34

Pembrokeshire Coast National Park (Wales,

UK), 232, 491

Pine Butte Swamp Preserve (Montana,

USA), 562

Port-Cros National Park (Port-Cros Islands,

Mediterranean, France), 413

R

Rajaji National Park (Uttarakhand, India), 248

Ranthambore National Park (Sawai Madhopur,

India), 247, 255

Raoul Island Nature Reserve (Kermadec

Islands, New Zealand), 286, 291–297,

308, 552
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Rapa Nui National Park (Easter Island, Chile),

318, 338, 339, 341

Réserve Naturelle Nationale de la Sangsurière

et de l’Adriennerie (Basse-Normandie,

France), 215

Réserve Naturelle Nationale du Bois du Parc

(Bourgogne, France), 215

Rocky Mountain National Park

(Colorado, USA), 273, 278

S

Saguaro National Park (Arizona, USA),

275, 276

Salvage Islands National Park

(Portugal), 215

Santa Ana National Wildlife Refuge

(Texas, USA), 276

Segoma Nature Reserve (East Usambara

Mountains, Tanzania), 154

Selva del Lamone Natural Reserve (Lazio

Regional Parks, Italy), 215

Semdoe Nature Reserve (East Usambara

Mountains, Tanzania), 154

Sequoia National Park (California, USA), 276

Serengeti National Park (Mara, Tanzania), 62,

121, 124–126, 634, 635

Snake River Birds of Prey National Park

(Idaho, USA), 28

Snowdonia National Park (Wales, United

Kingdom), 32, 229

T

Table Mountain National Park (Western Cape,

South Africa), 29, 32, 34, 98, 119, 121,

129, 131–133, 629

Tadoba-Andhari Tiger Reserve (Maharashtra,

Chandrapur, central India), 247

Taunus Nature Park (Hess, Germany), 232, 491

TeFaaiti Natural Park (French Polynesia),

317, 318

Temehani Ute Ute Management Area (French

Polynesia), 319, 338

Theodore Roosevelt Island Nature Preserve

(Washington DC, USA), 24

V

Vaikivi Natural Park and Natural Reserve

(Ua Huka, Marquesas Islands, French

Polynesia), 317, 319, 321

Valley of Flowers National Park (Himalayas,

India), 248, 258, 259

Y

Yellowstone National Park (Wyoming,

extending into Montana and Idaho,

USA), 5, 106, 107, 476, 508

Yosemite National Park (California, USA),

279, 480

Yugyd Va National Park (Komi Republic,

Russia), 212
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Species Index

A

Acacia
A. cyclops, 131, 571, 572, 583
A. dealbata, 202, 551
A. farnesiana, 319, 338
A. longifolia, 131, 571, 572
A. mangium, 431, 437
A. mearnsii, 126, 150, 244, 248, 249, 429
A. melanoxylon, 384, 386, 388
A. nilotica, 362, 363, 436, 572
A. nilotica subsp. indica, 572
A. pycnantha, 136, 227, 571, 572
A. saligna, 134, 411, 413, 571, 572

Acer platanoides, 272, 273
Agave

A. americana, 127, 227, 386, 405
A. sisalana, 127, 151

Ageratina
A. adenophora, 300, 301, 386, 572
A. riparia, 300–302, 572

Ageratum conyzoides, 127, 249
Agrostis

A. capillaris, 455
A. stolonifera, 271, 455, 457, 460

Ailanthus altissima, 210, 222, 226, 227, 271,
274, 386, 405, 406, 411, 413

Albizia
A. chinensis, 153, 154
A. falcataria (syn. Falcataria moluccana),

326, 431

A. julibrissin, 271, 274
A. lebbeck, 437

Aleurites moluccana, 292–294
Alliaria petiolata, 271, 568, 572, 582, 602
Alocasia brisbanensis, 292
Alternanthera philoxeriodes, 406, 572, 580
Ambrosia artemisiifolia, 222, 406, 409

Ammophila arenaria, 290, 303, 304, 306,
307, 540, 556, 627

Amorpha fruticosa, 222, 225, 227
Andropogon

A. gayanus, 28, 30, 180, 634
A. virginicus, 321

Anredera cordifolia, 126, 294, 295, 572, 582
Anthoxanthum odoratum, 92, 272, 463
Antigonon leptopus, 437
Araucaria

