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Biological invasions are one of the five major causes of biodiversity loss as global human
travel and trade have moved, and continue to move, thousands of species between and across
continents. Some species of alien origin have a high probability of unrestrained growth which
can ultimately lead to environmental damage.

An alien species — animal, plant or microorganism — is one that has been introduced, as a
result of human activity, either accidentally or deliberately, to an area it could not have reached
on its own. A common definition of the term 'invasive' focuses on its (negative) impact, while
other definitions consider only rate of spread and exclude considerations of impact.

Despite the growing amount of legislation being adopted at the global scale, biological
invasions continue to grow at a rapid rate, with no indication yet of any saturation effect.
Decision-making in this area is very challenging. The overall complexity of the problem, its
interdisciplinarity, the scientific uncertainties and the large number of stakeholders that need
to be informed and involved, together demand governance actions that are difficult to see
emerging at the regional scale (as in the EU), let alone globally.

It is widely agreed that preventing biological invasions or tackling them at a very early stage is
the most efficient and cost-effective approach. Harmless species can be confused with harmful
invasive species, however, leading to a waste of resources. Even more seriously, harmful
invaders can be mistaken for innocuous species — so-called 'invaders in disguise' — and no
appropriate action may be taken to counter the threats they pose.

Even with a very good risk assessment system, new outbreaks of invasive alien species could
still occur, necessitating a system of rapid early warning and effective eradication response.
The decision on where to draw the line on the acceptable environmental risks versus the
introduction of new species or new communities that may carry invasive alien species then
becomes a value judgement.

There is lively debate within the scientific community regarding the most appropriate
strategies for managing invasive alien species. Governments and institutions charged with
making decisions have access to considerable knowledge on the topic, but the lack of rules of
interactions between multiple parties regularly thwarts effective decision-making.
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20.1 Introduction

Biological invasions are one of the five major causes
of biodiversity loss, alongside habitat destruction,
over-exploitation, climate change and pollution
(Millennium Ecosystem Assessment, 2005). Global
human travel and trade have moved, and continue
to move, thousands of species between and across
continents (McNeely, 2001). Only a small proportion
of alien species become established, some of

these spread, and a small subset produce major
ecological, economic or social effects (generally
termed 'impacts'). Ecological impacts include local
extinction or a reduction in the diversity of native
species, and various types of ecosystem-level
changes such as modifications of nutrient cycling

or water quality. As an example, in an analysis of
680 recent animal extinctions worldwide, causes
were compiled for about 25 % of these. Ninety-one
(54 %) included invasive species among the causes
of extinction, and in 34 cases they were the only
known cause (Clavero and Garcia-Barthou, 2005).
For example, feral cats on islands are responsible
for at least 14 % of global bird, mammal, and reptile
extinctions in recent times (Medina et al., 2011). All
types of organism, from micro-organisms, including
microbes and diseases, to mega-herbivores, can
become invasive, and all can cause impacts on
biodiversity and ecosystem functioning. All types
of ecosystem are affected: terrestrial, freshwater and
marine.

Biological invasions are receiving increased attention
in many countries, some of which have already

set in place comprehensive legislation or national
strategies to deal with various aspects of invasions,
in particular concerning their management

(e.g. Australia, Great Britain, Mexico, New Zealand,
South Africa and USA) (Pysek and Richardson,
2010). As regards the management of invasive alien
species (IAS), it is widely agreed that preventing
biological invasions or tackling them at a very

early stage is the most efficient and cost-effective
approach. For example, the cost of eradicating
weeds can increase at least 40 times if action is not
taken promptly (Harris and Timmins, 2009), and in
most cases eradication quickly becomes unfeasible
(Genovesi, 2007). Preventive management calls for a
precautionary approach, because prompt response
often does not permit full assessment of the risks
connected to a newly detected invasion (Genovesi
et al., 2010). Despite widespread agreement on these
principles, the full range of problems associated
with IAS still lacks political recognition and too few
government-coordinated actions are in place, or are
effective, in most parts of the world, including in the
European Union.

There is nevertheless a lively debate within the
scientific community regarding the most appropriate
strategies to adopt for managing invasive alien
species. Aspects of this debate offer important
pointers to dimensions that need to be better studied
and the measures needed to make the phenomenon
of biological invasion better understood by all
stakeholders. Invasive alien species represent a
growing threat, in particular in a globalised world,
as they are introduced and spread by people
(McNeely, 2001). This is more a human-driven
environmental problem than a strictly biological
one. Inherent uncertainties remain about what
species will be introduced and which will become
invasive. Consequently, making decisions is very
challenging. The overall complexity of the problem,
its interdisciplinarity, the scientific uncertainties,
and the large number of stakeholders that need

to be informed and involved, together demand
governance actions that are difficult to see emerging
at the regional scale (as in the EU), let alone at the
global scale. Lessons already learnt in different parts
of the world need to be considered when seeking to
improve management regimes for IAS in different
environments and at different scales.

20.2 The difficulty of defining invasive
alien species

The terminology applied to organisms involved in
biological invasions is complex, often confusing,
and there is no universally accepted definition

of IAS (Riley, 2005; Falk-Petersen et al., 2006;
Richardson et al., 2011a); all this has serious
practical consequences. The term 'alien’ (exotic,
foreign, non-indigenous, non-native) requires a
geographical, biogeographical or ecological context
to have a useful meaning — an alien species is one
which has been introduced as a result of human
assistance, either accidentally or deliberately, to
an area it could not have reached on its own. The
area in question has to be specified since a species
'may be alien to any definable area, e.g. continents,
islands, bio- or eco-regions, or any political entity
(e.g. countries, states, provinces)' (Lambdon et al,,
2008). The terms alien and invasive both have
political overtones. The Convention on Biological
Diversity (CBD) requires its Parties, through
Article 8(h) to 'prevent the introduction of, control
or eradicate those alien species which threaten
ecosystems, habitats and species' and uses the term
'invasive alien species' to refer to such species and
defines these as 'alien species whose introduction
and/or spread threaten biological diversity'. The
term 'invasive' is therefore defined by the CBD in
terms of (negative) impact, while other definitions
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employ ecological and biogeographical criteria,
i.e. invasive species are defined as alien species that
sustain self-replacing populations, often in very
large numbers at considerable distances from the
site of introduction such as in natural areas, and
explicitly exclude considerations of impact (see
Richardson et al., 2011a; Blackburn et al., 2011 and
references therein). Other definitions also include
economic impacts, for example on agriculture or
the use of amenities, and social impacts such as on
human health.

In general, the biogeographical concept is more
widely used in the academic world, whereas the
impact concept is widely used by decision makers
(Ricciardi and Cohen, 2006). Such terminological
and conceptual problems have contributed to
difficulties in developing a coherent and effective
political response to biological invasions.

The amount of information on IAS has grown
steadily (Gurevitch et al., 2011) in the last 20 years.
Since 2000, when the International Union for the
Conservation of Nature (IUCN) Invasive Species
Specialist Group (ISSG) established the Global
Invasive Species Database (http://www.issg.org/
database/welcome/, the first web-based, freely
accessible database on invasive species), many
tools have been created (!). However, partly

for the reasons discussed above, accurate and
comprehensive information on global or regional
numbers of invasive alien species is still difficult

to obtain and statistics that are available are often
ambiguous and difficult to interpret (e.g. see
discussion in Richardson and Rejmanek, 2011). Even
taxonomic reference works such as Floras and Faunas
are notoriously bad at distinguishing between
native and alien species (Lambdon et al., 2008).

The need for accurate identification is an essential
prerequisite for detection of IAS, and many cases of
misidentification are coming to light. For example,
harmless species can be confused with harmful
invasive species, leading to a waste of resources
and, even more serious, harmful invaders can be
mistaken for innocuous species, so-called 'invaders
in disguise' (Verloove, 2010), and no appropriate
action taken to counter the threats they pose.

Europe is fortunate in having generally good
information about invasive alien species, with many
countries having prepared lists, although much
more critical evaluation is needed in many cases and
under-recording remains a problem. An overview

is provided by the DAISIE database (http://www.
europe-aliens.org/) and its List of Species Alien in
Europe although there are still significant gaps in
coverage and distribution and many problems of
accurate identification remain to be resolved. For
example, even well-known plant invaders such as
Heracleum mantegazzianum and Fallopia japonica are
frequently confused with related species, and the
invasive hybrids often referred to as Rhododendron
ponticum have now been named R.x superponticum
(Cullen, 2011). In other taxa such as the genus
Opuntia it is often unclear which species are
involved in particular invasions, with experts
disagreeing, for example, about whether O. maxima
and O. ficus-indica are separate species.

