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IPBES is an independent intergovernmental body
comprising over 140 member Governments.
Established by Governments in 2012, IPBES
provides policymakers with objective scientific
assessments about the state of knowledge
regarding nature and the contributions it provides to
people, as well as options for actions to protect and
sustainably use these vital natural assets.

The Assessment of Invasive Alien Species and
their Control was initiated by a decision from the
IPBES Plenary (decision IPBES-6/1) at its sixth
session (IPBES 6, Medellin, Colombia, 2018),
based on the scoping report (annex lll to decision
IPBES-4/1) approved by the Plenary at its fourth
session (IPBES 4, Kuala Lumpur, Malaysia, 2016).
The Assessment was produced in accordance with
the procedures for the preparation of the Platform’s

deliverables set out in annex | to decision IPBES-3/3.

The Assessment of Invasive Alien Species and their
Control was considered by the IPBES Plenary at its
tenth session (IPBES 10, Bonn, Germany, 2023),
which approved its summary for policymakers, and
accepted its chapters. All material can be found
here: https://www.ipbes.net/ias

FOREWORD

key objective of the Intergovernmental
Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) is to
provide Governments, the private sector
and civil society with scientifically credible
and independent up-to-date assessments
of available knowledge for better evidence-informed policy
decisions and action at the local, national, regional and
global levels.

The thematic Assessment of Invasive Alien Species and their
Control, or “Invasive Alien Species Assessment” in short, is
part of a series of reports whose production was initiated
during the “first work programme of IPBES, 2014-2018” and
concluded during the current “IPBES rolling work programme
up to 2030”. The Invasive Alien Species Assessment has
been carried out by a multidisciplinary team of 86 selected
experts from all regions of the world, including early career
fellows, assisted by about 200 contributing authors. More
than 13,000 scientific publications were analyzed as well as
a substantive body of Indigenous and local knowledge. Its
chapters were accepted, and its summary for policymakers
was approved, by the IPBES Plenary composed of

143 member States at its tenth session held from 28" August
to 2™ September 2023 in Bonn, Germany.

The Invasive Alien Species Assessment builds on the
landmark IPBES Global Assessment Report on Biodiversity
and Ecosystem Services launched in 2019. The Global
Assessment identified invasive alien species as a one of
the five main direct drivers of biodiversity loss, with 1 million
species of plants and animals now at risk of extinction.

The Invasive Alien Species Assessment explores how invasive
alien species affect nature and people globally. It analyzes

the status and trends of alien and invasive alien species in all
regions of Earth, and identifies major pathways for and drivers
of the introduction and spread of such species between

and within countries. The Assessment also assesses the
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effectiveness of management actions across scales and in
various contexts. The Invasive Alien Species Assessment
finally outlines key responses and policy options for the
prevention, early detection, and effective control of invasive
alien species and mitigation of their impacts in order to
safeguard nature, nature’s contributions to people and good
quality of life.

The Invasive Alien Species Assessment highlights that
invasive alien species are a major and growing threat to
nature, nature’s contributions to people, with, in some cases,
irreversible changes to biodiversity and ecosystems. Invasive
alien species also dramatically impact the economy, food
security, water security and human health, sometimes adding
to marginalization and inequity. The Assessment demonstrates
that with sufficient resources, political will, and long-term
commitment, preventing and controlling invasive alien species
are attainable goals that will yield significant long-term benefits
for people and nature.

As the Chair and the Executive Secretary of IPBES, we wish
to recognize the leadership and dedication of the co-chairs,
Prof. Helen Roy (United Kingdom), Prof. Anibal Pauchard
(Chile), and Prof. Peter Stoett (Canada) and the hard work and
commitment of all the coordinating lead authors, lead authors,
review editors, fellows, contributing authors and external
reviewers, and to warmly thank them for contributing their time
and ideas freely to this important report. We would also like to
recognize the hard work and dedication of Naoki Amako and
Noriko Moriwake, heads of the technical support unit for this
Assessment, Tanara Renard Truong, assessment coordinator,
and Ryoko Kawakami, administrative officer. Our thanks go
also to the current and former members of the Multidisciplinary
Expert Panel (MEP) and of the Bureau who provided guidance

as part of the management committee for this report, and

to members of the IPBES secretariat including those of

other technical support units within the IPBES secretariat,
who have supported the production of this report, and its
successful launch in the media. We would also like to thank all
Governments and other institutions that provided financial and
in-kind support for the preparation of this Assessment. We are
profoundly aware that work was made more challenging over
the past couple of years because of the COVID-19 pandemic
which prevented the experts from meeting and connecting
in-person as planned, and which created very difficult personal
circumstances for many. We express again our deepest
thanks and recognition to all involved, on behalf of IPBES.

The Invasive Alien Species Assessment provides the
best-available evidence, critical analysis and options for
governments, civil society, Indigenous Peoples and local
communities, the private sector and all those seeking to
address the issue of biological invasions. The Assessment is
also expected to support sharing of information within and
across countries and capacity building globally. It is our sincere
hope that this Assessment will support the implementation

of the Sustainable Development Goals of the 2030 Agenda
for Sustainable Development (especially Goal 15) and form a
significant contribution to the implementation of the Kunming-
Montreal Global Biodiversity Framework of the Convention on
Biological Diversity, and especially of its Target 6.

Ana Maria Hernandez Salgar
Chair of IPBES (2019-2023)

Anne Larigauderie
Executive Secretary of IPBES
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STATEMENTS FROM

KEY PARTNERS

Humanity has been moving

species around the world for

centuries. This practice has
brought some positives. However, when
imported species run rampant and unbalance
local ecosystems, indigenous biodiversity
suffers. As a result, invasive species have
become one of the five horsemen of the
biodiversity apocalypse that is riding down
harder and faster upon the world.

While the other four horsemen — changing
land- and sea-use, over exploitation, climate
change and pollution — are relatively well
understood, knowledge gaps remain around
invasive species. The IPBES Invasive Alien
Species Report is a welcome effort to close
these gaps. By providing critical information
on trends in invasive species and policy
tools to address them, this report can
provide a springboard to concrete action on
invasive species.

| ask all decision-makers to use this report’s
recommendations as a basis to act on this
growing threat to biodiversity and human
well-being — and make a real contribution to
achieving the Kunming-Montreal Global
Biodiversity Framework by 2030.

Inger Andersen

Executive Director

United Nations Environment Programme
(UNEP)

It is urgent to accelerate

efforts against invasive

alien species, one of the
five major drivers of biodiversity
loss that also threatens our health,
social development, and culture.
UNESCO, as an institutional partner
of IPBES, takes pride to have
supported this new Assessment
Report. It provides a valuable
analysis of how invasive alien
species are distributed globally and
the diverse strategies used to
manage them. The report draws on
a wide range of knowledge and
perspectives from around the
world, including Indigenous and
local knowledge, which is a central
focus of UNESCQO’s programmes.
This crucial information will
strengthen ongoing initiatives in
UNESCO-designated sites and
help decision-makers shape their
policies worldwide.

Audrey Azoulay
Director-General,

United Nations Educational,
Scientific and Cultural Organization
(UNESCO)

Invasive alien species pose

a substantial threat to

livelihoods and food security
around the world. They can, for
example, manifest as destructive crop
or forest pests or displace species
targeted by fisheries. They are an
important driver of biodiversity loss
and hence a threat to the various
ecosystem services that support
agricultural production and sustainable
livelihoods.

The information contained in this
report will contribute greatly to efforts
to combat the spread of invasive alien
species and to meeting Target 6 of the
Kunming-Montreal Global Biodiversity
Framework. It will be especially
valuable for all of us who work to
integrate the conservation and
sustainable use of biodiversity into the
world’s agrifood systems to enhance
their productivity and resilience.

QU Dongyu

Director-General,

Food and Agriculture Organization of
the United Nations

(FAY®)}
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Invasive alien species — plants, animals or

microorganisms that are introduced intentionally or

unintentionally into areas where they are not native
— remain one of the most striking symptoms of the adverse
effect of human activities on our natural world. They not only
contribute to wildlife species extinctions, but also pose a
rapidly growing risk to progress on the Global Goals —
affecting entire ecosystems, economies and food security to
human health, wellbeing, and livelihoods.

As anthropogenic factors such as climate change provide the
perfect petri dish for alien species to multiply and spread, our
decisions and actions must be rooted in a comprehensive
understanding of this threat and its future implications.

Addressing this need, this timely analysis by IPBES combines
the latest science, data, and new thinking to guide countries,
communities, and the United Nations family to prevent,
mitigate, and manage invasive alien species, a pivotal step
towards advancing the Kunming-Montreal Global Biodiversity
Framework targets. That includes leveraging invaluable local
knowledge and outlining a range of practical solutions.

This new understanding will allow our global community to
take new measures to protect both people and planet from
the unwanted and severe consequences of invasive

alien species.

Achim Steiner

Administrator,

United Nations Development Programme
(UNDP)

Invasive alien species are one of the five main direct

drivers of biodiversity loss globally and the threats

they pose to species, to ecosystems and to human
well-being are rapidly increasing.

The Kunming-Montreal Global Biodiversity Framework, in its
Target 6, aims to tackle the impacts of invasive alien species
on biodiversity and ecosystem services, and to reduce

the rate of introduction and establishment of invasive alien
species by at least 50% by 2030. This is an ambitious target,
especially when we consider the increasing levels of global
trade and travel.

The IPBES Assessment will provide the best available
scientific knowledge to help countries and stakeholders
understand and address this growing threat. It will identify
tools and policy measures for identifying and regulating
pathways of introduction and for eliminating or controlling
invasive species that have already been established. Critically,
the assessment will take into account different value systems
and help to focus actions on priority species, pathways

and sites.

Congratulations to IPBES for this critical work. | look forward
to seeing its active use by Parties and stakeholders. | believe
it will be a critical resource to facilitate the urgent actions
necessary to achieve Target 6 and work towards living in
harmony with nature.

David Cooper

Acting Executive Secretary
Convention on Biological Diversity
(¢{=])}
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DEFINITIONS, CONCEPTS

AND THE CONTEXT OF

THE ASSESSMENT

he thematic assessment of invasive alien
species and their control produced by the
Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services
(IPBES) critically evaluates evidence on
biological invasions? and the impacts of
invasive alien species. In alignment with the United Nations
Sustainable Development Goals and the Kunming-Montreal
Global Biodiversity Framework adopted by the Conference
of the Parties of the Convention on Biological Diversity, the
assessment outlines key responses and policy options for
prevention, early detection and effective control of invasive
alien species and mitigation of their impacts in order to
safeguard nature, nature’s contributions to people, and
good quality of life.

For the purposes of this assessment, the terms “native

"o«

species”, “alien species”,® “established alien species”,

“invasive alien species”, “impacts”, “introduction pathways”
and “drivers” are represented and defined in Figure SPM.1.

The term “biological invasion” is used to describe the
process involving the intentional or unintentional transport or
movement of a species outside its natural range by human
activities and its introduction to new regions, where it may
become established and spread.

Species introduced to new regions through human activities
are termed alien species. Invasive alien species represent
a subset of alien species, being animals, plants and other
organisms known to have established and spread with
negative impacts on biodiversity, local ecosystems and
species. Many invasive alien species also have impacts
on nature’s contributions to people (embodying different
concepts such as ecosystem goods and services and
nature’s gifts) and good quality of life.* Some of the most
problematic invasive alien species arrive through multiple
introduction pathways and repeated introduction.

2. This assessment acknowledges that national and local legislation to
address biological invasions differ between countries and may include
different definitions appropriate to specific national and local contexts.

Multiple alternative terms exist to refer to alien species.
4. Annex Il to decision IPBES-4/1.

Invasive alien species are recognized as one of the five
major direct drivers of change in nature globally, alongside
land- and sea-use change, direct exploitation of organisms,
climate change, and pollution.® This assessment considers
how biological invasions are facilitated by all those direct
anthropogenic drivers, noting that interactions among
invasive alien species can enable further biological
invasions. The assessment also considers how biological
invasions can be influenced by indirect drivers, as identified
in the IPBES Global Assessment Report on Biodiversity
and Ecosystem Services: these include demographic,
economic, sociocultural and technological drivers, as well
as those relating to institutions and governance. Finally,

the assessment considers how biological invasions, and
ultimately the impacts of invasive alien species, can be
facilitated by natural drivers of change, in particular natural
hazards (such as floods, storms and wildfires) and by
biodiversity loss itself.

In the context of this assessment, management of

biological invasions includes the development of decision
support tools; prevention (supported by regulation)

and preparedness planning and actions; eradication,
containment and control of invasive alien species; site- and
ecosystem-based management; and ecosystem restoration.

Other important concepts associated with biological
invasion are defined in the glossary of the assessment
report. The conceptual basis underpinning the assessment,
including the IPBES conceptual framework,® and the
methodology for reviewing literature are outlined in chapter 1
of the assessment report.

5. IPBES (2019): The Global Assessment Report on Biodiversity and
Ecosystem Services of the Intergovernmental Science-Policy Platform
on Biodliversity and Ecosystem Services. Brondizio, E. S., Settele,

J., Diaz, S. and Ngo, H. T. (eds.). IPBES secretariat, Bonn, Germany.
https://doi.org/10.5281/zenodo.3831673

6. The conceptual framework for the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services was approved by
the Plenary in decision IPBES-2/4 (2013) and updated in decision
IPBES-5/1 (2017).
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‘ ‘ Biological invasion — a process that transports (moves) and introduces a species outside of its natural range,
intentionally or unintentionally by human activities to new regions where it may become established and spread. , ,
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Native species - A species (animal, plant or
other organism) within its natural range, including
shifting its range, without human involvement

1. Transport - Human activities
move a species, intentionally

or unintentionally, through
introduction pathways
beyond barriers that define
its natural range

Alien species — A species whose presence in a
region is attributable to human activities that have
enabled it to overcome the barriers that define

its natural range

Established alien species — A subset of alien
species that have produced a viable, self-
sustaining population and may have spread X

2. Introduction - Arrival at a new location
outside of its natural range through
human activities

Invasive alien species — A subset of established
alien species that spread and have a negative
impact on biodiversity, local ecosystems and
species. Many invasive alien species also have
impacts on nature’s contributions to people
(embodying different concepts, such as
ecosystem goods and services and nature's gifts)
and good quality of life

3. Establishment — Production of a viable,
self-sustaining population

“

Introduction pathways — The many ways in which
species are moved from one location to another by
human activities that give rise to an intentional

or unintentional introduction

4. Spread - Dispersal
and/or movement in a new
region or range

&h@

Drivers - Factors that directly or indirectly cause
changes to nature and may facilitate biological invasion

Negative impacts — Negative changes to nature,
nature's contribution to people and/or good quality
of life caused by invasive alien species

Biological
invasion process

Figure SPM 1. Key concepts within the biological invasion process.”

Invasive alien species are one of the main direct drivers of change in nature. The biological invasion process comprises the following
stages: transport, introduction, establishment and spread (or dispersal). Definitions of native, alien, established alien and invasive alien
species are provided. Indirect and other direct drivers of change facilitate biological invasion.

7. This assessment acknowledges that national and local legislation to
address biological invasions differ between countries and may include
different definitions appropriate to specific national and local contexts.
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KEY
MESSAGES

A. Invasive alien species are a
major threat to nature, nature’s
contributions to people, and good
quality of life

Alien species are being introduced by human
activities to all regions and biomes of the
world at unprecedented rates. Some become
invasive, causing negative and in some cases
irreversible impacts on nature, including loss
of uniqueness of biological communities,
contributing to the unparalleled degree of
deterioration of the biosphere upon which
humanity depends.

m People and nature are threatened by
invasive alien species in all regions of Earth

{A1} (Figure SPM.2). More than 37,000 established
alien species have been introduced by human activities
across all regions and biomes of Earth, with new alien
species presently being recorded at an unprecedented
rate of approximately 200 annually. Studies with evidence
of negative impacts exist for more than 3,500 of these
species, which are categorized as invasive alien species.
The proportion of established alien species known to be
invasive varies among taxonomic groups, ranging from

6 per cent of all alien plants to 22 per cent of all alien
invertebrates. Twenty per cent of all impacts are reported
from islands. A disproportionate number of documented
negative impacts have been reported in terrestrial realms,
especially in temperate and boreal forests and woodlands
and cultivated areas (including agricultural land). About
one quarter of documented negative impacts have been
reported from aquatic realms, especially from inland surface
waters/waterbodies and shelf ecosystems. In addition to
their impacts on nature, about 16 per cent of invasive alien
species have negative impacts on nature’s contributions to
people, and about 7 per cent on good quality of life.

m Invasive alien species cause dramatic and,
in some cases, irreversible changes to biodiversity
and ecosystems, resulting in adverse and complex
outcomes across all regions of Earth, including
local and global species extinctions {A2, A3}
(Figure SPM.3). Invasive alien species have contributed
solely or alongside other drivers to 60 per cent of recorded

global extinctions, and are the only driver in 16 per cent of
the documented global animal and plant extinctions. Biotic
homogenization, whereby biological communities around the
world become more similar, is a major negative impact of
invasive alien species, with consequences for the structure
and functioning of ecosystems. Changes in the properties
of ecosystems, such as soil and water characteristics,
account for more than a quarter of documented impacts.
The magnitude and types of impacts vary for different
invasive alien species and across ecosystems and regions.
The majority of documented global extinctions attributed
mainly to invasive alien species have occurred on islands
(90 per cent), and local extinctions account for 9 per

cent of documented impacts of invasive alien species on
islands. Some areas, despite being protected for nature
conservation or being remote, are also vulnerable to the
negative impacts of invasive alien species.

m The economy, food security, water
security and human health are profoundly and
negatively affected by invasive alien species {A4,
A5} (Figure SPM.3). In 2019, global annual costs of
biological invasions were estimated to exceed US$423
billion. The vast majority of global costs (92 per cent) accrue
from the negative impacts of invasive alien species on
nature’s contributions to people or on good quality of life,
while only 8 per cent of that sum is related to management
expenditures of biological invasions. The benefits to people
that some invasive alien species provide do not mitigate or
undo their negative impacts, which include harm to human
health (such as disease transmission), livelihoods, water
security and food security, with reduction in food supply
being by far the most frequently reported impact (more than
66 per cent).

Invasive alien species can add to
marginalization and inequity, including, in some
contexts, gender- and age-differentiated impacts
{A5, A6}. People with the greatest direct dependence

on nature, including those involved in gender- and age-
specific activities, such as fishing or weeding, may be
disproportionately affected by invasive alien species.

More than 2,300 invasive alien species are found on lands
managed, used and/or owned by Indigenous Peoples
across all regions of Earth, threatening their quality of life
and often leading to general feelings of despair, sadness
and stress. Indigenous Peoples and local communities,
ethnic minorities, migrants, and poor rural and urban
communities are disproportionately impacted by invasive
alien vector-borne diseases. Biological invasions negatively
affect the autonomy, rights and cultural identities of
Indigenous Peoples and local communities through the loss
of traditional livelihoods and knowledge, reduced mobility
and access to land, and increased labour to manage the
invasive alien species. Impact reports by some Indigenous
Peoples and local communities document 92 per cent
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negative impacts and 8 per cent positive impacts on nature
caused by invasive alien species.

m Overall, policies and their implementation
have been insufficient in managing biological
invasions and preventing and controlling invasive
alien species {A7, A8}. Up to 2020, only partial progress
was made towards international goals and targets (e.g.,
Aichi Biodiversity Target 9 and Sustainable Development
Goal Target 15.8). While most countries have targets related
to the management of biological invasions within their
national biodiversity strategies and action plans, effective
policies are often lacking or inadequately implemented.
Eighty-three per cent of countries do not have national
legislation or regulations directed specifically toward the
prevention and control of invasive alien species. Policy
relevant to biological invasions is also fragmented within
countries and across sectors. To date, capacity to respond
to biological invasions has varied widely across regions,
with nearly half of all countries (45 per cent) not investing

in management of invasive alien species (SDG indicator
15.8.1). Differences in perception, including conflicting
interests and values, of the importance and urgency of

the threat of invasive alien species, coupled with lack of
awareness of the need for a collective and coordinated
response, as well as gaps in data and knowledge, can
hinder the management of invasive alien species. Economic
development policies and those aiming to manage other
drivers of change sometimes facilitate biological invasions.
Demographic drivers also facilitate the introduction and

spread of invasive alien species while acknowledging that
drivers differ across regions and level of impact. The lack
of border biosecurity (such as inspections undertaken by
quarantine officers of commodities, goods and people)

in one country weakens the efficacy of such measures in
other countries.

B. Globally, invasive alien species
and their impacts are increasing
rapidly and are predicted to
continue rising in the future

The threats from invasive alien species are
increasing in all regions of Earth and are
predicted to do so in the future. Even without
the introduction of new species, existing
populations of invasive alien species will
continue spreading through all ecosystems.
Amplification of and interactions among
direct and indirect drivers of change will
profoundly shape and exacerbate the future
threats from invasive alien species.

m Many human activities facilitate the
transport, introduction, establishment and spread
of invasive alien species {B9, B11, B12, B14}
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(Figure SPM.5). Many invasive alien species have been
intentionally introduced outside their natural range around
the world for their perceived benefits without consideration
or knowledge of their negative impacts, but there have

also been many unintentional introductions, including as
contaminants of traded goods and stowaways in shipments.
Indirect drivers of change, particularly those associated

with economic activities, of which international trade is the
most important, are increasingly facilitating transport and
introduction, the early stages of biological invasion. Direct
drivers, particularly land- and sea-use change and climate
change, are increasingly important later in the biological
invasion process, facilitating the establishment and spread
of invasive alien species, with fragmented ecosystems being
more vulnerable to invasive alien species. Transport and
utility infrastructures in terrestrial and aquatic environments
can create corridors that facilitate the spread of invasive
alien species, including into remote, undisturbed and
protected areas. For some invasive alien species, the spread
is immediate, but others only begin to spread long after

first introduction, meaning that currently observed threats

of invasive alien species can lead to underestimation of the
magnitude of the future impact. Invasive alien species may
increase in numbers after a long period at low density as

a result of changes in interactions with other species, for
example as a result of the introduction of a missing dispersal
agent or the removal of a competitor.

m The threats from invasive alien species are
increasing markedly in all regions of Earth, with
the current unparalleled high rate of introductions
predicted to rise even higher in the future {B10}
(Figure SPM.4). The number of alien species has been
rising continuously for centuries in all regions, and the global
economic costs of invasive alien species have quadrupled
every decade since 1970. Even without the introduction

of new species, already established alien species given

the opportunity, may continue to expand their geographic
ranges into new countries, regions and ecosystems,
including remote environments. Under a “business-as-
usual” scenario, which assumes that trends of drivers will
continue as observed in the past, by 2050 the total number
of alien species globally is expected to be about one-third
higher than in 2005. However, the number of alien species
worldwide is expected to increase faster than predicted
under the business-as-usual scenario.

m The ongoing amplification of drivers of
change in nature may substantially increase the
number of invasive alien species and their impacts
in the future {B9, B11, B12, B14}. The causal links
between indirect and direct drivers imply that ongoing

and future amplification of these drivers will increase the
frequency and extent of biological invasions and the impacts
of invasive alien species, which, in some cases, may
exacerbate the impacts of other drivers. At a global scale,

the number of invasive alien species and their negative
impacts are likely to increase due to the amplification of
multiple drivers including but not limited to demographic,
economic and land-use and sea-use change while noting
regional variation. Additionally, climate change will further
exacerbate the establishment of some invasive alien species
and will be a major cause of future establishment and
spread. Delays in the response of invasive alien species
to drivers of change may result in a long legacy of future
biological invasions due to past and present amplification
of drivers.

The magnitude of the future threat

from invasive alien species is difficult to predict
because of complex interactions and feedback
among direct and indirect drivers of change in
nature {B10, B13, B14}. Climate change interacting with
land- and sea-use change is predicted to profoundly shape
and amplify the future threat from invasive alien species.
Interactions among climate change, land-use change

and invasive alien species can alter and intensify natural
disturbance regimes, such as wildfires. Variations in human
perceptions and values add yet another level of complexity,
as sociocultural drivers interact with other indirect drivers
and influence direct drivers. Such interactions may lead to
unprecedented numbers of invasive alien species, with the
consequent amplification of their impacts.

C. Invasive alien species and their
negative impacts can be prevented
and mitigated through effective
management

Curbing the rising number of invasive alien
species and reducing their spread and
impacts are achievable through management
actions in the short as well as long term.
There are many decision frameworks and
approaches for supporting management of
invasive alien species at all stages of the
biological invasion process. Prevention is the
best option, but early detection, eradication,
containment and control are also effective in
specific contexts. Management of biological
invasions benefits from engagement with
stakeholders and Indigenous Peoples and
local communities.

m The number and impacts of invasive alien
species can be reduced through management of
biological invasions {C15, C16, C17, C18, C22,
C23} (Figure SPM.6, Table SPM.1). There are decision-
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making frameworks and tools for inclusively identifying and
supporting management goals related to (a) management
of pathways of introduction and spread of invasive alien
species; (b) management of target invasive alien species
at either local or landscape scales; and (c) site-based or
ecosystem-based management. There are many sources
of accessible literature and information, tools, and novel
and emerging technologies, including biotechnology,
bioinformatics, eDNA, remote sensing and data analytics,
for supporting the management of biological invasions.
Consideration of both potential benefits and risks of the

management of biological invasions can improve outcomes.

A risk assessment and a risk management framework

in line with a precautionary approach, as appropriate,

can be effective to guide management actions, including
the use of novel and emerging and environmentally

sound technologies. The success of any management
programme depends on the availability of adequate,
sustained resources, including for building capacity, which
is sometimes lacking, especially in some developing
countries. Multi-stakeholder engagement, including risk
communication and context-specific application, can
improve public acceptability and adoption of new tools and
technologies for managing biological invasions.

Im Prevention and preparedness are the
most cost-effective options and thus crucial for
managing the threats from invasive alien species
{C15, C17, C18}. Prevention can be achieved through
pathway management, including strictly enforced import

controls, pre-border, border and post-border biosecurity,
and measures to address escape from confinement.
Prevention is particularly critical in marine and connected
water systems, where most attempts at eradicating or
containing invasive alien species have mostly failed.
Prevention has been particularly effective on islands.
Preparedness includes border surveillance, early detection
and rapid response planning, and is critical to reduce
rates of establishment. Horizon scanning and risk analysis
can support prevention and preparedness by prioritizing
emerging invasive alien species. Sustained and adequate
funding, capacity-building, technical and scientific
cooperation, transfer of technology, monitoring, relevant
and appropriate biosecurity legislation and enforcement,
and quarantine and inspection facilities are necessary for
effective prevention measures.

Eradication has been successful,
especially for small and slow-spreading
populations of invasive alien species in isolated
ecosystems {C19}. Over the last 100 years, 88 per
cent of eradication attempts on 998 islands have proven
successful, especially for invasive alien vertebrates.
Large-scale eradications have been achieved but in many
cases are likely to be infeasible. There are also examples
of eradication of invasive alien plants and invertebrates,
particularly for those with limited distribution. Adoption of
appropriate tools and technologies and involvement of
relevant stakeholders underpin and improve the success of
eradication programmes. Sustained investment is required
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for eradication programmes but they are generally more
cost-effective than long term and permanent control or the
costs incurred through inaction.

Containment and control can be an
effective option for invasive alien species that
cannot be eradicated for various reasons from
terrestrial and closed water systems, but most
attempts in marine and connected water systems
have been largely ineffective {C20}. Physical control
alongside chemical control options in terrestrial and closed
water systems are generally only effective at a local scale
and can have non-target effects. Biological control can be
applied for widely distributed invasive alien species and has
been successful in managing some invasive alien plants,
invertebrates and, to a lesser extent, plant pathogenic
microbes and vertebrates, but it may also have non-target
effects if not well regulated. International standards and
risk-based regulatory frameworks for biological control have
been used in many countries to manage risks, and continue
to be successfully applied. Integrated management, where
more than one containment or control option are used, can
improve outcomes.

m The recovery of ecosystem functions

and nature’s contributions to people can be
achieved through adaptive management, including
ecosystem restoration in terrestrial and closed
water systems {C21}. Management outcomes can be
improved by the integration of site- and/or ecosystem-
based management options that enhance ecosystem
function and resilience. Frequent long-term monitoring

of sites ensures early detection of invasive alien species,
including re-invasions, and can inform further management
actions. In marine and connected water systems,
ecosystem restoration has so far proved to be largely
ineffective. Adaptive management, possibly combining
multiple options, will improve management of biological
invasions under ongoing climate and land-use change.
Integrating site and/or ecosystem-based approaches can
improve management outcomes of biological invasions and
also enhance ecosystem functioning under ongoing climate
and land-use change.

Im Engagement and collaboration with
stakeholders and Indigenous Peoples and local
communities improve outcomes of management
actions for biological invasions {C23, C24}. Engaging
stakeholders, including the private sector, and Indigenous
Peoples and local communities in the collaborative
management of biological invasions is important for social
acceptability and improving environmental, social and
economic outcomes, particularly where there are conflicting
perceptions of the value of invasive alien species and the
ethics of management options. Management actions also
benefit from sharing and collaboration across knowledge

systems. Recognizing Indigenous Peoples’ and local
communities’ knowledge, rights and customary governance
systems in accordance with national legislation also helps to
improve long-term management.

D. Ambitious progress to
manage biological invasions?®
can be achieved with integrated
governance

One of the greatest threats to biodiversity,
invasive alien species can be overcome
through a context-specific integrated
governance approach to biological invasions,
including well-resourced, coordinated and
sustained strategic actions, with closer
collaboration across sectors and countries.
Managing biological invasions is realistic

and achievable, with substantial benefits for
nature and people.

m Through a complementary set of strategic
actions, integrated governance can limit the global
problem of invasive alien species throughout the
biological invasion process and at local, national
and regional scales {D25}. Strategic actions to prevent
the introduction and impact of invasive alien species
include: enhancing coordination and collaboration across
international and regional mechanisms; developing and
adopting effective and achievable national strategies;
sharing efforts and commitment and understanding the
specific role of all actors; improving policy coherence;
broad engagement across all stakeholders and Indigenous
Peoples and local communities; resourcing innovation,
research and technology; and supporting information
systems, infrastructures and data sharing.

m The threat of invasive alien species

could be reduced with closer collaboration and
coordination across sectors and countries to
support the management of biological invasions
{D26, D30} (Figure SPM.7). International, national

and local agencies involved in developing policies for the
environment, agriculture, aquaculture, fishing, forestry,
horticulture, border control, shipping (including biofouling),
tourism, trade (including online trade in animals, plants, and
other organisms), community and regional development
(including infrastructure), transportation and the health
sector can all play a role in developing a coherent approach

8. This assessment acknowledges that national and local legislation to
address biological invasions differ between countries and may include
different definitions appropriate to specific national and local contexts.
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to managing biological invasions and preventing and
controlling invasive alien species. Enhancing coordination
and collaboration across international and regional
mechanisms is one of the key strategic actions for rapid
and transformative progress. International and regional
partnerships can improve management of biological
invasions. Collaboration and co-development with
Indigenous Peoples and local communities can increase the
effectiveness of implemented strategies.

m The Kunming-Montreal Global Biodiversity
Framework provides an opportunity for national
governments to develop or update aspirational,
ambitious and realistic approaches to prevent

and control invasive alien species {D27, D28}
(Figure SPM.7). Implementation-focused national
biodiversity strategies and action plans can help to

spur strategic actions and establish the properties of

the governance systems required for the successful
prevention and control of invasive alien species and the
management of biological invasions, and work towards
delivering Target 6. Coordinated efforts to strengthen
national regulatory instruments are also priorities, including
those for online trading and the creation of appropriate
policies for the development and use of environmentally
sound technologies, as well as making available data and
information accessible. Market-based instruments such

as tax relief and subsidization can be used to incentivize
action and spur relevant investment. Sharing efforts and
commitment, understanding the specific roles of all actors
and encouraging engagement across sectors on prevention,
control and environmental liability are integral to the effective
management of biological invasions.

Preventing and controlling invasive alien
species can strengthen the effectiveness of
policies designed to respond to other threats to
biodiversity and contribute to achieving several
Sustainable Development Goals {D26, D33}.
Awareness of the risks of biological invasions will contribute
to the effective delivery of several of the Sustainable
Development Goals, especially those addressing the
conservation of marine biodiversity (Goal 14) and terrestrial
biodiversity (Goal 15, including but not restricted to Target
15.8), food security (Goal 2), sustainable economic growth
(Goal 8) and sustainable cities (Goal 11), as well as climate
change (Goal 13) and health and wellbeing (Goal 3). Existing
collaborative and multisectoral approaches (e.g., One
Health) could provide frameworks for cross-disciplinary
thinking and could contribute to the management of
biological invasions.

m Open and interoperable information
systems will improve the coordination and
effectiveness of the management of biological
invasions, within and across countries {D31, D32}.

By delivering current data to relevant actors, information
systems can facilitate the prioritization of actions and allow
for early detection and rapid response. Information systems
can also support improved governance and help develop
indicators of biological invasions, which in turn feed into
policy support tools. Collaboration between biological
invasion experts and across knowledge systems in all
regions, and enhancement of research capacity where
needed, can improve data and information availability

and the understanding of the context-specific features of
biological invasions and their impacts.

m Public awareness, commitment and
engagement, and capacity-building, are crucial

for the prevention and control of invasive alien
species {D29, D31, D32} (Table SPM.2). Advances
can be achieved through adequately and sustainably
resourced public awareness campaigns, education, citizen
science, and targeted investment in research innovation and
environmentally sound technology. Public engagement with
citizen science platforms and community-driven eradication
campaigns can raise awareness and contribute to actions
that reduce the threat of invasive alien species. This can also
be aligned with efforts to share efforts and commitment and
understand the specific roles of all actors. Communication
strategies based on evidence can help to bring about
community action on biological invasions by supporting the
co-design of management actions, knowledge exchange
and enhanced partnerships among stakeholders.

m There is compelling evidence for
immediate and sustained action to manage
biological invasions and mitigate the negative
impacts of invasive alien species {D32, D33}
(Table SPM.2). With sufficient resources, political will and
long-term commitment, preventing and controlling invasive
alien species are attainable goals that will yield significant
long-term benefits for people and nature. Increasing the
availability and accessibility of information and means of
implementation and addressing major knowledge gaps on
biological invasions, particularly in developing countries,
would result in more robust and effective policy instruments
and management actions. Additional efforts and cooperation
are particularly needed to improve data collection in Africa,
Latin America and the Caribbean and Asia.