A. araucana, 94, 99
A. heterophylla, 293–295

Araujia hortorum, 300–302
Ardisia elliptica, 318, 338
Arenga pinnata, 153, 154, 156
Aristolochia

A. elegans (syn. Aristolochia littoralis), 367
A. littoralis, 367

Artocarpus heterophyllus, 153, 154
Arundo donax, 244, 384, 386, 413, 534, 554,

573, 582

Asparagus asparagoides, 300, 573, 583, 584
Austrocylindropuntia subulata, 127
Avena fatua, 276
Azolla filiculoides, 126, 573, 580
Azorella monantha, 97

B

Baccharis halimifolia, 222, 406, 409, 573
Bassia scoparia, 552, 554
Berberis

B. darwinii, 305–307
B. vulgaris, 550

Bidens
B. formosa, 551
B. pilosa, 151
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Brachypodium sylvaticum, 539, 540
Bromus

B. diandrus, 276
B. hordeaceus (syn. Bromus mollis), 276
B. mollis (syn. Bromus hordeaceus), 276
B. tectorum, 29, 271, 273

Brugmansia suaveolens, 123
Bryophyllum

B. delagoense (syn. Kalanchoe tubiflora),
357

B. fedtschenkoi, 127
B. pinnatum, 293, 294, 356

Buddleia davidii, 222, 304

C

Cabomba caroliniana, 406, 409, 573
Caesalpinia

C. decapetala, 123, 126–128, 150, 294,
295, 573, 582

C. echinacea, 158
Calliandra calothyrsus, 123
Calluna vulgaris, 304
Camellia sinensis, 151, 434
Campuloclinium macrocephalum, 573
Canna indica, 385, 386, 391
Cardiospermum grandiflorum, 338, 573
Carduus, 92, 564
Carica papaya, 432
Carpobrotus

C. acinaciformis, 403, 405, 406
C. aequilaterus, 290
C. edulis, 222, 226, 227, 386, 403, 405,

406, 413

C. edulis � C. chilensis, 556
Castilla elastica, 153, 154, 156
Casuarina, 62, 150
Casuarina equisetifolia, 154, 434
Catharanthus roseus, 293
Caulerpa

C. taxifolia, 226, 498, 499, 551, 552,
554, 555

C. webbiana, 491
Cedrela odorata, 150, 153, 154, 156, 355,

356, 364, 367

Ceiba pentandra, 154
Cenchrus

C. ciliaris, 275, 276
C. clandestinus (syn. Pennisetum

clandestinum), 300, 302, 340
C. echinatus, 319, 552
C. pallidus (syn. Cenchrus pilosus), 363
C. pilosus (syn. Cenchrus pallidus), 363
C. setaceus (syn. Pennisetum setaceum),

316, 407, 409, 413

Centaurea, 92, 564
C. diffusa, 567, 573, 581
C. stoebe, 570, 573
C. trichocephala, 551

Centranthus ruber, 405
Cerastium fontanum, 455, 456, 459, 461, 462
Ceratophyllum demersum, 290
Cereus jamacaru, 573, 582
Cestrum

C. auriculatum, 355, 356
C. laevigatum, 573
C. nocturnum, 318, 338
C. parqui, 573

Chromolaena odorata, 25, 62, 77, 81, 122, 133,
244, 247–249, 256, 574, 627, 635

Chrysanthemoides
C. monilifera, 289, 514, 516, 518–520, 522,

583, 601

C. monilifera subsp. monilifera, 574
C. monilifera subsp. rotundata, 514,

574, 583

Chrysobalanus icaco, 339, 431
Cinchona

C. pubescens, 354, 356, 358–360, 364, 365,
367, 626, 627

C. succirubra (syn. Cinchona pubescens),
154, 354, 356, 358–360, 364, 365, 367,

626, 627

Cinnamomum
C. camphora, 150
C. verum, 151, 431–433, 435, 437

Cirsium, 92, 300, 564
Citharexylum spinosum, 552
Citrus aurantium, 153, 154
Cladium jamaicense, 6
Clematis vitalba, 289
Clidemia hirta, 34, 151, 154, 244, 320, 321,

324, 330, 334, 431, 555

Cocos nucifera, 151, 432, 438
Colocasia esculenta, 292
Conyza bonariensis, 384
Cordia