However outside Europe, very few countries have
comprehensive, regularly updated lists of alien or
invasive alien species. For example, the McGeoch
et al. (2010) review of available data on invasive
alien species for a set of 57 countries found that
the number of invasive alien species varied from

9 to 222, reflecting as much a lack of information as
real differences of incidence. Furthermore, because
of the dynamic nature of biological invasions,

the lists that do exist need regular revision. An
example of the difficulties of interpretation is the
much-cited paper by Pimentel et al. (2005) which
estimates that 50 000 alien species have entered

the US. This figure is, however, misleading unless
broken down. In the case of plants, the figure of

25 000 alien species (compared with a native flora
of about 17 500 species) includes agricultural and
horticultural crops, timber and ornamental trees,
garden plants, and weeds! In addition, although
several countries had compiled lists of alien or
invasive alien species by the late 1990s, there is
general lack of coordination and harmonisation
between these lists. Aggregation of lists developed
using different criteria and definitions is a complex
task which makes the interpretation of data and the
planning of common action difficult and laborious.

20.3 Emergence of awareness of an old
problem

The effects of IAS have been known for a very long
time. As early as 77AD, Pliny the Elder wrote in

his Naturalis Historia (The Natural History) that the
invasion of rabbits in the Balearic Islands, Spain, was
a very severe problem requiring effective control
(see Scalera and Zaghi, 2004). In the 19th century,

(*) See http://www.cbd.int/doc/meetings/sbstta/sbstta-15/information/sbstta-15-inf-14-en.pdf for a very partial overview of main

global data providers.
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Charles Darwin noted the invasive behaviour of
some alien species during his explorations on the
Beagle. Indeed, Darwin's musing on invasive alien
species contributed to the development of his theory
of the 'survival of the fittest' (Darwin, 1859). In
most cases, however, alien species at that time were
regarded as curiosities, rather than a significant
threat to global or even regional biodiversity.
Concerns regarding the impacts of alien species on
native vegetation, particularly on islands (Kiehn,
2011; Kueffer et al., 2010), started to be voiced in the
19th century (Inderjit et al., 2005; Cadotte, 2006).
For example, ] D Hooker wrote in 1864: 'Among

the most interesting phenomena connected with
the distribution of plants, are those that concern the
rapidity with which some species of one country
will, when introduced into another, rapidly displace
the aborigines and replace them' (Hooker, 1864). It
was not, however, until the 20th century, especially
in the second half, that they began to be recognised
as a rapidly growing threat to global biodiversity.

A key figure in the history of invasion biology

was the British zoologist and ecologist Charles

S. Elton (1900-1991) who not only made seminal
contributions to modern population biology and
community ecology but also set the scene for

the emergence of invasion ecology as a separate
discipline. His influential monograph The Ecology of
Invasions by Animals and Plants, published in 1958,
set out his concerns about the escalating impacts of
IAS on natural ecosystems and the need to conserve
species diversity from their adverse impacts.

Elton's landmark publication is seen by many as

a starting point for the understanding of invasion
biology as a distinct field of study, and has been
very widely cited (Richardson and Pysek, 2008),
although Kueffer and Hirsch Hadorn (2008) note
that the European tradition of research on biological
invasions is actually older and is rooted in floristic
studies of adventive species in the 19th and early
20th centuries which already considered the role of
humans as agents in biotic invasions.

The circumstances in the mid-20th century when
Elton formulated his ideas were very different

from those of today. The book Fifty years of Invasion
Ecology. The legacy of Charles Elton documents the
radical changes in the extent and nature of invasions
since the 1950s and in the ways in which humans
perceive and consider managing alien species
(Richardson, 2011a). In Europe, in particular, these
concepts were slow to manifest themselves widely;

for many biologists and conservationists, biological
invasions were still perceived as happening
'somewhere else' (rabbits in Australia, water
hyacinth in African lakes and waterways, etc). It was
not until the last two decades of the 20th century
that the significance of biological invasions and

the threats they pose to native biological diversity
became widely acknowledged at both global and
national levels.

An international research programme on the Ecology
of Biological Invasions ran in the 1980s under the
auspices of the Scientific Committee on Problems of
the Environment (SCOPE) (see Drake et al., 1989).
This initiative ('SCOPE I') had a strong conservation
focus (%), and was important in shaping the research
agenda on IAS in its framing of the problem and in
the core questions that the programme set out to
examine. SCOPE I was a global research programme,
and collated case studies and syntheses from around
the world, thereby providing clear evidence of the
global scale of the problem.

Another landmark was the Convention on Biological
Diversity (CBD) which entered into force at the end
of 1993. IAS was established as a cross-cutting issue
and the CBD adopted a set of Guiding Principles

for the Prevention, Introduction and Mitigation of
Impacts of Alien Species that Threaten Ecosystems,
Habitats or Species (COP decision V1/23).

A second SCOPE research programme ('SCOPE II')
on IAS was launched in 1997. This was more inter/
transdisciplinary than SCOPE I, and considered
economic valuation, stakeholder participation,
pathway analysis and management (Mooney et al.,
2005). SCOPE II was run under the auspices of a
consortium of scientific organisations including
SCOPE, IUCN, and CABI which developed the
Global Invasive Species Programme (GISP), with
the explicit objective of providing new tools for
understanding and coping with IAS. The report
Invasive Alien Species: a Toolkit of Best Prevention and
Management Practices (Wittenberg and Cock, 2001)
gives a good synthesis of the concepts current in
the 2000s on biological invasions. In 2011 GISP was
closed down, for financial reasons.

In Europe, research on IAS was limited and
uncoordinated until the late 1980s. Ambitious
research programmes, focussing on risk analysis,
inventories and the management of IAS, were
launched in the early 2000s, including the EU

(?) The outcomes of SCOPE 1 were published in a special issue of the journal Biological Conservation, volume 44, parts 1 and 2,

published in 1988.
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programme 'Delivering Invasive Alien Species
Inventories for Europe' (DAISIE; http://www.
europe-aliens.org) and 'Assessing Large Scale Risks
for Biodiversity with Tested Methods' (ALARM;
http://www.alarmproject.net/alarm) to cite only two
important European initiatives.

The amount of information on IAS that was
accumulating and the need to make it widely
available to an audience of managers and scientists
led to the development of national, regional and
international databases and information systems,
web portals and clearing house mechanisms such
as the Global Invasive Species Information Network
(GISIN) (%), the Global Invasive Species Database (*),
the Invasive Species Compendium (ISC), the
Inter-American IABIN Invasives Information
Network (I3N) (°) for the Americas and NOBANIS (°)
for North Europe and the Baltic.

20.4 A new discipline with its own
approaches and research agenda

The global approach of the SCOPE I project in the
1980s consolidated the recognition of the study of
biological invasions as a new scientific discipline.
Kueffer and Hirsch Hadorn (2008) reviewed

and analysed the state of research on biological
invasions, and distinguished different approaches.
The research topics have been further divided to
make the distinctions clearer, but all these elements
have coexisted over time.

The classical model of biological invasions that
emerged from the SCOPE 1 programme in the
1980s examined case studies of invasions to attempt
to answer three main questions: the traits that
determine whether or not a species is an invader,
why some habitats are more vulnerable to invasion
than others, and how management systems using
this knowledge can be developed (Drake et al.,
1989; Williamson, 1996). During this phase, research
on invasions was restricted mainly to population
and community ecology, and was based mostly

on biogeographic comparisons of invasions, the
underlying assumption being that the alien origin
of species was important for explaining their
behaviour. Despite many studies, and advances

on many fronts, no single/common list of traits
emerged that distinguish invasive from non-invasive

(3) GISIN website: http://www.gisin.org.

(*) GISD website: http://www.issg.org/database/welcome.
(°) IABIN website: http://i3n.iabin.net.