XXI

SUMMARY FOR POLICYMAKERS









x
=
<

SUMMARY FOR POLICYMAKERS

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

BACKGROUND

A. Invasive alien species are a major threat to nature,
nature’s contributions to people, and good quality of life

@ More than 37,000 established alien species,
including more than 3,500 invasive alien species
with documented impacts, have been recorded
worldwide (well established) {2.1.4, 4.2}. Alien
species (plants, animals, fungi and microorganisms,
including pathogens) are being introduced globally at an
unprecedented rate; currently, approximately 200 new alien
species are recorded every year (well established) {2.2.1}.
Invasive alien species represent a subset of alien species,
consisting of those that have established and spread and
are known to have a negative impact on nature and, in
some cases, people (Figure SPM.1). Although their
numbers are likely to be underestimated and expected to
increase, to date 1,061 alien plants (6 per cent of all
established alien plants), 1,852 alien invertebrates (22 per
cent), 461 alien vertebrates (14 per cent) and 141 alien
microbes (11 per cent) are known to be invasive globally
(established but incomplete) {4.2}. Although some invasive
alien species can provide benefits for people (e.g., through
provision of food and fibre), those benefits do not mitigate
or undo their negative impacts on nature, nature’s
contributions to people, and good quality of life across all
regions and taxa globally (well established) {1.3.4, 4.1.2,
4.3, 4.4, 4.5}, In addition to their impacts on nature, about
16 per cent of invasive alien species have negative impacts
on nature’s contributions to people, and about 7 per cent
on good quality of life (Figure SPM.2) (established but
incomplete) {4.2}. Based on data and information included
in this assessment, most impacts are reported in the
Americas (34 per cent), Europe and Central Asia (31 per
cent) and Asia-Pacific (25 per cent), with fewer reported in
Africa (7 per cent) (established but incomplete) {4.2}.
Twenty per cent of all impacts are reported from islands
(established but incomplete) {4.2}. A disproportionate
number of documented negative impacts have been
reported from the terrestrial realm (75 per cent), especially
temperate and boreal forests and woodlands and cultivated
areas (including agricultural land) (established but
incomplete) {Table 4.2}. About one quarter of the
documented negative impacts have been reported from
aquatic realms (freshwater: 14 per cent; marine: 10 per
cent), especially from inland surface waters/waterbodies
and shelf ecosystems (established but incomplete)

{Table 4.2}.

@ Invasive alien species are a major direct driver
of change, causing biodiversity loss, including local

and global species extinctions (Figures SPM.2

and 3) (well established) {4.3.1}. Invasive alien species
have contributed solely or alongside other drivers of change
to 60 per cent of recorded global animal and plant
extinctions (established but incomplete) {Box 4.4, 4.3.1},
while invasive alien species are the only driver attributed to
16 per cent of documented global extinctions (established
but incomplete) {Box 4.4}. The majority of documented
global extinctions (90 per cent) with invasive alien species as
one of the major causes are reported from islands
(established but incomplete) {Box 4.4}. At least 218 invasive
alien species have caused 1,215 documented local
extinctions of native species across all taxa (Figure SPM.3)
(established but incomplete) {4.3.1}. Invasive alien species
harm native species most often by changing ecosystem
properties (27 per cent), for example soil and water
characteristics, and through competition between species
(24 per cent), predation (18 per cent) and herbivory (12 per
cent) (established but incomplete) {4.3.1.3}. The majority of
reports of the impacts of invasive alien species on native
species document negative effects (85 per cent), primarily
negatively impacting the growth, survival and reproduction
of individuals, which lead to local population declines and
local and global extinctions (well established) {4.3.1}. Some
invasive alien species have a profound ecological impact
that spans various levels, from individual species and
communities to whole ecosystems, resulting in complex,
undesirable and in some cases irreversible outcomes when
the system has crossed a threshold beyond which
ecosystem restoration is not possible (well established) {Box
1.5, Box 4.12, 4.3.3}. For example, Castor canadensis
(North American beaver) and Magallana gigas (Pacific
oyster) change ecosystem properties by transforming
habitats, with cascading effects on a myriad of native
species (well established) {4.3.2.1, Box 4.11}. On Christmas
Island, the arrival of the invasive alien Anoplolepis gracilipes
(yellow crazy ant) caused the decline of the native Christmas
Island Gecarcoidea natalis (red crabs), which resulted in the
population explosion of the invasive alien Lissachatina fulica
(giant African land snail) (well established) {3.3.5.1}.
Increased biotic homogenization (or loss of uniqueness) of
biological communities is a major negative impact of invasive
alien species (well established) {1.3.4}. The magnitude of the
negative impacts of invasive alien species on nature
depends on the context, and the factors that determine the
highest magnitudes of impact are not well understood
(established but incomplete) {Box 4.9, 4.3.2.1, 4.7.1}. For
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Chytrid Lantana
fungus
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Figure SPM 2 Examples of invasive alien species with a negative impact on nature (green),
and, in some cases, nature’s contributions to people (yellow) and/or good
quality of life (teal).

Many invasive alien species have documented negative cross-cutting impacts, indicated by multiple colours in the examples:

16 per cent of invasive alien species have a negative impact on both nature and nature’s contributions to people; 7 per cent on both
nature and good quality of life; and 5 per cent on nature, nature’s contributions to people and good quality of life {4.2}. The scientific
names of the example species are Lantana camara (lantana); Lates niloticus (Nile perch); Dreissena polymorpha (zebra mussel); Ciona
intestinalis (sea vase); Lissachatina fulica (giant African land snail); Culex quinquefasciatus (southern house mosquito); Mnemiopsis
leidyi (sea walnut); Pontederia crassipes (water hyacinth); Prosopis julifiora (mesquite); Solenopsis invicta (red imported fire ant); Vulpes
vulpes (red fox); and Batrachochytrium dendrobatidis (chytrid fungus).

example, the ctenophore Mnemiopsis leidyi (sea walnut) has
depleted zooplankton, the main food source of the anchovy,
and consequently contributed to the collapse of anchovy
populations in the Black Sea, but this has not occurred in
the Mediterranean Sea, the Baltic Sea or the North Sea (well
established) {4.3.2.3}.

@ On islands, invasive alien species are a major
cause of biodiversity loss (well established) {Box
2.5, 4.3.1.1, Box 4.4}. Islands, and particularly remote
islands with high endemism, are more susceptible to
impacts from invasive alien species than mainlands (well
established) {1.6.8, 4.3.1.1}. Indeed, in addition to the
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majority of documented global extinctions attributed mainly
to invasive alien species occurring on islands, local
extinctions account for 9 per cent of documented impacts
of invasive alien species on islands, in contrast to 4 per
cent on mainlands (well established) {4.3.1.1}. For
example, Boiga irregularis (brown tree snake) caused the
global extinction of Myiagra freycineti (Guam flycatcher)
and local extinction or serious population reduction for
many other resident bird species in Guam (well
established) {4.3.1}. Islands are also vulnerable to climate
change, which can increase the rate of establishment and
spread of many invasive alien species (well established)
{Box 2.5}. Many invasive alien species on islands only
occupy a small portion of their predicted range and are
likely to expand further (established but incomplete) {Box
2.5}. The number of alien plants exceeds the total number
of native plants on more than one quarter of islands (well
established) {Box 2.5}. Invasive alien species have been
reported in areas protected for nature conservation, some
remote areas (e.g., high mountains), and also in tundra and
deserts, which emphasizes that these areas, despite being
protected for nature conservation or remote, are also
vulnerable to the negative impacts of invasive alien species
(well established) {Box 2.4, 4.3.1.2, 4.3.2.1}. Fifty-three
invasive alien species have caused the local extinctions of
240 native species in protected areas globally (established
but incomplete) {4.3.1.2}. The invasive alien Rattus rattus
(black rat) has been documented as the only cause of the
global extinction of Nesoryzomys darwini and
Nesoryzomys indefessus (rice rats), which were endemic to
the protected areas of the Galapagos Islands (well
established) {4.3.1}.

@ Invasive alien species adversely affect the full
range of nature’s contributions to people, imposing
an economic burden (well established) {4.4.1}.
Some alien species have been intentionally introduced for
their benefits to people, often without consideration or
knowledge of their negative impacts (well established)
{3.3.1}. However, nearly 80 per cent of the documented
impacts of invasive alien species on nature’s contributions to
people are negative (well established) {4.4.1}. Reduction in
food supply is by far the most frequently reported impact
across all taxa and regions (well established) {4.4.1, 4.6.2}.
In terrestrial systems, invasive alien plants are the taxonomic
group most frequently reported as having a negative impact,
particularly in cultivated areas and temperate and boreal
forests (well established) {4.4.2.1}. For example, in north-
western Europe, Picea sitchensis (Sitka spruce) severely
alters habitats such as coastal heathlands and mires, which
are important habitats for threatened and endangered
plants, birds and other species, and for local cultural
heritage (well established) {4.3.2.1}. In coastal areas,
invasive alien invertebrates are the most frequently reported
taxonomic group with an impact on nature’s contributions to
people, particularly provision of food (well established)

{4.4.2.3}. For example, Carcinus maenas (European shore
crab) has had an impact on commercial shellfish beds in
New England and Canada, Asterias amurensis (northern
Pacific seastar) and Ciona intestinalis (sea vase) have
negatively affected mariculture and fisheries along the
Korean coast, and Mytilopsis sallei (Caribbean false mussel)
has displaced native clams and oysters that are locally
important fishery resources in India (well established)
{4.4.2.3}. In 2019, global annual costs of biological invasions
were estimated to exceed US$423 billion, with variations
across regions, but this is likely to be a gross underestimate
(Figure SPM.3) (established but incomplete) {Box 4.13}.
Ninety-two per cent of this cost is attributed to the damage
that the invasive alien species have caused to nature’s
contributions to people and good quality of life; only 8 per
cent is related to the management expenditures for
biological invasions (established but incomplete) {Box 4.13}.
Economic benefits are often gained by a few people or
sectors while costs, often long-term ones, are borne by
many others (established but incomplete)

{3.2.3.5,4.2.1, 6.2.2(6)}.

@ Invasive alien species overwhelmingly
undermine good quality of life (established but
incomplete) {4.5, 4.6.3}. Invasive alien species can
threaten livelihoods, water and food security, economies
and human health (e.g., causing diseases, allergies and
physical injuries) (Figure SPM.3) (well established) {4.5.1,
4.5.1.3}, with 85 per cent of the documented impacts of
invasive alien species on good quality of life being negative
(Figure SPM.3) (well established) {4.5.1}. Invasive alien
species can also serve as vectors for infectious zoonotic
diseases that can lead to epidemics, such as malaria,
dengue fever, chikungunya, Zika, yellow fever and West Nile
fever, which are transmitted by invasive mosquito species
(e.g., Aedes albopictus and Aedes aegyptii) (well
established) {Box 1.14, 4.5.1.3}. Invasive alien plants can
impact human health directly, particularly through the
production of highly allergenic pollen, for example, Prosopis
juliflora (mesquite) and Ambrosia artemisiifolia (common
ragweed) (well established) {4.5.1.3}. Indigenous Peoples
and local communities, ethnic minorities, migrants, poor
rural and urban communities are disproportionately
impacted by invasive alien vector-borne diseases
(established but incomplete) {4.5.1}. Although there is
limited research on the interplay between gender relations
and invasive alien species (established but incomplete)
{4.5.1, 4.7.2}, there is some evidence of inequities and
marginalization in gender- and age-specific activities where
invasive alien species impede access to natural resources
or require management (established but incomplete) {4.5.1,
5.2,5.2.1, 5.5.5}. For example, in Lake Victoria artisanal
fisheries mainly involving men have declined following the
introduction, establishment and spread of the invasive alien
plant Pontederia crassipes (water hyacinth), which has led
to the depletion of tilapia (established but incomplete)
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Figure SPM 3 Extent of the problems caused by invasive alien species.

lllustrative examples of the impacts of invasive alien species on native species (red; left column), on the economy (blue; centre column)
and on good quality of life (yellow; right column). The top row illustrates the documented numbers of global and local extinctions of
native species to which invasive alien species have contributed (left); the rate of increase in the economic cost of biological invasions
per decade (centre); and the percentage of cases where the impact of invasive alien species on good quality of life is reported as
negative (right). The map in the centre row shows the documented cumulative economic cost of invasive alien species per IPBES
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subregion from 1970 to 2017. The case studies illustrate a variety of impacts of invasive alien species on both nature and good

quality of life in different geographic regions, taxonomic groups and realms, but are not meant to be representative. The bottom row
shows the taxonomic distribution (i.e., plants, invertebrates, vertebrates and microbes, including fungi) of the percentage of invasive
alien species documented as causing local extinctions of native species (left); the estimated global annual average economic cost of
biological invasions in billions of United States dollars (centre); and the percentage of the number of documented positive and negative
impacts of invasive alien species on the constituents of good quality of life (i.e., freedom of choice, health, material and immaterial
assets, safety, social and cultural relationships) (right). a: {4.3.1, Table 4.3}; b: {4.4.1, Box 4.13}; c: {4.5.1, Table 4.20}. The scientific
names of the example species are Carcinus maenas (European shore crab); Batrachochytrium dendrobatidis (chytrid fungus); Carijjoa
riisei (branched pipe coral); Wasmannia auropunctata (little fire ant); Lates niloticus (Nile perch); Cenchrus ciliaris (buffel grass); Boiga
irregularis (brown tree snake); and Reynoutria japonica (Japanese knotweed).

{4.5.1}. In East Africa, management of the invasive alien
plant Opuntia spp. (prickly pear) requires repeated weeding
by hand, which is often undertaken by women and children
and has in many cases become their most time-consuming
activity (established but incomplete) {5.5.5}. Invasive alien
species may be introduced for economic development, for
example through financing large-scale infrastructures (well
established) {3.2.5, 3.3.1.3, 3.3.1.4, Box 3.11, 3.3.1.1,
3.3.2.1.1}. In some cases, invasive alien species have been
unintentionally transported and introduced through
emergency relief and aid (e.g., seeds of the invasive alien
plant Parthenium hysterophorus (parthenium weed) arrived
with grain in aid shipments in several countries) (well
established) {3.2.2.3}, increasing the risk of possible
negative impacts on quality of life (established but
incomplete) {4.5.1, 4.6.3}.

@ Many invasive alien species have been
documented on lands managed, used and/or
owned by Indigenous Peoples and local
communities (established but incomplete) {Box 2.6;
4.6}. More than 2,300 invasive alien species have been
documented on lands managed, used and/or owned by
Indigenous Peoples, with some negatively affecting their
quality of life and cultural identities. Indigenous lands in
Oceania and North America have particularly high numbers
of recorded invasive alien species (established but
incomplete) {Box 2.6}. However, numbers of invasive alien
species are, on average, consistently lower on Indigenous
lands compared to other lands (established but incomplete)
{Box 2.6}. Many Indigenous Peoples and local communities
emphasize the inter-relatedness of the land, water and
humans and other species, which can lead to a range of
diverse perceptions of specific invasive alien species (well
established) {1.6.7.1}. In some cases, Indigenous Peoples
and local communities may consider an invasive alien
species a valued part of their nature (established but
incomplete) {1.6.7.1}. There are also examples where
Indigenous Peoples and local communities have created
new income sources by relying on invasive alien species
(well established) {4.5.1, 4.6.2}, but that often occurs
through necessity rather than choice. However, impact
reports by some Indigenous Peoples and local communities
document 68 per cent negative impacts and 32 per cent

positive impacts on their good quality of life caused by
invasive alien species (established but incomplete) {4.6.1,
4.6.3.2, Table 4.33}. Indigenous Peoples and local
communities often have a good understanding of how the
complex interactions among drivers facilitate the
introduction and spread of invasive alien species on their
lands (established but incomplete) {3.2.3.6, Box 3.15}. For
example, Indigenous Peoples and local communities
recognize that the use of invasive alien species for food,
fibre, income generation or medicinal purposes can cause
negative impacts on nature’s contributions to people and
their good quality of life (well established) {3.2.3.6, Box 3.6},
especially in situations where the native species they
traditionally depended on for those benefits have declined
(established but incomplete) {3.2.3.6; 3.2.5}. Impact reports
by some Indigenous Peoples and local communities
document 92 per cent negative impacts and 8 per cent
positive impacts on nature caused by invasive alien species
(established but incomplete) {Table 4.31}. Negative impact
reports include water security and human and livestock
health, as well as acknowledging that invasive alien species
limit access to traditional lands, reduce mobility and require
increased labour to manage (established but incomplete)
{Box 4.9,4.5.1,4.5.1.4,4.6.3.1, 4.6.3.2, 5.5.5}. Invasive
alien species can also adversely affect the autonomy, rights
and cultural identity of Indigenous Peoples and local
communities (established but incomplete) {Box 4.15}
through the loss of traditional livelihoods, knowledge and
cultural practices (well established) {4.6.3.2}, often leading
to general feelings of despair, sadness and stress
(established but incomplete) {4.6.3.2}.

@ Perceptions of the threat of invasive alien
species can vary depending on different human
perspectives (well established) {1.5.2}. Perceptions of
specific invasive alien species and their value differ among
and within stakeholder groups and Indigenous Peoples and
local communities, as different community members can
experience different impacts depending on gender, age,
livelihood and a multitude of other factors (established but
incomplete) {1.5.2, 1.6.7.1, 3.2.1, 5.6.1.2}. Value conflicts
arise when invasive alien species are considered to be a
major threat by some stakeholders and beneficial by others
(well established) {5.6.1.2}. An invasive alien species may
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Box SPM (1. Voluntary codes of conduct can complement legislation for managing the risks
of transport and the introduction of invasive alien species through trade.

Voluntary codes of conduct have limits, but they provide
practical and concise guidance in establishing common
standards of good practice and sustainable attitudes and
behaviours for managing the risks of transport and the

FOR BOTANIC GARDENS ON
INVASIVE ALIEN SPECIES

have been intentionally introduced for a particular purpose,
including to mitigate other drivers of change (well
established) {Box 3.9}, but can have negative impacts on
other sectors (well established) {3.3.1.1, 3.2.5, 5.6.1.2}. For
example, introduced pigs are important culturally in Hawaii
and are hunted for subsistence, ceremony and recreation,
despite causing severe negative impacts by driving and
maintaining the spread of invasive alien plants within
Hawaiian rainforest (established but incomplete) {5.6.1.2}.
Divergence of perceptions of invasive alien species can
prevent effective decision-making and management
(established but incomplete) {5.6.1.2, 6.2.2(9)}. The
management of invasive alien species can, in some cases,
raise multiple ethical debates about animal welfare and
rights (well established) {1.5.3, 5.6.2.1, Box 6.13} (e.g., the
challenges of effectively managing the biological invasion of
Hippopotamus amphibius (African hippopotamus) in
Colombia due to it being considered a charismatic species
(established but incomplete) {5.4.3.1}).

introduction of invasive alien species through trade. For
example, awareness of horticulture as a major pathway

for the introduction of many (46 per cent) invasive alien

plants worldwide {3.2.3.2} has led to industry—government
collaboration that has resulted in the implementation of
voluntary codes of conduct for the horticultural industry,
complementing legislation to ban the sales of invasive alien
plants considered to be high risk {Box 6.6}. When designed in
a collaborative manner, codes of conduct can help producers
and consumers make informed choices. The adoption of
voluntary codes of conduct can encourage e-commerce
platforms to adopt better practices by screening their lists for
invasive alien species, complying with relevant legislation and
providing information on the species, including taxonomy,
potential invasiveness and appropriate measures that a buyer
could use to prevent escape. Codes of conduct have also been
developed in Europe for other activities that can facilitate the
introduction of invasive alien species, including boating, botanic
gardens, horticulture, hunting, international travel, plantation
forestry, pets, protected areas, e-commerce, recreational
fishing, zoological gardens and aquaria.

Published in 2013 by the Council of Europe, the European
Code of Conduct for Botanic Gardens on Invasive Alien
Species outlines voluntary principles for all botanic garden
personnel to support them in protecting ecosystems from the
impacts of invasive alien species.

See: Heywood, V. H., & Sharrock, S. (2013). European Code
of Conduct for Botanic Gardens on Invasive Alien Species.
Council of Europe Publishing, F-67075 Strasbourg www.coe.

int/Biodiversity

@ Current policy instruments for biological
invasions have led to only partial progress towards
international Targets on invasive alien species,
including Aichi Biodiversity Target 9 and
Sustainable Development Goal Target 15.8 (well
established) {6.1.2, 6.1.3}. Most countries (80 per cent,
156 out of 196) have targets for the management of
biological invasions within their national biodiversity
strategies and action plans, 74 per cent (145) of which are
aligned with Aichi Biodiversity Target 9 (well established)
{6.1.2}. Assessment of the progress towards meeting Aichi
Biodiversity Target 9 concluded that there was still a
considerable gap between the development and adoption of
invasive alien species policy and implementation at national
levels (well established) {6.1.2}. Although the number of
countries with national invasive alien species checklists,
including databases, has more than doubled in the last
decade (196 countries in 2022) (Table SPM.A3) {6.1.3},
83 per cent do not have national legislation or regulations
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specifically on invasive alien species (well established)
{6.1.3}, which also increases the risk of biological invasions
for neighbouring countries (well established) {6.3.2.1}. Only
17 per cent of countries have national legislation for
biological invasions, whereas an estimated 69 per cent have
biological invasions-specific legislation as part of legislation
in other sectors (well established) {6.1.2, 6.1.3}. Although
many agribusinesses do not manage the risk of the plants
they trade (established but incomplete) {5.6.2.1}, in some
cases the business sector has developed voluntary codes of
conduct in tandem with government regulations (Box
SPM.1) (well established) {5.4.1, 6.3.1.4(4), Box 6.7}. It
should be noted, however, that voluntary codes of conduct
are intended to complement, not replace, obligations within
national legislation that regulate activities that transport, sell
or use alien species (well established) {6.3.1.4(4)}. The

transport of invasive alien species along trade supply chains
(e.g., in shipping containers) may be poorly managed and
consequently may constitute a biosecurity risk (well
established) {5.6.2.2}. There are many reasons for the
limited adoption, implementation and efficacy of policy
instruments, including varying capacity and resources
across regions (well established) {6.2.2(7), 5.6.2.2} and lack
of coordination, with unclear roles and responsibilities
among government agencies, stakeholders and Indigenous
Peoples and local communities (well established) {6.2.2(3),
6.2.2(7), 6.2.3, 6.7.2.5}. Nearly half of all countries (45 per
cent) do not invest in management of biological invasions
(Sustainable Development Goal indicator 15.8.1)
(established but incomplete) {6.1.3}. Lack of awareness of
the need for collective and coordinated responses can also
hinder implementation {6.1.1, 6.2.2(9)}.

B. Globally, invasive alien species and their impacts are
increasing rapidly and are predicted to continue rising in

the future

Intentionally or not, many human activities
facilitate biological invasions globally (well
established) {3.1.1, 3.2, 3.3, 3.4}. The transport and
introduction of an invasive alien species can be intentional or
unintentional, or in some cases both (well established) {3.2,
3.3}. Historically, many invasive alien species have been
intentionally introduced outside their natural range around
the world for their perceived benefits to people, without
consideration or knowledge of their negative impacts (well
established) {3.2.1, 3.2.3, 3.3.1, 3.3.2}. For example,
invasive alien species are often used in forestry, agriculture,
horticulture, aquaculture and as pets (well established)
{3.2.3.2, 8.3.1.1}.% In the Mediterranean basin alone, more
than 35 per cent of alien freshwater fish have arisen from
aquaculture (well established) {3.3.1.1.1}. Invasive alien
species have also been intentionally introduced for
recreation and amenity (well established) {3.2.1, 3.2.3.3}
and for soil stabilization (well established) {3.3.1.1.2, 3.3.1.6,
3.3.4.6}. Many invasive alien species have also been
introduced unintentionally, including as contaminants of soils
and traded goods, stowaways in shipments (well
established) {3.2.3.1, 3.2.3.2, 3.2.3.4}, stowaways in ballast
water and sediments, and as biofouling organisms that
attach themselves to ships’ hulls and other surfaces on
vessels (well established) {3.2.3.1, 3.2.5, 3.3.2.3, Box 3.7}.
Additionally, online trade in animals, plants and other
organisms is contributing to the introduction of invasive alien

9. IUCN. 2017. Guidance for interpretation of CBD categories on
introduction pathways. Technical note prepared by IUCN for the
European Commission. Available at: https://www.cbd.int/doc/
¢/9d85/3bc5/d640f059d03acd717602cd76/sbstta-22-inf-09-en.pdf

species worldwide (well established) {2.1.2, 3.2.4.2}.
Progressive degradation of nature, including from pollution
and fragmentation of ecosystems, has facilitated the
establishment and spread of invasive alien species (well
established) {3.3.1.2, 3.3.1.3, 3.3.1.5, 3.3.1.6, 3.3.3}.
Demographic drivers' also facilitate the introduction and
spread of invasive alien species, although it is acknowledged
that drivers differ across regions (well established) {3.2.2}. In
the last 50 years, the number of people in the world has
more than doubled, consumption has tripled, and global
trade has grown nearly tenfold, with shifting patterns across
regions (well established) {3.1.1}. This acceleration of the
world economy is increasing the rate and magnitude of
many direct and indirect drivers, particularly those related to
trade, travel and land- and sea-use change,'" leading to
further biological invasions (well established) {3.1.1, 3.2.2}.

@ The number of alien species is rising globally
at unprecedented and increasing rates (Figure
SPM.4) (well established) {2.2.1}. Thirty-seven per cent
of all known alien species have been reported since 1970

10. Demographic drivers have been identified by the IPBES Global
Assessment Report on Biodiversity and Ecosystem Services of
the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services as one of the indirect drivers of change in nature,
as described in Table 3.1

. IPBES (2022). The Thematic Assessment Report on the Sustainable
Use of Wild Species of the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services. Fromentin, J.M., Emery,
M.R., Donaldson, J., Danner, M.C., Hallosserie, A., Kieling, D.,
Balachander, G., Barron, E.S., Chaudhary, R.P,, Gasalla, M., Halmy,
M., Hicks, C., Park, M.S., Parlee, B., Rice, J., Ticktin, T., and Tittensor,
D. (eds.). IPBES secretariat, Bonn, Germany. https://doi.org/10.5281/
zen0do.6425599

1

-


https://www.cbd.int/doc/c/9d85/3bc5/d640f059d03acd717602cd76/sbstta-22-inf-09-en.pdf
https://www.cbd.int/doc/c/9d85/3bc5/d640f059d03acd717602cd76/sbstta-22-inf-09-en.pdf
https://doi.org/10.5281/zenodo.6425599
https://doi.org/10.5281/zenodo.6425599

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

A  GLOBAL DISTRIBUTION OF ESTABLISHED ALIEN SPECIES
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Figure SPM ‘4 Global distribution and temporal trends in established alien species.

(A) Total numbers of established alien species (terrestrial and freshwater) in the 18 IPBES subregions and marine ecoregions (marine)
are indicated. White denotes missing information {2.2}. A gap analysis was conducted to identify data gaps for terrestrial regions,
which are indicated in the inset {2.1.4, 2.2.3}. The data gap analysis could not be done for marine regions (white) and Antarctica
(grey). (B) The temporal trends in the number of established alien species from 1500 to 2015 are shown for mammals, birds, fishes,
insects, crustaceans, molluscs, vascular plants, algae and fungi, for the four IPBES regions {2.1.4, 2.4.1}.

(Figure SPM.3) (established but incomplete) {2.2.1}.

The number of alien species has been rising continuously for
centuries in all regions (well established) {2.2.1} and is
expected to continue increasing in the future (well
established) {2.6.1}. Global exploration and colonialism

beginning in 1500, with the associated movement of people
and goods, and industrialization from 1850 resulted in the
transport and introduction of alien species and were
historically important. Increases in global trade since 1950
have resulted in unprecedentedly high and increasing
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numbers of alien species being introduced (Figure SPM.4).
Some of these have become invasive (well established) {2.1,
3.2.3}. Even without the introduction of new species, given
the opportunity, many already-established alien species in a
region may continue to expand their geographic ranges and
spread into new countries and regions (well established)
{2.6.1}, including into remote environments such as
mountain, polar (i.e., Antarctica and the Arctic) and desert
ecosystems (well established) {2.5.2.8, 2.5.2.7, Box 2.7,
Box 3.11}. Under a “business-as-usual” scenario, which
assumes the continuation of past trends in drivers, the total
number of alien species is projected to further increase
globally, and by 2050 is expected to be approximately

36 per cent higher than in 2005 (established but incomplete)
{2.6.1}. As trends in major drivers are predicted to
accelerate in the future (well established) {3.1.1}, the
number of alien species worldwide is expected to increase
faster than predicted under the “business-as-usual” scenario
(established but incomplete) {2.6.1}. There is a lack of
quantified projections for invasive alien species under
different scenarios (Table SPM.A1), which impedes a
comparison of trends for alternative futures (well established)
{2.6.5}. Projections of long-term trends for invasive alien
species numbers are not available but they are expected to
be similar to those for established alien species (established
but incomplete) {2.2.1}. The documented global economic
cost of biological invasions has increased fourfold every

10 years since 1970 (Figure SPM.3) and is anticipated to
continue rising (established but incomplete) {Box 4.13}.

@ The increase in the transport and introduction
of invasive alien species worldwide is primarily
influenced by economic drivers, especially the
expansion of global trade and human travel

(Figure SPM.5) (well established) {2.1.2, 3.1.1,
3.2.3}. There has been a fivefold increase in the size of the
global economy over the last 50 years (well established)
{3.1.1}. International trade, which has increased nearly
tenfold over the same period, represents the most important
pathway through which invasive alien species are
transported worldwide (Figure SPM.5) (well established)
{3.1.1, 3.2.3.1}. There is a strong link between the volume
of commodity imports and the number of invasive alien
species in a region, and patterns in the global spread of
species mirror shipping and air traffic networks (well
established) {3.2.3.1}. The construction of shipping canals
(e.g., Suez, Panama) has connected previously separated
marine and freshwater regions, facilitating the spread of
invasive alien species through species migration, ballast
water transfers (Box SPM.2) and biofouling (well
established) {3.2.3.1, 3.3.1.3}. For example, 150 years after
the opening of the Suez Canal, marine alien species are still
being newly recorded in the Mediterranean Sea (well
established) {Box 3.7}. Biosecurity measures at international
borders have not kept pace with the growing volume,
diversity and origins of global trade (including e-trade) and

travel (well established) {3.2.4.2, 3.2.3.4, 5.6.2.2}. Projected
growth in international trade and the movement of people,
including tourism, will lead to further pressure on border
inspection regimes and could soon overwhelm the
biosecurity capability of most countries (well established)
{3.2.3.1,6.3.1.4}.

@ Accelerated establishment and spread of
invasive alien species within countries are
primarily driven by direct drivers, notably changes
in land- and sea-use (Figure SPM.5) (well
established) {2.2.1, 3.3.1, 3.6.2}. Land- and sea-use
changes may increase the vulnerability of natural
ecosystems to the establishment and spread of invasive
alien species through increasing fragmentation and habitat
disturbance, for example by changing grazing, fire regimes,
soil disturbance, or watershed flow (well established)
{3.3.1.2, 8.3.1.5}. Transportation and utility infrastructures
such as roads, tracks, railways, pipelines, canals and
bridges, among others, can create corridors that facilitate
the spread of invasive alien species, including into remote,
undisturbed and protected areas (well established) {3.3.1.3,
Box 2.7, Box 3.7}. Marine and aquatic infrastructure may
alter seascapes and the functioning of marine ecosystems,
facilitating the spread of invasive alien species (established
but incomplete) {3.2.2.4, 3.3.1.4, 5.6.1.4}. The numbers of
invasive alien species were reported to be 1.5 to 2.5 times
higher on pontoons and pilings than on natural rocky reefs
(established but incomplete) {3.3.1.4}. More generally,
land-use change can facilitate biological invasions through
alteration of processes that cause natural disturbance of
landscapes, such as wildfire or grazing regimes (established
but incomplete) {3.3.1.5}. In several regions of the world,
grazing by feral alien ungulates (horses, camels, buffalo,
pigs) facilitates the spread of invasive alien plants,
sometimes through complex species interactions involving
the suppression of native species and the facilitation of other
alien species (well established) {3.3.1.5.1}. As a specific
example, invasive alien ungulates (wild boar, deer) can
transport invasive ectomycorrhizal (root associated
symbiotic) fungi, which are beneficial for the establishment
and spread of alien pine trees, over long distances,
rendering habitats susceptible to pine invasion (well
established) {Box 3.10}. Climate change, along with the
continued intensification and expansion of land-use change
may lead to future increases in the establishment and
spread of invasive alien species in disturbed habitats and in
nearby natural habitats (established but incomplete) {3.3.4}.

@ No driver acts in isolation, and interactions
among drivers are amplifying biological invasions,
leading to outcomes that can be difficult to predict
(well established) {2.6.1, 3.1.5, 3.5}. The outcomes of
interactions among multiple drivers, including feedback, are
complex and varied (well established) {1.3.3, 3.1.5, 3.5}.
Some of the highest current rates and greatest magnitudes
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Box SPM 2 The International Convention for the Control and Management of Ships’
Ballast Water and Sediments: an example of international collaboration to

prevent biological invasions.

Many invasive alien species have been introduced to coastal
and inland water ecosystems globally through ballast water
discharges {3.2.3.1}. For example, following its introduction its
introduction via ballast water discharge, Dreissena polymorpha
(zebra mussel) has become widespread in the Great Lakes

of North America {Box 2.9}. Dreissena polymorpha has been
implicated in the transfer of botulinum toxin to higher trophic
levels, which has been further
facilitated by climate change,
specifically by increased water
temperatures, leading to mortality
of waterfowl in the Great Lakes
{Box 4.5}. Furthermore, the shells
of Dreissena polymorpha can
cause skin injuries to recreational
swimmers and commercial fishers
{Box 4.15}. The International
Maritime Organization has
developed an international
instrument to address the transfer
of harmful aquatic organisms

and pathogens in ballast water

of maritime vessels {5.5.1}. The
International Convention for the
Control and Management of Ships’
Ballast Water and Sediments

was adopted by the International
Maritime Organization in 2004 and
came into force in 2017 {5.5.1}.

It is the first international legally binding legislation requiring
ships to manage their ballast water so that aquatic organisms
and pathogens are eliminated before the ballast water is
released in a new location {3.2.3.1, 5.5.1, 6.1.3, 6.31}. While
the global efficacy of ballast water management cannot be
assessed yet, there is evidence that it has reduced invasive

of biological invasion occur where land-use change interacts
with one or more additional drivers (established but
incomplete) {3.5.1, 3.5.2, 3.5.3}. For example, interactions
among land-use change, climate change and nutrient
pollution have driven the introduction, establishment and
spread of Pontederia crassipes (water hyacinth) across
Africa (well established) {Box 3.12}. Extraction of natural
resources is closely linked with major economic and
demographic drivers and can lead to a range of wider
ecosystem impacts, including habitat degradation and loss,
which facilitates invasive alien species (well established)
{3.3.2, 3.4.2}. Climate change is predicted to lead to major
changes in land- and sea-use and, in some regions, in
human migration patterns (established but incomplete)
{3.3.4}, but also to more extreme events among natural
drivers, such as droughts, floods, wildfires, tropical storms

alien species introductions in the Great Lakes of North America
{6.5.1}: between 1959 and 2006, one new alien species was
discovered every seven months, but there was an abrupt

shift (85 per cent decline) in the number of newly established
alien species following the implementation of the ballast water
regulations by Canada and the United States of America in
2006 and 2008 respectively {Box 2.9}.

Dreissena polymorpha (zebra mussel) was introduced through
ballast water discharge in the Great Lakes of North America,
causing a negative impact on nature, nature’s contributions to
people, and good quality of life.