C. alliodora, 156, 157, 160, 356
C. curassavica, 434

Cordyline fruticosa, 292
Cortaderia

C. jubata, 300, 539, 540
C. selloana, 294, 300, 386, 405, 406,

409, 552

Cotoneaster glaucophyllus, 289
Cotula coronopifolia, 405, 406, 409
Crocosmia �crocosmiiflora, 304
Crotalaria grahamiana, 318, 338, 340
Crupina vulgaris, 555
Cryptomeria japonica, 378, 386, 434
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Cryptostegia grandiflora, 363, 574, 582, 583
Cuscuta, 405
Cyathea

C. cooperi (syn. Sphaeropteris
cooperi), 325

C. medullaris, 391
Cylindropuntia fulgida var. fulgida, 582
Cynara cardunculus, 610, 611
Cytisus

C. scoparius, 92, 101–102, 246, 248, 249,
255–259, 277, 304, 374, 627

C. striatus, 202–203

D

Dicksonia antarctica, 379, 390
Didymosphenia geminata, 290, 496
Dioscorea bulbifera, 574, 582
Diospyros egrettarum, 65
Dolichandra unguis-cati, 574, 582

E

Echinochloa polystachya, 180, 183
Echium vulgare, 107
Egeria densa, 290, 386
Ehrharta erecta, 539, 540
Eichhornia crassipes, 24, 62, 122, 386,

406–409, 565, 574, 580

Elaeagnus
E. angustifolia, 271, 275, 277
E. umbellata, 277

Elaeis guineensis, 154, 156
Elodea canadensis, 222, 290
Empetrum hermaphroditum, 96
Eucalyptus, 98, 150, 151, 406, 408, 410,

434, 583

Eucalyptus saligna, 154
Eugenia uniflora, 551
Eupatorium serotinum, 551
Euphorbia

E. esula, 562, 563, 575, 581
E. paralias, 290, 307, 308, 575

F

Falcataria moluccana (syn. Albizia falcataria,
Paraserianthes falcataria), 326

Fallopia
F. japonica, 221, 222, 227, 563, 575, 580
F. sachalinensis, 222
F. � bohemica, 33

Festuca rubra, 455
Furcraea foetida, 294, 295

G

Genista monspessulana, 539, 575
Glyceria maxima, 289
Gomphocarpus fruticosus, 294, 295, 406
Grevillea robusta, 150
Gunnera tinctoria, 379, 384, 386,

389, 390

H

Hakea, 29, 32, 98, 132, 571
H. gibbosa, 575
H. sericea, 131, 300, 301, 406, 409,

563, 571, 575

Hedera helix, 24, 271, 289
Hedychium

H. flavescens, 429
H. gardnerianum, 226, 320–321, 330,

332–334, 379, 384–388, 391,

626, 628

Helenium amarum, 554
Heracleum mantegazzianum, 210, 219, 222
Hibiscus tiliaceus, 293
Hieracium

H. aurantiacum, 99–101
H. caespitosum, 129
H. lepidulum, 288
H. pilosella (syn. Pilosella

officinarum), 288
H. praealtum, 101

Hiptage benghalensis, 433
Holcus lanatus, 271, 455
Hydrangea macrophylla, 385–387, 389
Hydrilla verticillata, 290, 406, 409, 570,

571, 575

Hymenachne
H. acutigluma, 28, 171, 178
H. amplexicaulis, 172, 173, 179–184

Hypericum
H. androsaemum, 305, 306, 627
H. perforatum, 202, 203, 272, 575, 581

Hypochaeris radicata, 99, 202, 203

I

Impatiens glandulifera, 33, 210, 222,
232, 491

Imperata cylindrica, 244

J

Jacaranda mimosifolia, 126, 128
Jatropha gossypiifolia, 575
Juncus effusus, 107, 459
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K

Kalanchoe tubiflora (syn. Bryophyllum
delagoense), 357

L

Lagarosiphon major, 290
Lantana camara, 25, 34, 62, 63, 77, 79, 81,

122, 123, 126–128, 130, 131, 136,

150, 151, 154, 244, 246–260, 356,

360, 364, 386, 434, 436–438, 516,

518, 575, 582, 608, 609, 627

Larix occidentalis, 98
Lepidium draba, 92
Leptospermum laevigatum, 575
Leucaena

L. latisiliqua (syn. Leucaena
leucocephala), 244

L. leucocephala (syn. Leucaena
latisiliqua), 244

L. trichodes, 357
Leucanthemum vulgare, 92, 94, 99, 101,

107, 271

Leycesteria formosa, 305, 306, 379, 384,
386, 390

Ligustrum robustum subsp. walkeri, 429, 434
Linaria, 92
Liriodendron tulipifera, 24
Litsea glutinosa, 436, 437
Livistona chinensis, 551
Lonicera japonica, 24, 271, 289
Lupinus