(°) NOBANIS website: www.nobanis.org.

species. The most informative criterion that emerged
is that a species becoming invasive elsewhere
(assuming that it has had the opportunity to do so),
is a powerful predictor of whether that species will
become invasive, although this criterion must be
used with great caution in a world of rapid global
change (Kueffer, 2010).

Invasions were then considered according to the
different phases characterising their successive
ecological and evolutionary processes. 'Phase
transition models' break biological invasions down
into at least the following steps: entry of a species
into a new area, establishment after a possible lag
phase during which the population size of the
species remains small, and spread. Although the
idea is older (Usher, 1986), considering invasions as
a sequence of distinct phases has become a central
piece of biological invasion theory since around
2000 (Richardson et al., 2000; Kolar and Lodge, 2001)
and has since guided much synthetic thinking in
the field (e.g. Dietz and Edwards, 2006; Blackburn
et al., 2011). The development of risk-assessment
systems also emerged (e.g. Pheloung et al., 1999).
Risk-assessment schemes seek to identify alien
species (including those not yet introduced into

a territory) that are likely to become invasive,

as a basis for preventive measures or prioritised
management action. The phase transition model
also represents a conceptual basis for a multi-stage
management approach involving prevention of
entry at borders as a priority, plus early detection
and eradication as key responses when prevention
fails, or sustained containment and mitigation of
impacts as the last option if the former steps fail
(Wittenberg and Cock, 2001). Such a model also
facilitates taking into account climate and global
change.

As a result of SCOPE II and GISP, the study of
pathways of introduction became an active research
area, integrating natural and human sciences, since
human activities are the central cause of movement
of species (e.g. global trade and travel by rail, road,
sea and air, wars, shipping movements and ballast
waters, trade in animals and plants, intentional
introductions for economic reasons or by tourists,
accidental introductions) (McNeely, 2001; Ruiz

and Carlton, 2003). A landscape-scale perspective
on biological invasions was largely neglected,
focusing initially on spatial models of spread, and
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did not became prominent until around 2000 (With,
2002). Such types of study also included the role of
land-use change in invasions (Vila and Ibafiez, 2011).

There is now increasing acceptance that biological
and social factors interact in complex ways to initiate
and sustain different facets of biological invasions
(Kueffer and Hirsch Hadorn, 2008), and several
studies have in particular highlighted the role of
economic factors in the introduction and spread

of invasive species (e.g. Kueffer et al., 2010; Pysek
et al.,, 2010; Essl et al., 2011; Jeschke and Genovesi,
2011). Lately, research on the impact of invasive
alien species on ecosystem resilience and ecosystem
services has been gaining importance (EFSA, 2011).

Indeed the advances in understanding the
mechanisms and the correlates of invasions have
had a significant influence on awareness of the
issues, and on the development of innovative and
more effective response strategies. For example,
the recent engagement of European institutions (”)
to adopt more stringent measures to deal with
IAS may also have been helped by an assessment
showing that, in addition to the ecological impact,
the economic costs of invasive alien species in the
region exceed EUR 12.5 billion/year (Kettunen

et al., 2009). Furthermore, several assessments
have shown the efficacy of eradication of invasives
for the recovery of native species affected by

IAS at a global scale, with eleven birds, five
mammals and one amphibian species having
improved their conservation status as a result of
the successful removal of IAS (McGeoch et al.,
2010). These results contributed to the increased
implementation of this management option, with
more than 1 100 campaigns being carried out in
the world (Genovesi, 2011). However, although
some eradications are being undertaken in Europe
(e.g. Carpobrotus spp. in Menorca or Ruddy Duck
Oxyura jamaicensis in the United Kingdom, France
and Spain), they are uncommon.

20.5 A wealth of initiatives worldwide

Many initiatives focussing on IAS, dealing with
legislation, management and communication,
have emerged from international organisations,
non-governmental organisations, governments
and universities across the world. The case of the
EU is detailed in Box 20.1. Some are listed below
to illustrate their diversity (the listing is in no way
exhaustive):

International treaties and agreements

As Riley (2005) notes, at least 42 treaties dealing

with environmental issues, the marine environment
and international quarantine refer to the regulation
of IAS in the world. As regards terrestrial IAS,

one of the major treaties is the International Plant
Protection Convention (IPPC), setting international
standards for phytosanitary measures (although it
only covers non-marine invertebrates and plants).
The IPPC initially focused mainly on the protection
of cultivated plants, but extended its scope in 1999

to include issues relating to wild plants and the
environment. The CBD also recognises the need

to address invasive alien species in Article 8(h). In
2004, the two Conventions signed a Memorandum of
Understanding to avoid duplication of efforts on IAS
(Tanaka and Larson, 2006). This required a revision of
the glossaries and procedures of the two Conventions
for dealing with the analysis of environmental
impacts associated with IAS. These organisations
have counterparts at the regional scale, and countries
are obliged to implement legislation on IAS.

Governments

Governments and parliaments play a major

role in preventing the entry and controlling the
spread of IAS, in particular through the adoption
and enforcement of legislation (both national

and international), conducting or financing the
eradication of some IAS through appropriate
agencies, and promoting research and public
awareness of the issue. Within countries,
responsibility for the topic is usually divided
between ministries of the environment and of
agriculture (including farming, forestry, hunting
and fisheries, although some aspects may fall within
the ministries of health, energy, infrastructure and
transport, etc.), with the ministries of agriculture
also being responsible for plant and animal health
and the associated legislation. Although the
environmental and agricultural sectors cooperate at
the international level, the mandates are not always
clear at the national level. This reflects the fact that
pest management (under the plant and animal
health regimes) has a longer history than control of
invasions, as well as the multiple impacts that IAS
may have and the difficulty of categorising these.

Many countries have implemented dedicated legal
instruments that relate to the entry and control

of IAS (e.g. Australia, New Zealand, USA, South
Africa, the United Kingdom), and as a result

the number of legal tools has increased steadily

in recent decades (McGeoch et al., 2010). For

(7) See European Commission Environment website: http://ec.europa.eu/environment/nature/invasivealien/index_en.htm).
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Box 20.1 Varying European approaches for dealing with IAS

The current situation in Europe is that despite many studies to assess the impacts of IAS, and possible
solutions (e.g. Miller et al., 2006), no comprehensive regulation or legislative framework for the EU is yet
in place. Partly as a result of the lack of coordinated action, Europe houses a very large number of alien
species (around 11 000 according to DAISIE http://www.europe-aliens.org), of which about 10 % (1 094)
have ecological impacts and 12 % (1 347) have economic impacts (Vila et al., 2010). Moreover, many of
the invasive alien species of plants and animals that countries spend millions of Euros in managing and
controlling can still be freely purchased in some outlets. For instance, the water hyacinth (Eichhornia
crassipes), which caused spectacular invasions in Portugal, Italy and along 75 km of a Spanish river —
which took a few months and 18 million Euros to control (Cifuentes et al., 2007) — can still be bought

and traded freely in the EU. Another example is the American grey squirrel (Sciurus carolinensis) which is
known to have replaced the native European red squirrel (Sciurus vulgaris) in most of Britain and yet was
released in the wild in Italy at three sites, in 1948, 1966 and 1994. Even though the Bern Convention (see
below) requested the government of Italy to eradicate the introduced population 'without further delay'
and prohibit the trade in the species in 1999, and appropriate plans were made, twelve years later it is still
legally offered for sale in pet shops, while the invasive population continues to grow in the absence of any
efforts to control or eradicate it (Standing Committee to the Bern Convention, 2011).

Europe has a complex, fragmented and continually developing network of legislative instruments and
regulations aimed at prohibiting the introduction and spread of alien species that pose a threat to native
biodiversity (Miller et al., 2006). The European and Mediterranean Plant Protection Organization (EPPO)
establishes regional standards on phytosanitary measures, and the Convention on the Conservation

of European Wildlife and Natural Habitats, generally known as the Bern Convention (1979), commits

its contracting parties to a strict control of the introduction of alien species (article 11) and since 1993

has established a working group aimed at supporting states in the implementation of their obligations
concerning IAS (see Brunel et al., 2009 for further details). These plant health and environment
organisations work closely together, and have, for example, jointly published the European Code of Conduct
on Horticulture and Invasive Alien Plants (Heywood and Brunel, 2009).