Photo credit: Thirdwavephoto, WM Commons - CC BY 4.0

and oceanic storm waves (established but incomplete)
{3.3.4.3}. Additionally, invasive alien plants, especially trees
and grasses, can sometimes be highly flammable and
therefore promote more intense and frequent fire regimes,
causing increased risks to nature and people and increased
carbon release into the atmosphere (well established) {Box
1.4}. Climate change is also predicted to enhance the
competitive ability of some invasive alien species and to
extend areas suitable for them thus offering new
opportunities for introductions and establishment
(established but incomplete) {3.3.4}. Invasive alien species
can facilitate the establishment and spread of other invasive
alien species, resulting in positive feedback that increases
impacts through a process known as “invasional meltdown”
(well established) {3.3.5.1}. Biodiversity loss can reduce the
resilience of ecosystems to invasive alien species, with
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Figure SPM 5 Relative importance of different drivers of change in nature in facilitating
biological invasions across biomes per different stages of the biological invasion
process (transport, introduction, establishment and spread), as determined
through expert assessment, based on the evidence in chapter 3 {3.6.2}.

These estimates are summarized across ecosystems and terrestrial biomes at the global scale. Drivers are classified according to the
IPBES conceptual framework as direct or indirect drivers {3.1.3, Table 3.1}. Additionally, other drivers are included, namely biodiversity
loss and natural drivers, as they can increase native ecosystem vulnerability or in other ways facilitate biological invasions {3.1.3}.
Note that the role of invasive alien species as a driver refers to their role in facilitating other invasive alien species {3.3.5} and that

this analysis focuses on the unintended consequences of policies, governance, institutions and technologies in facilitating biological
invasions {3.2.4, 3.2.5}. The relative importance of drivers for each stage of the biological invasion process accounts for multiple,
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interacting, and non-additive effects of drivers, with differences in the overall importance of drivers across stages. While all drivers
can potentially influence each biological invasion stage, indirect drivers, particularly those associated with economic growth, are more
important in facilitating the transport and introduction stages {3.6.2}. In contrast, direct drivers, particularly land- and sea-use and
climate change, are proportionally more important in facilitating the later stages of biological invasion {3.6.2}.

subsequent feedback facilitating the establishment and
spread of other invasive alien species (well established)
{3.4.2}. Indirect drivers also interact with one another. For
example, sociocultural changes may lead to increased rates
of infrastructure development through urbanization, and
these interactions may further influence the rate and
magnitude of change in land- and sea-use and other direct
drivers that may in turn facilitate biological invasions (well
established) {3.2.1}. Feedback and non-linear relationships
among interacting drivers are likely to be exacerbated with
ongoing and concurrent amplification of drivers (established
but incomplete) {3.1.1, 3.5, 3.6.3, Box 4.5}, potentially
leading to numbers of invasive alien species never previously
encountered (established but incomplete) {2.6.1}.

@ Negative impacts of invasive alien species can
occur long after first introduction, and currently
observed threats from invasive alien species can
lead to an underestimation of the magnitude of the
future impact (well established) {1.4.4, 2.2.1}. There
are often time lags in detection and reporting of newly
introduced invasive alien species (well established) {2.2.1}.
Some invasive alien species spread very rapidly, while others
take longer to spread and fully occupy their potential ranges
(well established) {2.2.1, 2.2.3}. For some invasive alien
species, the impact is immediate and continues into the
long-term (e.g., fast-spreading pathogens such as Zika virus
and Batrachochytrium dendrobatidis (chytrid fungus), and
fast-spreading predators such as lionfish), while for others

there may be a considerable time lag, spanning decades in
some cases, before the impact is apparent (e.g., many
invasive alien trees) (well established) {1.5}. Such time lags
can lead to people not perceiving the ongoing slow changes
in their environment, including the impacts of invasive alien
species (well established) {1.5.2}. There can also be
significant time lags in the response of invasive alien species
to various drivers because the underlying processes that
facilitate biological invasions operate at varying temporal
scales (short- to long-term) (well established) {1.5, 3.2.3.1,
3.6.3}. Invasive alien species may increase in numbers after
a long period at low density as a result of changes in
interactions with other species, for example as a result of
the introduction of a missing dispersal agent or the removal
of a competitor (3.3.5.1). For example, in the western United
States, the invasive alien Carcinus maenas (European shore
crab) reduced the abundance of a native clam, releasing
another alien species, Gemma gemma (the amethyst gem
clam), from competition, allowing it to become
superabundant and to spread, after having been locally
distributed and at low abundance for over 50 years (well
established) {3.3.5.1}. Patterns in the numbers of alien
species seen today reflect the drivers of decades ago (i.e.,
invasion debt) (established but incomplete) {3.1.1, 3.1.5}.
Consequently, past and ongoing amplification of drivers may
lead to a long legacy of future invasive alien species as, for
example, the number of new alien species that become
invasive increases over time (i.e., invasion debt) (established
but incomplete) {2.3.1.5, 3.1.5, 3.6.3}.

C. Invasive alien species and their negative impacts can
be prevented and mitigated through effective management

@ Management of invasive alien species has
been successful in many contexts (Figure SPM.6,
Table SPM.1) (well established) {5.5.1, 5.5.2, 5.5.3,
5.5.4, 5.5.5, 5.5.6}. There are three options for preventing
or reducing the number and negative impacts of invasive
alien species:

0 Pathway management, based on the analysis of pre-
border, border and post-border risks, can prevent the
movement and spread of invasive alien species through
surveillance and the implementation of biosecurity
response measures (well established) {5.3.1.1, 5.5.1,
5.5.2}.

O Species-based management at a local or landscape
level, which includes surveillance, early detection and
rapid response, eradication, containment and widespread
control (including biological control), and can be
applied throughout the biological invasion process (well
established) {5.3.1.2,5.5.2, 5.5.3, 5.5.4, 5.5.5}.

® Site- or ecosystem-based management, which can
both protect and restore native species and ecosystems
(well established) {5.3.1.3, 5.5.6}.

The use of individual species-based and site-based
approaches for the management of multiple invasive alien
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species has been both successful and cost-effective some management approaches can be applied at multiple
for terrestrial and closed water systems, especially in scales across terrestrial and closed water systems (well
biogeographically isolated areas such as small islands established) {5.1.1, 5.3.1.4.}, pathway management (e.g.,
and lakes (well established) {5.3.1, 5.3.2, 5.5.4}. While ballast water and biofouling; Box SPM.2) is by far the
Management objectives Management target - Relative importance (white highest)
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|
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Figure SPM ‘6 Conceptual diagram of management-invasion continuum.

Management objectives panels A and B show the generalized invasion curve without management and the expected changes

in the trajectory of the invasion curve with appropriate management actions in (A) terrestrial and closed water systems (including
lakes and coastal systems such as salt marshes) and (B) marine and connected water systems (including rivers). Post-establishment
management actions (such as containment and control) are not shown in panel B as they are generally not achievable in such
systems. In a management context, the first detection (introduction point), lag phase and exponential spread phase are important
points at which to implement an early detection and rapid response management plan. This figure is conceptual, and the curves do
not represent actual population dynamics of invasive alien species. In the Management target panels, the white boxes indicate

the optimal management options at each stage of the biological invasion process. The colour gradient of the managing pathway,
managing species, managing site and managing ecosystem boxes show how the relative importance of each changes as a biological
invasion progresses (managing ecosystems is not applicable in marine and connected water systems). In the Actions to achieve
objective panels, the white boxes indicate the typical management actions needed to achieve each management objective.
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Table SPM (1. Objectives and actions for managing biological invasions.

Objectives and actions for managing biological invasions within terrestrial and closed water systems or marine and connected
water systems and the level (high, medium, low) of their (a) current availability (availability of target-specific tools for implementing
management); (b) ease of use (ease of implementation or specialist or technological expertise to implement); and (c) effectiveness
(likely long-term efficacy and outcomes of implementation). Hashed boxes indicate responses with a low level of confidence

and crossed boxes indicate there was no data available to perform an assessment. Actions are aligned with Figure SPM.6 and
encompass pathway management, species-, site- and ecosystem-based management targets. All management approaches may
have non-target impacts, as indicated by superscript a.
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most effective option for managing biological invasions in
marine and connected water systems, and can be achieved
by enhanced international and regional cooperation (well
established) {5.5.1, 6.3.2.2}.

@ There are effective decision-making
frameworks and tools that can support
management of biological invasions (Table SPM.1)
(well established) {5.2.1, 5.2.2}. Frameworks and tools
have been developed based on evidence from practice,
science and other knowledge systems, including those of
Indigenous Peoples and local communities. These can
underpin impact assessment, monitoring and prioritization of
intentional and unintentional introduction pathways, species
and sites for the successful management of biological
invasions (well established) {5.2.2}. Although many
knowledge and data gaps exist (Table SPM.A1), the tools
enable management actions to proceed under a risk
assessment and risk management framework in line with a
precautionary approach, as appropriate, using inclusive
decision-making that leads to the review of all the measures
(well established) {5.2.2.1,5.2.2.3,5.2.2.4, 5.3.3, 6.4.1}.
Decision-making may be challenged by multiple sources of
uncertainty, such as projections in other drivers of change,
which can be recognized, quantified and documented to
contextualize decisions (well established) {5.6.2.5}. Many
sources of accessible literature and information (including
open-access data), analytical tools and other types of
knowledge can be used to support decision-making for all
countries, which could lead to coordinated management
outcomes globally (Table SPM.A3) (established but
incomplete) {6.6.1.5}.

@ Preventing the introduction of invasive alien
species is the most cost-effective management
option (Figure SPM.6) (well established) {5.5.1}.
Prevention measures through pathway management,
including strictly enforced pre-border quarantine, import
controls and border biosecurity, have increased interception
rates and slowed the rate of invasive alien species arriving
and establishing globally (well established) {5.4.3.1, 5.5.1}.
For example, in Australasia, the number of interceptions of
Halyomorpha halys (brown marmorated stink bug),
recognized as a major threat in the agricultural sector, have
declined following implementation of a systems-based
pathway management approach (well established) {5.5.1}.
Measures to address escape from confinement are also
necessary (established but incomplete) {5.3.1.1}. It is,
however, difficult to prevent further natural dispersal of
invasive alien species from a previously invaded range (well
established) {5.5.1, Box 1.6}. Prevention is important on
islands and in ecosystems where eradication poses
significant technical challenges (well established) {5.3.2}.
Effective prevention measures depend on adequate and
sustained funding, capacity-building, technical and scientific
cooperation, transfer of technology, monitoring, and relevant

and appropriate biosecurity legislation and enforcement,
which is supported by strong infrastructure, quarantine and
inspection facilities, including diagnostic support services
(well established) {5.4.2, 5.6.2, 5.6.2.2, 5.7}. Risk
assessment could be used by businesses to engage
different sectors in the prevention and management of
biological invasions (established but incomplete) {5.6.2.1}.
Adoption of regulated species lists with explicit prohibition of
or permission for the importing of specific alien species,
underpinned by risk analysis, has been an effective
prevention strategy (well established) {5.6.2.1, 6.3.1.4}. Itis
estimated that nearly 70 per cent of marine invasive alien
species established worldwide were introduced via
biofouling (established but incomplete) {5.5.1}.

@ When prevention fails or is not possible,
preparedness, early detection and rapid response
are effective at reducing rates of invasive alien
species establishment in terrestrial and closed
water systems, and critical for marine and
connected water systems (well established) {5.4.2,
5.5.1, 6.5.3, 5.5.2, 5.6.3.3}. Horizon scanning and risk
analysis are examples of the many decision-support tools
used to identify and prioritize emerging invasive alien
species to support preparedness (well established) {5.2}.
Such tools can inform the development of rapid response
plans in advance of an incursion to guide action effectively
following the detection of priority invasive alien species (well
established) {5.2.2.1.a, 5.2.2.1.b, 5.5.1}. Early detection of
invasive alien species can enable rapid intervention to
contain and eradicate invasive alien species before they
spread (well established) {5.1.1, 5.3.1.1, 5.5.2}. General
surveillance strategies (e.g., through citizen science, sentinel
sites, and remote sensing) for detecting new invasive alien
species can also underpin effective preparedness
(established but incomplete) {5.3.1.1, 5.4.2.1.a,5.4.2.2.a,
5.5.2, Box 6.20}. For example, in Africa, Asia and Latin
America, the PlantwisePlus programme assists smallholder
farmers with the identification of pests and damaged crops,
contributing to early detection of invasive alien species
outbreaks (well established) {5.5.2}.

@ Eradication has been successful and cost-
effective for some invasive alien species,
especially when their populations are small and
slow-spreading in isolated ecosystems such as
islands (established but incomplete) {5.5.3}. Over the
last 100 years, there have been 1,550 documented
examples of eradication on 998 islands, with success cited
in 88 per cent of cases (well established) {5.5.3}. One of the
many examples is French Polynesia, where Rattus rattus
(black rat), Felis catus (cat), Oryctolagus cuniculus (rabbit)
and Capra hircus (goat) have been successfully eradicated
(well established) {Box 5.8}. Eradication of invasive alien
plants is particularly difficult because of the longevity of
dormant seeds that can persist in sail (i.e., soil seed bank),
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although there are examples of successful eradication of
invasive alien plant species with limited distributions (well
established) {5.5.3}. Also, rapid response to incursions,
detected early, of some invertebrates have been successful,
for example, eradication of Solenopsis invicta (red imported
fire ant) in New Zealand (well established) {Box 5.14}. There
are examples of larger-scale eradications, such as Ondatra
zibethicus (muskrat) and Myocastor coypus (coypu) from the
United Kingdom (well established) {5.5.3}. However,
large-scale eradications are difficult and unlikely to be
feasible in many cases (well established) {5.5.3}. In addition
to the extent of the area invaded, the success of eradication
programmes depends on the support and engagement of
relevant stakeholders and Indigenous Peoples and local
communities (well established) {5.4.2.2.a, 5.5.3, 5.6.2.1,
5.6.2.2}. Eradication programmes are aided by a rapid flow
of information on the extent and location of invasive alien
species, which can be provided by people who live nearby
(well established) {5.4.2.2.a, 5.5.3}. Evidence suggests that
there have been no fully successful eradication programmes
for established invasive alien species in marine ecosystems
(well established) {5.5.3}. While eradication programmes can
only be achieved with access to upfront cost, they are
generally cheaper than long-term and permanent control
cost and impacts (well established) {5.5.3}.

@ When eradication is not possible for different
reasons, invasive alien species can be contained
and controlled, particularly in terrestrial and closed
water systems (well established) {5.4.3, 5.4.4,
5.5.4, 5.5.5}. There are many examples of successful
containment and control of invasive alien species in
terrestrial and closed water systems and aquaculture (e.g.,
containment of Styela clava (Asian tunicate) invading the
aqua-cultured blue mussel in Canada) (well established)
{6.5.4}, but most attempts in marine and open water
ecosystems have been largely ineffective (established but
incomplete) {5.5.4, 5.5.5}. Containment of invasive alien
species can be achieved with physical, chemical and
biological control actions or in combination (Table SPM.1)
(well established) {5.4.3.2, 5.5.4}. Physical and chemical

control options are mostly effective at a local scale but can
also be effective at larger scales; these control options are
limited by labour costs and generally provide short-term
suppression but not sustained control (well established)
{6.4.3.2.a}. Furthermore, chemical control may have
non-target impacts, needs to be implemented under
regulatory compliance requirements and has decreasing
societal acceptability (well established) {5.4.3.2.b}. Biological
control has been very effective in controlling some invasive
alien plants, invertebrates and, to a lesser extent, plant
microbes and a few invasive alien vertebrates, but it may
have non-target impacts if not well regulated (well
established) {5.5.5.3}. To reduce the risks of unintended
consequences, including non-target impacts, from biological
control, international standards and risk-based regulatory
frameworks (developed under the International Plant
Protection Convention) have been applied and continue to
be effective across many countries (well established) {5.5.2}.
The use of biological control for invasive alien plants and
invertebrates has been successful in more than 60 per cent
of documented cases (Box SPM.3), with one third of the
alien plant species requiring no further form of control, while
also leading to benefits to biodiversity and ecosystem
resilience (well established) {5.5.5.3}. Classical biological
control to suppress invasive alien species populations at
landscape scales has been effectively practised for more
than 100 years (well established) {5.5.5.3}.

@ Adaptive management, including ecosystem
restoration, can improve the management of
invasive alien species and support the recovery of
nature’s contributions to people in terrestrial and
closed water systems (well established) {5.3.3,
5.4.4.3a, 5.5.6, 5.7}. The integration of site- and/or
ecosystem-based management, including ecosystem
restoration, can improve management outcomes, enhancing
ecosystem function and resilience to environmental change,
including future invasive alien species, especially under
climate and land-use change (Box SPM.4) (well
established) {5.3.1, 5.3.2, 5.4.3, 5.5.6, 5.6.1.3}. The
success of any applied adaptive site- or ecosystem-based

Box SPM 8 Classical biological control of Mikania micrantha (bitter vine): an example of
effective suppression of a widespread invasive alien species.

Classical biological control uses host-specific natural enemies
(biological control agents) of invasive alien species (target) to
suppress and control such species. Mikania micrantha (bitter
vine), a native species of Central and South America, is one of
the highest-impact fast-growing {2.5.2.1} invasive alien plants
within the agricultural systems and natural and planted forests
of the Asia-Pacific region {Box 5.21}, affecting the livelihoods of
farmers and rural communities, including women {4.5.1, 4.6.1}.

In the native range of Mikania micrantha, a rust fungus (Puccinia
spegazzinii) specific to this invasive alien plant causes necrosis of
leaves and cankers on the stem and petioles {Box 5.21}. Starting
in 2006, Puccinia spegazzinii was introduced as a classical
biological control agent and established in five countries in the
Asia-Pacific region, where it has provided effective control of
Mikania micrantha {Box 5.21}. However, in India the rust fungus
failed to survive in the field following introduction {Box 5.21}.
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Box SPM 4 Working for Water programme: an example of management of invasive alien
species leading to recovery of nature’s contributions to people.

Control of widespread invasive alien species requires sustained,
large-scale efforts but can lead to improvement in the provision
of a range of nature’s contributions to people {Box 5.19}.
Certain invasive alien plants, such as shrubs and trees, can
reduce water availability, especially in scenarios of increasing
drought caused by climate change {Box 5.4}. In South Africa,
the Working for Water programme, an Expanded Public

Works Programme, was introduced in 1995 and targeted
historically disadvantaged communities, primarily women,
youth and disabled people, creating jobs to reduce poverty
nationally through the removal of widespread woody invasive

management approach, including ecosystem restoration,
depends on long-term monitoring to assess management
efficacy using ecological and social indicators (established
but incomplete) {5.5.2, 6.6.3}. Long-term monitoring of sites
ensures early detection of new introductions, reintroductions
and re-emergence of invasive alien species (e.g., from a
seed bank that includes invasive alien plants) and can inform
further management actions (well established) {5.4.3.3.b,
5.5.6}. However, most studies failed to quantify the
effectiveness of ecosystem restoration since they failed to
measure the initial status of native vegetation. This has led
to inconsistent conclusions regarding the best invasive alien
plant control option which may lead to the most effective
ecosystem restoration {5.4.3.3b; 5.5.6}. Regarding
freshwater ecosystems, monitoring biodiversity using
macroinvertebrate-based indices is a widely used method
globally. However, knowledge is lacking on how invasive
alien species may affect the metric scores and therefore
classification of a river’s status (established but incomplete)
{5.6.2.3}. In marine and connected water systems,
ecosystem restoration has so far proved to be largely
ineffective because the systems are open, leading to
difficulties in implementing and evaluating management
actions (established but incomplete) {5.5.6, 5.6.1.1}.

@ Tools and technologies increase efficiencies
when managing biological invasions and controlling
invasive alien species, with many new options
emerging (established but incomplete) {5.4}. The
development of tools and technologies ranging from
biotechnology to bioinformatics and data analytics is ongoing
for managing pathways, surveillance and detection, rapid
response and eradication, local containment and control of
widespread invasive alien species (well established) {5.4.1,
5.4.2, 5.4.3}. eDNA-based approaches have been used for
detection and identification of invasive alien, mostly aquatic,
species such as Orconectes rusticus (rusty crayfish) (well
established) {5.4.2.1}. New approaches can be integrated
with existing management actions to support site- and

alien species threatening water conservation {Box 5.19}. The
programme generated 20,000 jobs per year over the first
15 years and has helped to improve nature’s contributions
to people by improving water security {Box 5.19}. It has
contributed to rural development by providing training in
entrepreneurial and management skills while encouraging a
sense of community and dignity among workers, especially
women. The Working for Water programme shows how
partnerships with rural communities to manage invasive
alien species can bring both ecological and social benefits
{Box 5.19}.

ecosystem-based management and restoration (established
but incomplete) {5.4}. Multi-stakeholder engagement,
including risk communication and context-specific
application of approaches through local communities, can
improve public acceptability and adoption of new tools and
technologies for managing biological invasions and the
control of invasive alien species (well established) {5.2.1,
5.4.3,5.6.2.1, 6.4.1}. Potential benefits and risks of novel
technologies can be assessed using a risk assessment and
risk management framework in line with a precautionary
approach, as appropriate (well established) {5.4.3.2.f}. Using
this framework in consultation with regulators, stakeholders
and Indigenous Peoples and local communities can limit the
potential for unintended consequences (well established)
{6.4.3.2}. However, most countries do not have the
regulatory frameworks and/or technical capabilities needed
to guide and support development and implementation of
new tools and technologies (established but incomplete)
{6.4.3.2, 6.3.3.4}. Access to modern tools and technologies
and the ability to utilize them can be limited, particularly in
developing countries, meaning greater capacity-building is
required and improved technical and scientific cooperation
(well established) {5.6.2.4, 6.7.2.7}.

@ Stakeholder engagement, capacity-building
and sustained resourcing are critical to the
success of adaptive management (well established)
{5.2.1, 5.6.2.1, 5.6.2.2, 5.6.2.4, 6.4.1, 6.5.3, 6.5.6,
6.5.7}. Access to adequate and sustained financial and
other resources, including international funding to support
developing countries, underpins and improves the
effectiveness of actions for long-term management of
biological invasions, including eradication, control and
ongoing monitoring, by, for example, providing access to
modern tools and enhancing capacity to deploy them (well
established) {6.3.1,5.5.7,5.6.2.1,5.6.2.2, 5.6.2.4, 6.5,
6.5.7}. Engagement by all stakeholders, governments and
the private sector helps to optimize management of
biological invasions in terms of economic, environmental



THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

and social outcomes, particularly when resources are limited
(well established) {5.2.1, 6.5.1}. Societal support is
important for eradication and control of some invasive alien
species, particularly vertebrates, for which there are ethical
considerations {5.3.1.4, 5.4.3.2, 5.6.2.1}. A lack of
stakeholder participation in adaptive management can lead
to negative consequences for good quality of life, especially
for Indigenous Peoples and local communities who have
adapted by using invasive alien species, that include loss of
livelihoods, marginalization and/or gender inequity (well
established) {Box 4.18, 5.2.1, 5.4.3.3.a, 5.5.3, 5.6.1.2,
6.4.1}. The involvement of all stakeholders can be achieved
by using an adaptive co-management approach to the
process, from decision-making to the implementation of
management actions (well established) {5.4.3.3.a, 5.6.2.5}.
Adaptive co-management includes capacity-building;
co-creation, co-design, co-development and co-
implementation; social learning; and broad partnerships
(established but incomplete) {5.7, 6.4.2, 6.4.3.2, 6.4.4}.
Collaboratively addressing the management of biological
invasions around which there are conflicting values among
different sectors, stakeholders and Indigenous Peoples and
local communities is a significant global policy challenge
(well established) {5.6.1.2}.

@ The knowledge, practices, values and
customary governance systems of Indigenous
Peoples and local communities can improve
management outcomes (established but
incomplete) {5.2.1, 5.5.2, 5.5.4, 5.5.5, 5.6.1.2,
6.4.3}. Many communities successfully manage invasive
alien species on their lands (established but incomplete)
{Box 5.6, 5.5.2, 5.5.4, 5.5.5}, leading to increases in
nature’s contributions to people (Box SPM.4) (established
but incomplete) {5.5.4, 5.5.5}. Consultation with
Indigenous Peoples and local communities, through their
free, prior and informed consent, by applying co-design
principles for decision-making and actions helps to ensure
efficacy of management outcomes at the local level
(established but incomplete) {5.2.1, 6.4.3}. Co-delivered
biocultural management plans based on shared scientific,
technical and Indigenous and local knowledge systems
have assisted surveillance and detection, eradication,
containment and control of invasive alien species
(established but incomplete) {5.5.3, 5.6.1.2, 6.4.3.2}. Such
co-governance structures improve quality of life for
Indigenous Peoples and local communities (established
but incomplete) {6.4.3}.

D. Ambitious progress to manage biological invasions can
be achieved with integrated governance

@ Management of biological invasions and
prevention and control of invasive alien species
can be achieved through a context-specific
integrated governance approach with a set of
complementary strategic actions (Figure SPM.7)
(established but incomplete) {6.2.3, 6.7.1, 6.7.2,
6.7.3}. Integrated governance for biological invasions
consists of establishing the relationships between the roles
of actors, institutions and instruments. This involves all those
elements of the interactions between people and nature that
act on biological invasion and their management, in order to
identify the strategic interventions needed to improve
outcomes of prevention and control of invasive alien species
{Box 6.5}. A context-specific integrated governance
approach provides flexibility for countries to identify which
strategic actions should be prioritized and can help in
managing trade-offs and policy conflicts and in avoiding
unintended policy consequences and inefficient expenditure
(established but incomplete) {6.2.3, 6.7.1}. Strategic actions
to prevent the introduction and impact of invasive alien
species include:

1. Enhance coordination and collaboration across
international and regional mechanisms (established but
incomplete) {6.2.3.4, 6.7.2.1};

2. Develop and adopt effective and achievable national
implementation strategies (well established) {6.2.3.2,
6.3.3.1,6.7.2.3};

3. Share efforts and commitments and understanding
of the specific roles of all actors (established but
incomplete) {6.7.2.5};

4. Improve policy coherence (well established) {6.3.1.1,
6.3.2,6.3.3.1,6.7.2.2};

5. Engage broadly across governmental sectors, industry,
the scientific community, Indigenous Peoples and local
communities and the wider public (established but
incomplete) {6.4.2, 6.4.3, 6.7.2.4};

6. Support, fund and mobilize resources for innovation,
research and environmentally sound technology
(established but incomplete) {6.3.3.4, 6.7.2.7};

7. Support information systems, infrastructures and data
sharing (established but incomplete) {6.6.2.3, 6.7.2.6}.

Effective implementation, robustness of relevant institutions,
responsiveness and equitability are key properties of
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Figure SPM (7. Integrated governance of biological invasions.

A context-specific integrated governance approach to biological invasions is enabled by a governance system with properties that
support integration, and a set of strategic actions that together are designed to bring about the progress needed to meet national
and international goals and targets for biological invasions. Integrated governance is rooted in four essential properties of governance
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systems (tree roots) that support the strategic actions (branches) to be achieved. Together, the properties and actions will bring
about the step change needed for effective and sustainable management of biological invasions. Integrated governance for biological
invasions reinforces the enabling conditions identified as necessary to fulfil the 2030 mission of the Kunming-Montreal Global
Biodiversity Framework. An integrated governance approach activates specific strategic actions that promote transformative change

to meet the goals of preventing and controlling biological invasions.

The strategic actions are:

1. Enhance coordination and collaboration across international and regional mechanisms.

2. Develop and adopt effective and achievable national implementation strategies.

3. Share efforts, commitments and understanding of the specific roles of all actors.

4. Improve policy coherence.

5. Engage broadly across governmental sectors, industry, the scientific community, Indigenous Peoples and local communities and

the wider public.

6. Support, fund and mobilize resources for innovation, research and environmentally sound technology.

7. Support information systems, infrastructures and data sharing.

The proposed strategic actions are enabled when the system-wide properties of governance (roots) are robust, equitable and
inclusive, responsive and focused on effective implementation. The numbers on the branches do not imply a ranking.

governance systems that enable integrated governance
(Figure SPM.7), while the importance of context-
appropriate solutions is acknowledged (established but
incomplete) {6.2.3, 6.7.3}.

@ One of the most effective ways to manage
biological invasions is to develop coherent policy
instruments that reinforce strategic actions across
sectors and scales (established but incomplete)
{6.3.1, 6.3.2, 6.5.4}. Many policy instruments aimed at
preventing the introduction of invasive alien species have
been adopted, including multilateral agreements, national
laws, multi-level regulations and voluntary codes of conduct
(well established) {6.1.2, 6.3.1}. They have jointly
contributed to reducing the impacts of invasive alien species
on nature, nature’s contributions to people, and good quality
of life (established but incomplete) {5.5.1, 6.1.3}. The work
under various relevant international organizations,
partnerships and multilateral environmental agreements
(e.g., the Convention on Biological Diversity, the World Trade
Organization, the International Maritime Organization, the
International Plant Protection Convention, the World
Organisation for Animal Health, the Convention on the
Conservation of Migratory Species of Wild Animals and the
Convention on International Trade in Endangered Species of
Wild Fauna and Flora) is not adequately aligned to address
the problem posed by invasive alien species (well
established) {6.3.1.3, 6.3.1.4}. Enhanced coordination and
collaboration across international and regional mechanisms
are key strategic actions for rapid and transformative
progress (established but incomplete) {6.7.2.1} and could
help international, national and local agencies that
implement policies for the environment, agriculture,
aquaculture, fishing, forestry, horticulture, border control,

tourism and trade (e.g., in wildlife, but also including online
trade in other animals, plants and other organisms),
community and regional development (including
infrastructure), transportation and health deliver a coherent
approach to biological invasions (well established) {6.3.1.1}.
Such coordination and collaboration efforts would consider
the trade-offs across sectors {6.3.1.1(2), 6.3.1.3},
stakeholders and Indigenous Peoples and local communities
{1.5.1}, and the interdependence between invasive alien
species and other drivers (established but incomplete)
{3.1.1, 3.1.5, 6.2.3.2, 6.7.2.2}. Collaborative, multisectoral
and transdisciplinary approaches (such as One Health)
provide frameworks to prevent and control invasive alien
species by strengthening the interconnections between the
human, animal, plant and environmental health sectors,
including biosecurity (e.g., as outlined in the One Biosecurity
framework among others) (established but incomplete)
{1.6.7.2,6.3.1,6.7.2.2}.

@ National-scale strategies and action plans are
instrumental to successfully managing biological
invasions as part of a context-specific integrated
governance approach (well established) {6.2.3.2,
6.3.2.1, 6.7.2.3}. The national strategies and action plans
could be developed or updated to align with and implement
the Kunming-Montreal Global Biodiversity Framework,
particularly Target 6, as well as other relevant international
guidelines for sustainable development, through aspirational,
ambitious and realistic approaches (well established) {6.1.2,
6.2.3.2,6.3.2.1, 6.6.3, 6.7.2.3}. Coordinated efforts to
strengthen national regulatory instruments, including for the
regulation of online trade {6.3.1.4(3)}, are key to reducing
the transport and introduction of invasive alien species
(established but incomplete) {6.3.1.1, 6.7.2.1}. Voluntary
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codes of conduct (Box SPM.1) have limitations but they
can be a valuable part of integrated systems to reduce the
risk of biological invasions, when in line with relevant
international obligations and national legislations (established
but incomplete) {6.3.1.4(4)}. Adequately designed and
implemented national biodiversity strategies and action
plans are instruments to help manage biological invasions
and mitigate the impacts of invasive alien species
(established but incomplete) {6.1.2, 6.3.3.1}. Implementation
of strategies could be accelerated by measuring and
monitoring resourcing of actions, implementation processes,
outputs and outcomes of policy management (established
but incomplete) {Table 6.5, Box 6.3, 6.6.3}, which could also
create a conducive policy environment for the utilization of
environmentally sound technologies (established but
incomplete) {6.3.3.4}.

@ Long-term commitment and resourcing from
governments and institutions will support the
implementation of strategic actions to underpin the
integrated governance of biological invasions
(established but incomplete) {6.2.3.2, 6.5.1, 6.5.3,
6.5.7}. With adequate levels of sustained investment and
resources (Table SPM.2), including support to developing
countries {6.5.7}, specific options that address the gaps and
inconsistencies in current policy instruments and
coordination can be implemented over appropriate
timeframes (established but incomplete) {6.7.2.2, 6.7.2.3}.
Regulatory and market-based instruments such as tax relief
and subsidization can be used to incentivize action on and
investment in prevention and control of invasive alien species
(established but incomplete) {6.3.1, 6.5.1, 6.5.2}, especially
when responsibility for the burden of biological invasions,
including environmental liability, is shared (Figure SPM.7).
These instruments may be non-market mechanisms or
voluntary codes of conduct (Box SPM.1) {6.3.1.4},
transparent and conducive regulatory settings for new
technologies {6.3.3.4, 6.7.2.7}, information-sharing {6.6.2,
6.7.3}, product labelling {6.3.1.4} or direct regulatory
intervention {6.3.3.1, 6.3.3.3}. Regulations could be enforced
with economic penalties and tariffs (established but
incomplete) {6.5.1, 6.5.2}. However, taxation incentives,
international standards and cost-sharing mechanisms are
generally the preferable policy instruments for encouraging
entities to participate in prevention and control activities
(established but incomplete) {5.6.2.1, 6.5.1, 6.5.2, 6.5.4,
6.5.5, 6.5.6}. Efforts to overcome the asymmetries and
differences in resource capacity among stakeholders and the
potential unequal burden and responsibilities of addressing
the causes and impacts of invasive alien species can be
embedded in policies (established but incomplete) {6.2.3.3,
6.4.4.3}. Cost-benefit and “willingness to pay” analyses and
stakeholder consultation can support the development of
national policies to assist in justifying the use of public
resources and developing the most appropriate incentives
(established but incomplete) {5.2.2.1.i, 6.2.3.1(2), 6.2.3.4}.

@ Public awareness and engagement contribute
to the effective management of biological
invasions (well established) {5.6.2.1, 6.2.2(9),
6.3.1.4, 6.4.1, 6.6.2.1, 6.7}. Public understanding of the
risks associated with invasive alien species is particularly
important for preventing new introductions (well
established) {6.2.2(9), 6.4.1}. Increased understanding of
possible biological invasions and the negative impacts of
invasive alien species can be achieved through public
awareness campaigns {Box 6.11, 6.7.2.5}, education
across all age groups {6.7.2.4} and citizen science
(established but incomplete) {5.4.2.2.a, 6.6.2.1}.
Engagement of the general public via citizen science
platforms, awareness campaigns and community-driven
eradication campaigns also contributes to establishing
shared responsibilities for managing biological invasions
(established but incomplete) {6.7.2.5}. Surveillance for
detecting invasive alien species through citizen science and
social media provides broader security by empowering and
engaging the public (established but incomplete) {5.4.2.1.a,
5.4.2.2.a, 6.6.2.1}. Communication is an effective tool for
inspiring collective action to monitor and control invasive
alien species {6.2.3.1(4), 6.2.3.4, 6.4.4.4} by supporting the
co-design of management actions, knowledge exchange
and enhanced partnerships among stakeholders and
researchers (established but incomplete) {6.2.3.3, 6.4.4.3}.
[t can also enable alignment of resource managers’
responses with national plans and policy priorities (well
established) {6.3.1.3, 6.3.2.1}. An effective communications
strategy considers the most appropriate timing, media and
channels/interfaces for the target audience (established but
incomplete) {Box 6.13, 6.6.2.6}.