L. arboreus, 290
L. polyphyllus, 219

Lygodium microphyllum, 29, 567, 575,
580, 581

Lysichiton americanus, 232, 491
Lythrum salicaria, 555, 576, 580, 581

M

Macfadyena unguis-cati (syn. Dolichandra
unguis-cati), 574, 582

Maesopsis eminii, 150, 151, 153, 154, 156,
158–160, 627

Mangifera indica, 153, 154, 437
Manihot glaziovii, 153, 154
Marrubium vulgare, 272, 576
Medicago laciniata, 124
Melaleuca quinquenervia, 6, 29, 31, 62, 63,

555, 562, 568, 576, 580, 584

Melia azedarach, 126, 128–130, 153, 154, 274
Melilotus

M. alba, 107, 271, 277
M. officinalis, 271, 277

Melinis minutiflora, 276, 318, 321, 322,
338–340, 356

Merremia peltata, 247, 249, 318, 338, 340, 438
Metrosideros polymorpha, 6, 322, 323, 327,

331, 332

Miconia calvescens, 64, 274, 275, 318,
319, 330, 334–338, 340, 341, 496,

557, 568, 576, 582, 583

Mikania micrantha, 25, 62, 244, 246–249,
256, 318, 340, 576

Mimosa
M. diplotricha (syn. Mimosa invisa), 248,

249, 260

M. invisa (syn. Mimosa diplotricha), 248,
249, 260

M. pigra, 6, 25, 62, 122, 128, 134,
172–178, 180–184, 563, 576, 580,

581, 628

M. pudica, 151
M. rubicaulis, 25

Moraea, 576
Morella faya (syn. Myrica faya), 25, 330, 331
Myosotis laxa, 101
Myrica faya (syn. Morella faya), 25, 330, 331
Myriophyllum aquaticum, 578

N

Nicotiana glauca, 226, 405, 407, 408, 551

O

Opuntia, 77, 81, 123, 127, 405, 407–410,
413, 563, 567, 576, 577

O. aurantiaca, 551
O. ficus-indica, 127, 222, 223, 405,

408, 410

O. maxima (syn. Opuntia ficus-indica),
127, 222, 223, 405, 408, 410

O. monacantha, 124, 126, 127, 434
O. robusta, 577
O. stricta, 25, 77, 79, 81, 124, 125,

129–131, 244, 413, 567, 582, 629

O. vulgaris (syn. Opuntia monacantha),
124, 126, 127, 434

Oryza rufipogon, 551
Osmunda regalis, 289

P

Paraserianthes
P. falcataria (syn. Falcataria

moluccana), 326
P. lophantha, 300, 577

Parkinsonia aculeata, 577
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Parthenium hysterophorus, 23, 77, 81,
125–127, 130, 131, 134, 246, 247,

249, 577

Passiflora
P. edulis, 294, 297, 356
P. mollissima (syn. Passiflora

tarminiana), 334
P. tarminiana, 334

Paulownia tomentosa, 274
Pennisetum

P. ciliare (syn. Cenchrus ciliaris), 275, 276
P. clandestinum, 300, 302, 340
P. pedicellatum, 180
P. polystachion, 180
P. setaceum, 316, 407, 409, 413

Pentadesma butyracea, 154
Pereskia aculeata, 577, 582
Persea americana, 356, 363
Persicaria perfoliata, 567, 577, 582, 583
Phoenix dactylifera, 293–295
Phyla canescens, 577
Phyllostachys aurea, 294, 295
Physalis peruviana, 300, 301
Pilosella officinarum (syn. Hieracium

pilosella), 288
Pimenta dioica, 551
Pinus

P. contorta, 84, 98, 288
P. monticola, 98
P. pinaster, 131, 386
P. ponderosa, 98
P. strobus, 219
P. sylvestris, 94, 98

Piper aduncum, 156
Pistia stratiotes, 77, 81, 122, 124, 128–131,

407–409, 577, 580

Pittosporum undulatum, 379, 384–389
Plantago

P. lanceolata, 202, 203, 271, 455
P. major, 271, 362

Plectranthus ciliatus, 289
Poa, 92

P. annua, 271, 452, 455, 456, 459–464
P. pratensis, 271, 455
P. trivialis, 455

Polygonum polystachyum, 248, 250, 258, 259
Populus alba, 272, 274
Porophyllum ruderale, 351
Potentilla recta, 92, 271
Prosopis, 577, 582
Prosopis juliflora, 123, 246, 247, 250, 254–256
Prunella vulgaris, 202, 203
Prunus serotina, 24, 32, 222, 226, 227