European states have developed national legislation on IAS but often in an un-coordinated manner. For
example, Norway has adopted comprehensive and coordinated legislation on invasive species, Germany
and Austria are developing a list of regulated species (Essl et al., 2011), the United Kingdom is working on
a similar list, Spain adopted legislation in November 2011 which includes a list of regulated species, and
Switzerland adopted similar legislation in September 2008. However, given that the regulation of trade in
the EU lies within the European Commission, all these efforts will only have limited effectiveness until there
is a legal tool that can be applied across the EU. No coordinated legal instrument is yet in place despite the
many studies undertaken on the topic, but the European Commission is preparing a dedicated legislative
instrument to be ready by the end of 2012 (see European Commission, COM, 2011). However, there will
always remain matters that are more appropriately regulated on a national basis because of climatic or
other country-specific contexts.

One of the reasons for the lack of a coordinated European approach is that neither of the European legal
instruments on nature conservation that deal with IAS — the Bern Convention, covering 45 European
States, and the Habitats Directive, applied in all the EU-27 Member States — are very specific on the

topic of IAS. They were formulated in 1979 and 1992 respectively, before IAS became a major concern of
governments. The Bern Convention simply asks governments to 'strictly control the introduction of
non-native species' and the Habitats Directive requires Member States to 'ensure that the deliberate
introduction into the wild of any species which is not native to their territory is regulated ... and,
if they consider it necessary, prohibit such introduction’', without giving much information on how to
deal with the IAS issue as a whole i.e. dealing with the prevention of new entries, pathways, unintentional
introductions, containment or eradication of introduced species, early detection and rapid response
systems, etc. Although the Bern Convention's 'European Strategy on Invasive Alien Species' (2003) and
the European Commission's technical documents produced during the preparation of the EU Strategy on
Invasive Alien Species (2011) do contain sufficient guidance for precise government action, they are not
legally-binding documents and their application has been patchy. Within the framework of a revision of
the Plant Health regime, European national plant protection organisations have identified the inclusion of
invasive alien plants having detrimental effects on biodiversity as one of their first concerns (Agra CEAS
Consulting et al., 2010).
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Europe, no coordinated legal instruments are yet
in place, despite the many studies undertaken on
the topic, but the EU has committed to presenting
a draft dedicated legal tool by the end of 2012, and
an assessment of the different legal options was
published in December 2011 (¥).

Countries with national strategies on IAS include
Canada (Gouvernement du Canada, Environnement
Canada, 2004), South Africa, for the Cape Floristic
region (CAPE Partnership Program, 2009), Mexico
(Comité Asesor Nacional sobre Especies Invasoras,
2010), the Bahamas, (see Pysek and Richardson,
2010), and a number of European countries (see

Box 20.1).

A few governments have also established large
interdisciplinary programmes for dealing with
invasive species 2011).

Non-governmental organisations
Non-governmental organisations cooperate in the
management of IAS through the preparation of
strategic documents and gathering of information,
or directly by managing sites to conserve native
species and restore ecosystems. The Invasive
Species Specialist Group (ISSG) of the International
Union for the Conservation of Nature (IUCN)

is one of the oldest organisations active in this
field (°). ISSG has long worked with all the main
global initiatives, including SCOPE and the
Convention of Biological Diversity, providing
technical support for improving the ability to
prevent and mitigate the impacts of invasive
species on biological diversity.

Other major institutions active in the field include
CAB], Birdlife, The Nature Conservancy, Wildlife
Conservation Society, and Island Conservation
(whose mission is specifically to prevent extinctions
by removing invasive species from islands). Across
the world, at the national and local scale, thousands
of associations or foundations are also involved in
controlling IAS, for example in nature reserves.

Universities

Many universities and research institutes across

the world are engaged in research on IAS, within
the disciplines of biological science, weed science,
agronomy, and more recently social science.
Dedicated research centres and networks have been
created in several parts of the world. Networks

of scientists are also very active and organise
conferences (e.g. NEOBIOTA, see http://cis.
danbif.dk/neobiota2010 or EMAPI, Ecology and
Management of Alien Plant Invasions).

Thus, despite the growing amount of legislation
being adopted at the global scale, invasions
continue to grow at a rapid rate, with no indication
yet of any saturation effect (Butchart et al., 2010). In
addition to the more than 42 international treaties
dealing with environmental issues referring to

the regulation of IAS (Riley, 2005), there is much
reliance on voluntary codes of conduct which by
definition lack sanctions for non-compliance, the
latest in Europe being the European Code on Pets
and Invasive Alien Species (Davenport and Collins,
2011). None of this is helped by the inherent
difficulties of defining and tackling IAS and the
consequent continuing confusion and debate

over terminology and the lack of an agreed core
definition of IAS. It is therefore not surprising that
the scientific community recurrently undergoes
soul-searching over these issues.

20.6 Obstacles to a common
understanding

The issue of the extent to which IAS

adversely affect the natural environment has

long been a subject of controversy, not just
between stakeholders with different interests

(e.g. conservationists versus horticulturists/
foresters) but also within the scientific community.
Dissenting voices periodically challenge the

extent to which IAS represent a major threat to
biodiversity, and the measures that should be taken
(see for example the exchange between Sagoff, 2005
and Simberloff, 2005).

The obstacles to reaching a common agreement
about the threats posed and measures needed

are reflected in the scientific debates on the topic.
Although debates and discussion are inherent to
the development of any discipline, too much focus
on these controversies can have a deleterious effect.
A more extensive discussion of the valuation of
invasive alien plants can be found in Larson (2007),
Kueffer and Hirsch Hadorn (2008), Hattingh (2011)
and Rotherham et al. (2011). Some of the key issues
that are a cause of conflicting expert views are
reviewed in the next section.

(8) Document available at http://ec.europa.eu/environment/nature/invasivealien/index_en.htm.
(°) Founded in 1993, it was the first thematic (as opposed to taxonomic) specialist group of the IUCN SSC to be created. ISSG is a
voluntary global network of about 1 000 scientists and practitioners working to mitigate the impacts of biological invasions.
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Dissenting voices about the ‘pros’ and ‘cons’ of
managing IAS

As already noted, IAS are broadly defined
according to the negative impacts they cause

(cf. the CBD definition and definitions extending
to economic impacts). The very definition of

IAS along these lines is therefore somewhat of a
hybrid, mixing biological elements (a species),
the effects on the environment that we are able to
detect, and human perceptions of its economic,
environmental or social impacts. Assessment of
these impacts, specially when considering those
on the environment (which in some cases are not
easy to quantify or qualify, not to mention the
dynamic nature of the environment), are subject
to multiple interpretations. The assessments

are particularly difficult in the context of a
precautionary management approach that builds
on an ability to predict potential future impacts.
It is widely acknowledged that some IAS can have
major impacts and that in these cases it would, in
principle, be ideal to prevent these invasions before
they happen. However, there are divergences

in our perception of how common problematic
alien invaders are and whether the alien origin
of a species is a reliable heuristic for predicting
problematic spread. Davis et al. (2011) question
whether conservation money is efficiently spent
on preventing the introduction of any new alien
species until such species are proved innocuous,
as a strict interpretation of the precautionary
principle would require. In effect, they highlight
the opportunity costs of a strict prevention of
introduction of alien species, including the
opportunity costs of losing the benefits that some
alien species might provide.

The IUCN Invasive Species Specialist Group (ISSG)
(2011) responded to these points by explaining
that the escalating loss of biological diversity is

the motivation for invasive management action on
alien species. They also recalled that alien species
may not manifest invasiveness till decades after
their introduction, and draw attention to species
that may only have a subtle immediate impact

but which eventually affect entire ecosystems, for
example through their effect on soil properties.

In addition, invasions and impacts appear to

be context-dependent. This is particularly true

for plants: for example, while an alien species

of cinnamon (Cinnamomum verum) has been
considered as potentially beneficial for restoring
novel mid-elevation forests in the Seychelles, it is

a major invader in nearby montane cloud forests
(Kueffer et al., 2010). The ISSG (2011) argues that,
irrespective of how common problematic invasions
of alien species are, prevention is needed because

of the huge impacts of the invasions that do
happen.