@ Indigenous Peoples and local communities
have invaluable knowledge systems that could
contribute to addressing biological invasions
(established but incomplete) {Box 4.18, 5.5.3, 5.5.4,
6.4.3.2}, yet their lack of land tenure and access
rights can limit the extent to which they are able to
take action (well established) {3.2.5, 6.4.3.1}.
Indigenous Peoples and local communities can be partners
in co-developing policies and strategies to address
biological invasions while giving consideration to the
challenge of conflicting perceptions and values in order to
achieve consensus on management actions (established but
incomplete) {5.6.1.2, 6.2.3.3, 6.4.3.1}. Participation of
Indigenous Peoples and local communities can be
enhanced with sufficient legal, political and financial support
(well established) {6.4.3, Box 6.16}. Successful strategies
respect the knowledge, priorities and rights of Indigenous
Peoples and local communities, including customary
governance systems, in accordance with national legislation
(established but incomplete) {5.1.3, 5.2.1, 5.6.2, 6.4.3}. In
cases where the impact of invasive alien species on the
quality of life of Indigenous Peoples and local communities is
unavoidable, those communities need ongoing support and
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Table SPM 2 Options for strengthening the governance of biological invasions at national,

regional and global scales.

Indication of the duration of investment needed to implement different options. The contribution of each of these options, together
forming integrated governance, are given in Figure SPM.7. This table presents concrete options for action.

Governance

purpose

Coordination and

resourcing governance of biological invasions

Build capacity to enable strategic actions

Policy

Use national strategy and planning for invasive alien species to achieve policy

implementation

Support, fund and mobilize resources for innovation, research and
environmentally sound technology

information on invasive alien species

Research,

information, within and across countries

Enhance multilateral coordination and collaboration to support the integrated

Invest in information systems for invasive alien species for information-sharing

Duration of
investment needed

Share efforts, commitments and understanding of the specific roles of all

information systems, infrastructures and open and equitable access to

XLV

and technology
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Develop new solutions through research and technology

adequate resources to respond to the challenges of living
with invasive alien species (established but incomplete)
{1.6.7.2,6.2.3.2, 6.2.3.5}.

@ Open and interoperable information systems,
supported by international cooperation, play a
critical role in tackling biological invasions
(established but incomplete) {6.2.3.1(3), 6.6.2.2,
6.7.2.6}. Strengthening existing open information systems
can facilitate the management of biological invasions,
including prioritization of actions, early detection and rapid
response, and can improve the effectiveness of regulations
(established but incomplete) {5.4.1, 6.6.2.3}. Open
information systems can substantially reduce the costs of

i
Short

H H

Periodic

P
Ongoing

management by ensuring targeted and appropriate
responses, avoiding duplication of efforts and facilitating the
evaluation of the effectiveness of policy instruments using
indicators (Table SPM.2) (well established) {6.6.2.4,
6.6.2.6, 6.6.3}. The “rate of invasive alien species
establishment” headline indicator adopted for monitoring
progress towards Target 6 of the Kunming-Montreal Global
Biodiversity Framework provides opportunities to build on
existing indicators of biological invasions (Table SPM.A1)
{6.6.3}. Collaboration and networking among stakeholders
and governments can ensure equitable knowledge access
(established but incomplete) {6.2.3.3, 6.2.3.4} and improve
understanding of the context-specific features of biological
invasions. It can also improve the availability of data and
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knowledge across geographic regions, habitats and
taxonomic groups and reduce the wide variation in response
capability (established but incomplete) {6.2.3.3, 6.4.1,
6.7.2.6}. Through citizen science, information systems have
the potential to engage people, raise awareness and
increase the availability of data (established but

incomplete) {6.6.2.1}.

@ Existing evidence of the magnitude and extent
of the impacts of invasive alien species supports
immediate, strategic and sustained action to
successfully address biological invasions (well
established) {1.1, 2.2, 3.6.3, 4.3.1, 4.4.1, 4.5.1,
5.6.2.5, 6.7.2}. The available data and knowledge
reviewed for this assessment vary across regions, units of
analyses, taxonomic groups and time because of language
barriers, lack of targeted policies and legislation, lack of
resources, uneven research capacity, data accessibility and
other factors (Table SPM.A1), contributing to gaps in data
and knowledge (well established) {2.7, 3.6.1, Box 3.12, Box
3.13, 4.7.2, 6.6, Table 6.10}. Nonetheless, filing knowledge
and data gaps, particularly at local scales, can bring about
important improvements in the cost-effectiveness and
success of prevention and management actions (well
established) {6.6.1, 6.6.2}. For example, it would be
particularly beneficial to increase the availability of
information on invasive alien invertebrates and
microorganisms; improve knowledge of the impacts of
invasive alien species in parts of Africa, Central Asia and
Latin America; gain a better understanding of the role of
indirect and interacting drivers; develop management
options for invasive microorganisms and marine species;
and establish the effectiveness of different policy instruments
(established but incomplete) (see Table SPM.A1 for a
comprehensive presentation of knowledge gaps). Enhancing
research capacity in some regions and collaboration
between biological invasion experts in the developed and

developing world and across knowledge systems could
improve data and information availability as well as
understanding of the context-specific features of invasive
alien species and their impacts (established but incomplete)
{6.2.4, 6.6.1.1(3)}. With political will, strategic long-term
commitment and sufficient resources, management of
biological invasions is an attainable goal (well established)
{Boxes 5.2, 5.4,5.5,5.6,5.7,5.8,5.9,5.11, 5.12, 5.14,
5.15,5.16,5.17,5.19, 5.21, 6.7.3}.

@ Successfully addressing biological invasions
can also strengthen the effectiveness of policies
designed to respond to other drivers (established
but incomplete) {5.6.1.3, 6.3, 6.7.2.2}. Mitigating the
risks of invasive alien species will contribute to the effective
delivery of the 2030 Agenda for Sustainable Development,
including the Sustainable Development Goals, especially
those addressing the conservation of marine (Goal 14) and
terrestrial biodiversity (Goal 15 including, but not restricted
to, Target 15.8), food security (Goal 2), sustainable
economic growth (Goal 8), sustainable cities (Goal 11),
climate change (Goal 13), and good health and well-being
(Goal 3) (established but incomplete) {6.7}. An integrated
governance approach that acknowledges the interactions
between invasive alien species and other drivers, including
climate change, direct exploitation of natural resources,
pollution and land- and sea-use, alongside human, animal
and plant health, can identify where to best direct policy
alignment and mutually supportive efforts (established but
incomplete) {3.1.5, 6.2.4,6.7.2.1,6.7.2.2, 6.7.2.5}.
Evidence-based policy planning can reflect the
interconnectedness of the drivers so that efforts to solve one
problem do not exacerbate the magnitude of others and
may even have multiple benefits (established but
incomplete) {3.2.5, Box 3.9, 5.6.1.3, 6.2.4, 6.3.1.1(1),
6.7.2.2}.
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APPENDIX 1

Communication of the degree
of confidence
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QUANTITY AND QUALITY OF EVIDENCE

Figure SPM ‘A @ The four-box model for the qualitative communication of confidence.

Confidence increases towards the top-right corner, as suggested by the increasing strength of shading. Source: IPBES (2016).'2
Further details of the approach are documented in the IPBES Guide on the Production of Assessments.™

In this assessment, the degree of confidence in each main
finding is based on the quantity and quality of evidence
and the level of agreement regarding that evidence (Figure
SPM.A1).

12.

IPBES (2016): Summary for Policymakers of the Assessment Report on
Pollinators, Pollination and Food Production of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services. Potts,
S.G., Imperatriz-Fonseca, V. L., Ngo, H. T., Biesmeijer, J. C., Breeze, T. D.,
Dicks, L. V., Garibaldi, L. A., Hill, R., Settele, J., Vanbergen, A. J., Aizen, M.
A., Cunningham, S. A., Eardley, C., Freitas, B. M., Gallai, N., Kevan, P. G.,
Kovacs-Hostyanszki, A., Kwapong, P. K., Li, J., Li, X., Martins, D.J., Nates-
Parra, G., Pettis, J.S., Rader, R. and Viana, B.F. (eds.). IPBES secretariat,
Bonn, Germany. http://doi.org/10.5281/zenodo.2616458.

. IPBES (2018): IPBES Guide on the Production of Assessments. Secretariat

of the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services, Bonn, Germany. Available at: https:/ipbes.net/guide-
production-assessments.

The evidence includes data, theory, models and expert
judgement.

®) Well established: there is a comprehensive meta-
analysis or other synthesis or multiple independent
studies that agree.

0 Established but incomplete: there is general
agreement, although only a limited number of studies
exist; there is no comprehensive synthesis, and/or the
studies that exist address the question imprecisely.

®) Unresolved: multiple independent studies exist but
their conclusions do not agree.

® Inconclusive: there is limited evidence and a
recognition of major knowledge gaps.


http://doi.org/10.5281/zenodo.2616458
https://ipbes.net/guide-production-assessments
https://ipbes.net/guide-production-assessments
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APPENDIX 2

Synthesis of knowledge
and data gaps

Table SPM (A @ Table of knowledge and data gaps

Synthesis of the most important knowledge and data gaps identified and collated through the assessment. Confidence levels in the
summary for policymakers were allocated with full consideration of the gaps listed in the table; closing those gaps would strengthen
the understanding of biological invasions. Experts have assessed the estimated cost and scientific challenge of closing these gaps, as
well as the potential gain in increasing understanding of and successfully tackling biological invasions globally (from very low to very
high). The listed gaps may not be relevant at local or regional scales.

CATEGORY IMPLEMENTATION | POTENTIAL GAIN
CHALLENGE

Estimated
research cost
Estimated
scientific
challenge

For taking
management
action

For better
understanding
biological
invasions

Gaps in Incomplete or lack of inventories of invasive alien species in marine,
biomes, units tropical and Arctic ecosystems {2.5.2.1, 2.5.2.4,2.5.2.5, 2.5.4}
Of @NAlYSIS ANA  wvooveeeersreseene et
species groups Incomplete or lack of inventories of invasive alien microorganisms
and invertebrates {2.3.1.11, 2.3.3.3}
Lack of understanding of the drivers of change that facilitate
biological invasion for some animal groups (notably invertebrates), ‘
fungi and microbes {3.6.1}

Lack of understanding and synthesis of the impacts of invasive .
alien microbes {4.7.2}
Poor understanding of drivers of change that facilitate biological .
invasions in aquatic and marine systems {3.6.1}
Lack of data on successful restoration attempts in terrestrial and
marine systems {5.5.6, 5.6.2.1}

Regional gaps Comparatively incomplete inventories of invasive alien species in
in data and Africa and Central Asia {2.4.2.5, 2.4.5.5} .
3T = 1+ - S T R L TR LI

Comparative lack of understanding of the drivers of change that .

facilitate biological invasions in developing economies {Box 3.12}

Lack of data and knowledge of the drivers of biological invasions in

sub-Saharan Africa, tropical Asia and South America {3.6.1}

Incomplete data on the impacts of invasive alien species across ‘
Africa and Central Asia {4.7.2}
Interoperable Lack of standardization of terminology for invasive alien species
data for monitoring {2.4.4.5, 6.6.2.3, 6.6.2.7}
IMONITOFING  woeeereess ettt L bbbttt bt
invasive alien Lack of information on the role of indirect drivers, especially
species and governance and sociocultural drivers, in affecting biological .
effects of drivers invasions {3.1.5, 3.6.1, Box 3.13}
of biodiversity T e s L i e
change Lack of understanding of the net effects of multiple interacting

drivers in shaping and promoting biological invasions {3.5, Box
3.10, 3.6.1, Box 3.13}

Lack of knowledge on interactions and feedback across drivers in .
promoting invasions {3.1.5, 3.6.1}
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CATEGORY IMPLEMENTATION | POTENTIAL GAIN
CHALLENGE

Estimated
research cost
Estimated
scientific
challenge
For taking
management
action

For better
understanding
biological
invasions

Interoperable Lack of integration of impact data and knowledge sources across
data for

monitoring ; )
invasive alien Incomplete data to undertake risk management, cost-effective

species and species-based surveillance and detection of fungi, microbes and
effects of drivers Mmarine pests {Table 5.11}

of biodiversity Incomplete data to prioritize biological invasion management under
change .

climate, sea- and land-use change {5.6.1.3}

Lack of inventories at fine scales and for specific taxon and biome

contexts to support decision-makers in determining when to . .
implement species-based or site-based management (or both)

{56.6.2.1,5.7}

Incomplete data to develop pathway risk assessments and
management for different taxonomic groups and biomes {Table ' .
5.11,5.6.2.5}

Incomplete data and understanding of site-based and ecosystem- . .
based management concepts {5.6.2.1}

Incomplete data and understanding of the conditions that facilitate
successful integration of policy developments into management . .
plans {6.6.1.4}

Lack of indicators of the various dimensions of biological invasion
that are policy-relevant, sensitive, reliable, relevant at national
and global scales, sustained for medium-to-long-term tracking of
progress and part of a responsive policy environment {6.6.3}

Gaps in how Incomplete data on impacts on nature’s contributions to people
invasive alien and good quality of life {4.7.2}

species affect

nature’s . .
contributions to

people

approaches {6.6.1.1}

Lack of agreed-upon methods of supporting management decision-
making for invasive alien species with both positive and negative
impacts {5.6.1.2}

Management Lack of control options for marine invasive alien species and
and policy invasive alien microbial fungal pathogens of plants and animals ‘ .

Lack of methods of managing pathways for invasive alien

species arriving as contaminants, or through shipping containers, ‘ .
e-commerce (legal/illegal), biofouling or ports, and across land

borders and along trade supply chains {Table 5.11, 5.6.2.4}

Lack of methods for adaptive management of invasive alien
invertebrates and plants using alternative approaches given the . .
declining number of chemical control options {5.6.2.5}

Lack of eradication guidelines and strategies for generalist invasive
alien invertebrates, diseases and hard-to-detect freshwater and . ‘
marine invasive alien species {5.6.2.1, Table 5.11}

Lack of scenarios and models of invasive alien species that consider . .
interactions with other drivers of global change {2.6.5, 6.6.1.6}

Missing information on the implementation of adaptive-collaborative
governance for biological invasions and factors important to the . . .
success of that governance strategy {6.4.4.5}

Incomplete data on the effectiveness of policies, management
strategies and actions related to biological invasions {6.1.3, 6.6.3} .



CATEGORY

Gaps to fill to
support the
implementation
of policy and
management

Gaps in
knowledge
on invasive
alien species
of particular
relevance to
Indigenous
Peoples

and local
communities

Very low
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IMPLEMENTATION | POTENTIAL GAIN

CHALLENGE

Estimated
research cost
Estimated
scientific
challenge
For taking
management
action

Lack of tools and frameworks to predict biological invasions {6.2.1,
6

Lack of tools to reduce the barriers to information-sharing within
and across countries {6.6.2}

Lack of research and data on how best to implement integrated

governance systems to manage biological invasions {6.6.1.3, ‘
6.6.1.4, 6.6.2}

Design principles for an integrated governance system to manage .
biological invasions {6.7.2.3, 6.7.3}

Lack of mechanisms that allow effective collaboration among
different elements of the socioecological systems {Figure 6.7, 6.7}

on land and water managed by Indigenous Peoples and local

Lack of information on invasive alien species status and trends ‘
communities {Box 2.6}

Lack of information on Indigenous and local knowledge, values and

culture regarding the drivers and impacts of invasive alien species .
on land and water managed by Indigenous Peoples and local

communities {1.6.7.1, Box 3.12}

and researchers and other outsiders {6.6.1.5}

Lack of consideration of the knowledge and perceptions of
Indigenous Peoples and local communities in scenarios and models

Lack of understanding of and mechanisms for sharing knowledge

on invasive alien species and their drivers, impacts, management

and governance among Indigenous Peoples and local communities

{1.6.7.3,4.7.1,6.6.1.6} .

indicators for biological invasions {6.6.3}.

For better
understanding
biological
invasions

@ A headline indicator has been adopted for planning and tracking
. . of progress towards Target 6 of the Kunming-Montreal Global
) ) ] Biodiversity Framework, with opportunities to build on existing
Low Intermediate High Very high
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APPENDIX 3

Examples of data
and knowledge products

Information components including description and importance of the information for documenting and managing biological
invasions of existing invasive alien species databases that may provide relevant information.

Websites are provided at the first mention of each database (see chapter 2 for databases relevant for status and trends and
chapter 6, section 6.6.3 for databases supporting policy options). Gaps identified within the data and knowledge products

are also given {Table 5.4}.

Database
purpose

Description

Examples of data and knowledge products

Identified gaps

Taxonomy Scientific name, Name consistency
higher taxonomy, and locating
synonyms, specimens

common names

Underrepresented
biomes and taxa

e GBIF - https://www.gbif.org/
e World Register of Introduced Marine Species —
http://www.marinespecies.org/introduced/

e FishBase - https://fishbase.org/
e Plant List - http://www.theplantlist.org/

* The Reptile Database -
http://www.reptile-database.org/
¢ AlgaeBase - https://www.algaebase.org/

* |UCN Red List of Threatened Species —
https://www.iucnredlist.org/

Identification Identification guides, Correct
diagnostic tools identification,
early detection

e iNaturalist — https://www.inaturalist.org

e Lucidcentral - https://www.lucidcentral.org

* Antweb — a comprehensive diagnostic tool for ants
- http://antweb.org/

¢ Plant net — https://plantnet.rbgsyd.nsw.gov.au/

e eBird - https://ebird.org/home

e BioNET - EAFRINET - https://keys.lucidcentral.org/
keys/v3/eafrinet/plants.htm

e Portaleei Latin America —
http://portaleei.fcien.edu.uy/

Ecology Including habitat, Management
species interactions  risk assessment
(e.g., host species)

Spatial data Distribution, Origin,
native and management,
introduced range, risk assessment

occurrence

e Global Invasive Species Database (GISD) -
http://www.iucngisd.org/gisd

e Centre for Agriculture and Bioscience International
Invasive Species Compendium —
https://www.cabi.org/isc

* FishBase

¢ National invasive alien species databases —
http://www.inbiar.uns.edu.ar/;
http://bd.institutohorus.org.br;
https://caribbeaninvasives.org;
https://sieei.udelar.edu.uy;

https://guyra.org.py;
https://invasoras.biodiversidad.gob.ec

e Global Invasive Species Database

e Global Register of Introduced and Invasive Species
(GRIIS) - http://www.griis.org/ (Pagad et al., 2018,
2022b, 2022a) {Table 5.4}

e Centre for Agriculture and Bioscience International
Invasive Species Compendium

e FishBase

* Global Naturalized Alien Flora (GloNAF) —
https://glonaf.org


https://www.gbif.org/
http://www.marinespecies.org/introduced/
https://fishbase.org/
http://www.theplantlist.org/
http://www.reptile-database.org/
https://www.algaebase.org/
https://www.iucnredlist.org/
https://www.inaturalist.org
https://www.lucidcentral.org
http://antweb.org/
https://plantnet.rbgsyd.nsw.gov.au/
https://ebird.org/home
https://keys.lucidcentral.org/keys/v3/eafrinet/plants.htm
https://keys.lucidcentral.org/keys/v3/eafrinet/plants.htm
http://portaleei.fcien.edu.uy/
http://www.iucngisd.org/gisd
https://www.cabi.org/isc
http://www.inbiar.uns.edu.ar/
http://bd.institutohorus.org.br
https://caribbeaninvasives.org
https://sieei.udelar.edu.uy
https://invasoras.biodiversidad.gob.ec
http://www.griis.org/
https://glonaf.org
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Description Database Examples of data and knowledge products Identified gaps
purpose

Spatial data Distribution, Origin, e Global Avian Invasions Atlas —
native and Management, https://doi.org/10.6084/m9.figshare.4234850.v1
introduced range, Risk assessment .

SealifeBase - https://www.sealifebase.ca

e WOAH - https://www.woah.org/en/what-we-do/
animal-health-and-welfare/disease-data-collection/
world-animal-health-information-system/

e European Alien Species Information Network —

https://easin.jrc.ec.europa.eu/easin/#

occurrence

e Pacific Islands Ecosystems at Risk —
http://www.hear.org/pier/

e Species observations for the United States and
Territories — https://www.gbif.us

e Atlas of Living Australia. Analytic software
platforms, extensive and open source —
www.ala.org.au

e National invasive alien species databases

e Biomodelos — Biomodels of potential distribution
maps and invasive species fauna and flora in
Colombia - http://biomodelos.humboldt.org.co/en

¢ International Union for Conservation of Nature Red
List of Threatened Species

e Regional plant protection organizations —
https://www.ippc.int/en/external-cooperation/
regional-plant-protection-organizations/

Status and Biological invasion Origin, * Global Invasive Species Database
provenance status in introduced  prioritization and .

range including management . . .
abundance prioritization e Centre for Agriculture and Bioscience International

occurrence (extent Invasive Species Compendium

of spread) and e FishBase
invasiveness

Global Register of Introduced and Invasive Species

e European Alien Species Information Network
e Pacific Islands Ecosystems at Risk

e World Register of Introduced Marine Species
e SealifeBase - https://www.sealifebase.ca/

o WOAH World Animal Health Information System —
disease status

e National invasive alien species databases

Primary and Intentional or Biosecurity * Global Invasive Species Database Secondary
secondary unintentional management « Global Register of Introduced and Invasive Species ~ Pathways
pathways pathways of ) o ) classification
introduction and e Centre for Agriculture and Bioscience International inconsistent or
spread Invasive Species Compendium missing
e FishBase
e European Alien Species Information Network
¢ Pacific Islands Ecosystems at Risk
e World Register of Introduced Marine Species
e Database on Introductions of Aquatic Species
e |PPC Documentation on ISPM - https://www.ippc.
int/en/core-activities/standards-setting/ispms/
e National invasive alien species databases —
http://www.inbiar.uns.edu.ar/
Monitoring Data from multiple Early detection e Early Detection and Distribution Mapping System —
and sources in a real https://www.eddmaps.org/
surveillance time
Impact Environmental Risk assessment e Global Invasive Species Database No transparent,
and socio- policy o Global Register of Introduced and Invasive Species ~ Standardized
economic impacts, management . o ) way to report on
mechanisms of e Centre for Agriculture and Bioscience International impacts
impact, outcomes of Invasive Species Compendium

these impacts and
ecosystem services
impacted

<

SUMMARY FOR POLICYMAKERS


https://doi.org/10.6084/m9.figshare.4234850.v1
https://www.sealifebase.ca
https://www.woah.org/en/what-we-do/animal-health-and-welfare/disease-data-collection/world-animal-health-information-system/
https://www.woah.org/en/what-we-do/animal-health-and-welfare/disease-data-collection/world-animal-health-information-system/
https://www.woah.org/en/what-we-do/animal-health-and-welfare/disease-data-collection/world-animal-health-information-system/
https://easin.jrc.ec.europa.eu/easin/#
http://www.hear.org/pier/
https://www.gbif.us
www.ala.org.au
http://biomodelos.humboldt.org.co/en
https://www.ippc.int/en/external-cooperation/regional-plant-protection-organizations/
https://www.ippc.int/en/external-cooperation/regional-plant-protection-organizations/
https://www.sealifebase.ca/
https://www.ippc.int/en/core-activities/standards-setting/ispms/
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Description Database Examples of data and knowledge products Identified gaps
purpose

Impact Environmental Risk assessment e InvaCost database — https://figshare.com/articles/ No transparent,
and socio- policy dataset/InvaCost References and_description standardized
economic impacts, management of economic cost estimates associated with way to report on
mechanisms of biological invasions worldwide /12668570/4 impacts
impact, outcomes of .

Millennium ecosystem assessment —
https://www.millenniumassessment.org

e |UCN Red List of Threatened Species —
https://www.iucnredlist.org/resources/threat-
classification-scheme

these impacts and
ecosystem services
impacted

* FishBase
Risk Developed risk Management e Global Invasive Species Database
nents ments with °
outcomes

Pacific Islands Ecosystems at Risk

e Environmental Impact Classification of Alien Taxa
and the Socio-Economic Impact Classification for
Alien Taxa

* Global Compendium of Weeds —
http://www.hear.org/gcw/

e East and South European Network for Invasive Alien
Species — www.esenias.org
® Pacific Invasive Ants Toolkit — http://www.piat.org.nz/
e National invasive alien species databases
Policy Legislations Policy e ECOLEX - https://www.ecolex.org Databases not

response enacted, regulations, management o FAOLEX - fao.org/faclex/en/ searchable for
voluntary codes of ) ) . invasive alien
conduct ¢ InforMEA - United Nations Information Portal on species

Multilateral Agreements - https://www.informea.org

e EU Regulations - https://ec.europa.eu/environment/
nature/invasivealien/index_en.htm

Lvi

Eradication Successes Management ¢ DIISE - http://diise.islandconservation.org/
Global Eradication and Response Database —
http://b3.net.nz/gerda/
¢ National invasive alien species databases
Control Management Management ¢ Pacific Islands Ecosystems at Risk No standardized

practices, failure, o Database of introductions of insect biological way to report
best practices, control agents for the control of insect pests (Cock ~ ©N Management
biocontrol et al.,, 2016) {Table 5.4} outcomes

¢ Biological Control of Weeds. A world catalogue of
agents and their target weeds -
https://www.ibiocontrol.org/

SUMMARY FOR POLICYMAKERS
L]

¢ iMaplnvasives - sharing information for strategic
management - https://www.imapinvasives.org

e Centre for Agriculture and Bioscience International
Invasive Species Compendium

* Pacific Invasive Ant Toolkit

e Caribbean Invasive Alien Species Network —
https://caribbeaninvasives.org/

¢ Database of Island Invasive Species Eradications

e Global Eradication and Response Database

e Early Detection and Distribution Mapping System

e East and South European Network for Invasive Alien
Species

e National invasive alien species databases


https://figshare.com/articles/dataset/InvaCost_References_and_description_of_economic_cost_estimates_associated_with_biological_invasions_worldwide_/12668570/4
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https://figshare.com/articles/dataset/InvaCost_References_and_description_of_economic_cost_estimates_associated_with_biological_invasions_worldwide_/12668570/4
https://www.millenniumassessment.orghttp://
https://www.iucnredlist.org/resources/threat-classification-scheme
https://www.iucnredlist.org/resources/threat-classification-scheme
http://www.hear.org/gcw/
www.esenias.org
http://www.piat.org.nz/
https://www.ecolex.org
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http://b3.net.nz/gerda/
https://www.ibiocontrol.org/
https://www.imapinvasives.org
https://caribbeaninvasives.org/
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delimitation of its frontiers or boundaries. These maps have been prepared or used for the sole purpose of facilitating the
assessment of the broad biogeographical areas represented therein.
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Chapter 1

INTRODUCING BIOLOGICAL
INVASIONS AND THE IPBES THEMATIC
ASSESSMENT OF INVASIVE ALIEN
SPECIES AND THEIR CONTROL

1.1 INTRODUCTION:

THE IPBES THEMATIC
ASSESSMENT OF INVASIVE
ALIEN SPECIES AND THEIR
CONTROL

Invasive alien species (Figure 1.1), through the process

of biological invasion, are widely recognized as a major
threat to nature and nature’s contributions to people, with
important implications for good quality of life (IPBES, 2018e,
2018f, 2018g, 2018h, 2019; Glossary). Biological invasions
are a consequence of human activities and invasive alien
species are acknowledged as one of the major drivers

of local species extinctions within terrestrial and inland
water ecosystems (Bellard et al., 2016; IPBES, 2019a;
Chapters 3 and 4); they have dramatically altered habitats
within terrestrial, marine, and freshwater ecosystems
around the world (Cacabelos et al., 2020; Liu et al., 2020;
Chapter 4; Glossary). Invasive alien species, alongside
other drivers of change in nature, are considered to be one
characteristic of a new epoch — the Anthropocene (Capinha
et al., 2015; Crutzen & Stoermer, 2000). While the problems
associated with invasive alien species have increased over
the past century (Chapters 2 and 4), considerable progress
has been made toward understanding (Chapters 2, 3

and 4) and developing strategies and actions to manage
them (Figure 1.2; Chapter 5). The thematic assessment
report on invasive alien species and their control of the
Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES; hereafter termed the
IPBES invasive alien species assessment) provides a timely
synthesis of this complex but fascinating multidisciplinary
field of research to underpin potential options for policy- and
decision-making (Chapter 6).

Throughout the IPBES invasive alien species assessment,
the term biological invasion is used to describe a process
involving the transport of a native species outside of its
natural range, intentionally or unintentionally, by human
activities to new regions where it may become established
and spread (Richardson et al., 2010). The term invasive alien
species refers to particular species within the context of the

process of biological invasion; namely those that negatively
impact (Glossary) nature and also, in some cases, nature’s
contributions to people, and good quality of life.

The rapidly growing threat that invasive alien species pose
to nature, nature’s contributions to people, and good
quality of life remains underestimated and, in some cases,
overlooked by policy and decision makers (IPBES, 2018a,
2019). However, concerns over the adverse impacts

of invasive alien species have driven multiple efforts to
establish regional and international initiatives (Figure 1.2;
Clout & De Poorter, 2005) and policy goals (Box 1.1).

A pioneering initiative was the Scientific Committee on
Problems of the Environment (SCOPE), which engaged
scientists to document biological invasions and invasive
alien species from a global perspective in 1982 (J. A. Drake
et al., 1989; Mooney et al., 2005).

The overarching aim of the IPBES invasive alien species
assessment is to critically evaluate available evidence on
the severity of the threat of invasive alien species to inform
potential options for decision-making. The need for sustained
social-ecological (Kull et al., 2018), interdisciplinary (Vaz et
al., 2017) and transdisciplinary approaches (Kapitza et al.,
2019), which are sensitive to differing knowledge systems,
value perceptions and cultural attributes, is acknowledged
throughout this assessment and will be critical in addressing
the recently adopted goals of the Kunming-Montreal Global
Biodiversity Framework (CBD, 2022).

While previous regional, global and thematic IPBES
assessments have considered biological invasions and
invasive alien species, an in-depth and quantitative and
qualitative global analysis of them has not been conducted.
Therefore, the IPBES invasive alien species assessment
not only extends the findings of the previous IPBES
assessments, including the IPBES Global Assessment
Report on Biodiversity and Ecosystem Services (IPBES,
2019), but addresses important gaps in information.
Ultimately, through the synthesis and harmonization of
information at a global scale, the IPBES invasive alien
species assessment examines the magnitude of the threat
of invasive alien species to nature, nature’s contributions to
people, and good quality of life (Box 1.2).
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The term biological invasion describes the process involving the intentional or unintentional transport or
movement of a species outside its natural range by human activities and its introduction to new regions, where

it may become established and spread.!

Native species (synonym indigenous species) are taxa
that have originated in a given area (their natural range)
without human involvement, or that have arrived there without
intentional or unintentional intervention of humans, from an area
in which they are native. This definition excludes products of
hybridization involving alien taxa since “human involvement”,
in this case, includes the introduction of an alien parent.2 Some
native species can spread or undergo rapid population increase
and have harmful impacts. Despite their adverse effects, such
native species are not considered invasive alien species.?

-

. Alien species, as opposed to native species (synonyms
exotic, introduced, non-indigenous, non-native), are those
whose presence in a region is attributable to human actions,
intentional or unintentional, that enable them to overcome
biogeographical barriers." Native species that expand their
natural range without intentional or unintentional human
involvement, for example in response to other anthropogenic
drivers such as changes in land use and climate change, are
not considered to be alien species.* 5 However, a species that
spreads to new regions without direct human involvement from
aregion where it is alien is considered to be alien in the new
region.?

~

' Established (synonym naturalized) alien species produce
self-sustaining and viable populations for a given period of time
during which climatic extremes typical for the invaded region
are experienced, without direct intervention by humans, or
despite human intervention.® 27

. “Invasive alien species are animals, plants or other
organisms introduced directly or indirectly by people into
places out of their natural range of distribution, where they

have become established and dispersed, and generating a
negative impact on local ecosystems and species”.® Invasive
alien species are a subset of established alien species that have
negative impacts.

J

Richardson et al. (2010);

Pysek et al. (2004);

Wallingford et al. (2020);

Essl et al. (2019);

Essl et al. (2016);

Blackburn, Pysek et al. (2011);
Rojas-Sandoval & Acevedo-Rodriguez (2015);
IPBES (2018e);

Ricciardi et al. (2013).

OO NGO AN

Impacts are changes to nature, nature’s contributions
’_‘]% to people and/or good quality of life.® Impacts can be

observed or unobserved. Generally, negative impacts
become more apparent and problematic when invasive alien
species are well established, widespread and present for a
long time. Along with their adverse effects, some invasive
alien species may have positive impacts providing benefits to
some people.

sy Drivers are factors that directly or indirectly facilitate
biological invasions.

¢

¢
¢ ?

/ b_— Native species

Alien species

Established alien
species

0) O O ive alien
9 O
O) 5 O 0)

ﬁ Biological invasion process

Figure 1 @ Definitions of important terms used to describe the status of a species from
native to invasive alien through the process of biological invasion.

The definition of native species provides the context for the term natural range. Stages of the biological invasion process (transport,

introduction, establishment and spread) are defined in section 1.3.
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Box (1 @ International policy targets for biological invasions.

The setting of global policy goals and targets is often considered
an effective and transparent way to motivate governments and
other actors (Kanie & Biermann, 2017). In recent decades, the
need for prevention and management (Glossary) of biological
invasions has been widely recognized by the Conference of the
Parties to the Convention on Biological Diversity (CBD), which
adopted the Strategic Framework for Biodiversity 2011-2020 in
2010, including the Aichi Biodiversity Targets (United Nations,
1992) which adopted the Strategic Framework for Biodiversity
2011-2020 in 2010, including the Aichi Biodiversity Targets,
and the United Nations General Assembly, which adopted the
2030 Agenda for Sustainable Development and its Sustainable
Development Goals (SDGs) in 2015. More specifically, two
international commitments were made:

“By 2020, invasive alien species and pathways are
identified and prioritized, priority species are controlled

or eradicated and measures are in place to manage
pathways to prevent their introduction and establishment.”
Aichi Biodiversity Target 9, Strategic Plan for Biodiversity
2011-2020 (CBD, 2010; Glossary).

“By 2020, introduce measures to prevent the introduction
and significantly reduce the impact of invasive alien
species on land and water ecosystems and control or
eradicate the priority species.” Target 15.8, SDG15 (United
Nations, 2020a).

These targets were mostly directed towards biodiversity and
conservation. However, while the wording of these targets
does not address good quality of life directly, they are framed
within a broader policy context aimed at conserving biodiversity
and ensuring its sustainable use by human communities, the
equitable sharing of benefits from genetic resources (CBD,
2020), and the broader goal of achieving a better and more
sustainable future for all (United Nations, 2020b). As such the
2020 targets recognized the current and future threats posed
by invasive alien species to humanity.