Pseudelephantopus spicatus, 362
Pseudotsuga menziesii, 98
Psidium

P. cattleianum, 26, 156, 276, 294, 297,
318–321, 327, 332, 334, 337,

431–433, 435, 436, 438

P. guajava, 128, 153, 154, 156, 294, 318,
319, 338, 355, 356

Pteridium arachnoideum, 359, 360
Pueraria, 277

P. montana, 62
P. phaseoloides, 362, 363

Q

Quercus rubra, 219, 226

R

Ravenala madagascariensis, 436
Rhaphiolepis umbellata, 390
Rhododendron ponticum, 32, 222, 226–230
Rhodomyrtus tomentosa, 319, 338, 339
Robinia pseudoacacia, 210, 219,

222, 226, 227, 230–231, 274,

340, 341

Rorippa nasturtium-aquaticum, 124, 126
Rosa rubiginosa, 202, 203
Rubus, 150, 577

R. adenotrichus, 363
R. alceifolius, 427, 429, 434, 437
R. fruticosus, 304, 305
R. megalococcus, 363
R. niveus, 355, 356, 358–360, 362–365,

626, 627

R. ulmifolius, 203, 386, 387
Rumex acetosella, 99, 202, 203, 271, 452,

455, 463

S

Sagina procumbens, 452, 455, 456, 459,
460, 463

Salix, 92, 289
Salix fragilis, 304, 305, 627
Salsola, 272, 578, 581
Salvinia

S. adnata, 407–409, 438, 565, 578,
580, 628

S. molesta (syn. Salvinia adnata), 407–409,
438, 565, 578, 580, 628

Samanea saman, 154
Sapindus saponaria, 363
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Schinus
S. molle, 127
S. terebinthifolius, 6, 274, 554,

578, 601

Schizachyrium condensatum, 276, 321
Scorzonera lacinata, 273
Senecio

S. angulatus, 405
S. jacobaea, 294, 300,

578, 581

Senna
S. septemtrionalis, 294, 295, 297
S. spectabilis, 154

Sesbania punicea, 407, 409, 571, 578
Solanum

S. mauritianum, 387, 578, 582
S. viarum, 578

Solidago canadensis, 219, 222, 223
Sonchus oleraceus, 272, 455
Spathodea campanulata, 153, 154, 318,

338, 437

Sphaeropteris cooperi (syn. Cyathea
cooperi), 325

Sphagneticola trilobata (syn. Thelechitonia
trilobata, Wedelia trilobata), 244

Spondias lutea, 154
Stachytarpheta jamaicensis, 151
Stellaria media, 455, 459, 462, 463
Stenotaphrum secundatum, 290
Striga asiatica, 552
Syzygium

S. jambos, 156, 318, 354, 356, 431,
436, 438

S. malaccensis, 154

T

Tagetes minuta, 124
Tamarix

T. africana, 389
T. ramosissima, 275, 578

Taraxacum officinale, 92, 97, 271,
455, 461

Tecoma stans, 318, 578
Tectona grandis, 150
Teline monspessulana, 203
Terminalia ivorensis, 151
Tetrapanax papyriferus, 385
Thelechitonia trilobata (syn. Sphagneticola

trilobata), 244
Theobroma cacao, 151, 154
Thevetia peruviana, 123
Tithonia

T. diversifolia, 123, 126, 151
T. rotundifolia, 126

Toona ciliata, 154, 156
Tradescantia fluminensis, 289, 356, 359
Triadica sebifera, 274, 579
Trifolium repens, 271, 455

U

Ulex europaeus, 92, 244, 248, 250,
303–307, 386, 387, 439, 461,

579, 583, 601, 627

Ulmus americana, 24
Urochloa mutica, 25, 28, 172–174, 176–185,

294, 628

V

Verbascum thapsus, 92, 94, 103, 271
Vinca major, 289, 539
Vincetoxicum

V. nigrum, 579
V. rossicum, 579

Vitis vinifera, 293–295, 413

W

Wedelia trilobata (syn. Sphagneticola
trilobata), 244
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