Based on such a perspective, the cost of inaction
has been estimated at up to USD 1.4 trillion

per year, representing about 5 % of global GDP
(Pimentel et al., 2005). Examples are also available
for countries: USD 138 billion per year for the

US, USD 14.45 billion for China (figure for 2000,
representing 1.36 % of Chinese GDP) and over
EUR 12 billion per year in Europe. While the cost
of inaction in Europe is EUR 12 billion per year, the
cost of action is estimated at EUR 40-190 million
per year, depending on the possible policy options
(Kettunen et al., 2009). The management of IAS is
therefore, according to this perspective, considered
a very cost-effective investment.

It is not, however, obvious how to decide on
priorities and what actions should be taken to
address the benefits or harm to native biodiversity,
human health, ecological services and economies
that species might pose when such benefits and
harm cannot be predicted. The solution may
come from a pragmatic approach that involves
prevention or mitigation of the worst impacts of
invasives through a combination of preventive
measures, early detection and rapid response to
new incursions, with permanent management as
only the last option.

The lack of acceptance by society of some
management actions

Measures to manage IAS may also be subject to
criticism, in particular when they involve the
killing of animals, or the use of biological control
agents or phytosanitary products (i.e. herbicides or
pesticides) (see Boxes 20.2 and 20.3). Opponents of
the management of invasive alien plants may also
oppose the use of herbicides or pesticides, which
they perceive as a bigger threat than the actual
impacts of the invasives.

Native vs. alien: a polemical topic to explain to the
public

A misunderstanding that is pervasive when
talking about IAS lies in not differentiating
between invasive species and alien species, as
already mentioned above, and using this to justify
interventions against alien species in general.
While conservation biologists and ecologists

refer to the threats from alien species because of
evidence that indicates that some of them entail
particular ecological and economic risks, some
social scientists such as Larson (2007) and Warren
(2007) have pointed out the problematic social and
cultural connotations of such "prejudice’ against
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Box 20.2 The grey squirrel and the ruddy duck: too cute to be killed

A good example of protest by animal welfare groups is the case of the grey squirrel (Sciurus carolinensis) in
Italy. The two officers in charge of the eradication of grey squirrel were brought to court and charged with
cruelty toward animals and illegal methods of capture, despite consultations with animal welfare groups
and exercising caution in killing the animals. The legal case delayed the enforcement of any action, ruining
the whole eradication campaign, and the grey squirrel is now expected to spread across Europe, with

huge impacts on biodiversity as well as the economy of the entire region (Bertolino and Genovesi, 2003;
Bertolino et al., 2008).

Another relevant case is the control of the American ruddy duck (Oxyura jamaicensis) which escaped from
captivity in the United Kingdom and, after reaching a population of several thousand, spread throughout
Europe and started to hybridise with the endangered native white-headed duck (Oxyura leucocephala). In
Spain it threatened the very intense efforts of the conservation authorities to prevent the extinction of the
native species. Selective shooting of ruddy ducks and hybrids soon started in Spain, but this was only a
temporary measure. Realising that the long-term solution for the Spanish populations of white-headed duck
could only come from the eradication of the ruddy duck in the United Kingdom, a European eradication plan
was proposed by the Bern Convention and its eradication financed by the UK government and the European
Union from 1997. The problem was that shooting attractive ruddy-ducks caused a public and vociferous
outcry in that bird-loving country, until the support of the Royal Society of the Protection of Birds for the
controls was decisive in getting the project started. That courageous decision cost the society the loss of
probably a few thousand members, but by December 2011 the number of birds in the United Kingdom

had been reduced to a few hundred and there are good chances of eradicating the species from the wild in

Europe by 2015 (Standing Committee to the Bern Convention, 2011; Consulting et al., 2010).

species of non-native origin. Some consider that
environmentalists, conservationists and gardeners
are 'xenophobic' when dealing with IAS.

Invasive species may indeed be flagged in the

press with pejorative names such as 'the yellow
peril' for water primroses (Ludwigia grandiflora

and L. peploides) in the south of France. But from

a scientific point of view, the focus on alien

species is not xenophobic but has a scientific basis
(Simberloff and 141 scientists, 2001). The focus lies
on alien species not because they are considered
unwanted per se, but because they show that some
species of alien origin have a higher probability of
unrestrained growth which can ultimately lead to
environmental damage. One reason why some alien
species differ ecologically from native species is that
they are not subject to the control of natural enemies
(diseases, pests, herbivores) that are not present in
the newly colonised area.

An even greater difficulty in defining what is
‘natural’

The debate on native versus alien goes beyond

the species level and touches on the definition of
ecosystems and on what conservationists or society
decide to protect. The definition of an 'alien’ species
in an era of accelerated global change is also a
challenge. Davis et al. (2011) call for management
approaches that recognise that the natural'

ecosystems of the past have changed forever

due to drivers such as climate change, nitrogen
eutrophication, increased urbanisation and other
land-use changes. They argue that most human and
natural communities now contain both long-term
residents and new arrivals, and that ecosystems with
combinations of species that never existed before
are emerging as a consequence of climatic and other
global change (‘'novel ecosystems' sensu Hobbs et al.,
2006; 'no-analogue ecosystems' sensu Williams and
Jackson 2007).

These arguments only represent a part of the
emerging challenges in the struggle against
invasions (Kueffer, 2010). For example, the
increasing use of novel alien crops such as those
used for biofuel and biomass present a risk of
favouring new invasions (Genovesi, 2010; Sheppard
et al., 2011); and synthetic biology may in the

near future produce still more fundamentally

novel species. To overcome the effects of climate
change, some authors have proposed translocating
native species to areas outside their natural ranges
(so called assisted migration (McLachlan et al.,

2007) or assisted colonisation (Hunter, 2007;
Hoegh-Guldberg et al., 2008): see Seddon et al., 2009;
Stanley-Price, 2010), with the possible risk of causing
further impact on native species, as in the case of the
proposed translocation of the Iberian lynx into the
British Isles (Thomas, 2011; Vila and Hulme, 2011).
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Box 20.3 Fear of biological control agents

Biological control is a management method that triggers reluctance in decision makers and the public,
though generally supported by scientists if proper and conclusive research has first been carried out.

Such caution prevents this efficient technique from being used when IAS are widespread. The mistrust of
biological control agents springs from the fear that the agent may not prove specific enough and end up
attacking non-target native species, thus aggravating the problem instead of solving it. The public also
finds it odd and risky to introduce a new non-native species into a complex ecosystem, particularly in a
psychological context of negative feelings towards alien species. Often scientists are not fully trusted either.
The use of the lepidopteran Cactoblastis cactorum (Pyralidae) to manage the invasive Opuntia species
that threatens endemic plants in rocky habitats is a typical example that is used to oppose biological
control. While the introduction of the Lepidopteran had proved successful in managing millions of hectares
of invasive Opuntia species in Australia, South Africa and then in Hawaii and the Caribbean Islands,
Cactoblastis cactorum was then accidentally introduced in Florida where it threatened a native Opuntia
species (Sforza, 2006). In this case, the potential for accidental spread of the species in areas where it
could be detrimental had not been assessed accurately.

Another well-known example of the introduction of a biological control agent that itself became invasive is
that of the cane toad (Rhinella marina) which was introduced in Queensland (Australia) to control insects
that feed on sugarcane and other crops. Cane toads became naturalised and spread, and have detrimental
impacts as they feed on many terrestrial animals and compete with native amphibians for food and shelter
(Global Invasive Species Database http://www.issg.org/database/species/ecology.asp?fr=1&si=113). In
this case, the potential adverse impacts of the species on native fauna had not been assessed accurately.

Even if successful, the method may be susceptible to criticism. The recent release of Cibdela janthina

in Reunion Island in 2009 to combat the highly invasive plant Rubus alceifolius (Le Bourgeois and Della
Mussia, 2009) triggered intense debate in the media. Apiculturists and fruit producers feared that the
biological control agent would outcompete bees, jeopardising fruit production on the island. The issue even
reached the French Senate (JO Sénat, 21/05/2009). After undertaking additional studies and dialogue
with stakeholders, it finally appeared that Cibdela janthina had no impact on bees, and was efficient at
controlling the targeted plant. Many other biological control programmes have proved successful, and the
selection of an agent is nowadays carefully studied through formal risk assessment protocols (the same as
those used for IAS) that greatly reduce the chance of unexpected behaviour of released species.

At a European level, legislation on the introduction of biological agents is quite stringent, while legislation
against the introduction of any other species, including acknowledged invasive ones is non-existent.