None of the 20 Aichi Biodiversity Targets were achieved at
the global level (Secretariat of the CBD, 2020). The Kunming-
Montreal Global Biodiversity Framework was adopted in 2022
and includes a target on invasive alien species, Target 6:

“Eliminate, minimize, reduce and or mitigate the impacts
of invasive alien species on biodiversity and ecosystem
services by identifying and managing pathways of the
introduction of alien species, preventing the introduction
and establishment of priority invasive alien species,
reducing the rates of introduction and establishment

of other known or potential invasive alien species by at
least 50 per cent, by 2030, eradicating or controlling
invasive alien species especially in priority sites, such as
islands.” Kunming-Montreal Global Biodiversity Framework
(CBD, 2022).

Box 1' @ Overarching questions on biological invasions.

The IPBES invasive alien species assessment addresses
11 overarching questions (IPBES, 2018a).

a. What progress has been made in tackling the Aichi
Biodiversity Targets of relevance to invasive alien species
globally?

b. What global-level policy initiatives would assist in invasive
alien species prevention and management?

c. What are the obstacles to the uptake of invasive alien
species prevention and management measures?

d. What methods are available for prioritizing invasive alien
species threats?

e. How can networks assist in the prevention and
management of invasive alien species? What role can
regional partnerships play?

f.  Are there perverse policy drivers that unintentionally create
risks in relation to invasive alien species?

g. How can decision makers decide which issues to tackle
first given limited resources?

h.  Would there be value in developing a database of
effective legislation, monitoring and response systems for
invasive alien species, and of those countries and other
stakeholders in need of capacity-building?

i.  What are the impacts, risks and benefits of invasive
alien species for biodiversity and ecosystem services,
sustainable development and human well-being?

j. How might policy sectors, businesses, non-governmental
organizations and other stakeholders benefit from better
prevention and management of invasive alien species?

k. How does one prevent and manage invasive alien species
that cause harm to biodiversity but contribute to economic
activities?
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Magallana angulata (Portuguese oyster) was introduced in Europe in the 1500s
Oryctolagus cuniculus (rabbit) was first recorded in Australia in 1859

Acacia dealbata (acacia bernier) was first recorded in Sri Lanka in 1870
Pontederia crassipes (water hyacinth) was first recorded in North America in 1884

Leiothrix lutea (red-billed leiothrix) was first introduced in Europe in the late 1800s

Q000000

Rhinella marina (cane toad) was first recorded in Australia in 1935
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Boiga irregularis (brown tree snake) was first recorded in Guam in the late 1940s or early 1950s

Lates niloticus (Nile perch) was first recorded in Lake Victoria in 1954

Dreissena polymorpha (zebra mussel) was first recorded in North American Great Lakes in 1986

Mnemiopsis leidyi (sea walnut) was first recorded in the Black Sea in 1982

Control of Opuntia monacantha (common prickly pear) in South Africa (1913) and Australia (1914)

Eradication of Ondatra zibethicus (muskrat) in the United Kingdom in 1939

Anopheles gambiae (African malaria mosquito) was successfully managed in Brazil in the 1930s and early 1940s
Control of Oryctolagus cuniculus (rabbits) in Australia in 1955

Rinderpest is first wild animal disease to be eliminated globally in 2011

Charles Darwin observed two European plants invading the pampas, Patagonia (1833-1836)

International Convention on Measures to be taken against Phylloxera vastatrix (1881)

Creation of the Office International des Epizooties (OIE) in 1924

African Convention on the Conservation of Nature and Natural Resources: Article 7(5) (1933)

Adoption of the International Plant Protection Convention (IPPC) in 1951

Launch of the Scientific Committee on Problems of the Environment (SCOPE) programme on the Ecology of Biological Invasions in 1982
Adoption of the United Nations Convention on the Law of the Sea (UNCLOS) in 1982

Opening for signature of the Convention on Biological Diversity (CBD), including Article 8(h) on alien species, in 1992
Creation of the International Union for Conservation of Nature (IUCN) Invasive Species Specialist Group (ISSG) in 1994
Launch of the Global Invasive Species Programme (GISP) in 1997

Adoption of the CBD Guiding Principles annexed to decision VI/23 on alien species, in 2002

Adoption of the Ballast Water Management Convention (BWM) in 2004

Adoption of the Strategic Plan for Biodiversity 2011-2020 (including the Aichi Biodiversity Targets) in 2010

Adoption of the European Union Regulation 1143/2014 on Invasive Alien Species in 2014

Adoption of the 2030 Agenda for Sustainable Development, including the 17 Sustainable Development Goals (SDGs) in 2015
Creation of the International Association for Open Knowledge on Invasive Alien Species (INVASIVESNET) in 2017
Adoption of the Arctic Invasive Alien Species (ARIAS) Strategy and Action Plan in 2017

Creation of the Global Register of Introduced and Invasive Species (GRIIS) in 2017

Adoption of the Kunming-Montreal Global biodiversity framework in 2022

Joseph Hooker — devastation of native plants on islands by introduced plants, goats, and rabbits (1867)

Alfred Russel Wallace — adverse impacts of introduced plants and animals on continents and islands (1880, 1889)
Theodore S. Palmer — adverse impacts of introduced birds and mammals including myna in Hawaii (1898)

Charles Elton — synthesis of evidence across diverse themes to provide first overview of the global scale and escalating adverse
impacts of biological invasions (1958)

IPBES Global Assessment Report on Biodiversity and Ecosystem Services (2019)

MEEETTOOO0000000000000000000eeeEOOOPC

IPBES Thematic assessment of invasive alien species and their control (2023)

Figure 1 @ Timeline of key strategic events and advances in the understanding of
biological invasions.

There has been considerable progress not only in understanding the process of biological invasions and invasive alien species but
also in developing strategies and actions to manage them. The timeline shows milestone events relevant to biological invasions (),
major publications on biological invasions (! ), examples of invasive alien species’ first record (€)), and examples of successful
management (@), with the central line graph illustrating the global escalation in first records of alien species. Data management
report available at: https://doi.org/10.5281/zenodo.7560099
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1.2 ASSESSMENT
STRUCTURE

freshwater ecosystems; the IPBES conceptual
framework; the cross-cutting themes (good quality of
life, Indigenous and local knowledge, and scenarios and
models), and common themes;

The first assessment of biological invasions and invasive alien
species that is global in scope, the IPBES invasive alien species
assessment, is interdisciplinary, spanning environmental and
social science as well as the humanities, and comprises six
chapters written by experts from all regions of the world.

O

Chapter 2 assesses past, current and future trends
in the spread, pathways, evolutionary change and
distribution of invasive alien species;

O Chapter 3 presents the direct and indirect drivers
responsible for the introduction, spread, abundance and
dynamics of invasive alien species;

There are many links and several overarching cross-cutting
and key issues across the six chapters (Figure 1.3), but

all the chapters can be read as standalone documents
presenting syntheses of existing knowledge and highlighting
gaps and priorities.

Chapter 4 assesses the impacts of invasive alien
species on nature and nature’s contributions to people
and good quality of life;

The assessment is composed of six chapters:

Chapter 5 evaluates the effectiveness of past and
current programmes and tools for the global, national
and local prevention and management of biological

®) Chapter 1 introduces the concept of invasive alien
species; the risks posed to marineg, terrestrial and

FUTURE OPTIONS
Chapter 6

DRIVERS
Chapter 3

N\

STATUS & TRENDS
Chapter 2

Qross-cutting themes: Common themes:

-
\.’ Good quality of life Communications

o)
#m@ Indigenous and local knowledge

<??fs::enarios and models & Citizen science

7%
Aw.

Adaptation

SETTING THE SCENE
Chapter 1

% Small Islands Developing States

IMPACTS
Chapter 4

4

MANAGEMENT
Chapter 5

= Technology & Globalization
% Protected areas

ﬁg Microogranisms é Global biodiversity crisis

Figure 1 @ Structure of the IPBES thematic assessment of invasive alien species and

their control.

10

@ Global environmental changes
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invasions and invasive alien species and their
impacts; and

&) Chapter 6 introduces future options for the
prevention and management of biological invasions
and invasive alien species and provides an analysis
of possible policies and support tools for policy and
decision makers.

Three cross-cutting themes — 1) Indigenous and local
knowledge systems (Glossary), 2) good quality of life
including human health, and 3) scenarios and modelling of
trends (Glossary) and development of robust projections,
are featured prominently throughout the IPBES invasive
alien species assessment (Figure 1.3). Several key issues,
with relevance to two or more of the chapters, emerged
during the assessment including globalization, adaptation,
environmental change, the global biodiversity crisis, the
role of technology, the role of communication, citizen (or
community) science, the specific context of Small Island
Developing States (SIDS), the role of protected areas
(terrestrial, coastal, and marine) and of microorganisms. In
many chapters these topics will appear as case studies.
As this IPBES assessment will demonstrate, addressing
invasive alien species, which are affecting many facets of
the socioecological systems in which people live, can have
far-reaching benefits for biodiversity and human health, and
will shape the ability of future generations to live healthy,
sustainable lives.

1.3 INVASIVE ALIEN
SPECIES: WHAT THEY ARE
AND WHY THEY MATTER

1.3.1 What are invasive alien
species?

The term “alien” (synonyms: non-native, exotic, introduced,
non-indigenous, allochthonous) species refers to species
whose presence in a region is attributable to human actions,
intentional or unintentional, that enable them to overcome
biogeographical barriers (Essl et al., 2018; Richardson et al.,
2010; Rojas-Sandoval & Acevedo-Rodriguez, 2015). It is
widely acknowledged that some alien species (i.e., invasive
alien species) can become established, spread (dispersed)
and cause dramatic biotic and abiotic changes in the
ecosystem to which they are introduced, resulting in the
reduction in abundance or even extinction of native species,
and/or major shifts in ecosystem functioning, and/or major
adverse health, economic, social, or cultural impacts on
human communities. Invasive alien species are defined in
the scoping report for this assessment as “animals, plants

or other organisms introduced directly or indirectly by
people into places out of their natural range of distribution,
where they have become established and dispersed, and
generating an impact on local ecosystems and species”
(IPBES, 2018e; Figure 1.1 and Glossary). Although much
of the focus of this assessment is on the negative impacts of
invasive alien species, benefits are also discussed.

Invasive alien species can be introduced unintentionally or
intentionally, and as these terms are more commonly used
than directly or indirectly, they have been adopted throughout
this assessment. Domestic or managed alien animals and
plants are not considered to be invasive alien species

while they remain in captivity or are managed by humans,
but such species that establish feral or wild populations
outside of captivity or cultivation would be termed invasive
alien species. Furthermore, it is important to note that feral
populations of domestic or managed animals (e.g., goats
and fish) can have considerable adverse impacts prior

to establishing sustained populations in the wild. Native
species that expand their natural range without human
involvement, for example in response to other anthropogenic
drivers including land- and sea-use and climate change, are
not considered to be alien species even though some of
these range expansions result in dramatic ecosystem-level
changes (Figure 1.1; Cannone et al., 2022).

Invasive alien species are generally considered problematic
because they cause environmental harm and also, in

some cases, affect good quality of life. This standpoint

is consistent with Article 8(h) of the CBD, which calls on
the parties to “prevent the introduction of or control or
eradicate those alien species that threaten ecosystems,
habitats or species” (Box 1.1). The term “invasive alien
species” was adopted by the CBD Guiding Principles for the
Prevention, Introduction and Mitigation of Impacts of Alien
Species that Threaten Ecosystems, Habitats or Species
(CBD, 2002; Chapter 6, Table 6.3) to define species
whose introduction and spread threaten biological diversity.
However, perceptions of invasive alien species may vary
amongst stakeholders and Indigenous Peoples and local
communities (section 1.5.2; see also Chapter 5, section
5.6.1.2) and it is therefore important to view invasive

alien species not in isolation but within the context of the
socioecological systems they are affecting (section 1.5.2).

It can take time for the negative impacts of some alien
species to become apparent and so a precautionary
approach (Glossary) is often adopted when categorizing
an alien species as an invasive alien species (Coutts et
al., 2018). Generally authors do not consider the inclusion
of impact within the definition of biological invasions, and
instead their definition is based exclusively on ecological
and biogeographical criteria (Blackburn, Pysek, et al.,
2011; Occhipinti-Ambrogi & Galil, 2004; Pysek et al.,
2004; Rojas-Sandoval & Acevedo-Rodriguez, 2015);

11
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many of the datasets collated for alien species follow

this approach (Pysek et al., 2017; 2020). The definition

of invasive alien species, supported by the International
Union for Conservation of Nature (IUCN), the CBD and

the World Trade Organization (WTO), often used in policy
discussions, explicitly assumes that invasive alien species
cause adverse impacts on nature and also to the economy
and good quality of life, including human health (IUCN,
2000). This IPBES invasive alien species assessment follows
the definition of invasive alien species outlined within the
scoping report (IPBES, 2018a) which includes the concept
of impact on local ecosystems and species. Key terms
within this definition are provided in Figure 1.1.

1.3.2 How many invasive alien
species are there?

Patterns in the numbers of established alien species have
been documented for all IPBES regions (Chapter 2,
section 2.4; and specifically Bailey et al., 2020; Genovesi
et al., 2009; Lambdon et al., 2008; Turbelin et al., 2017)
and most taxonomic groups (Chapter 2, section 2.3;

in particular Dawson et al., 2017; Dyer et al., 2017; van
Kleunen et al., 2015). However, as mentioned above, these
datasets rarely distinguish those alien species which are
invasive (Richardson et al., 2010), and, as such, in this
section the term alien species is used. Island and coastal
mainland regions have higher alien species richness (i.e.,
total number of species) than mainland regions (Dawson et
al., 2017; Figure 1.4). Alien species richness is dependent
on the number of different species introduced to a

given location, often referred to as colonization pressure
(Blackburn et al., 2020; Lockwood et al., 2009; Glossary).

Not all alien species transported beyond their natural ranges
establish sustaining populations (Cassey et al., 2018;
Richardson et al., 2010). Propagule pressure (Glossary)

is a measure of introduction intensity comprising both the
number of individuals introduced per introduction event
(propagule size) and the frequency of introduction events
(Cassey et al., 2018; Colautti et al., 2006; Lockwood et al.,
2005). Given suitable environmental conditions, the total
number of individuals of a particular alien species that are
introduced has been shown to be positively correlated with
the establishment success of alien populations (Colautti

et al., 2006; Lockwood et al., 2009). The more individuals
released, the greater probability that the population will have
sufficient genetic variation to adapt to local conditions and
establish self-sustaining populations (Blackburn et al., 2009).

Social and economic factors, including gross domestic
product per capita and population density (Chapter 3,
sections 3.2.2 and 3.2.3), are important in determining
alien species richness globally (Dawson et al., 2017). High
trade and transport connectivity amongst regions which
have similar environmental conditions can also be important
in predicting the risk of invasive alien species (Glossary;
Capinha et al., 2014; Cope et al., 2019; Early & Sax,
2014, Fitzpatrick et al., 2007; Li et al., 2014; Parravicini et
al., 2015) and describing global patterns of alien species
richness (Chapters 2 and 3).

1.3.3 Drivers of change in nature
affecting invasive alien species

Direct and indirect drivers of change refer to all external
factors that affect nature and consequently nature’s
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Figure 1. @ Number of documented alien taxa in terrestrial (including freshwater) and

marine environments.

The size of regions is scaled proportionately by the number of documented alien taxa. Gaps for global alien species records are

documented in Chapter 2. Data source: Seebens (2021).
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contributions to people and good quality of life (Brondizio

et al., 2019). Direct drivers may be both human
(anthropogenic) and non-human factors. Direct drivers affect
nature directly in physical ways and include land or sea-use
change, direct exploitation of natural resources, climate
change, pollution, and invasive alien species. Indirect drivers
are human actions that act on and alter direct drivers and
other indirect drivers. Indirect drivers do not physically affect
nature or nature’s contributions to people, but they are the
underlying cause of direct anthropogenic drivers. Indirect
drivers include the role of institutions and governance
(Glossary) systems, economic policies, and demographic,
technological, and cultural influences.

The categories of indirect and direct drivers used throughout
the IPBES invasive alien species assessment are based on
the IPBES conceptual framework (Diaz et al., 2015) with
modifications specifically relevant to biological invasions
and invasive alien species outlined in Chapter 3, section
3.1.2. The importance of interactions between invasive
alien species and other drivers of change is acknowledged
across the IPBES assessments (IPBES, 2018d, 2018e,
2018f, 2018g, 2019), and MacDougall & Turkington (2005)
note that some invasive alien species may be considered
passengers of global change because they only persist

in an ecosystem through continued human disturbance.
However, it is also important to recognize that alien species
are themselves a component of biodiversity; they may

be affected by other direct and indirect drivers while also
interacting with native biodiversity and other alien species
(Chapter 3, section 3.3.5).

Drivers may act alone or interact with each other to

varying degrees, leading to additive or multiplicative effects
(Chapter 3; Diaz et al., 2018; Newbold et al., 2015; Sala
et al., 2000) in which it is difficult to determine the relative
importance of one driver over another (Boxes 1.3 and 1.4).
For example, land-use changes are widely recognized as

playing a role in promoting invasive alien species (IPBES,
2018c; Mooney & Hobbs, 2000). However, the role of
indirect and direct drivers, and the complex interplay
amongst them, will vary through the stages of the biological
invasion process (section 1.4; Glossary). This complexity is
rarely addressed within studies on invasive alien species but
is increasingly recognized as an important consideration in
understanding biological invasions and deriving solutions to
mitigate or manage invasive alien species. It is important to
recognize that drivers of change in nature such as land- and
sea-use change, climate change and invasive alien species
act at different temporal and spatial scales (Chapter 3; also
Figure 1.9 in section 1.5; Bonebrake et al., 2019).

1.3.4 What are impacts in the
context of invasive alien species?

For the purposes of this assessment, an impact is defined
as a measurable change to nature, nature’s contributions

to people, and/or good quality of life (Figure 1.1; Ricciardi
et al., 2013; Chapter 4, section 4.1.2). It is useful to
discriminate between measurable changes in physical or
social parameters and value-laden decisions on whether
such changes are beneficial or detrimental to humans or
native species (Vimercati et al., 2020). Invasive alien species
can cause changes in physical, chemical, and/or biological
properties, which can result in an increase or decrease in a
parameter or an index. Such change may be considered as
a harmful impact with respect to nature if whole ecosystems
and communities are affected, or if other species are
negatively (e.g., reduction in their performance and/or
population size, or extinction) or positively (e.g., increase in
their performance and/or population size, or establishment
of new populations) affected. Impacts can also be
considered as harmful (negative) or beneficial (positive) for
humans if people suffer or gain from changes in nature’s
contributions to people or constituents of good quality of life

Box 1 @ Interactions between invasive alien species and climate change as drivers of

biodiversity loss.

The IPBES-IPCC Co-Sponsored Workshop Report on
Biodiversity and Climate Change (Pértner et al., 2021)
recognized that climate change and biodiversity loss are
interconnected and share common drivers through human
activities. Although the outcomes of interactions between
climate change and invasive alien species on community
level processes is poorly understood (Robinson et al., 2020),
disproportionate changes in community composition across
trophic levels are predicted to decrease species diversity
and stability (Zarnetske et al., 2012). As an example, climate
change is anticipated to affect top predators more strongly than

lower trophic levels, leading to an increase in herbivores and

a decrease in plants (Zarnetske et al., 2012). It is evident that
the ongoing unprecedented changes in climate will alter the
interactions between native and alien species (section 1.6.8).
Interactions amongst drivers of change in nature, including
climate change and invasive alien species but also other
drivers, can generate complex feedback loops (Sinclair et al.,
2020; Glossary) with pronounced and unpredictable outcomes
on evolutionary and ecosystem level processes (Portner et al.,
2021; Chapter 3, section 3.5).
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Box 1 @ Climate change, fire, and invasive alien plants.

Many regions are experiencing unprecedented fire regimes
because of human-driven ignition, coupled with intense
droughts and record high temperatures associated with
human-induced climate change (Bowman et al., 2020; Kelly et
al., 2020). Undoubtedly, the increase in frequency and intensity
of fires is threatening ecosystems and good quality of life in
almost all parts of the world (Bowman et al., 2011; Figure 1.5).
Invasive alien species can worsen the situation by adding
fire-prone fuel, which can increase not only the fuel quantity

but also its flammability and its spatial continuity (Brooks et

al., 2004; Gaertner et al., 2014). Studies have found that in
several biomes, including tropical, temperate and Mediterranean
regions, invasive alien plants may benefit from fires but can also
act as promoters of more intense and frequent fire regimes,
potentially causing more carbon release into the atmosphere
(Nufez et al., 2021). In the Cerrado forest of Brazil, for example,
Melinis minutiflora (molasses grass) and Urochloa brizantha
(palisade grass) introduced in the 1800s are more prone to fire
and although fire is a natural disturbance of this ecosystem,
invasive alien grasses increase the frequency and intensity of
fires (Damasceno & Fidelis, 2020). In Mediterranean climates
and other semi-arid and arid ecosystems, some land-use
practices, such as overgrazing, have resulted in significant

increases in invasive alien European grasses such as Bromus
tectorum (downy brome) that increase fuel load, continuity, and
flammability. These conditions create a positive feedback loop
between severe fires and the invasion of Bromus tectorum that
results in multiple negative changes of natural grasslands and
shrub steppe ecosystems and services (e.g., Western North
America; see Pyke et al., 2016). In areas with Mediterranean
and temperate climates, especially in the southern hemisphere,
shrubs and trees native to fire-prone ecosystems may cause
extreme changes in fire regimes. In southern Africa and southern
South America, Australian species of Acacia have shown to
spread rapidly after fires and their biomass can fuel more intense
fires (Le Maitre et al., 2011). Similar positive feedback loops
between invasive alien species and fires have been observed for
Pinus across several ecosystems in the southern hemisphere
(Cdbar-Carranza et al., 2014; Franzese & Raffaele, 2017;

Taylor et al., 2017). Fire-prone invasive alien plants are likely to
continue to spread under the more extreme climate scenarios
and with the anticipated increase in conditions favourable to

fire (Hurteau et al., 2014). Consequently, these invasive alien
plants are predicted to play a role in promoting more intense fire
regimes with potential impacts on carbon cycling and further
potential synergies with climate change.

Figure 1. @ Invasive alien plants increase fire intensity and spread.

A volunteer in Chile is trying to control a wildfire in an area invaded by Genista monspessulana (Montpellier or French broom).

Photo credit: Guillermo Salgado Sanchez — CC BY 4.0.



CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

(Chapter 4, sections 4.1.3, 4.4 and 4.5; Garcia-Llorente
et al., 2008; Pysek & Richardson, 2010; F. Williams et al.,
2010). It is important to acknowledge that the outcomes of
assessments of the benefits or positive impacts of invasive
alien species should not be used to balance or offset the
harmful or negative impacts, which may be irreversible
including ecosystem transformation (Lockwood et al.,
2023; Chapter 4). Invasive alien species can have direct or
indirect adverse impacts in their new environment even if
their populations are not established or conversely can have
negligible impacts even when established and widespread
(Glossary; Jeschke et al., 2013). While most literature on
invasive alien species refers to the detrimental effects on
ecological processes in terrestrial, freshwater and marine
environments, new evidence is revealing the devastating
effects on social (Bacher et al., 2018; Gallardo et al., 2019)
and economic aspects (Diagne et al., 2020). There is
consensus among the scientific community that impacts of
invasive alien species cannot be understood independently
of other drivers of change in nature and that ecological,
social, and economic aspects are also closely intertwined
(Pysek, Hulme, et al., 2020; Shackleton, Shackleton, et
al., 2019).

Previous IPBES assessments have concluded that
increased biotic homogenization (Glossary), or loss of
biotic uniqueness, of biological communities is a major
negative impact of invasive alien species which can result

in the introduction and establishment of further alien
species (IPBES, 2018d, 2018e, 2018f, 2018g, 2019). Local
community assemblages are becoming more similar to each
other on average, and this biotic homogenization (Finderup
Nielsen et al., 2019; McKinney & Lockwood, 1999; Yang et
al., 2021) has also been referred to as the “anthropogenic
blender” (Olden, 20086). A recent review highlighted a
consistent trend of decreasing taxonomic and phylogenetic
diversity globally, providing strong evidence of widespread
biotic homogenization (D. Li et al., 2020). The consequences
of biotic homogenization for ecosystem processes and
nature’s contributions to people can be substantial, but

are often context specific, are hard to predict, and remain
understudied. Ongoing environmental transformation is
reducing the ability of ecosystems to withstand disturbance,
including the arrival of invasive alien species, and so leading
to decline in the resilience (Glossary) of natural systems
(Dasgupta, 2021).

The introduction of one invasive alien species can

facilitate invasion by another (Chapter 3, section 3.3.5;
Simberloff & Von Holle, 1999). In some cases, this has led
1o an increasing rate of establishment and consequently
communities of interacting invasive alien species are
becoming increasingly common (Jackson, 2015; Simberloff
& Von Holle, 1999). This facilitation is more likely to occur
when a high number of species are introduced to an area
(e.g., islands) or for alien species that are already known

to interact with one another (e.g., species that co-occur
within the native range or previously invaded ranges), such
as pests and parasites. Indeed, parasites and pathogens
are frequently introduced into new communities alongside
invasive alien species and are implicated in altering the
outcome of biological invasions by changing the strength
of interactions between alien and native species (Dunn &
Hatcher, 2015; Box 1.14 in section 1.6.7.2). Co-occurring
and interacting invasive alien species may amplify and
exacerbate negative impacts. Indeed, biotic facilitation
(Glossary), the synergistic interactions amongst different
alien species within an invaded ecosystem, can lead to
extreme adverse effects on ecosystem functions, which
have been termed “invasional meltdown” (Simberloff, 2006;
Simberloff & Von Holle, 1999; Glossary). However, in some
cases interactions amongst invasive alien species can
mitigate the adverse effects, for example when a predator
is introduced and reduces the population of the prey of the
invasive alien species (Chapter 3, section 3.3.5; Braga et
al., 2018; Facon et al., 2006; Jackson, 2015).

The effects of an invasive alien species on an invaded biotic
community will increase as the density of the invading
organisms increases (Shea & Chesson, 2002). Effects on
and responses of the resident species will in turn determine
whether the community provides opportunities for invasive
alien species (Parker et al., 1999). However, while it is
recognized that the outcome of biological invasions can be
partially explained by the traits of alien species (invasiveness,
i.e., the intrinsic biological characteristics of the species
that result in the ability to invade a particular ecosystem)
and characteristics of the recipient community (invasibility,
i.e., susceptibility of an ecosystem to be invaded by one or
multiple species), high levels of uncertainty (Leung et al.,
2012) are often a feature of predictions on the dynamics of
invasive alien species (Facon et al., 2006; Hui & Richardson,
2019). It is critical to integrate characteristics of the invading
species alongside characteristics of the recipient habitats to
account for the context within which the biological invasion
is occurring (Foxcroft et al., 2011).

Invasive alien species may reduce the phylogenetic distance
among species within a community and, although in

some cases they may increase the phylogenetic diversity
within local sites, they can reduce phylogenetic diversity
between sites (D. Li et al., 2020). Ecosystem function

is influenced by phylogenetic diversity (Cadotte et al.,

2012); ecosystems comprising community assemblages
with higher phylogenetic diversity are considered to be
more resilient to disturbance because they have the
evolutionary potential to adapt to changing environmental
conditions (D. Li et al., 2020). The diversity and relative
abundances (evenness) of species may strongly affect
ecosystem function for community assemblages comprising
combinations of functionally different species with low

niche overlap (Cadotte et al., 2012). While it is difficult to
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Box 1' @ Role of invasive alien species within novel or emerging ecosystems.

Changes in the composition of communities as a
consequence of invasive alien species will lead the emergence
of new species combinations. Ecosystems containing these
new species combinations are termed “novel ecosystems” or
“emerging ecosystems” (Hobbs et al., 2006). A broad range
of examples document the emergence of novel ecosystems
specifically in the context of biological invasions leading to
new species combinations (Haram et al., 2021; Lindenmayer
et al., 2008; Lugo, 2004; Mascaro et al., 2008; Wilkinson,
2004). The adverse consequences of these changes include
hybridization (e.g., between Sporobolus maritimus (small
cordgrass) and Sporobolus alterniflorus (smooth cordgrass)
leading to the emergence of the invasive alien Sporobolus
anglicus (common cordgrass)), species declines (e.g., brown
tree snake decimation of the forest bird species in Guam;
Rodda & Savidge, 2007), or ecosystem-level change (e.g.,
changes in nutrient cycles, fire cycles or hydrology; Ehrenfeld,
2010; Ramakrishnan & Vitousek, 1989; Simberloff, 2011; Vila
et al., 2011; Vitousek, 1986). However, novel ecosystems
have shown to be beneficial in some contexts (Munishi

& Ngondya, 2022) including, for example, by restoring
ecosystem processes (Ewel & Putz, 2004; Lugo, 2004; C.

E. Williams, 1997) or by providing nature-based solutions to
mitigate environmental change (Munishi & Ngondya, 2022)
although it is recognized that more evidence is needed for
the latter (Turner et al., 2022). Furthermore, context-specific
adaptive governance (Glossary; Chapter 6, Table 6.6)
coupled with pathway management (Glossary; Chapter 5,
section 5.4.3.1) and understanding of drivers (Chapter 3)
and more broadly the biology of alien species, including

their interactions with native species, is considered critical to
success of nature-based solutions for managing biological
invasions (Munishi & Ngondya, 2022).

The formation of novel ecosystems that include invasive
alien species has led to discussions about the implications
of resulting compositional and ecological changes (e.g.,
Hobbs et al., 2014; Murcia et al., 2014). Perceptions
(section 1.5.2) depend on many factors including concerns
over environmental and societal impacts but also differing
cultural values toward “nativeness” and “exoticism” and how
such beliefs develop over time (Higgs, 2003). The range

of perceptions may also be based on how effective the
actions are likely to be in reversing the changes caused by
invasive alien species. On one side of the spectrum, reversal
of the novel state generated by alien species is viewed as

a useful, morally necessary, and achievable goal (Hallett

et al., 2013; Hobbs et al., 2006). On the other side of the
same spectrum, the transition to a novel system due to alien
species impacts is viewed as irreversible when a system

has crossed an ecosystem restoration (Glossary) threshold
(Hallett et al., 2013; Hobbs et al., 2006). The latter is the
case for most marine biological invasions, where post-
establishment management actions are mostly unsuccessful
and invasive alien species can alter ecosystem functions
and ultimately transform the entire landscape (E. Sala et al.,

2011). As an example, the snail Littorina littorea (common
periwinkle), first recorded in the mid-1800s in the north-west
Atlantic subsequently spread throughout the Atlantic coast

of North America, altering the diversity, abundance and
distribution of many benthic species on rocky and soft shores
(Carlton, 1992).

Irreversible impacts are also likely to occur in scenarios where
invasive alien species remain undetected for long periods of
time. These historical biological invasions hamper our ability
to recognize pre-existing native landscapes and ecosystems
causing what is called “ecological mirages” (Bortolus et al.,
2015). The historical introduction of Sporobolus alterniflorus
to the east coast of South America during the 1800s modified
the pre-existing and extensive bare mudflats into vegetated
salt marsh areas, leading to shifts in bird, fish and invertebrate
biodiversity, with concomitant trophic cascades, but these
changes were long overlooked (Bortolus et al., 2015).

Acknowledging the uncertainty of outcomes of novel
ecosystems and the potential for invasional meltdown
(Chapter 3, sections 3.1.3.2 and 3.3.5), it is desirable

to adopt a cautious and context-specific approach when
considering the impacts of alien species and of the novel
ecosystems they generate (Hobbs et al., 2006), including the
potential role of novel ecosystems as nature-based solutions
to mitigating other drivers of change in nature (Seddon et al.,
2021). This uncertainty also highlights the value of pragmatism
when recommending management strategies, and the
benefits of engaging all stakeholders with available evidence
to consider desirability, cost, and resource availability
(Chapters 5 and 6; Hallett et al., 2013; Miller & Bestelmeyer,
2016). There are many ways in which alien species interact
with one another and with native species (Hui et al., 2021).
Novel mutualistic interactions (pollination, seed dispersal

and plant-microbial symbioses) amongst alien species have
been shown to facilitate other invasive alien species(Traveset
& Richardson, 2014) leading to cascading effects that alter
ecosystem functioning (Box 1.11). Less attention has been
given to interactions between alien and native species which
lead to benefits, or indeed reductions in the magnitude of
adverse impacts of interacting alien species (Liu et al., 2018;
Ross et al., 2004), but it is acknowledged that beneficial
interactions are also important in determining the outcomes
of biological invasions on communities and consequently
ecosystem function (Braga et al., 2018; Halpern et al., 2007;
Viana et al., 2019). The outcomes of species interactions are
highly context-dependent (Lord et al., 2017) and other drivers
of change in nature will alter the population dynamics of alien
and native species with consequences for eco-evolutionary
and community-level processes which can be difficult to
predict (Facon et al., 2006; Robinson et al., 2020).
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quantify niche overlap and functional differences among
multiple species, phylogenetic diversity can be used as

a proxy of similarities and differences amongst species
(Cavender-Bares et al., 2009). Species-specific traits

or human-mediated processes have been shown to be
more important sources of variation in establishment and
spread of invasive alien species than phylogenetic diversity
(Chapter 3; Diez et al., 2008). However, it is important

to include multiple facets of biodiversity when assessing
impacts, and phylogenetic diversity can be used as metric
for predicting multifunctionality of ecosystems (Lishawa

et al., 2019). Innovative approaches integrating species
distributions, traits, phylogenies, and interaction networks
incorporating feedback loops will contribute to better
understanding of biodiversity change (Pollock et al., 2020)
including predicting the outcomes of biological invasions
(Hui & Richardson, 2019).

Since invasive alien species interact with resident species
in evolving ecosystems (Box 1.5), elucidating the complex
adaptive networks these invasive alien and resident species
form is critical to underpin understanding of the dynamics
of invasive alien species and management of biological
invasions. Network ecology embraces the multitude of
biotic interactions within a framework of feedback loops
which affect species persistence and coexistence (Borrett
et al., 2014; Hui et al., 2016) and ultimately the functioning
of ecosystems (Harvey et al., 2017). Emerging insights

in understanding the influence of human decisions,
perceptions and management efforts within the context of
ecological networks will improve forecasts on the response
of networks to invasive alien species (Kueffer, 2017).

Ecological impacts of invasive alien species include adverse
effects on biodiversity and also on nature’s contributions

to people (Chapter 4, sections 4.3 and 4.4). Invasive

alien species can lead to extreme disruptions in the good
quality of life of local communities (Chapter 4, section 4.5)
either by indirect impacts on human health (e.g., introduced
mosquitoes and disease; see Box 1.14 in section 1.6.7.2),
reduction of food security (e.g., invasive alien species as
weeds in crop systems) or through degradation of habitats
on which people depend (e.g., fire regime shifts caused by
some invasive alien plants that are particularly flammable).
As with any ecosystem change, there are cases where
invasive alien species may provide opportunities for people
to adapt and take advantage of the new conditions the
species can provide. Production of firewood, new food
sources and strengthening of aesthetic and cultural values
have been recognized as beneficial outcomes of biological
invasions (Shackleton, Shackleton, et al., 2019). However,
the overall impact on nature’s contributions to people and
good quality of life is hard to assess, as these species may
have also disrupted the traditional and cultural ways of
living of many Indigenous Peoples and local communities
(Chapter 4, section 4.6).