In the case of the control of the water hyacinth (Eichhornia crassipes) in Spain, mentioned above, the
authorities ruled out the introduction of a biological control agent, used successfully in Africa, because of
the complex European legislative framework impeding the release of agents.

It should be noted, however, that after extensive research and discussion, the biological control agent
Aphalara itadori was released in the United Kingdom to control the highly invasive Japanese knotweed
(Fallopia japonica) whose management and control costs more than GBP 150 million a year. This represents
the first classical biological control release against an invasive alien plant in Europe. CABI had carried
extensive testing on this insect over the past five years to verify that it can be safely released into the
environment. A public consultation was launched: 20 respondents were against the release, 42 in favour
(CABI, 2010).

20.7 The limits of governance on the framework should be in charge. At a macro scale

complex issue of IAS such as the EU, various principles, terminologies
and legislative frameworks need to be aligned

The interdisciplinary nature of the skills required before any decision can be taken, complicating

for dealing with IAS is a challenge and can slow and slowing the effective application of legislation

action and cooperation. An IAS may, for example, and management measures. This has been of

have both environmental and agricultural impacts particular concern in the case of ragweed (Ambrosia

as well as providing other agricultural benefits. artemisiifolia). The pollen of this plant is very

This raises the question of which legislative allergenic, and the species is also a weed in crops,
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particularly of sunflower. Discussions on which
department — health or agriculture — should deal
with the problem has much delayed measures to
control the species.

Managing an invasive alien species is difficult

not only because of its intrinsic biological
characteristics and technical difficulties, but also
because of the very many stakeholders that need
to be involved for coordinated action. Classical
environmental management tools (i.e. habitat
protection, liability for environmental damage or
mediation in environmental conflicts) prove of
little use for IAS. Indeed, before becoming invasive,
a species may remain unnoticed in an area for
several decades, the so-called 'lag phase'. This can
makes the application of a liability approach very
difficult, as the traceability of who introduced

a species may be lost with time. Environmental
mediation that would permit a consensus between
conflicting interests about the introduction of a
particular species is handicapped by uncertainty in
the potential invasive behaviour of an introduced
species, as the decision on whether or not to
introduce a species needs to be taken far in advance
of the species becoming effectively invasive. For
example, the potential impacts had not been
assessed accurately before introducing the signal
crayfish (Pacifastacus leniusculus) into Europe.
When the Scandinavian fisheries of European
crayfish (Astacus astacus) were damaged by a
crayfish plague, signal crayfish, originating from
North America, were introduced to Norway and
Finland for recreational and commercial crayfish
capture. It turned out that signal crayfish was not
only the carrier of the crayfish disease, but it also
became invasive, threatening the European crayfish
as well as macro-invertebrates, benthic fish and
aquatic plants. The species has spread widely and
is now out of control (Global Invasive Species
Database, Pacifastacus leniusculus, http://www issg.
org/database/species/ecology.asp?fr=1&si=725).
The species nevertheless has beneficial effects for
crayfish production, resulting in a conflict of interest
between those who want to control the species

and those who want to breed it. Clearly a decision
should have been taken long before allowing the
introduction of this species in Europe.

These complex and difficult decisions are

taken on the basis of risk assessment, which is

a time-consuming exercise. Furthermore, even
with a very good risk assessment system, new
outbreaks of IAS could still occur, making the need
for a system of rapid early warning and effective
eradication response necessary. The decision

on where to draw the line on the acceptable

environmental risks versus the introduction of
new species or new communities that may carry
invasive alien species then becomes a value
judgement to be taken by governments. The
question of the proportionality of the measures to
be taken (allowing the entry of any species versus
prohibiting the entry of all non-native species) is
very delicate and should involve, in addition to
the strategic position of governments, a societal
debate. This would imply, in the first place, a
good knowledge by the public of the phenomenon
and of the impacts of invasive alien species. The
stakeholders involved in introducing IAS, and

the public who are often responsible for the entry
or further spread of these species, both need to

be engaged in the debate. Another element of
‘proportionality’ that makes legislative measures
complex lies in the geographical range over which
measures should be taken. A species might be

a problem only in a given bioclimatic area, but
free movement and trade might occur between
this area and others, particularly in the free-trade
space of the EU. Should this species therefore

be prohibited in the whole free movement and
trade area, even if it only has detrimental effects
in part of it? Such concern is being raised for the
development of a European legislative framework
on IAS. In other words, should the attractive water
hyacinth (Eichhornia crassipes), which in Europe
may only become naturalised and be invasive in
Mediterranean countries, be prohibited from trade
in the United Kingdom where it is harmless? The
UK nursery industry might like to make use of a
plant that does not threaten UK biodiversity, but its
introduction, given the free movement of persons
and goods within the EU, might compromise
management efforts in areas at risk. The question
of balance between legislative and voluntary
approaches in dealing with IAS is crucial. As many
stakeholders are involved, both approaches are
needed, the one reinforcing the other.

20.8 Applying the precautionary
principle to invasive alien species

Because of the lack of robust criteria for predicting
invasiveness, and because most research on
biological invasions assumes that alien species are
'guilty until proven innocent', rigid application of
the precautionary principle in managing biological
invasions is problematic in the context of free-trade
agreements. New Zealand, for example, requires
that every species imported to the country is
assessed for risks, and only if found to pose a low
risk can an authorisation be issued. Some countries,
however, regulate the introduction only of species
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on a list of 'unwanted' invasive or potentially
invasive species (*). This approach is also proposed
by the International Plant Protection Convention
(IPPC).

Another way of applying the precautionary
principle, while not preventing the entry of IAS,

is to eradicate new invaders in a timely manner.
The case of Caulerpa taxifolia is a good illustration
of a missed opportunity to undertake early action
in Europe. The alien alga was detected in France
in 1984 at a very early stage of invasion, and

could have been quickly removed. However, the
management of C. taxifolia only started when it
had already expanded to a large portion of the
Mediterranean, when eradication was no longer
possible. When the same species was recorded in
California in 2000, eradication started only 17 days
after its discovery, leading to its successful removal
(Genovesi, 2007).

The precautionary principle is the first of the
CBD's Guiding Principles for the Prevention,
Introduction and Mitigation of Impacts of Alien
Species ('The Guiding Principles' Annex Decision
VI/23 (")) (see Cooney, 2004). It is applied to some
extent by the IPPC, when considering all sources
of uncertainty in performing a pest risk analysis.
Biosecurity is a very dynamic field of research that
seeks to integrate the latest techniques and concepts
in its methods to assess risks: the modelling of a
species' potential area of establishment, pathway
analysis, etc. Such techniques face the challenge

of identifying species that may be invasive, and
also those that may be invasive under novel
conditions created by climate change and/or other
facets of global change. Approaches for addressing
such situations are being developed, such as
consideration of the impacts of IAS on ecosystem
services through the elaboration of different
scenarios (EFSA, 2011; Chytry et al., 2012).

20.9 Addressing invasion pathways:
a late engagement with the
stakeholders

A pathway for engagement: Codes of conduct
Managing IAS now consists of placing more
emphasis on pathways of introduction of IAS,

as well as identifying the stakeholders involved,
although such aspects have been adopted quite
recently considering the history of the discipline.

This has shifted the focus away from preventing
particular species to managing risks associated
with introduction pathways, including the human
activities that create, shape and sustain such
pathways (Wilson et al., 2009; Richardson, 2011b),
involving local knowledge. Researchers in the
social sciences have become interested in exploring
perceptions of alien and invasive species and
their impacts (Menozzi, 2007; Andreu et al., 2009;
Kueffer and Hirsch Hadorn, 2008; Javelle et al.,
2010). Cooperation with stakeholders involved in
introducing and disseminating IAS is becoming
increasingly common.

For invasive alien plants, the horticultural trade
is the primary invasion pathway (Reichard and
White, 2001; Dehnen-Schmutz et al., 2007; Drew
et al.,, 2010; Richardson and Rejmanek, 2011).

As a response, some countries have prepared
voluntary codes of conduct or good practice for
the horticultural industry, for example the United
States (Fay et al., 2001) and Europe (Heywood
and Brunel, 2009). Such approaches have so far
had limited effectiveness and buy-in (Drew et al.,
2010), although 12 European countries report
initiatives related to the implementation of a code
of conduct on horticulture and invasive alien
plants. The effectiveness of such voluntary codes
depends largely on how well they are promoted
(Dehnen-Schmutz and Touza, 2008; Brundu et al.,
2011); this requires continuing communication
and dialogue with the stakeholders (Gibbs, 2011).
When developing this code of conduct in Europe,
the International Association of Horticulture
Producers (AIPH) was involved in the drafting of
the document. For the specific case of invasive alien
plants, the industry cannot be seen as preventing
legislation from happening, and although playing
its role in challenging the issue, it has been
collaborative in considering that if some species
present a problem, then some alternative can be
found.

Pathway approaches are also emerging in the field
of plant health. It is increasingly considered that a
species-by-species regulatory approach relying on
inspections is more and more difficult in today's
markets context. As a consequence, the forest
entomology and pathology science communities
recommend a pathway approach for regulating
nursery stock, similar to that adopted for wood
packaging material. This is based on the principle
that best management practices that effectively

(1°) Such lists used to be called 'Black lists', but such a term is now not considered politically correct.

(1) See http://www.cbd.int/decision/cop/?id=7197.
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prevent known IAS will significantly reduce the
risk of also introducing unknown pests. In this
regard, the IPPC is developing an international
standard for plants for planting (see the

UK Forestry Commission website: http://www.
forestry.gov.uk/fr/INFD-6YUJRD).

Other initiatives to prepare codes of conduct
involve botanical gardens (see Heywood, 2011
for Europe; Fay et al., 2001 for the US), the pet
industry, hunting, recreational fishing, zoos and
aquaria, aquaculture, marine ballast waters,
commercial forestry and other sectors.

Stakeholders: what forces lie behind action and
inaction?

Scientists and experts have been active in
communicating the dangers of IAS for biodiversity
— although not necessarily in the most coherent
way, as most scientists are not trained in public
relations or communication. Dissenting views

have probably had little influence on government
decisions on IAS, where the consensus is now that
this is a serious problem requiring some degree of
attention. Other interest groups have been silently
watching the growing interest in IAS with much
attention and a degree of reluctance. This includes
not only animal welfare activists, alarmed at the
possible eradication of animals, but also industries
and lobbying groups, for whom restrictions on the
trade of some species would hinder or complicate
business. Horticulture would have to change its
current practices substantially if serious measures
to avoid new introductions were put in place.

But as they feel that their industry is part of the
environment business, they do not want to be seen
as environmentally unfriendly. A number of other
stakeholders who deal with animals and plants
may not welcome restrictions, i.e. foresters, the pet
trade, aquaculture, recreational fishing and, to a
lesser extent, hunters, zoological gardens, aquaria
and botanical gardens. Many of these groups are
generally aware of the problem and display in
general a cooperative attitude with governments
and scientists, but prefer a voluntary approach with
agreed codes of conduct to hard laws. The industry
may also be divided in some cases. While few
businesses are in favour of more bureaucracy, some
think they might be at a disadvantage compared
with those who decide not to apply codes and
therefore that legislation would be fairer. The pet
industry is more favourable to a voluntary approach
and has been actively engaged in the drafting of a
European Code of Conduct on Pets and Invasive
Alien Species. It would certainly not welcome some
mandatory regulations, for instance any relating

to the shipping of all pets, as these would increase

costs and imply new complex procedures and
operations. Yet it is clear that responsibility for the
introduction of many invasive species lies partly
with the industry and its activities, although it is
also a consequence of the slowness of governments
to take action or introduce legislation.

20.10 Lessons learnt on invasive
alien species: towards more
transdisciplinarity in a rapidly
changing world?

During the past few decades, we have acquired
greatly increased awareness of the extent of
biological invasions, the impacts they have on
biodiversity and the economy, and a much better
understanding of how to prevent and manage them.
Faced with the uncertainties posed by a rapidly
changing world, we need to learn lessons from

this large body of experience so as to avoid further
losses.

Biological invasions currently interest a large and
growing body of people, including researchers and
students in academic institutions, conservation
agencies and NGOs, civil servants, park managers,
activists, volunteers and a growing number of
concerned citizens in many parts of the world.

This network of people, interests and perspectives
has assembled over the past 30 years worldwide.
The 'game rules' for interactions between different
parties are still being defined, tested, and debated.
Governments and institutions charged with making
decisions have access to considerable knowledge
on the topic, but the lack of rules of interactions
between multiple parties regularly thwarts effective
decision-making. Governance of IAS needs to be
achieved before the introduction of species, which
means dealing with uncertainties and setting a level
of protection. Lessons can, nonetheless, be learnt
that could pave the way to more effective interaction
and communication between parties, which should
result in more effective and transparent decisions.
Some of these lessons are late ones (EEA, 2001).

Align concepts for a better understanding by society
and public engagement

Public understanding of the threats posed by IAS is
fundamental for effective governance. Occasional
divergence of opinion among experts in the field of
biological invasions may weaken public confidence
in the advice of 'experts'. Rather than talking with
one voice to the public and insisting on convergent
opinions, it is more important to ensure that
different opinions are made clearly understandable
and transparent to the public and decision makers.
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In the historical framing of the phenomenon of
biological invasions (see above), it was assumed
that the problem could be solved by identifying the
biological traits of potentially invasive species and
preventing their introduction to new areas. Fifty
years of research have shown that the identity (alien
or native) and traits of the species are indeed highly
relevant, but it has become increasingly obvious that
other factors are also involved (e.g. propagule (*?)
pressure, habitat factors, land use). In particular,
several studies have shown that biological invasions
are strongly correlated with economic factors (Essl
et al., 2011; Jeschke and Genovesi, 2011; Pysek

et al., 2010). A comparison of plant invasions on
oceanic islands highlighted the fact that economic
development (measured as gross domestic product)
is the most important predictor of invasive species
richness on islands (Kueffer et al., 2010). Human
activities are an essential factor in the understanding
and solution of the IAS issue, so that public
engagement is vital if we are to adopt effective
measures and ensure good governance.

Harmonise concepts for improved coordination of
on-the-ground actions

The lack of clear and common concepts and
definitions of IAS has led to serious problems in
obtaining reliable information on species involved in
biological invasions and has undoubtedly hampered
the development of detailed databases. This is a key
element to be addressed when considering ways

of strengthening strategies for the management of
IAS. This is indeed one of the reasons why some
countries do not have a comprehensive list of alien
or invasive alien species and is exacerbated by the
fact that some countries do not appear to be aware
of the extent or seriousness of biological invasions.
Another cogent reason is the dynamic nature of
biological invasions, so that existing lists need to be
regularly updated, requiring budgets and trained
staff. A better connection between science and
management would help increase and improve
policy and legislative action. Initially, most research
questions were disconnected from management
concerns, and arose from the issues of population
and community ecology (Kueffer and Hirsch
Hadorn, 2008). Also, impacts were considered
without explicitly clarifying the broader human and
economic context, and it was often assumed that any
detectable effect of an alien species on an ecosystem
would be undesirable (Kueffer and Hirsch Hadorn,
2008). Researching global concepts may have
hindered the provision of concrete and simple
actions. With time, the study of biological invasions

has become much more interdisciplinary, and links
to management agencies have strengthened. The
valuation of costs and benefits associated with alien
species (including IAS) and their management has
become an important research focus (Kueffer and
Hirsch Hadorn, 2008). Consequently, the problem
of IAS, initially recognised and brought forward by
scientists, is now being more firmly rooted in civil
society (e.g. NGO groups).

A late lesson not yet learnt: take account of wider
social interests and values

As mentioned in Late lessons from early warnings
Vol. 1 (EEA, 2001), 'taking account of wider social
interests and values' has been overlooked when
dealing with IAS. Further social studies are needed
to understand human perceptions of biological
invasions, so as to eventually adapt the concepts and
reconcile diverging opinions between experts and
stakeholders. It has for example been shown that
the alien origin of a species is of minor importance
for stakeholders, while the role that humans play
in the spread of a species, its aesthetic and cultural
value, or personal experiences with the impacts
and management of a particular invasive species
in a specific site, are of high importance in their
valuation (Bardsley and Edwards-Jones 2007;
Bremner and Park, 2007; Gobster, 2011; Selge et al.,
2012). Additional care and thought must also be
given to the language used in communicating on the
topic (Larson, 2010; Hattingh, 2011). For problems
associated with IAS, it is crucial to involve all
stakeholders, including those who introduce species
and members of the public who have divergent
ideas about the species. Identifying the pathways
of introduction of the invaders and implementing
any regulations that affect these demands ongoing
dialogue with stakeholders (e.g. in formulating
codes of conduct), which, to be effective, should

be undertaken at an early stage. It is important

to recognise that sociological aspects are very
important in addressing this problem, and some

of the research questions still need to be explored
and the results acted on, such as personal attitudes
to IAS and those of interest groups such as animal
rights groups.