1.4 BIOLOGICAL INVASION
PROCESS

Over the past thirty years, different approaches to describe
biological invasions have been developed (Colautti

& Maclsaac, 2004; Leung et al., 2012; Rejmanek &
Richardson, 1996; Rojas-Sandoval & Acevedo-Rodriguez,
2015; Williamson, 1996; Wiliamson & Fitter, 1996). The
unified framework for biological invasions (Figure 1.6)
emerged from the integration of key features from across
these commonly used frameworks and represents a
single conceptual model that can be applied to all human-
mediated biological invasions (Blackburn, PySek, et al.,
2011). This framework is used throughout the IPBES
invasive alien species assessment.

The unified framework divides the biological invasion
process into a series of stages (transport, introduction,
establishment, and spread), recognizing the need for a
species to overcome the barriers (geography, captivity

or cultivation, survival, reproduction, dispersal, and
environmental) that obstruct transition between each stage.
Different factors may be advantageous in allowing species
to pass through each stage (Figure 1.6). The two barriers,
survival and reproduction, recognize that the establishment
stage is a population process, and establishment of a
viable population requires self-sustaining populations
encompassing multiple generations. Chapter 4 provides

a synthesis of the environmental, economic and social
impacts which can occur throughout the biological invasion
process. Evolutionary processes and mechanisms, including
evolutionary history, founder effects, and hybridization, are
also relevant (Dlugosch et al., 2015; Estoup et al., 2016;
Facon et al., 2006; Hufbauer et al., 2012; Zenni et al., 2017)
and considered further within Chapter 2, Box 2.3.

1.6.1 Transport

Transport is the first stage in the biological invasion process
(Williamson, 1996). Species have native geographic
distributions with limits imposed by natural constraints,
both biotic and abiotic. Human activities, such as shipping
for trade, agricultural practices, and ornamental planting,
can result in the movement of species beyond the barrier(s)
that define these natural limits (Chapter 3). Humans can
deliberately or inadvertently break down the natural barrier(s)
which otherwise define these natural limits in the global
distribution of species. This barrier is termed “geography”
(Rojas-Sandoval & Acevedo-Rodriguez, 2015) in the

unified framework as it is typically a physical feature (e.g.,

a mountain range or ocean) or a climatic barrier through
which a species cannot normally disperse. However,

the barrier may also be biogeographical, if distributional
limits are imposed by biotic factors such as the presence
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Figure 1 @ The biological invasion process.

Alien species terminology adopted throughout the assessment. The status of the species is reflected in the change in terminology and
depends on the stage within the biological invasion process. Each stage is separated from the next by a barrier which a species must
overcome in order to pass to the next stage. Alien species at different stages are associated with different management interventions.
Solid horizontal lines represent the core application of the terminology, or management interventions and broken lines indicate extended
application of the terminology in some contexts and where suitable management interventions may have some relevance. Adapted
from Blackburn, PySek, et al. (2011), https://doi.org/10.1016/).tree.2011.038.023, under Copyright 2011 Elsevier Ltd.

Box 1 @ Pathways of introduction of invasive alien species.

Pathways describe the many ways in which an alien species
can be intentionally or unintentionally introduced through
human activities from one geographical location to another
(Hulme et al., 2008; Pysek et al., 2011). Recognizing the
importance of linking pathways to management or legislative
options, a pathway scheme was developed by Hulme et al.
(2008) that coupled policy options with the broad mechanisms
by which alien species could be introduced to a region.

The Conference of the Parties to the CBD subsequently
adopted (and refined) the pathway scheme proposed by
Hulme and colleagues (Hulme, 2014; Hulme et al., 2008) to
give a unified system for categorizing alien species pathways
(CBD, 2014). The CBD Pathway Scheme distinguishes
intentional and unintentional introductions, the six broad
mechanisms of introduction (categories) and a number of
corresponding subcategories. Furthermore, Saul et al. (2017)
have published guidance for interpretation of the categories in
introduction pathways, including for the six broad mechanisms
of introduction:

Release in nature: intentional introduction of alien species for
the purpose of human use in the natural environment;
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Escape: unintentional movement of alien species from
confinement (e.g., in zoos; aquaria; botanic gardens;
agriculture; horticulture; aquaculture and mariculture facilities;
scientific research or breeding programmes; or from keeping as
pets) into the natural environment;

Transport-contaminant: unintentional movement of alien
species as contaminants of a commodity that is intentionally
transferred through international trade, development
assistance, or emergency relief;

Transport-stowaway: unintentional movement of alien
species attached to transporting vessels and associated
equipment and media;

Corridor: unintentional movement of alien species into a new
region following the construction of transport infrastructures in
whose absence spread would not have been possible;

Unaided: secondary natural dispersal (section 1.4.4) of alien
species that have been introduced by means of any of the
foregoing pathways.


https://doi.org/10.1016/j.tree.2011.03.023
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of competitors, predators, parasites and pathogens, or

the absence of mutualists. Barriers to dispersal promote
diversification by driving important evolutionary processes
(e.g., speciation) and as such environmental conditions

that prevent organisms from dispersing have far-reaching
consequences for the organization of life on earth (Caplat et
al., 2016). The ways in which alien species are intentionally
or unintentionally introduced through human activities from
one geographical location to another are termed “pathways”
(Hulme et al., 2008; Pysek et al., 2011). An alien species
may arrive within a new region through the importation of a
commodity, arrival of a transport vector (physical means or
agent, such as ship, train, aircraft, or other vehicle), which
an alien species moves in or on (IUCN, 2017), and/or natural
spread from a previously invaded region (Hulme et al.,
2008). These three mechanisms of arrival can be subdivided
into six major pathways (Box 1.6). It is evident that the
pathways through which alien species are transported and
introduced to new regions are changing over time (Essl et
al., 2015; Hulme et al., 2008) and it is apparent that some
of the most problematic invasive alien species arrive through
multiple pathways (Essl et al., 2015; Saul et al., 2017) and
repeated introductions (J. R. U. Wilson et al., 2009). The
movement of alien species may be facilitated by a broad
range of human factors, or drivers of change, especially
those related to the economy, human demography, and
land-use (Chapter 3).

1.4.2 Introduction

A species may be moved to a location beyond its natural
distributional limits but will only go on to invade an area if it is
introduced beyond captivity and cultivation from that location
(Williamson, 1996). To become introduced, individuals

of that species must overcome the (sometimes literal)
barriers imposed by captivity or cultivation (Rojas-Sandoval
& Acevedo-Rodriguez, 2015). A deliberate (intentional
introduction) act may be with the aim of establishing an

alien species, for example if the species can be considered
economically (e.g., game species) or environmentally (e.g.,
biological control agents, Glossary) or culturally (e.g.,
landscape gardening; van Kleunen et al., 2018) beneficial.
Over time, a wider understanding of the harm that invasive
alien species can cause (Pysek, Hulme, et al., 2020) led to
the conclusion that most introductions are not deliberate, but
are unintentional. Important anthropogenic factors, or drivers,
that may facilitate the introduction of invasive alien species
include escape from captivity (e.g., pet animal escapes, seed
spread from botanical gardens, larvae or adults that escape
from aquaculture facilities) or escape by stowaways (e.g.,
organisms in ballast water), although some can result from
intentional liberation of individuals into a novel environment
(e.g., ceremonial release of animals) (Dyer et al., 2017;
Magellan, 2019; Pysek, Hulme, et al., 2020; Simberloff et al.,
2013; Chapter 3).

1.4.3 Establishment

Introduced species will fail to become invasive if they are
unable to produce a self-sustaining and viable population in
the new location, a process that is termed “establishment”
(Williamson, 1996). This stage in the biological invasion
process requires that introduced individuals both survive
and reproduce in the new environment, and hence that
barriers to survival and reproduction are overcome (Pysek,
Bacher, et al., 2020; Rojas-Sandoval & Acevedo-Rodriguez,
2015). Therefore, as mentioned in section 1.3.2, biological
invasions are a function of propagule pressure, colonization
pressure, abiotic characteristics of the invaded ecosystem
and biotic characteristics of the recipient community and
invading species (Catford et al., 2009; Lockwood et al.,
2009) including ecological and evolutionary change (Facon
et al., 2006).

The number of individuals introduced into a new
environment has been the most consistently described
and widespread correlate of establishment success of alien
species (Blackburn, Prowse, et al., 2011; Lockwood et al.,
2005). Indeed, propagule pressure is considered the most
reliable predictor of biological invasion success (Colautti

et al., 2006). As already described, the term propagule
pressure incorporates both the number of individuals
released in one introduction event and the number of

such events (Lockwood et al., 2005). Small introduced
populations, with a few notable exceptions (Briski et al.,
2018; Roman & Darling, 2007), are likely to fail to establish
because of constraints of demography, genetics or
environmental variation, even if the location is suitable for
their survival and reproduction (as is also the case for small
populations of threatened native species) (Cassey et al.,
2018; Duncan et al., 2014; Lockwood et al., 2005).

The outcome of a specific introduction and establishment

is dependent on resource availability, interactions with other
species including natural enemies (predators and parasites),
and the abiotic environmental conditions (Catford et al.,
2009; Roy & Lawson Handley, 2012; Shea & Chesson,
2002). These factors all vary in time and space and can be
modified by human influences or drivers of change in nature
(Chapter 3) and natural disturbances (Catford et al., 2012).
The relative importance of these factors varies between
species. As an alien species increases in population density,
it will influence the invaded locality through interactions

with other species within the community. The process of
biological invasion is dynamic and specific outcomes of
interactions vary over time and with context including the
responses of humans to the invasive alien species, which
can range from adaptation to management including
eradication and ecosystem restoration (Box 1.7).

The concept of invasibility, the susceptibility of a community
to become invaded by one or several species, has been
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described as an intrinsic community and ecosystem
attribute, but this view has been challenged because the
lack of available information on species that have failed to
establish makes it difficult to infer whether some species are
more invasive or some habitats more invasible than others
(Colautti et al., 2006; Zenni & Nufiez, 2013). Furthermore,

invasiveness of an alien species and the invasibility of

the recipient ecological network are interlinked (Hui et

al., 2021); establishment success is a function of the
interaction between traits or invasiveness of the species
(e.g., behaviour, physiology, life history) and invasibility of the
environment (e.g., climate, habitat) (Abramides et al., 2011),
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Box 1 @ Ecosystem restoration enhancing resilience to invasive alien species.

Ecosystem restoration is defined as any intentional activity that
initiates or accelerates the recovery of an ecosystem from a
degraded state (IPBES,® e.g., Figure 1.7) —i.e., assisting the
recovery of an ecosystem that has been degraded, damaged,
or destroyed — and is often used to reinstate ecosystems that
have been altered by invasive alien species. An exciting extra
role for ecosystem restoration is to prevent the establishment
and spread of invasive alien species in the first place. Indeed,
there is increasing interest in using restoration to enhance
ecosystem resilience to perturbations as environmental
change accelerates.

Invasive alien species are recognized as one of five major
drivers of change in nature, with adverse impacts on nature
and also, in some cases, nature’s contributions to people

and good quality of life (Chapter 4). As such, management

of biological invasions is critical to achieving ecosystem
restoration (Chapter 5, section 5.5.7). However, there is also
considerable evidence of invasive alien species as “passengers”
of change (S. D. Wilson & Pinno, 2013). Restoring ecosystems
to prevent the establishment and spread of invasive alien
species is most obviously beneficial under the so-called
“Passenger Model”, under which invasive alien species are
facilitated by anthropogenic environmental change — such as
disturbance or eutrophication (Chapter 3, sections 3.3.1 and

3. IPBES glossary: https://ipbes.net/glossary

3.3.3). In this case invasive alien species are “passengers” that
benefit from the altered environment rather than themselves
driving change (MacDougall & Turkington, 2005).

Invasive alien species are frequently a problem during
ecosystem restoration, and much research focuses on how
to control them. By contrast, studies of the ability of restored
ecosystems to prevent the establishment and spread of
invasive alien species are few, and most assess resistance
during the early stages of ecosystem restoration. For example,
Foster et al. (2015) found that following experimental additions
of invasive alien species, including the highly invasive alien
legume Lespedeza cuneata (sericea lespedeza), restored
American prairie strongly limited invasive alien species
compared to unrestored prairie. In general, a high native
diversity might be expected to increase resistance to invasive
alien species (Byun et al., 2018). However, there is a lack of
evidence about the ability of ecosystem restoration to limit
biological invasions over the long-term and at large scales.

2021 marked the start of the United Nations-sponsored Decade
on Ecosystem Restoration, acknowledging that ecosystem
restoration could become central in efforts to resist and effectively
prevent biological invasions. Ecosystem restoration has many
other benefits, including the enhancement of ecosystem functions
and benefits to people, the provision of habitat for native species,
and resilience to ongoing environmental change.

Figure 1 @ Restoring calcareous grassland in southern England.

Left: flower rich calcareous grassland following ecosystem restoration. Right: Ochlodes venata faunus (large skipper) after

ecosystem restoration. Photo credit: Maico Weites — CC BY 4.0.


https://ipbes.net/glossary
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but crucially also depends on human actions (Duncan
et al., 2003; Redding et al., 2019) and on many different
and interacting drivers of change in nature (Chapter 3,
section 3.5).

1.4.L Spread

The next stage in the biological invasion process is known
as spread, whereby individuals from an established
population disperse across the new environment
(Williamson, 1996), increasing the size of the geographic
distribution of the alien species. An alien species can
spread in various ways, such as through natural dispersal or
transport alongside human activities (section 1.4.1). Spread
requires the alien species to overcome a barrier imposed

by limits to dispersal (e.g., the distance between suitable
habitat patches), and a barrier imposed by environmental
suitability (Rojas-Sandoval & Acevedo-Rodriguez, 2015),
which will tend to increase with distance from its location

of establishment (Lomolino et al., 2010). Spread of an alien
species is a sequence of population establishments, and

so environmental suitability can be viewed as presenting
barriers to survival and reproduction that must be overcome
in each newly colonized location. Human factors, especially
those related to disturbance and the creation of corridors,
may act as drivers facilitating the spread of alien species
within and beyond their non-native range (Chapter 3,
sections 3.3.1, 3.4.2). It is important to note that there are
often time lags, sometimes of decades or more, between
introduction, establishment, and spread (Essl et al., 2011;
Kowarik, 1995; Seebens et al., 2017).

Introduced populations of alien species can also be a
source of new introductions; this is referred to as secondary
spread (Bertelsmeier & Keller, 2018). Patterns of spread

of alien species have been widely documented (Ascunce

et al., 2011; Chapman et al., 2020; Keller et al., 2012;
Lombaert et al., 2010) and the mechanisms underpinning
secondary spread have been the subject of many studies
and some debate (Bertelsmeier & Keller, 2018). A single
introduced population can be the source of many secondary
introductions and so an alien species may spread rapidly
even in the absence of further direct introductions from

the native range. This has led to the hypothesis that
adaptations for increased invasiveness could have occurred
in introduced populations compared to native populations.
The term “bridgehead population” or “bridgehead effect”
has been used in reference to alien species establishing a
stronghold or base population prior to further incursions

to other environmentally suitable regions (Lombaert et al.,
2010). However, evidence for adaptive evolution within
bridgehead populations of introduced alien species is
lacking (Bertelsmeier & Keller, 2018) but evolution can

play a role in the survival and establishment of introduced
species through local adaptation to the novel conditions

in the invaded range (Facon et al., 2006; Hufbauer et al.,
2012). Introduced populations can reach higher densities
than those in the native range, for example because of
increased resource availability in the invaded range (Catford
et al., 2009). The resulting high abundance, alongside
other factors including ongoing introductions from the
native range, increases the probability of the alien species
moving to new regions with human activities, including
trade networks (Banks et al., 2015), providing the necessary
connectivity to facilitate the secondary spread (Chapman et
al., 2020).

1.4.5 The management-invasion
continuum

The invasion curve (Figure 1.8; Glossary) diagrammatically
presents the four stages of biological invasion over time.
The curve can be contextually interpreted as number

of alien species, area occupied or levels of impact over
space and time. It was first developed for policymakers in
Australia (Victorian Government, 2010), and is now widely
used across government agencies in the United States,
Canada, New Zealand and Japan and by some international
organizations including the IUCN. As already stated, invasive
alien species often have a lag-phase during establishment
(Essl et al., 2011; Kowarik, 1995; Seebens et al., 2017).
This is followed by a dispersal phase of variable duration
during which there is often logarithmic growth, up until

the point at which the invasive alien species occupies a
large area and so is in the widespread phase when the
biophysical or socioecological negative impacts are high
and affect a large proportion of the landscape/seascape
(Chapter 4). The invasion curve highlights the importance
of preventative measures (Figure 1.8; Chapter 5, section
5.5.2) before an invasive alien species arrives, and retaining
the ability to manage an invasive alien species in the early
stages of invasion after arrival. It supports understanding
and decision-making of management options along the
management-invasion continuum (Chapter 5, sections
5.2 and 5.3). While the invasion curve is employed

widely to understand the process of biological invasions,
this assessment will also utilize the IPBES conceptual
framework, which is described in section 1.6.1.
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Figure 1 @ Conceptual diagram of management-invasion continuum (see also Chapter 5,
Figure 5.1).

The generalized invasion curve without management and the expected changes in the invasion curve with appropriate management
actions in A) terrestrial and closed water systems (including coastal systems and salt marshes) and in B) marine and connected water
systems. White boxes indicate the optimal management objectives at each stage of the biological invasion process. Colour gradient
of managing pathway, species, site and ecosystem boxes show how the relative focus generally changes as biological invasions
progress. White boxes indicate typical management actions necessary to achieve each management objective. Post-establishment
management actions are not shown under panel B since these are generally not achievable in these systems. In a management
context, the first detection (introduction point), the lag phase (see Glossary) and the exponential spread phases are important points
to design an early detection and rapid response management plan. This figure is conceptual, and the curves do not represent actual
population dynamics of invasive alien species.
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1.5 SOCIOECOLOGICAL
CONTEXT

Increasing attention has been given to understanding the
context dependency of biological invasions (PySek, Bacher,
et al., 2020; Sapsford et al., 2020). Thus, the outcome of
each biological invasion not only depends on the propagule
pressure and traits of the species invading, but on the
recipient ecosystem and its defining parameters within a
specific time span and a specific spatial scale (Pauchard

& Shea, 2006; section 1.3.2; Figure 1.9). This context
dependency goes beyond ecological parameters as it is

at least partly determined by human culture, incorporating
behaviour, government policies and regulations, and other
social components, including social differentiation and, at
times, violent conflict (Figure 1.9; Howard, 2019; Kelsch et
al., 2020).

Modelling and predicting the spread and potential impacts
of invasive alien species on biodiversity and human health

Multinational
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Levels of
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0 Transport
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©

Biological invasions have impacts
at all stages, levels and scales

and well-being are widely seen as critical to better curtail
the harm they can cause to ecosystems and human
communities (Chapter 4, section 4.7.1, and Chapter 5,
section 5.6.3.2). Although there have been considerable
advances in this regard, increasingly, scientists are
recognizing the inherent difficulties of forecasting these
processes in complex socioecological systems (Lenzner
et al., 2019). There are several reasons why this remains
the case, despite progress in both the natural and social
sciences in the study of biological invasions.

Invasive alien species respond to multiple natural and
anthropogenic drivers (Chapter 3), which can also have
synergistic effects on the outcomes of biological invasions.
Portner et al. (2021) highlight the importance of recognizing
the complex and multiple connections between climate

and other drivers of change in nature. For example, positive
feedback loops between plant invasions and more intense
and frequent fires (Box 1.4) associated with climate change
can completely shift fire regimes (Brooks et al., 2004). The
sphere of social interactions and human behaviour increases
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Figure 1. @ Context dependency in biological invasions across multiple spatial and
temporal scales, and governance and ecological levels.

Underlying processes span various spatial (bottom-left: local to global) and temporal scales (bottom-right: short to long-term). Impacts
of invasive alien species on nature, nature’s contributions to people and good quality of life also vary across temporal and spatial
scales and may differentially affect each level of ecological organization (top-right: from individuals to ecosystems). For some invasive
alien species, the impacts are immediate and continue into the long-term (e.g., fast-spreading pathogens such as Zika virus, or
fast-spreading predators such as lionfish) while for others there may be a considerable time lags, spanning decades in some cases,
before the impacts are apparent (e.g., many invasive alien trees, see Kowarik, 1995). Some invasive alien species have local impacts
(e.g., Carassius auratus (goldfish) released into small ponds by pet owners) while others impact globally (e.g., Batrachochytrium
dendrobatidis (chytrid fungus)); and while many invasive alien species have impacts at the individual, population, or community

level, others adversely impact entire ecosystems (e.g., eucalyptus and pine trees transforming native grasslands into shrub or wood
land). Finally, different levels of governance (top-left: from local to inter-government) affect how biological invasions progress and are
managed (e.g., local governance of invasive alien species may differ from national or international policies).
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the complexity of mitigation efforts, which can be very
difficult to communicate to policy- and decision-makers, to
a wide variety of stakeholders, and to Indigenous Peoples
and local communities. The effects of human caused fires
(i.e., ignition) associated with a particular cultural behaviour
have the potential to accelerate fire regime changes, and
complicate management decisions alongside the outcomes
from biotic and abiotic modelling. As another example,
many aquatic invasive alien species are spread through
recreational boating and if people who engage in this activity
are unaware of the need to practice hull cleaning, and of
the damage that invasive alien species can inflict on other
recreational pastimes, they will be unlikely to take part in
mitigation efforts.

Human responses to the threats posed by invasive alien
species, including the introduction of alien species to
achieve biological control and the use of chemicals or other
agents in eradication programmes, can also affect the
possibility of future biological invasions and the range of
management responses and policy choices (Chapters 5
and 6). If people have begun to adapt to the presence

of invasive alien species in a way that benefits them,
then efforts to eradicate these species may not be seen
as acceptable by some stakeholders (Howard, 2019),
and there may also be resistance, on ethical grounds, to
management methods that involve lethal responses.

Understanding the process of biological invasions within

the context of varying spatial and temporal scales is
important but can be challenging, because mechanisms
underpinning the patterns are influenced by scale and the
peculiarities of the phenomena being studied (Pauchard

& Shea, 2006; Sapsford et al., 2020). While patterns of
biological invasions have now been documented at multiple
spatial and temporal scales (Chapter 2), most studies

have explored the mechanisms behind biological invasions
only at small spatial scales because of the difficulties in
experimental design and replicability. Furthermore, most
mechanistic studies only look at short periods of time (i.e., a
few years). Thus, there is still a critical gap in understanding
the process of biological invasion over a range of scales.
Simple scaling up is of limited value because processes
and mechanisms vary at different scales and changes

over time are rarely linear (Kowarik, 1995; Levin, 1992).
However, in the last two decades and because of the
accumulation of extensive observational datasets and the
development of new analytical tools (Sagarin & Pauchard,
2012), macroecological studies are filling some of these
gaps. It is now possible to consider invasive alien species on
large temporal and spatial scales and therefore link patterns
to processes and reveal underpinning mechanisms more
robustly than was previously possible (e.g., Seebens et al.,
2015, 2021; Chapter 2). Indeed, the first estimates of future
alien species projections, based on long-term alien species
trends, are now available (Seebens et al., 2021), indicating
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that past trends of invasive alien species will continue

to accelerate for many taxonomic groups and regions.
Multiscale solutions can help to address the threats posed
to the natural world by multiple drivers of change in nature
(Bonebrake et al., 2019).

1.5.1 Characterizing stakeholders
and biological invasion stages

Invasive alien species can variously affect, and be affected
by, different categories of stakeholders across the stages of
the biological invasion process (Figure 1.10). A stakeholder
refers both to those people who have the capacity to

affect (influence) or are affected by (have interests in)
biological invasion processes, outcomes, and policies.

The IPBES invasive alien species assessment identifies
three groups of stakeholders in relation to stages of the
biological invasion process. They include “influencing
stakeholders”, who influence biological invasion processes,
management or policies; “affected stakeholders”, who are
affected by biological invasions as “winners” or “losers”;
and “contributing stakeholders” (Figure 1.10), who
contribute directly or indirectly to biological invasions without
necessarily being influential or affected (Dandy et al., 2017).
Such groups are not mutually exclusive — both individuals
and organizations can belong to several of these categories
(Figure 1.10).

Within the “influencing” and “affected” stakeholder
groups, Dandy et al. (2017) identify several categories of
stakeholders, described in Table 1.1.

1.5.2 Perceptions and values

Social and cultural dimensions of biological invasions
encompass people’s awareness, perceptions, values,
attitudes, and interests (Table 1.2). The study of these
dimensions helps to better understand social conflicts,
engagement and action or inaction throughout the biological
invasion process described in section 1.4, and particularly
in the context of the management of biological invasions
and control of invasive alien species (Estévez et al., 2015;
Kueffer & Kull, 2017; Novoa et al., 2017; Shackleton,
Richardson, et al., 2019). Some key literature from the
environmental humanities has been critical in drawing
attention to the entanglement of the ecological context and
cultural values in biological invasions (Frawley & McCalman,
2014; Head, 2017; Tassin & Kull, 2015) and in showing that
management of biological invasions depends on human
decision making and behavioural change for success (Head
et al., 2005; McNeely, 2001).

Research activity on the social and cultural dimensions
of biological invasions is slowly accelerating but is still in
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Figure 1 (I Involvement of different stakeholder groups in the context of biological
invasions.

Table 1 @ Groups and categories of stakeholders considered in the IPBES invasive alien
species assessment.

For a full description of the Stakeholder categories, please consult Supplementary material 1.1.

Stakeholder Stakeholder ..
Description
group category

Vector- Individuals or organizations whose activities, intentionally or unintentionally transport, introduce
stakeholders and/or spread invasive alien species

Individuals or organizations who set formal and informal rules or establish norms that guide and
Governors drive management of biological invasions and adaptation, including prevention across all stages of
the biological invasion process

Influencing Individuals or organizations who predict, identify, detect, conduct surveillance of and share

stakeholders Monitors information on invasive alien species across all stages of the biological invasion process
Individuals or organizations who undertake “on-the-ground” responses to biological invasions
Managers across all stages of the biological invasion process

Individuals or organizations who disseminate information and key messages between actors
Networkers relevant to biological invasions management, connecting other stakeholders with differing
perspectives and operating at different scales

Individuals or organizations for whom nature’s contributions to people and good quality of life are
Value losers reduced by invasive alien species or by management responses across all stages of the biological
invasion process

Individuals or organizations who bear the direct economic costs of responding to invasive alien
species, such as paying for labour and materials required for eradication or containment, or for
Cost losers information dissemination across all stages of the biological invasion process. These direct costs can
Affected be incurred in addition to the loss of existing value (i.e., cost losers may often also be value losers)

stakeholders

Individuals or organizations who lose value indirectly as a consequence of the adverse impacts of

Collateral losers invasive alien species or their management across all stages of the biological invasion process

Individuals or organizations for whom nature’s contributions to people and good quality of life
are increased by invasive alien species or by their management responses across all stages of
the biological invasion process. In some cases, invasive alien species provide additional nature’s
tributions t le, in other th stakehold ble to turn harm into benefit

Outcome winners

Contributing
stakeholders

Individuals or organizations who directly or indirectly contribute to biological invasions
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Table 1 @ Primary and underlying factors that shape people’s perceptions of invasive alien
species.
Updated from Shackleton, Richardson, et al. (2019).

Primary factors driving perceptions of

. i . . Example sub-categories
invasive alien species

Individual(s) Demographic characteristics (gender, education, job, etc.)
Experience of species and effects

Knowledge systems

Sense of place

Social relationships and group membership

Individual values and beliefs

Livelihood strategies

Introduction and species status (invasion status)
Residence time

Species traits

Taxonomic/functional group

Species charisma

Economic

Ecological

Social, religious, and cultural
Food security

Effects/Impacts (pote and realized)
(beneficial and detrimental)

Socio-cultural contexts Land tenure system

Management history

Public and media discourse

Socio-economic development

Social and cultural institutions and value systems
Relationship to the land

Social memory

Language used

Livelihoods

Landscape context

Availability of alternative resources (e.g., from native species)
Ecosystem type

Land use and cover

Landscape beauty/scenery or attractiveness

Management history

Ecosystem services

Historical processes

its infancy (Kapitza et al., 2019; Vaz et al., 2017). There
have been important contributions to the understanding

of biological invasions from the humanities (Box 1.8) and
social sciences. However, a review of studies on biological
invasions published between 1950 and 2014 revealed that
contributions from the social sciences were limited to less
than five per cent and that up to the 1990s interdisciplinary
collaborations were largely confined to interactions between
ecological and environmental sciences (Vaz et al., 2017).

Kapitza et al. (2019) conducted a systematic review of
studies on social perceptions of invasive alien species
published before 2016. While the scope of this study
was limited to the perception of invasive alien species
themselves (thus excluding studies on perceptions

of control or management of invasive alien species) it
does reveal some important insights. First, most studies
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Institutional frameworks

International agreements

Legislation, regulation, and enforcement
Policy and governance strategy
Scientific knowledge and understanding
Power and responsibility

investigated perceptions of the general public (79 per

cent), followed by decision-makers’ (35 per cent) and
scientists’ (23 per cent) perspectives. Second, these
studies reported a frequent use of quantitative methods
using questionnaires, while only 14 per cent of the studies
used qualitative methods such as interviews. Arguably,

this indirectly led to a bias towards measuring perceived
detrimental impacts of invasive alien species as these were
more commonly included as items in questionnaires than
the benefits of invasive alien species. Third, there were large
biases in taxonomy (more than half of the studies (58 per
cent) focused on plants), ecosystems (the majority of the
studies (78 per cent) focused on terrestrial ecosystems),
and geographical region (more than half of the studies were
conducted in either North America (32 per cent) or Europe
(28 per cent). This systematic review demonstrates the
difficulty of ascertaining a clear picture of social perceptions
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Box (1. @ Contributions to understanding of biological invasions from historical studies.

Since the emergence of the field of invasion biology in the
1980s, ecologists have increasingly recognized that the study
of biological invasions involves significant ethical and cultural
considerations that fall outside the purview of the biological
sciences (Frawley & McCalman, 2014; Simberloff & Rejmanek,
2011). Historians have contributed to this research in three key
ways: 1) by identifying the historical drivers of species migration;
2) by describing the emergence of narratives of biological
invasion in scientific discourse and the impacts of invasive
alien species control programmes; and 3) by deconstructing
the language of prevalent biological invasions frameworks.
They have shown that although species have always migrated
across ecosystems, species movement accelerated from the
eighteenth century onwards due to the mobilization of global
agriculture, the extraction of biological matter for “exotic”
horticulture, and land-use change (K. Thomas, 1984; Robbins,
2002; Ritvo, 2014; Bewell, 2017). Historians have described
this advent of species movement “the Columbian exchange”
(Crosby, 1972) and “ecological imperialism” (Crosby, 1986);
few would disagree that the spread of commercial trade has
been and continues to be the main driver facilitating species’
introductions, including those now driven by climate change.

Legislation permitting the widespread control of certain plants
and animals, unintentionally imported to colonial plantations,
that had negative impacts on crops date back to the late
eighteenth century. However, it wasn’t until the late nineteenth
century that some alien species were described as invasive.
Historians have pointed to Charles Darwin, T.H. Huxley, his
grandson Julian Huxley, and Charles Elton as key figures in the
articulation of invasive alien species as a subject of scientific
interest. This emergent narrative of biological invasion has been
associated with xenophobia, successive wars, the start of the
collapse of European empires, and early science fiction that
addressed themes of alien invasion and scientific attempts to
control it (Alt, 2010; Hovanec, 2018; Chang, 2019).

of biological invasions, despite their importance to the
IPBES invasive alien species assessment.

An important aspect of perception is public awareness of
invasive alien species. Public awareness is notoriously difficult
to measure, but it is fundamental if preventive regimes (see
Glossary) are to be adopted within communities. Schelhas et
al. (2021) conducted an extensive review of public awareness
and derived four important conclusions:

1. Knowledge of public awareness of invasive alien species
is still quite limited and comes from either case study
research or census studies. Case studies found that
people are often generally aware of the existence of
invasive alien species, but have limited knowledge about
specific species, their impacts on biodiversity or the
role of people in their introduction (e.g., Garcia-Llorente

Historians and geographers have argued that neither “invasive”
nor “native” are stable characteristics but are rather narratives
of behaviours and interactions between species in ever-
changing bio-cultural environments (Cronon, 1992; Smout,
2003; Frawley & McCalman, 2014). Such narratives often
change over time (Hobbs et al., 2006; Pawson & Christensen,
2014; Rangan & Kull, 2009; Ritvo, 2014). Some argue that
“invasive” implies the previous existence of a static biota free
from alien species when no such past exists (Rotherham

& Lambert, 2013; Ritvo, 2014). Others have analysed the
theory of “shifting baselines” — the way that each generation,
without considering historical factors, bases science and policy
decision-making around their own ecological circumstances
(Dizard, 2010; Pauly, 1995; Vera, 2010).

Several critical studies have addressed the power of narratives
about biological invasions in driving responses to changing
environments such as eradication programmes (Smout, 2003;
Trigger, 2008), and suggest that such stark binaries obscure
the dynamism of changing environments (Head & Muir, 2004;
Beinart & Wotshela, 2003; C. D. Thomas, 2017; Shah, 2020),
including biodiversity gains and cultural losses. Failures to
consider the diversity of rights-holders and stakeholders
when addressing anthropogenic drivers of species loss in

the past have enabled the continuation of colonial science

in conservation decision-making (Grove, 1996; Griffiths &
Robin, 1997; Caluya, 2014). Some historians urge that there
is a need to emphasize the role of class and race in order

to avoid deepening global inequalities (Nixon, 2011; Moore,
2016; Caluya, 2014). Researchers across the humanities are
nevertheless in agreement that to solve the current and future
interconnected problems of the global environmental crisis,
we need to understand the complex interactions of ecologies,
cultures, and societies of the past.

et al., 2008; Lindemann-Matthies, 2016; Verbrugge et
al., 2013, 2014). Findings from a survey on attitudes of
citizens towards biodiversity show that, across Europe,
introduced plants and animals are perceived as a
lower threat to biodiversity compared to air and water
pollution, human-made disasters, intensive farming,
deforestation and over-fishing, climate change and
conversion of natural areas to other uses (European
Commission, 2013, 2015, 2019). However, in highly
impacted locations, such as Hawai'i (Kalnicky, 2012)
and in countries with a long history in plant and animal
invasions, such as New Zealand (Hulme, 2020b), public
interest and knowledge are often greater, as is support
for management.

2. Invasive alien species are often viewed differently by
the public than by scientists or policy makers. A mail
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survey in the United States showed that members of
the public ranked invasive alien species as 19 out of 24
ecological risk items, while professional risk assessors
ranked them as ninth (Slimak & Dietz, 2006). A species’
perceived harmfulness and human responsibility for

its spread were the most important animating factors,
while non-nativeness did not necessarily raise concerns
(Qvenild et al., 2014; Selge et al., 2011). However,
species’ charisma (characteristics that positively

affect the perceptions, attitudes, and behaviours of
people towards them) can also have implications on
public perceptions and consequently management
interventions (Jari¢ et al., 2020). Time also plays a role in
shaping public perceptions, as people may be unaware
of the origin of introduced species as they are regarded
as normal or desirable in their natural surroundings
(Genovart et al., 2013) — this is sometimes also referred
to as shifting baseline syndrome (Clavero, 2014).

It is suggested that the terminology employed to call
attention to invasive alien species and their control
should be chosen carefully (Clergeau & Nufiez, 2006;
Janovsky & Larson, 2019; Larson, 2005; Verbrugge et
al., 2016). The use of metaphors or derogative language
is common in both scientific and popular writing about
biological invasions, but little is known about the effects
on public values or opinions. How the issue-area is
framed by officials, scientists, politicians, and other
leaders will have an impact on subsequent policy
development; biological invasions can be seen primarily
as threats to biodiversity, national security, human health,
trade, or even cultural homogeneity (Stoett, 2010).

Indigenous voices and values are under-represented in
scholarly discourse about invasive alien species (e.g.,
Bhattacharyya & Larson, 2014). The IPBES invasive
alien species assessment has attempted to be inclusive,

but see Schelhas et al. (2021) for an elaborative view
on the importance of considering Indigenous and local
knowledge, unique cultural dimensions and engaging
Indigenous Peoples and local communities in the
management of biological invasions and the control of
invasive alien species, using two examples from the
United States to show how invasive alien species can
either culturally impoverish or enrich Indigenous Peoples
and local communities (see also Pfeiffer & Voeks,

2008). The social justice concerns related to Indigenous
Peoples and local communities as they manage
biological invasions should not be overlooked (Head &
Atchison, 2015).

Perceptions of invasive alien species and support for
management are thus influenced by a wide range of values
(Table 1.2; Boxes 1.9 and 1.10; see also Carter et al.,
(2021) who extend this overview with ethical considerations
for including social perspectives in research planning

and decision-making). Research in the past five years

has become more diverse in terms of theoretical and
methodological approaches, for example by analysing how
socio-historical processes interact with biological invasions
(Archibald et al., 2020), developing “sense of place” as a
concept to explain how place attachment can promote or
impede action against invasive alien species, or reframing
biological invasions as socioecological phenomena to
enhance cross-fertilization across ecological sciences

and social sciences (Gawith et al., 2020; Vaz et al., 2017).
Encouragingly, collaborative knowledge platforms are being
developed (e.g., Bennett & van Sittert, 2019; Udo et al.,
2019), but further efforts for realizing collaboration between
natural and social sciences are much needed for a more
holistic understanding of perceptions of invasive alien
species and critical for developing adequate control and
policy responses.

Box 1' @ Human values and the invasive alien carp in North America.

A group of invasive alien carps (cyprinid fishes) were

brought from Eastern Asia to Arkansas, United States of
America in the 1960s to serve as biological control agents

in aquaculture ponds (Besek, 2019). Many escaped soon
after their importation and have since been migrating up the
Mississippi River watershed, adversely impacting both social
and ecological systems along the way. Since the early 2000s,
many stakeholders with an interest in the North American
Great Lakes have been advocating for the construction of a
hydrologic barrier to stop invasive alien carp from entering and
impacting their fisheries. This proposed barrier, however, would
drastically impact regional shipping and transportation, setting
up a substantial political battle regarding how to best manage
invasive alien carp spread. This contentious social context has

significantly impacted the work of scientists trying to assess
invasive alien carp migration, tying their work to local politics
and human values in numerous ways. For instance, most
scientists have refused to offer unqualified predictions about the
future migration of invasive alien carp because the ecological
processes involved are so complex, and many political actors
have seized on this indeterminacy to publicly question science
methodologies and laboratory techniques used to study
invasive alien species. Some scientists have been requested
to explain and defend their work in federal courtrooms. This
heated political climate has in some ways given extra attention
to detection techniques, improving their precision, but has
also led many scientists to avoid working on invasive alien
carp altogether.
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Box 1 (I Conceptual perspectives from the social sciences.

Social science and humanities research on biological invasions
has grown steadily since the 1990s (Vaz et al., 2017). Some
of this work addresses perceptions, attitudes, and behaviours
with a perspective towards enabling management and
control of invaders (Rotherham & Lambert, 2013; Shackleton,
Richardson, et al., 2019). Arguably, when social science is
integrated with biological invasion science, it has followed an
“ABC” framework, focusing primarily on attitudes, behaviour,
and choice (Shove, 2010). Some researchers are leaning
towards more explicitly “critical” approaches to biological
invasion science (Head, 2017; Kull, 2018). By “critical”,

social scientists refer to approaches that question underlying
processes and conceptual foundations, seeing knowledge as
political and transformative.

Several factors inform a critical social science perspective. It

is challenging to consider landscapes being invaded without
looking at how they have been co-produced by humans in
myriad ways (for instance, clearance, soil degradation and
introductions), and in many cases the invasive alien species
themselves (for instance, genetic selection for species that
have been introduced). This focus shifts attention from
dangerous invaders to human complicity in biological invasions

1.5.3 Ethics and invasive alien
species

The management of invasive alien species, in particular
sentient animals, raises multiple ethical debates with
regards to animal welfare and rights, and this is considered
an under-addressed animal welfare issue in conservation
(Carter et al., 2021; Doherty & Russell, 2019; Hampton &
Hyndman, 2019; Chapter 5, section 5.6.2.1).

There are philosophical differences between proponents

of animal rights, who focus on the individual animal, and
those who focus on conservation at a species or ecosystem
level, with the former having an increasing influence on
public opinion and legislation. The extension of legal rights
to animals and nature imposes moral and legal limits on
acceptable human uses of the environment, and if the legal
personality (Glossary) of both ecosystems and individual
animals is acknowledged, the interests of individual animals
may conflict with interests of individual species, as can be
the case with native and invasive alien species (Futhazar,
2020). Arguably, the rights of native species to exist need
to be respected (hence the importance of prevention and
adapting the precautionary principle) but once an invasive

alien species is established, the picture is more complicated.

Deciding whether and how to control invasive alien species
involves analysing risks, and considering international
consensus principles for ethical wildlife control which

(Kueffer, 2017). Second, the study of invasive alien species

has a specific trajectory and social context that shapes the
knowledge produced on biological invasions (Archibald et

al., 2020). The social-political context of the institutions that
undertake biological invasion-related research and seek to
manage biological invasions and control invasive alien species
(state weed agencies, land managers), is relevant, as this
determines the voices and knowledge systems that are heard.
The IPBES conceptual framework is attentive to the need to
examine a variety of knowledge systems (Diaz et al., 2015).

A third necessity is to investigate how knowledge about
invasive alien species is used and implemented, and what the
consequences are for people and landscapes (Kull, 2018).

The establishment of lists of high risk invasive alien species,

for quarantine systems, or for community weed-pulling days;
sending rangers out to spray herbicides on invasive alien plants
or lay poison traps for invasive alien animals; establishing major
public works policies like South Africa’s “Working for Water”
programme — each of these actions has knock-on effects,
creates winners and losers, and creates ripples in the system
that are not entirely predictable nor agreed to by all parties
(Atchison & Head, 2013; Bach et al., 2019; Fall, 2013; Gallardo
et al., 2019; Head et al., 2015).

are informed by social and cultural values in addition to
scientific, technical, and practical information. As discussed
above, there is a diverse range of perceptions of invasive
alien species, both positive and negative (Shackleton,
Richardson, et al., 2019). Moral dilemmas posed by
controlling invasive alien species can involve subjective
judgements about the perceived ecological value of
protected species versus the lack of importance of invasive
alien species (Mankad et al., 2019) or indeed the charisma
of one species compared to another (Jari¢ et al., 2020).

Different invasive alien species management methods can
raise different ethical debates. Genome editing can pose
ethical questions because of concerns about the risks and
unknown consequences of releasing genetically modified
plants or animals into the wild (Chapter 5, section 5.4.4.2)
(Bertolino, 2020). Gene suppression-drives may pose risks
to global populations of invasive alien species and so are
being considered with caution (Thresher, 2020). There

are several reports outlining the risks and opportunities of
these technologies (Chapter 5, section 5.4.4.2; Invasive
Species Advisory Committee (ISAC), 2017; Redford et

al., 2019). Biological control can pose potential social and
environmental risks, but often brings benefits (Muller-Scharer
et al., 2020; Thomas & Willis, 1998), and evokes a normative
debate (Mankad et al., 2019). It is relevant to consider social
values and emotional and cultural associations, in addition
to stakeholder preferences, humaneness and effectiveness,
when managing invasive alien species (Mankad et al., 2019).
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Lethal management methods can be particularly
controversial and a framework for assessing the success
and sustainability of a particular management decision that
takes into account ecology, economic and ethics has been
proposed (Warburton & Anderson, 2018). Prevention is
often the “preferred option for managers and desirable and
philosophically acceptable to animal rights advocates” (Perry
& Perry, 2008). Furthermore, proponents of compassionate
conservation state that humans should do no harm and
consider that individual animals matter.

Given the range of values and management options,

there are unique conceptual and governance challenges
associated with invasive alien species (Stoett, 2007). The
language used to describe invasive alien species has
sometimes been labelled as nativist (Gbedomon et al.,
2020), and is predominantly negative. Inglis (2020) states
that; “the invasive discourse is couched in language which
immediately prejudices people against the animals. This
leads to the killing of these animals being viewed as both
morally acceptable and indeed necessary.” Nevertheless,
Shackelford et al. (2013) suggest finding middle-ground

in the native/non-native debate that recognizes the merits
of both sides when assessing management options.
Furthermore, there is no globally accepted definition of
animal welfare and interpretation of the concept of animal
welfare evolves with advances in our understanding of
animals (Dawkins, 2017; Harrop, 2013; Mellor et al., 2020;
White, 2013).

An eighteenth Sustainable Development Goal on

animal health, welfare and rights has been suggested

to ameliorate trade-offs between animal welfare and
sustainability, with the management of invasive alien
species noted as an example (Visseren-Hamakers, 2020).
Accordingly, as discussed in Chapter 6, balancing values
across multiple and interrelated stakeholder groups is

an important consideration within invasive alien species
management (Carter et al., 2021).

1.6 CONCEPTUAL BASIS
FOR THE INVASIVE ALIEN
SPECIES ASSESSMENT

IPBES assessments aim to identify policy-relevant findings
for decision-making in government, the private sector

and civil society by synthesizing and critically evaluating
peer-reviewed scientific literature, grey literature, and
other available knowledge, such as Indigenous and

local knowledge. Assessments do not generate new

data, but seek to create new understanding through
summary, sorting and synthesis using different methods to
manage complexity.

The IPBES invasive alien species assessment builds
upon several IPBES assessments, which include

Box 1 (P Biological invasions and pollination processes.

The IPBES Assessment
Report on Pollinators,
Pollination and Food
Production (IPBES,
2016b) considered the
outcomes of biological
invasions on pollinator
populations, diversity,
network structure and
pollination processes
and confirmed that
ecological and
evolutionary contexts
are important. Although
predicting the
conseqguences of the
arrival of an invasive
alien species within a pollinator network is difficult, because of
the ecological complexity inherent with multiple interacting
species, it is apparent that the trophic position (plant/herbivore/
pollinator/predator) and degree of specialization of an invasive
alien species can be informative. Invasive alien species can alter

POLLINATORS,
POLLINATION AND
FOOD PRODUCTION
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the function, structure and stability of plant-pollinator networks
with adverse impacts on specific native pollinator species and,
sometimes, reductions in overall pollinator abundance or
diversity (Vila et al., 2009). In native pollination networks
dominated by generalist plants and pollinators, invasive alien
plant species are often readily integrated. Consequently,
networks including alien plants are characterized by increased
plant and pollinator richness and high values of nestedness
(Stouffer et al., 2014). As an example, alien species (plants and
pollinators) comprised 56 percent of the total number of
interactions within pollination networks on the Galdpagos
Islands. Alien insects within these pollination networks linked
mostly to generalist plant species resulting in increased
nestedness and network stability (Traveset et al., 2015). Such
changes to the community structure increase network
cohesiveness but disrupt native ecological interactions
(Traveset et al., 2015). The impacts of invasive alien species on
pollinators and pollination are likely to be further exacerbated
when coupled with other threats including wildlife diseases,
climate or land-use change (Gonzalez-Varo et al., 2013;
Schweiger et al., 2010; Sunny et al., 2015; Vanbergen &
Initiative, 2013).
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thematic assessments of Pollinators, Pollination and Food
Production (IPBES, 2016b; Box 1.11), Land Degradation
and Restoration (IPBES, 2018c); Sustainable Use of Wild
Species (IPBES, 2022c¢); Methodological Assessments
of Scenarios and Models of Biodiversity and Ecosystem
Services (IPBES, 2016c¢), and of the Diverse Values

and Valuation of Nature (IPBES, 2022a); four regional
assessments of Biodiversity and Ecosystem Services
(IPBES, 2018d, 2018e, 2018f, 2018g); and the Global
Assessment of Biodiversity and Ecosystem Services
(IPBES, 2019).

1.6.1 The IPBES conceptual
framework and its use in the
invasive alien species assessment

The IPBES conceptual framework* aims to facilitate
interdisciplinary collaboration and science-policy dialogues
(Diaz et al., 2015). It explicitly considers diverse disciplines,
different stakeholders and Indigenous Peoples and local
communities (section 1.5.2), and several knowledge
systems (natural sciences, social sciences and humanities,
Indigenous, local and practitioners’ knowledge).

4. A full description of the IPBES conceptual framework, and associated
definitions, is available in Supplementary material 1.2.

Box 1 (® Nature’s contributions to people.

Nature’s contributions to people are an integral part of the
IPBES conceptual framework (Figure 1.11) and represent all
the contributions, both positive and negative, of living nature
(i.e., diversity of organisms, ecosystems, and their associated
ecological and evolutionary processes) to the quality of life

for people (Diaz et al., 2018). Beneficial contributions from
nature include such things as food provision, water purification,
flood control, and artistic inspiration, whereas detrimental
contributions include transmission of disease, particularly
those affecting animal, plant, and human health (Box 1.14),
and other ways in which harm to people or their assets or
community stability/resilience may occur as a consequence of
invasive alien species. Many of nature’s contributions to people
may be perceived as beneficial or detrimental depending on
the cultural, temporal, or spatial context (Diaz et al., 2018;
sections 1.5.2, 1.5.3; Chapter 4, section 4.1.3). The concept
of nature’s contributions to people addresses the need to
recognize the cultural and spiritual impacts of biodiversity, in
ways that are not restricted to a discrete cultural ecosystem
services category, but instead encompass diverse world views
of human-nature relations (Mace, 2014).

The IPBES invasive alien species assessment adopts the
18 categories identified by IPBES for reporting nature’s

The IPBES conceptual framework includes six interlinked
elements constituting a socioecological system that
operates at various scales in time and space: nature;
nature’s contributions to people; anthropogenic assets;
institutions and governance systems and other indirect
drivers of change; direct drivers of change; and good quality
of life.

The IPBES invasive alien species assessment falls within the
IPBES conceptual framework, and uses it to understand
how the major threat posed by invasive alien species can
be reduced while those that are considered important
components of nature and nature’s contributions to people
can be maintained in order to improve good quality of life.
The assessment recognizes the importance of integrating
this knowledge in the broader context of global change.

By superimposing the specificities of the assessment over
the IPBES conceptual framework, Figure 1.11 shows the
interactions between invasive alien species and the other
elements of the IPBES conceptual framework. All these
relationships are dynamic, changing over time, and different
scenarios (i.e., trajectories for each component) are likely

to lead to different outcomes. Socioecological contexts,
including public awareness and stakeholder engagement
levels, can also change according to the spatial scale under
consideration (i.e., local, regional, global), thus affecting how
invasive alien species are perceived and managed.

contributions to people (Diaz et al., 2018). These 18 categories
of nature’s contributions to people are organized into

three partially overlapping groups, according to the type of
contribution they make to people’s quality of life (Figure 1.12):

Material nature’s contributions to people: substances,
objects, or other material elements from nature that directly
sustain people’s physical existence and material assets.
They are typically physically consumed in the process of
being experienced.

Non-material nature’s contributions to people: nature’s effects
on subjective or psychological aspects underpinning people’s
quality of life, both individually and collectively.

Nature’s regulating contributions to people: functional and
structural aspects of organisms and ecosystems that modify
the environmental conditions experienced by people, and/

or sustain and/or regulate the generation of material and non-
material contributions.
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Box (1 @ Material NCP Non-material NCP Regulating NCP

1. Habitat creation and maintenance

2. Pollination and dispersal of seeds and other propagules

3. Regulation of air quality

4. Regulation of climate

5. Regulation of ocean acidification

6. Regulation of freshwater quantity, location and timing

7. Regulation of freshwater and coastal water quality

8. Formation, protection and decontamination of soils and sediments
9. Regulation of hazards and extreme events

10. Regulation of detrimental organisms and biological processes
11. Energy

12. Food and feed

13. Materials, companionship and labor

14. Medicinal, biochemical and genetic resources

15. Learning and inspiration

16. Physical and psychological experiences

17. Supporting identities

18. Maintenance of options

Figure 1 (B Categories of nature’s contributions to people (NCP).

From Brondizio et al. (2019), https://doi.org/10.5281/zenodo.3831852, under license CC BY 4.0. These categories are used

in this assessment of invasive alien species.
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o Status and trends of invasive alien species: invasive alien species are one of five major direct drivers of change, and at
the same time are part of nature. This assessment captures both aspects, with their dynamics being addressed in Chapter 2.

e Synergies and interactions of invasive alien species with other drivers of change in nature: the transport,
introduction, establishment and spread of invasive alien species are facilitated, modified and amplified through interactions
and synergies with other direct and indirect drivers of change in nature (e.g., climate change, economic drivers) as well as by
natural hazards and biodiversity loss (addressed in Chapter 3).

e Impacts of invasive alien species on nature, nature’s contributions to people and good quality of life: invasive alien
species impact nature in diverse ways, and often in ways that interact with other drivers of change in non-linear ways
(synergistic, antagonistic) (addressed in Chapter 4). Changes to nature, including in ecosystem functions, underpin changes to

nature’s contributions to people (see Box 1.12), which can affect society in detrimental or, in some cases, beneficial ways
(addressed in Chapter 4). The effects of invasive alien species on people and good quality of life (section 1.6.7.2) can be
direct or through other components of the ecosystems (e.g., human health may be affected by parasites and contagious

emergent diseases) (addressed in Chapter 4).

O Responses to biological invasions: institutions, governance and other societal indirect drivers of change in nature can
respond to biological invasions through direct management measures, including prevention and adaptation, restoration and

policies (addressed in Chapters 5 and 6).

6 Influence of people on responses to invasive alien species: biological invasions’ management and policies are driven
by how people perceive and act in response to the threat of invasive alien species (addressed in Chapters 1, 5 and 6).

o Adaptation to invasive alien species: society can also adapt to invasive alien species and thus mitigate their adverse
impacts on good quality of life; for example, invasive alien species can become new sources of food security (addressed in

Chapters 5 and 6).

Figure 1 @ The IPBES conceptual framework adapted to the IPBES invasive alien species

assessment.

Interactions amongst the components of the IPBES conceptual framework that are relevant to biological invasions are
indicated in numbered arrows (boxes, arrows and numbers), with detailed descriptions provided in the lower panel of the
figure. Unnumbered arrows represent the relationships between different components of the IPBES conceptual framework as
defined in Diaz et al. (2015), that are not studied in this assessment. Adapted from Diaz et al. (2015), https://doi.org/10.1016/.

cosust.2014.11.002, under license CC BY-NC-SA 3.0.

1.6.2 Literature review

The IPBES invasive alien species assessment’s findings
emerge from systematic and transparent evaluations of
available evidence to date® combined with experts’ inputs,
taking into account different worldviews and knowledge
systems. Existing evidence encompasses published
scientific and grey literature, including Indigenous and local
knowledge, government publications, policy documents and
briefs, technical reports and datasets, etc. This assessment
also builds on previous IPBES assessments and other
relevant global assessments such as the Global Biodiversity
Outlook series, the United Nations Environment Programme
(UNEP) Global Environment Outlook series, and the
Millennium Ecosystem Assessment.

Authors were guided by the IPBES Data Management Policy
(IPBES, 2020a), and the flexible protocol for systematic

5. The cut-off date for the inclusion of published sources was 15 December
2021, which corresponds to the start of the second external review
(second draft of the chapters and first draft of the summary for
policymakers). In line with IPBES procedures, additional citations were
included passed this date when prompted by a comment made during the
second external review (accessible at https://ipbes.net/ias) and when seen
as relevant by experts.

review that was first developed by the Global Assessment of
Biodiversity and Ecosystem Services (Brondizio et al., 2019;
Collaboration for Environmental Evidence, 2013), which is
critical to achieve scientific credibility and transparency of
the assessment, following the FAIR (findable, accessible,
interoperable, and reusable) data principles.

Authors sought to represent the most relevant and highest
quality evidence, with the highest level of synthesis

available as a priority; and provided supplemental material

if necessary to fully cover and evaluate the topic, or to
include the most up-to-date information. Methodologies and
workflows for literature reviews usually include two practical
steps: 1) concurrent database searches of different kinds of
literature (e.g., peer reviewed and “grey” published literature,
unpublished but openly available reports and databases)

to minimize potential biases and 2) personal knowledge

and experience of authors regarding key seminal resources
or publications not appearing as an output from first step

(if available).

Data and information have been compiled from many

sources and domains spanning scales from local to
global (Figure 1.13). Throughout the chapters, following
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extensive synthesis of available evidence, gaps in existing
knowledge were revealed and documented with an
overarching synthesis of gaps, and options for addressing
them, provided within Chapter 6. The IPBES Regional
Assessments of Biodiversity and Ecosystem Services

all recognize gaps in data and information which are
particularly pronounced in some regions and for many taxa
(IPBES, 2018g, 2018f, 2018d, 2018e, 2018c). However,
the growth in availability of datasets globally is encouraging
(Chapter 2, section 2.1.4), although there remain lags in
collating and sharing information on invasive alien species
and consequently gaps in datasets across all regions.

The analysis of Indigenous Peoples and local communities’
issues and knowledge also benefited from an “online call
for contributions”, which collected 30 references that

were reviewed and selected to inform specific sections of
the assessment. Three Indigenous and local knowledge
dialogue workshops were also held throughout the
timeframe of the assessment, which led to suggested
literature and government reports being reviewed

(section 1.6.7.1).

Authors documented their sources as well as their
methodologies and workflows for literature reviews in

data management reports, which are linked as footnotes,
where appropriate. Across all chapters, references are
cited within the text and the full reference is provided at
the end of each chapter. The executive summaries of the
chapters and the background text of the summary for
policymakers include statements with traceability enclosed
in curly brackets linking the statements to their underlying
chapter subsections.

These systematic literature reviews, combined with
expert-based critical opinions, are intended to enable the
IPBES invasive alien species assessment to generate key
findings and policy-relevant messages to support decision-
makers in better understanding and tackling the complex
issue of biological invasions and invasive alien species
(section 1.6.3).

1.6.3 IPBES confidence framework

Confidence levels assist authors in the process of
assessing and communicating the degree of uncertainty,
or confidence, related to key findings. The evidence
includes publications, data, theory, models and information
(Figure 1.14) from multiple disciplines and knowledge
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Figure 1 ® Connections amongst types of evidence.

Data and knowledge (Chapter 2) from many sources and domains spanning various scales and sampling techniques are combined
to establish information in the form of metrics, indicators and indices which contributes knowledge on drivers (Chapter 3) and
impacts (Chapter 4), ultimately informing management (Chapter 5) and future options (Chapter 6).
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Figure 1. @ The four-box model for the qualitative communication of confidence.

Confidence increases towards the top-right corner as suggested by the increasing strength of shading. The four-box confidence
framework developed for IPBES assessments is based on the quantity and quality of evidence assessed (x-axis) in combination with
the level of agreement of experts using their judgment (y-axis). From IPBES (2016a), https://doi.org/10.5281/zenodo.2616458, under

license CC BY 4.0.

systems. These confidence terms inform and communicate
to decision-makers the degree of confidence that the
assessment author teams associate to the key findings
throughout the assessment and, importantly, highlight where
further investigation is required to inform robust evidence-
based decision making. Further details of the approach

are documented in the IPBES Guide to the Production of
Assessments (IPBES, 2018b).

The summary terms to describe the evidence are:

® Well established: There is a comprehensive meta-
analysis or other syntheses/multiple independent
studies that agree.

®) Established but incomplete: There is general
agreement although only a limited number of studies
exist; there is no comprehensive synthesis, and/or the
studies that exist address the question imprecisely.

®) Unresolved: Multiple independent studies exist but
their conclusions do not agree.

® Inconclusive: There is limited evidence and a
recognition of major knowledge gaps.

1.6.4 IPBES regions and sub-regions

The IPBES invasive alien species assessment is global and
encompasses alien species in terrestrial, freshwater and
marine ecosystems across regions. It adopts the IPBES
categorization of regions and sub-regions (Figure 1.15;
IPBES technical support unit on knowledge and data, 2021)
to structure its analysis (Chapters 2, 3, 4, 5 and 6). The
IPBES technical support unit on knowledge and data (2021)
also produced the dataset describing the IPBES regions and
sub-regions and their corresponding countries or areas, in
line with decision IPBES-3/1.

1.6.5 IPBES units of analysis

Each region and sub-region (Figure 1.15) are divided into
multiple spatial units (biomes and ecosystems), spreading
across borders. The invasive alien species assessment
therefore adopts the 17 IPBES units of analysis (Table 1.3,
see Chapters 2, 3, 4, 5 and 6) also used in previous IPBES
assessments and defined by the IPBES Global Assessment
(IPBES, 2019)° to support its analysis.

6. Definitions of the IPBES units of analysis available in Supplementary
material 1.3
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Figure 1. (® IPBES regions (top) and sub-regions (bottom).

Source: IPBES technical support unit on knowledge and data (2021), https://doi.org/10.5281/zenodo.5719431, under license CC
BY 4.0.
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Figure 1 (® Photo montage of invasive alien species across regions and biomes.

From top to bottom, left to right: Pinus mugo (mountain pine); Passer domesticus (house sparrow); Rattus rattus (black rat); Vulpes vulpes
(red fox); Vachellia nilotica (gum arabic tree); Aedes albopictus (Asian tiger mosquito); Undaria pinnatifida (Asian kelp); Lissachatina fulica
(giant African land snail); Pontederia crassipes (water hyacinth); Solenopsis invicta (red imported fire ant); Procambarus clarkii (red swamp
crayfish); Carcinus maenas (European shore crab); Caulerpa taxifolia (killer algae); Pterois miles (lionfish); Mustela vison (American mink).

Photo credits: David J. Stang, WM Commons — CC BY-SA 4.0 (Pinus mugo) / Charles J. Sharp, WM Commons — CC BY-SA 4.0
(Passer domesticus) / Carlos Aranguiz, Adobe Stock — Copyright (Rattus rattus) / Martin Mecnarowski, WM Commons — CC BY-SA
3.0 (Vulpes vulpes) / Franz Xaver, WM Commons — CC BY-SA 4.0 (Vachellia nilotica) / James Gathany — CC BY 4.0 (Aedes albopictus)
/ Nicolas Battini — CC BY 4.0 (Undaria pinnatifida) / Sonel.SA, WM Commons — CC BY-SA 3.0 (Lissachatina fulica) / Bharat B.
Shrestha — CC BY 4.0 (Pontederia crassipes) / elharo, Adobe Stock — Copyright (Solenopsis invicta) / Clothilde Pérot-Guillaume —CC
BY 4.0 (Procambarus clarkii) / Nicolas Battini — CC BY 4.0 (Carcinus maenas) / Coughdrop12, WM Commons — CC BY-SA 4.0
(Caulerpa taxifolia) / Oren Klein — CC BY 4.0 (Pterois miles) / tsaiproject from Canada, WM Commons — CC BY 2.0 (Mustela vison).

Table 1 @ Examples of invasive alien species for each IPBES unit of analysis.

The examples do not necessarily include the most widespread or harmful invasive alien species, but examples to provide
representation of the diversity of species in each unit of analysis.

Biomes Examples’®- see for illustrations

1. Tropical and subtropical dry and Terrestrial Cenchrus setaceus (fountain grass)

humid forests Lissachatina fulica (giant African land snail)

Cenchrus ciliaris (buffel grass)

Homalodisca vitripennis (glassy winged sharpshooter)

2. Temperate and boreal forests and Terrestrial Lupinus polyphyllus (garden lupin)
woodlands Lumbricus terrestris (lob worm)

Pueraria montana (kudzu)

Solenopsis invicta (red imported fire ant)

3. Mediterranean forests, woodlands Terrestrial Acacia longifolia (golden wattle)

and scrub Pheidole megacephala (big-headed ant)
Centaurea solstitialis (yellow starthistle)
Aedes albopictus (Asian tiger mosquito)

4. Tundra and high mountain habitats REE(GESGE Pinus mugo (mountain pine)
Poa annua (annual meadowgrass)

5. Tropical and subtropical savannas Terrestrial Prosopis glandulosa (honey mesquite)
and grasslands Felis catus (cat)

Andropogon gayanus (tambuki grass)
Bubalus bubalis (Asian water buffalo)

6. Temperate grasslands Terrestrial Pinus radiata (radiata pine)

Pinus patula (Mexican weeping pine)
Rattus rattus (black rat)

Rattus norvegicus (brown rat)

7. Deserts and xeric shrublands Terrestrial Bromus tectorum (downy brome)
Canis lupus dingo (dingo)
Vachellia nilotica (Qum arabic tree)
Sus scrofa (feral pig)

8. Wetlands - peatlands, mires, bogs Freshwater Reynoutria japonica (Japanese knotweed)
Mimosa pigra (giant sensitive plant)

Procambarus clarkii (red swamp crayfish)
Pomacea canaliculata (golden apple snail)

9. Urban/Semi-urban Human (anthrome) Parthenium hysterophorus (parthenium weed)
Linepithema humile (Argentine ant)

Lonicera tatarica (Tatarian honeysuckle)
Aedes albopictus (Asian tiger mosquito)
Passer domesticus (house sparrow)

Sturnus vulgaris (common starling)

Columba livia (pigeons)

38



CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

Table 1 @

Biomes

Examples’®- see for illustrations

10. Cultivated areas (incl. cropping,
intensive livestock farming, etc.)

Human (anthrome)

11. Cryosphere Terrestrial, freshwater

and marine

12. Aquaculture areas

13. Inland surface waters and water Freshwater

bodies/freshwater

14. Shelf ecosystems (neritic and
intertidal/littoral zone)

15. Open ocean pelagic systems
(euphotic zone)

Marine

16. Deep sea

17. Coastal areas intensively and Marine

multiply used by human

7. For more examples, see Supplementary material 1.4

Artemisia vulgaris (mugwort)

Mustela vison (American mink)

Acacia longifolia (golden wattle)

Nosema bombi (microsporidian parasite)

Undaria pinnatifida (Asian kelp)

Magallana gigas (Pacific oyster)

Carassius gibelio (Prussian carp)

Pacifastacus leniusculus (American signal crayfish)

Potamogeton crispus (curlyleaf pondweed)
Dreissena polymorpha (zebra mussel)
Gambusia affinis (western mosquitofish)
Myxobolus cerebralis (whirling disease agent)
Phragmites australis (common reed)
Pontederia crassipes (water hyacinth)

Sargassum muticum (wire weed)

Carcinus maenas (European shore crab)
Hemigrapsus sanguineus (Asian shore crab)
Mytilus galloprovincialis (Mediterranean mussel)

Batillaria attramentaria (Japanese false cerith)
Caulerpa racemosa (green algae)

Caulerpa taxifolia (killer algae)

Carcinus maenas (European shore crab)

8. Note that scientific names follow the taxonomy used in the original papers. Examples were chosen based on a systematic literature review. Data management

report available at: https://doi.org/10.5281/zenodo.5518254

1.6.6 Nomenclature and taxonomy

The IPBES invasive alien species assessment generally
follows the Global Biodiversity Information Facility (GBIF)
Backbone taxonomy (GBIF, 2021), with a few exceptions
for marine species, where authors have followed the World
Register of Marine Species (WoRMS, 2022).

For increased accessibility where available, English common
names, following the Centre for Agriculture and Bioscience
International (CABI) Invasive Species Compendium (CABI,
2022) as the main reference source, are indicated alongside
scientific names throughout the report.

The assessment acknowledges the diversity of common
names across the globe, as well as their cultural importance
(section 1.6.7.1). Common names are therefore sometimes

included in the local language if pertinent to a specific case
study, where such names are available and appropriate.

1.6.7 Cross-cutting themes

A number of cross-cutting themes have been acknowledged
as important to IPBES assessments. In this assessment,
three major cross-cutting themes are developed across
chapters. 1) Indigenous Peoples and local communities
are recognized as possessing detailed knowledge on
biodiversity and ecosystems, and accordingly, IPBES

is committed to promoting an enhanced recognition of
and to working with Indigenous and local knowledge
systems (Annex 1 of decision IPBES-7/1). 2) Good
quality of life is included within the context of the IPBES
conceptual framework and within the ongoing IPBES
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values assessment (IPBES, 2022a). 3) The Methodological
Assessment of Scenarios and Models of Biodiversity and
Ecosystem services (IPBES, 2016c¢) led to the commitment
to continuing advanced work on scenarios and models

of biodiversity and ecosystem functions. For each of the
three cross-cutting themes, liaison groups were formed
with representation of at least one expert from each of

the chapters.

1.6.7.1 Indigenous and local knowledge

Engaging with Indigenous Peoples and local
communities

Indigenous Peoples and local communities is a term used
internationally by representatives, organizations, and
conventions to refer to individuals and communities who
either self-identify as Indigenous or as members of distinct
local communities that maintain an inter-generational
historical connection to place and nature through livelihoods,
cultural identity, languages, worldviews, institutions, and
ecological knowledge (IPBES, 2019). Indigenous Peoples
and local communities are, typically, ethnic groups who are
descended from and identify with the original inhabitants
of a given region, in contrast to groups that have settled,
occupied or colonized the area more recently (IPBES, 2019).
At least a quarter of the global land area is traditionally
owned, managed, used, or occupied by Indigenous
Peoples, representing about 38 million km? (Garnett et al.,
2018). In addition, a diverse array of local communities,
including farmers, fishers, herders, hunters, ranchers,

and forest users, manage substantial areas under various
property and access regimes (IPBES, 2019). Accordingly,
Indigenous Peoples and local communities are stewards to
an impressive diversity of nature’s contributions to people
(Brauman et al., 2020; see Chapter 2, Box 2.6). However,
these lands and waters may be increasingly impacted by
invasive alien species (Chapter 2, Box 2.6; Chapter 4,
section 4.6).