Another late lesson: avoid paralysis by analysis
Much progress has been made in enhancing the
consistency and transparency of protocols for
(pest) risk analysis and cost-benefit studies, such as
research undertaken for the PRATIQUE project at
the European scale (see EPPO, 2011). Such progress
in evaluating the risks that species pose has become

(*?) A propagule is defined as any plant organ or part, as a spore, seed or cutting, used to propagate a new plant.
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increasingly sophisticated and multidisciplinary,
bringing together zoologists, botanists, managers,
policy makers and economists (Hulme, 2011a).
However, despite the significant advances in
predicting the risks related to species introductions,
the complexity of the relationships between the
many potential explanatory variables still limits

the precision of current risk assessment tools
(Hulme, 2011b). In addition, the discipline known as
'biosecurity' (**) which encompasses all aspects and
measures that deal with the prevention of pests will
also need to address the emerging challenges of a
changing world.

A specific lesson for Europe which concerns
the need to act without waiting for coordinated
European action is presented in Box 20.4.

Anticipate further challenges and 'blind spots’in a
changing world

Kueffer and Hirsch Hadorn (2008) suggest that
biological invasions represent a complex societal
issue because knowledge is highly uncertain,

and because conflicts of interest and values are

central to the problem. A wider and more intense
debate is expected on options for preventing and
managing invasions, and on how to deal with the
risks related to novel approaches to conservation
and the economy such as biofuel crop planting

and managed relocation. Contextual factors are
amplified through the global changes that we

are currently witnessing: climate change, habitat
change, land-use change, etc. Consequently,
criteria currently used to consider the invasive
behaviour of a species in particular areas are likely
to be increasingly challenged (Kueffer, 2010). For
example, in montane areas, future invaders may be
mountain specialists directly introduced through
human activity between high-elevation habitats,
rather than the current situation where most
invaders of montane regions are climatically plastic
species that spread from lowlands (McDougall et al.,
2011). As already described, increasing interest in
‘novel ecosystems' (Hobbs et al., 2006) as well as
novel crops, and in radical conservation measures
such as managed relocation, pose new challenges
for nature conservation which will demand in-depth
discussion.

Box 20.4 A lesson for Europe: do not take the need for European coordination as an excuse

for inaction

A particular problem for Europe has been the long time taken by European institutions to propose
coordinated stringent measures to control the introduction, trade and spread of IAS and to promote
eradication or containment measures. It is likely that a dedicated legislative instrument will be prepared
before 2013, to be implemented in the following years, but 2013 is twenty years after scientists alerted
governments to the dimension of the problem and the growing risks to European native biological diversity
from IAS. During that time the problem has grown worse. Many governments were reluctant to pass
legislation on the grounds that the free movement of goods in the EU did not permit them to restrict the
import of alien species that might threaten their native biodiversity through national laws. This remains a
doubtful claim, as a few European governments did not hesitate to take that step. However many European

governments have been slow to act.

As environment is a competence of the EU and resources are scarce, some EU states, when fixing their
priorities for conservation action, pay a greater attention to the legal requirement for implementation of

EU legal instruments and tend to pay less attention to other issues not specifically covered by European
legislation, including much-needed action on IAS. Although the 1992 EU Habitats Directive contains
obligations on the introduction of IAS and the European Commission has since the late 1990s invested
substantial funds on research, data gathering and eradication operations, government awareness of the need
for a more stringent legislative instrument has only come since the growing economic and environmental
costs of invasive species have become difficult to ignore. The problem is complex, awareness only relatively
recent, government interest limited, and public resources scarce. Hard times for native species!

(*3) The FAO notes that 'Biosecurity is a strategic and integrated approach that encompasses the policy and regulatory frameworks
(including instruments and activities) that analyse and manage risks in the sectors of food safety, animal life and health, and plant
life and health, including associated environmental risk. Biosecurity covers the introduction of plant pests, animal pests and diseases,
and zoonoses, the introduction and release of genetically modified organisms (GMOs) and their products, and the introduction and
management of invasive alien species and genotypes. Biosecurity is a holistic concept of direct relevance to the sustainability of
agriculture, food safety, and the protection of the environment, including biodiversity.' http://www.fao.org/biosecurity.
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Do not allow philosophical debates to create
blockages in tackling the problem

Biological invasions occupy a position between
nature' and 'culture’, as they have both biological
and social aspects. While many problems that affect
biodiversity directly relate to human activities
(destruction of habitats, pollution), issues related to
IAS are 'nature threatening nature' through human
activities, making the role of humans difficult to
unravel. This is particularly true in Europe, where
ecosystems have been modified since prehistoric
times. Such uneasiness sends us back to the classical
argument 'it is natural therefore it is safe'. The
emerging questioning of IAS reflects the difficulties

inherent in defining what nature is and how to
protect it, in particular in a context of climate and
global change. Global change will increasingly
challenge current assumptions and concepts relating
to biological invasions. The risk of invasion should
be perceived not only as coming from alien species,
but rather as a socio-ecological phenomenon in
which our perceptions about how humans move
species and manage land are considered as a whole
(Kueffer, 2010). The response to invasions therefore
needs to take into account the human dimension,
combining the need to consider the rapidly changing
patterns of our society with the urgent need to
respond to the threats posed by invasive species.

Table 20.1 Early warnings and actions

77 AD

Pliny the Elder wrote in his Naturalis Historia that the invasion of rabbits in the Balearic Islands, Spain,

was a very severe problem requiring effective control

1830s

Charles Darwin noted the invasive behaviour of some alien species during his explorations on the

HMS Beagle, which contributed to the development of his theory of natural selection

1958

Publication by the British zoologist and ecologist Charles S. Elton of his landmark monograph

The Ecology of Invasions by Animals and Plants which is seen by many as a starting point for the
understanding of invasion biology as a distinct field of study

1980s

International research programme on the Ecology of Biological Invasions by the Scientific Committee

on Problems of the Environment (SCOPE I) which was important in shaping the research agenda on
IAS and led to an explosive growth in invasion biology

1993

Entry into force of the Convention on Biological Diversity (CBD) and of its Article 8(h) on invasive alien

species, requiring parties to: Prevent the introduction of, control or eradicate those alien species which

threaten ecosystems, habitats or species.

Establishment of the IUCN SSC Invasive Species Specialist Group, first interdisciplinary specialist

group of IUCN

1997

Launch of a second SCOPE research programme (‘SCOPE II') on IAS, which was more

inter/transdisciplinary than SCOPE I, and considered economic valuation, stakeholder participation,
pathway analysis and management. SCOPE II was run under auspices of a consortium of scientific
organizations including SCOPE, IUCN, and CABI which developed the Global Invasive Species

Programme (GISP), with the explicit objective of providing new tools for understanding and coping

with IAS

2002

Adoption, by the Convention on Biological Diversity (CBD) of Guiding Principles for the Prevention,

Introduction and Mitigation of Impacts of Alien Species that Threaten Ecosystems, Habitats or Species

(COP decision V1I/23)

2000s

Development of national, regional and international databases and information systems, web

portals and clearing house mechanisms such as the Global Invasive Species Information Network
(GISIN) (), the Global Invasive Species Database (®), the Invasive Species Compendium (ISC), the
Inter-American IABIN Invasives Information Network (I3N) (¢) for the Americas, DAISIE (¢) for Europe
and NOBANIS (¢) for North Europe and the Baltic

Note: () GISIN: http://www.gisin.org.

(°) GISD: http://www.issg.org/database/welcome.
() IABIN: http://i3n.iabin.net.

(9) DAISIE: www.europe-aliens.org.

(¢) NOBANIS: www.nobanis.org.
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