As a result of their close relationship with nature, and
dynamic Indigenous and local knowledge systems,

many Indigenous Peoples and local communities have
developed new understandings and knowledge of biological
invasions and invasive alien species (Howard, 2019;

Jevon & Shackleton, 2015). They are observers to the
introduction and spread of invasive alien species and their
impacts on humans and biodiversity, often in environments
where scientific monitoring (Glossary) and research are
sparse or challenging. Many Indigenous Peoples and local
communities have a good understanding of the often
complex and interacting roles of drivers facilitating the
introduction, establishment and spread of invasive alien
species on their lands (Chapter 3, Box 3.15), and also
employ their knowledge of the environment to develop
responses or management strategies (Chapter 5) and
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are key, active participants in management and decision-
making (Chapter 6, section 6.4; Fischer, 2007; Gratani

et al., 2011; Jagoret et al., 2012). Indigenous Peoples and
local communities are also in a position to judge trade-offs
between beneficial and harmful impacts of invasive alien
species both in terms of livelihoods and the environment, as
they have to live with them or manage them in their lands
and waters (S. J. Hall, 2009; Kannan et al., 2016; Koichi

et al., 2012). For example, local authorities in Queensland,
Australia, consulted with Girringun Aboriginal rangers and
residents to better understand the extent of myrtle rust
impacts on native plant species, and to design responses
that align to the risk level posed, so as not to undermine
local livelihoods (see also Grice et al., 2012; Head &
Atchison, 2015). Many Indigenous Peoples and local
communities are therefore concerned that their knowledge,
needs and views are not properly considered in both
research and management of biological invasions (IPBES,
2020b, 2020b).

Working with Indigenous and local knowledge
in the assessment

There is a clear need to work with Indigenous Peoples and
local communities on assessments and activities related to
biological invasions and invasive alien species. However,
Indigenous and local knowledge is still often under-
represented in research on biological invasion science,
which represents a great loss to overall understanding

and capacity to manage biological invasions and control
invasive alien species. The IPBES invasive alien species
assessment therefore aims to work with Indigenous and
local knowledge, and to build its conclusions on the best
available science and Indigenous and local knowledge. It
recognizes that there are numerous barriers to effectively
working with Indigenous and local knowledge in a global-
scale assessment, including language, data and information
flow, accessibility of information, representation of diverse
groups within Indigenous communities, and differing
understandings and conceptualizations of risk (e.g.,
Maclean et al., 2021; Michan, 2011; Muller et al., 2009). To
overcome these issues as far as possible, the assessment
follows the IPBES approach to recognizing and working
with Indigenous and local knowledge (Decision IPBES-5/1,
annex ll), with the support of the IPBES task force and
technical support unit on Indigenous and local knowledge.
This work included convening three dedicated workshops®
on Indigenous and local knowledge that brought

together Indigenous Peoples and local communities and
assessment authors (IPBES, 2020b, 2020b, 2022b), and
the consideration of literature beyond the scientific journals

9. The first dialogue workshop took place in Montreal, Canada on 15-16
November 2019; the second dialogue workshop was held online from 21
September to 1 October 2020; and the third dialogue workshop was held
online on 1-3 February 2022.
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and major invasive alien species databases'?, including
materials received through an online call for contributions
for the assessment. Assessment authors also carried out an
extensive cross-chapter review of literature on Indigenous
and local knowledge. Consideration of free, prior and
informed consent was key to this work.

The diversity of Indigenous Peoples and local
communities’ perspectives on invasive alien
species

Indigenous Peoples and local communities’ perspectives
on invasive alien species often differ from scientific
perspectives. Indigenous Peoples and local communities
perceive invasive alien species in terms of both the particular
ecological context and the cultural world views and
traditions of their communities (Ellen, 2020). Science also
brings its own set of value judgements relating to invasive
alien species. This can lead to differences in understanding,
responses, and management practices relating to biological
invasions. Perspectives on any given invasive alien species
will also vary within and between communities, as different
community members may experience different impacts
depending on gender, age, livelihood and a multitude

of other factors (IPBES, 2022b). The great diversity of
Indigenous Peoples and local communities’ conceptions
across species, places, cultures, livelihood systems and
time periods, and consequential actions and responses to
invasive alien species and the management of biological
invasions, makes generalization almost impossible (IPBES,
2020b). Understanding these differing perceptions is
therefore a key task for the assessment, and recognition of
diverse perspectives is important if effective collaboration
between scientists, policymakers, and Indigenous Peoples
and local communities is to occur (Box 1.13).

Many Indigenous Peoples and local communities emphasize
the inter-relatedness of humans, the land, water, and other
species (Barbour & Schlesinger, 2012), which can lead to
acceptance of new species. For example, the Anishnaabe of
the Great Lakes Region of North America explain the arrival
of new plants or animals as a natural process of migration
and must then determine why they have come and what
their relationship with these migrants might be (Reo &
Ogden, 2018). Thus, while some Anishnaabe support
invasive alien species eradication, others argue: “...we're
supposed to respect all of nature. To me having respect for
nature is respecting the fact that it knows how to balance
itself and stop trying to introduce different things to fix this
and fix that...Respect nature and it will balance. | mean
everything has its cycles, leave it alone for gosh sakes. Let

it do its thing and quit playing God.” (Reo & Ogden, 2018,

10. Data management report available at: https://doi.org/10.5281/
zenodo.5760266

quoting Kathy LeBlanc, a cultural leader and elder from the
Bay Mills Indian Community).

In other cases, established invasive alien species have
become a valued part of the socioecological system and
are reflected in cosmology. Xeni Gwet’in and Tsilhgot’in

of British Columbia now link their identity with Equus
caballus (horses), describing them as relatives, individuals,
or neighbours with family groups. As one elder put it, “The
wild horses are like us. They’ve got routes they go to. They
have plans... The mares are sort of the leaders, like in our
culture the women have power. They are really respected
and strong. So, the stud would protect the mares, but the
mare would decide where to go, when to go. And it’s quite
interesting, in our culture it's the same” (Bhattacharyya &
Slocombe, 2017).

Also, in some cases, the introduction of some invasive
alien species occurred so long ago that these species

can be perceived as native and now “belong to country”
(Bach & Larson, 2017). Meanwhile, in many cases,
invasive alien species are perceived by Indigenous Peoples
and local communities as “negative”, often referred to

as “weeds” or “pests”, and “new” in contrast to “native
species” often due to negative impacts on food systems,
medicines, and livelihoods of Indigenous Peoples and local
communities (IPBES, 2019b; Chapter 4, section 4.6). A
further key issue can be that Indigenous Peoples and local
communities’ cosmologies or cultural world views may not
have a place for these new species: invasive alien species
may often be seen as a cultural and spiritual threat, as well
as an ecological issue (Grenz, 2020; IPBES, 2020b, 2022b;
Trauernicht et al., 2013). For example, among the Maori of
New Zealand, Peltzer et al. (2019) report that introduced
predators have significantly challenged the key cultural
concept of “whakapapa”, which portrays the genealogical
connections between the natural world, including humans,
and the cosmological domain. Similarly, among some
Australian Aboriginal groups, invasive alien species are

a threat because they have no dreaming — no origins
accounted for in the ancestral creation of the landscape —
and thus no law or responsibilities assigned to families to
care for and respect them (Crowley, 2014; Salmon, 2000).
Some Indigenous Peoples and local communities explain
dramatic and especially negative changes in the landscape,
such as an invasive alien species, as a failure of humans
to uphold their responsibilities: For example, the Soliga
describe the establishment and spread of the invasive
alien plant Lantana camara (lantana) in Southern India

as the punishment of the Hindu Lord Shani for unknown
moral infringements by the local communities (Puri, 2015;
Thornton et al., 2019).

11. Data management report available at: https://doi.org/10.5281/
zeno0do.5760266
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Box 1 (® Indigenous and local knowledge of invasive alien species in names, stories,

and songs.

Indigenous and local knowledge of invasive alien species may
be embedded in stories, poetry, and songs. A poem from
Ethiopia illustrates local understandings of the adverse impacts
of invading Prosopis juliflora (mesquite, or woyane harar trees)
on fodder resources and cattle grazing practices, and their
interactions with other drivers of change in nature:

“Cattle from upland, cattle from lowland

Goats from here, sheep from there

Are you [my camels] ever going to have the trees
That you once had all for yourselves?

In the summer, the floods

In the winter the locusts

In the upland the Christians

On the lowland the sorghum fields

In awash the woyane trees

Where should | take you my heart [my she camel]?”
(Balehegn, 2016)

Indigenous and local knowledge of biological invasions may
also be embedded in specific names, which may also reveal
much about how an invasive alien species is perceived. Most
invasive alien species are given new names by Indigenous
Peoples and local communities, which may indicate origin or
foreignness as well as inclusion in a similar generic category,
and can have political undertones. For example, the Kawaiwete

As noted above, diversity in perception may also occur
within communities. In Chitwan National Park, Nepal,
Tharu household socioeconomic characteristics influence
the perceived value of invasive alien Mikania micrantha
(bitter vine). Those families that were more dependent on
forest products incurred more of both the costs and the
benefits associated with Mikania micrantha than less forest
dependent families (Murphy et al., 2013; Rai & Scarborough,
2015). Sus scrofa (feral pig) in Northern Australia is similarly
either vilified for its negative impacts on vegetation, sails,
other wild foods, cultural heritage sites, and because it
increases the spread of invasive alien Lantana camara
(lantana), or highly valued as an important food source for
those with lower socioeconomic status (Koichi et al., 2012).
Likewise, there are diverging perspectives on Bubalus
bubalis (Asian water buffalo) and Equus caballus (horses)

in Northern Australia, with many worried about damage to
sacred sites and wild foods, while others benefit from them
directly or want financial returns from animals when they
are controlled (Ens et al., 2016; Chapter 4, Box 4.14).
Underemployed or low income Maori have benefited from
invasive alien species, such as products from possums and
pacific rats, while other Maori see them as both ecological
and cultural threats (Peltzer et al., 2019). Similarly, Hawaiian
cattle (Fischer, 2007), and Camelus dromedarius (camels)
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of Brazil label the incoming, and more aggressive, hybrid
African-European honey bee as a “honey wasp”, in contrast to
the benign local “honey bee” (Athayde et al., 2016). In Kenya,
the introduction of the invasive alien tree Prosopis juliflora

is locally dubbed woyane harar after the Tigrinean People’s
Liberation Front (TPLF), which introduced the tree for land
reclamation, fodder, and wood fuel (Berhanu & Tesfaye, 2006;
Rettberg, 2010; Tessema, 2012). Chromolaena odorata (Siam
weed) is known as rumput golkar or golkar grass in Timor after
the ruling government party of Indonesia, as it overshadows
competitive plants (McWilliam, 2000). Similarly, Congress grass
refers to the poisonous Parthenium hysterophorus (parthenium
weed) across India, said to have been inadvertently gifted to the
nation in wheat that was imported for famine relief by Nehru’s
Congress Party in the mid-1950s (Oplndia, 2021). Invasive
alien salmonids in the fresh waters of Argentinian Patagonia are
known to the Mapuche as cosa de winka (“white man stuff”),
associated with the arrival of settlers who introduced these
environmentally damaging species for sport fishing; they are
now considered as ill omens that disturb native fish populations
and the sacred status of the waters and their inhabitants (Aigo
& Ladio, 2016). More positively, Prosopis juliflora is welcomed
by many in Jordan, despite acknowledging its negative
impacts, as a source of vegetation cover, fodder, firewood, and
charcoal, and is known as Al salam (“the peace”; Al-Assaf et
al., 2020).

and Bubalus bubalis in Australia (Vaarzon-Morel, 2010;
Weston et al., 2012) have been viewed in mixed fashion.
Overall, the different perceptions within and between
communities, caused by gender, age, knowledge status,
livelihoods, and spirituality, result in a diversity of viewpoints
on management and policy options for biological invasions
(Chapters 5 and 6).

1.6.7.2 Good quality of life

Invasive alien species not only affect biodiversity and the
ecological processes underpinning nature’s contributions
to people, but they also directly or indirectly affect good
quality of life (or human well-being). Good quality of life is
the achievement of a fulfilled human life, a notion which
varies strongly across different societies and groups within
societies. It is a context-dependent state of individuals and
human groups, comprising access to food, water, energy
and livelihood security; health, good social relationships;
equity, security, cultural identity; and freedom of choice
and action (Table 1.4). Much of this provision is a result of
nature’s contributions to people (Figure 1.12; Box 1.12),
but its fair distribution and progressive attainment relies
principally on governance arrangements and social capital/
infrastructure. Good quality of life and health encompass



CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

not just physical health, but psychological health, including
the satisfaction created by cultural expression and stability,
spiritual fulfilment, and reliable access to the resources
necessary to thrive as a human being. Though people
generally introduce alien species deliberately in order to
improve their incomes, food security, or tangible material
assets, invasive alien species can threaten good quality of
life in various ways at both the individual and community
level (Box 1.9); but it can also be argued that efforts to
manage invasive alien species can be seen in some cases
as detrimental to good quality of life, especially if they
involve the cessation of access to natural resources for
some groups in society, or inappropriate use of hazardous
chemicals. There are also clear cases where communities
have adapted to invasive alien species (Chapter 6, section
6.2.2.5), sometimes because they lacked other options
(IPBES, 2022a) and where this has enhanced local good
quality of life. Although the preponderance of evidence
suggests that invasive alien species are mainly viewed as
threats and challenges to human communities, at least one
recent study indicates that adaptation is a more dominant
response than eradication efforts (Howard, 2019).

It follows that management techniques and policy
development will likely benefit from taking into careful
consideration the trade-offs among different constituents

of good quality of life. For example, people might be willing
to accept reductions in their resources, safety, health or
lifestyle choices for what they consider a greater cause,
such as community survival or national pride. Furthermore,
communities will not necessarily be united in how they feel
about the values of invasive alien species and associated
detrimental or beneficial impacts (Kelsch et al., 2020;
Shackleton, Larson, et al., 2019). Many citizens may feel
quite neutral or are apathetic about the issue.

There is also the question of scale. While it is obvious

that good quality of life encompasses individuals and

small communities, it can also refer to national or even
supranational identities, stability, survival and resilience. For
example, framing invasive alien species as a local problem
as opposed to a national security issue will have an impact
on policy response options and levels of related resource
allocation (Stoett, 2010). Ultimately, considering good
quality of life across scales and linking levels of governance
will improve the management of biological invasions
(Chapter 6, section 6.3.1.1). Table 1.4 below presents
some examples of constituents of good quality of life which
have been considered in the present assessment.

Another prominent element affecting good quality of life is
the differentiation in status and access to resources related

Table 1 @ Constituents of good quality of life and examples of their subcategories.

The overarching premise for all constituents is the freedom of choice and action, that is, the opportunity to be able to achieve what a
person values doing and being. Adapted from Bacher et al. (2018); Millennium Ecosystem Assessment (2005).

Constituents of human well-being Examples

Safety - human security

Material and non-material assets
Shelter

Recreation

Social, spiritual and cultural relations

Friendship

Freedom of choice and action

Personal safety

Gender equality

Secure resource access
Security from disasters
Resilient communities

Adequate livelihoods
Sufficient nutritious food

Access to goods

Physical health
Feeling well/psychological health
Access to clean air and water
Absence of infectious disease

Social, spiritual and cultural practice
Social infrastructure and governance
Environmental, social justice and equity
Mutual respect

Identity and autonomy

Control over events and actions
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to gender. There is limited research on the interplay between
gender relations and invasive alien species, but it is clear
that women can be impacted differently in cases where they
are expected to engage in many of the forms of labour that
are most directly affected by invasive alien species, such as
health care, firewood gathering, and the acquisition and use
of water for cleaning, sanitation, or family consumption (Fish
et al., 2010; Shrestha, 2021). Women are often tasked with
the difficult (and often futile) job of weeding by hand, which
can take up valuable time better spent on other quality-of-
life-related tasks and expose them to dangerous pesticides
and herbicides (Terefe et al., 2020). The sharp thorns of the
invasive alien Prosopis juliflora (mesquite) shrub (native to
Mexico, introduced in Ethiopia in 1999) harm the hands of
women collecting fuel wood (Terefe et al., 2020). It has also
been suggested that personal safety can be compromised
with the advent of invasive alien plants; for example, local
reports of sexual assault under cover of dense stands

of invasive alien Acacia spp. invasions have been made
(Shackleton, Shackleton, et al., 2019; de Neergaard et al.,
2005). More international research on the role of gender

in invasive alien species identification, management, and
monitoring is needed for a more nuanced perspective

to emerge.

The succession of emerging zoonotic diseases in the
early twenty-first century has led to the development

of several holistic and interdisciplinary approaches to
safeguard health. Current concepts such as Planetary
Health, EcoHealth, and One Health (Glossary) stress the
importance of understanding the links between human,
animal, and environmental health, though with a strong
emphasis on safeguarding the health of vertebrates
(Lerner & Berg, 2017). The World Health Organization
(WHO), the Food and Agriculture Organization of the
United Nations (FAQO), and the World Organisation

for Animal Health (WOAH, founded as OIE) provide
international standards for human health, plant health,
and animal health, respectively. Working together with
the UNEP through a One Health High-Level Expert Panel
(OHHLEP), they have jointly defined One Health as “an
integrated, unifying approach that aims to sustainably
balance and optimize the health of people, animals and
ecosystems. This approach recognizes that the health
of humans, domestic and wild animals, plants, and the
wider environment (including ecosystems) are closely
linked and inter-dependent. It mobilizes multiple sectors,
disciplines and communities at varying levels of society
to work together to foster well-being and tackle threats

Box 1 @ The role of invasive alien species in zoonotic disease transmission.

The relationship between invasive alien species and human
health, particularly pathogenic microbes, and emerging
infectious diseases (Pysek, Hulme, et al., 2020) is especially
relevant in a decade which began with a global coronavirus
disease (COVID-19) pandemic that killed close to 20 million
people (The Economist, 2022), ravaged the world economy, and
exacerbated inequality and poverty (Ritchie et al., 2020). Invasive
alien species can have serious implications for human health
(Lazzaro et al., 2018; Pysek & Richardson, 2010): alien species
can act as a vector of pathogens (e.g., Aedes albopictus

(Asian tiger mosquito) for dengue fever; Brady & Hay, 2020;
Hulme, 2014); produce allergenic pollen (Ambrosia artemisiifolia
(common ragweed); Richter et al., 2013); and be poisonous
(e.9., Rhinella marina (cane toad); Bacher et al., 2018) or
venomous (e.g., sea jellies; Kideys & Giicl, 1995). Indeed,

the COVID-19 pandemic has demonstrated the catastrophic
consequences of ongoing environmental transformation, wildlife
exploitation, and the movement of organisms in a globalized
world (IPBES, 2020c; Nunez et al., 2020).

Parasites (including pathogenic bacteria, fungi and viruses)

can be introduced into an invaded range alongside an invasive
alien species (Bojko et al., 2021; Dasgupta, 2021; Daszak et
al., 2000; Evans, 2003; Roy et al., 2017). Additionally both
introduced and endemic parasites can change the strength of
interactions between species and ultimately affect the outcome
of a biological invasion (Amsellem et al., 2017; Dunn & Hatcher,
2015). Pathogens causing emerging infectious diseases (WHO,

Lt

2014), which spread into new host populations or species,
are rarely treated as invasive alien species, but it is widely
recognized that the introduction of novel organisms (those
without evolutionary analogues in the recipient environment)
have the potential to be incredibly disruptive (Nufiez et al.,
2020; Saul & Jeschke, 2015; Vila et al., 2021).

The role of invasive alien species in the transmission dynamics
of emerging zoonotic diseases is often overlooked (Nufiez et
al., 2020; Vila et al., 2021) despite the interlinkages between
human health and biodiversity loss having now been explored
in great detail by the scientific community (Estrada-Pefia et
al., 2014; Jones et al., 2008; UNEP et al., 2015; Wolfe et

al., 2007). Integrated approaches that take into account the
landscapes and seascapes in which socio-ecological systems,
including their human dimensions, are embedded, could be
part of an effective collective response to the threats posed
by invasive alien species and related pathogenic diseases.
Invasive alien species are part of these broader systems, and
the harm to human health which results from their spread and
from emerging infectious diseases share many characteristics
(Figure 1.17). Pathogenic microbes which cause human
epidemics and pandemics are highly successful invasive

alien species, transmitted by human behaviour. Integrated
interdisciplinary approaches will contribute to increased
understanding of the interplay amongst factors driving disease
transmission whether in humans, other animals or plants (Vila
et al., 2021).
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to health and ecosystems, while addressing the collective
need for clean water, energy and air, safe and nutritious
food, taking action on climate change, and contributing
to sustainable development” (UNEP, 2021). There have
been previous efforts to integrate biological invasions
within the One Health approach (Conn, 2014; Hulme,
2020a; F. A. B. Meyerson et al., 2009; L. A. Meyerson

et al., 2002; L. A. Meyerson & Reaser, 2002, 2003).
However, despite the critical role invasive alien species
can play as reservoirs and vectors of zoonotic diseases
(Box 1.14; Hulme, 2014; Roy et al., 2017, 2023), Planetary
Health, EcoHealth, and One Health approaches have

yet to systematically integrate the threat and impacts of
biological invasions into their analyses (IPBES, 2020c;
Chinchio et al., 2020; Bertelsmeier & Ollier, 2020; Nufiez
et al., 2020; Vila et al., 2021). The acceptance of the One
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or more wild
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Health approach as appropriate by many governments and
international organizations might change this, however.

A more biosecurity-focused approach has also been
suggested: “One Biosecurity” would integrate the One
Health framework with the practical necessities associated
with the provision of biosecurity, including the prevention
of all invasive alien species (Hulme, 2020b; Glossary).
One Biosecurity could be informed through a streamlined
approach to the prediction of emerging biosecurity risks
(whether pathogens, pests, or weeds), a global network

of surveillance (Glossary) and information sharing,

and coordinated international responses to incursions

of invasive alien species. Such an approach could be
underpinned by a regulatory framework that parallels the
International Health Regulations of the WHO (Hulme, 2021)
(Chapter 6, section 6.7.2.2).

Humans disperse
the pathogen
across
geographic
barriers.

Propagules are
taken from native
range and
dispersed by
humans across
geographic
barriers.

Figure 1. () Comparison of the stages of a zoonotic viral epidemic and those of a biological

invasion.

Source: Nufez et al. (2020), https://doi.org/10.1016/].tree.2020.05.004, under license CC BY 4.0.
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1.6.7.3 Scenarios and modelling

Understanding the drivers and patterns of invasive alien
species dynamics is crucial for designing and implementing
appropriate management and monitoring strategies
(Brundu & Richardson, 2016). There is a growing need

to reconstruct the routes of introduction of invasive alien
species (Estoup & Guillemaud, 2010; Gautier et al., 2022) to
predict biological invasions and effectively support different
types of intervention, from early detection to management
of established invasive alien species (S. A. Hall et al.,

2021; Van Wilgen et al., 2011). Indeed, the importance of
model- and scenario-based prevention and early detection
has been highlighted in several policies including the
European Union Regulation 1143/2014 on invasive alien
species (European Union, 2014). Modelling approaches
have been used to define coarse climatic envelopes for
invasive alien species (Brundu & Richardson, 2016; Pino et
al., 2005), and reconstructing routes of biological invasions
(Gautier et al., 2022). Fine-scale species distribution
modelling and prediction requires information on local
environmental and habitat factors (Vicente et al., 2011), as
well as linking correlative models to demographic variables
or demography-based population models (Kueffer et al.,
2013; Vicente et al., 2019). The prevention, early detection
and management of biological invasions will consequently
benefit from increased knowledge, more informative
predictions, and accurate and plausible future scenarios
(Chornesky et al., 2005; Genovesi & Monaco, 2013; Roura-
Pascual et al., 2021).

For invasive alien species, scenarios and models have been
applied to inform understanding of how spatial-temporal
patterns emerge (Chapter 2, section 2.6.5; Chapter 4,
section 4.7.1), of which processes are underlying these
patterns, and of how ecological, economic, and societal
drivers relate to the emergence of the observed patterns
(Chapter 3, Box 3.14). Scenarios and models differ in their
approach to investigate historic, current, and future patterns
of alien species richness, abundance and distributions.
While models aim to predict alien species patterns based on
how environmental, economic or social variables relate to
species occurrence or abundance, scenarios are based on
alternative possible future states of those variables resulting
in projections of potential future patterns of biological
invasions (IPBES, 2016c; Lenzner et al., 2019; Roura-
Pascual et al., 2021). In the section below, scenarios and
models are briefly contrasted in terms of how patterns and
dynamics are analysed, the methods used, their different
uses, and the advantages and disadvantages of each
approach. A systematic review was undertaken to assess
the current use of scenarios and models within the context
of biological invasions.?

12. Data management report available at https://doi.org/10.5281/
zen0do.5706520
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Models

Models can be defined as “qualitative or quantitative
representations of key components of a system and of
relationships between these components”.”® There are four
broad groups of model types (main model types) identified
(IPBES, 2016¢):

i. Expert-based models include any type of qualitative
expert opinion (where experts are defined as a single
person or group of people that hold specific knowledge
of a process, species or system of interest). Experts
may include scientists and other academics, relevant
stakeholders and Indigenous Peoples and local
communities (section 1.6.7.1).

ii. Correlative models (also called statistical models)
use empirical data to estimate parameter values for
processes that are implicit rather than explicit.

iii. Process-based models (also mechanistic models)
explicitly integrate processes or mechanisms based on
established scientific understanding.

iv. Hybrid models combine correlative and process-based
modelling approaches.

Most papers identified through the systematic review

used correlative models (57 per cent of 781 observations),
followed by process-based models (33 per cent), hybrid
models (8 per cent) and expert-based systems (1 per cent).

There are also interdisciplinary models and integrated
assessment models (IPBES glossary'®) that are used to
describe the complex relationships between environmental,
social and economic drivers (e.g., Havlk et al., 2014) by
integrating trans-disciplinary knowledge to capture large-
scale dynamics, interactions and feedbacks of a specific
system (Harfoot et al., 2014). Integrated assessment models
assess “wicked problems” which are highly complex,
socioecological problems including many variables and
actors (Termeer et al., 2019). Currently, biological invasions
are not included in existing global integrated assessment
models, but such an integration would be highly beneficial
(Lenzner et al., 2019).

Further details, including opportunities and limitations,
of these modelling approaches are provided in the data
management report.

Scenarios

Scenarios are “representations of possible futures for
one or more components of a system, particularly for
drivers of change in nature and nature’s benefits, including

13. IPBES glossary: https://ipbes.net/glossary
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alternative policy or management options”.' Different types
of scenarios can be identified and are applicable in specific
contexts:

i. (Exploratory scenarios (also called “explorative
scenarios” or “descriptive scenarios”) examine a range
of plausible futures, based on pre-defined drivers and
their assumed future trajectories starting from the
present conditions.

ii. Target-seeking scenarios (also called “goal-seeking
scenarios” or “normative scenarios”) have a clear
objective or set of objectives for a point in time in
the future (i.e., a specific target) and aim to describe
plausible pathways to achieving this outcome. The
procedure of developing such scenarios is called
backcasting.

iii. Policy-screening scenarios aim to evaluate alternative
policy or management options. They either follow
a similar logic to target-seeking scenarios where
a future policy goal is determined, or they can be
developed through policy screenings (also called
“ex-ante scenarios”). See the IPBES glossary and the
methodological assessment report on scenarios and
models of biodiversity and ecosystem services (IPBES,
2016c¢) for more detail.

Most of the papers identified through the systematic review
focused on exploratory scenarios (87 per cent of papers),
followed by policy-screening (7 per cent) and target-
seeking scenarios (6 per cent). In most papers, scenarios
were quantitative (82 per cent) as opposed to qualitative

(9 per cent) or both quantitative and qualitative scenarios
(8 per cent).

Overall, scenarios aim to provide a holistic view on global
trends and processes and how they might shape the
world’s future under different assumptions. For many
drivers of change in nature (e.g., climate; IPCC, 2014)

and socioeconomic domains (e.g., demography, land-

use; Hurtt et al., 2011), such scenarios have already been
developed. However, biological invasion scenarios have not
been available until recently (Corrales et al., 2018; Dehnen-
Schmutz et al., 2018; Ricciardi et al., 2017). The need for
scenarios for short (2030), mid (2030-2050), and long-term
(2050-2100) trends in alien species richness and distribution
at various scales to inform targets has been recognized
(Bellard et al., 2013; Roura-Pascual et al., 2021). Increasing
data availability and increased understanding of (historic)
trends, distribution and impacts of invasive alien species
globally and locally makes the development of scenarios for
biological invasions feasible (Lenzner et al., 2019). Recently,
the first alternative futures for biological invasions were

14. IPBES glossary: https://ipbes.net/glossary

published (Roura-Pascual et al., 2021). Roura-Pascual and
colleagues developed 16 different qualitative scenarios
storylines, which can be grouped into four archetypes based
on their description of potential futures. The scenarios
develop potential future trajectories of the world until

2050 with a special focus on drivers relevant for biological
invasions (Essl et al., 2020) and projected changes in alien
species richness.

Moreover, recently IPBES has developed a framework for
the creation of independent multiscale biodiversity scenarios
for constructing pathways towards desirable futures for
nature — the Nature Futures Framework (IPBES, 2022d).

A distinguishing feature of the Nature Futures Framework,
beyond classical environmental scenario frameworks,

is the consideration of a plurality of perspectives and
values towards nature within the scenarios, facilitating

the assessment of different views on nature and ensuring
the integration of these views through participatory
approaches. While the Nature Futures Framework has not
yet been applied in the context of biological invasions, it
has considerable potential for exploring the role of invasive
alien species in future biodiversity change across scales
and contexts.

Scenarios and models in invasive alien
species research

The scenarios and models’ liaison group undertook a
systematic review'® including an initial set of 30,299
research papers of which 778 research papers were found
to consider both the use of models and scenarios to
evaluate the patterns and trends of invasive alien species.
The search was restricted to indexed publications in English,
ensuring a structured, systematic approach to the use of the
terms “invasive alien species”, “modelling” and “scenarios”.
A summary of the outcomes is provided here with further
information available in the data management report.14 In
some cases, a single paper focused on multiple categories
(e.g., a model applied to both the United Kingdom

and Portugal), and these are categorized as separate
observations. The information is summarized as either a
percentage of papers or of observations.

Patterns and trends

The Americas was the IPBES region with the highest
proportion of observations across all papers, with 33 per
cent of all observations (total number of observations:
1,153), followed by Europe and Central Asia (26 per cent),
Asia and the Pacific (24 per cent), Africa (13 per cent) and
finally Antarctica (2 per cent). In 3 per cent of the papers, the
IPBES region was not stated. Most papers focused on only

15. Data management report, including full output of the review, available at
https://doi.org/10.6281/zenodo.5706520
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one IPBES region (78 per cent of a total of 778 papers) and
one country (70 per cent).

Most of the papers (63 per cent of all papers) were focused
on only one invasive alien species with most focusing on
invasive alien plants (including bryophytes; 40 per cent of
observations from a total of 858 observations), followed by
invertebrates (30 per cent), fishes (8 per cent), mammals (7
per cent), amphibians, birds and reptiles (3 per cent); and
finally, fungi (2 per cent) or other invasive alien species taxa
such as algae, bacteria, virus or protozoan (2 per cent).
Furthermore, the majority of papers focused on only one
particular IPBES unit of analysis (96 per cent of 778 papers),
with the terrestrial environment dominating the literature
extracted from the review with 75 per cent of observations
(from a total of 813), followed by the freshwater (15 per cent)
and the marine (8 per cent) environments. The impacts of
invasive alien species were addressed in only 22 per cent

of papers with most of these papers focusing on negative
impacts (18 per cent of all papers). Invasive alien species
pathways were considered in only 10 per cent of papers.
Only 23 per cent of papers (n=182) considered invasive alien
species management, and most papers focused on one (54
per cent) or two management strategies in combination (37
per cent).

The cross-cutting themes identified for the IPBES invasive
alien species assessment were poorly represented in the
papers with only 1 per cent considering Indigenous and
local knowledge, 3 per cent considering good quality of life
and 6 per cent including nature’s contributions to people.

Further descriptive summaries and results from the review,
including multidimensional scaling, illustrating the clustering
of model and scenario features from across the papers, are
available in the data management report.'® Further specific
detailed information from the review is included within the
relevant chapters.

1.6.8 Key issues in the discussion
of biological invasions

Throughout this assessment several key issues, some
extant and some emerging, have been identified as critical
to the discussion of biological invasions. The key issues
identified within this assessment include the advent of
globalization, the impact of global environmental
change (and, in particular, the global biodiversity crisis),
the use of adaptation strategies, the role played by
technology, the challenges for islands and protected
areas, and the role micro-organisms play in the broader
understanding of invasive alien species.

16. Data management report available at https://doi.org/10.5281/
zenodo.5706520
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The most obvious issue is that of globalization, which

has acted as an important overarching driver facilitating

the unprecedented spread of invasive alien species

that humans face today. There is a strong historical link
between colonization by European powers and biological
invasions, and the rise of global transport and trade has
been a primary driver responsible not only for the transport
and introduction of invasive alien species but also for the
advent of biotic homogenization, which lowers resilience
and increases vulnerability to further invasive alien species.
Globalization is a catalyst exacerbating the problems

of a human-dominated biosphere that has led to the
Anthropocene, a world with biophysical systems profoundly
shaped by human activity. The increasing levels of invasive
alien species on a global scale are stark evidence of this era.
At the same time, international instruments developed to
prevent the spread of invasive alien species rely heavily on
international organizations that are at least partially reflective
of the process of globalization.

Another central key issue is the present and future impact
of global environmental change, and the underlying
direct and indirect anthropogenic drivers of change, not only
on the spread and introduction success of invasive alien
species but also on options for management (Chapters

3 and 5). Climate change and land and sea use, but

also pollution (chemical, plastics, debris, etc.), ocean
acidification, and other systems-level direct drivers of
change in nature are currently shaping the Anthropocene,
and driving, in particular, the loss of biodiversity (IPBES,
2019). Invasive alien species have long been identified as
one of the primary drivers of this global biodiversity crisis,
and they interact with other drivers of global environmental
change to exacerbate it (Chapters 3 and 4).

The overarching issue of human community adaptation
is noticeable as well: While invasive alien species can
cause both harm and benefits, some human communities
(at various scales, from rural areas to Indigenous Peoples
and local communities to cities to regions) have in fact
adapted to the presence of invasive alien species, and

it is informative to see how, why, and in what forms this
adaptation took place over time. This key issue, which

is even more pertinent in the current era where climate
change is forcing unprecedented adaptation and evolving
survival strategies, is discussed more explicitly in Chapter
6, section 6.2.2.5. In some cases, the response to
invasive alien species does not adequately deal with the
threats they pose, and adaptation may be the only or

the preferred policy response. It is important to note that
prevention is an effective approach to managing invasive
alien species and the costs of responding to biological
invasions far outweigh the costs of prevention (Diagne et
al., 2021). However, in some cases, invasive alien species
have become part of socio-ecological systems and are
here to stay.
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The evolving role played by technology is another key
issue. The development of the steam engine enabled

faster trans-ocean voyages involving ballast water usage,
thus acting as a driver that accelerated pathways for

Box 1 (B The role of citizen (or community) science in monitoring invasive alien species.

Citizen science (also known as community science,
participatory monitoring, community-based environmental
monitoring, crowd science, crowd-sourced science, civic
science, or volunteer monitoring) is a term that describes the
diverse range of approaches in which scientific research is
conducted, in whole or in part, by volunteers with varying levels
of expertise (Gura, 2013; Pocock et al., 2014, 2018). Citizen
science is defined by the European Commission Green Paper
as “general public engagement in scientific research activities
where citizens actively contribute to science either with their
intellectual effort, or surrounding knowledge, or their tools and
resources” (Consortium, 2013; Follett & Strezov, 2015).

People contribute to biodiversity and ecosystem research
through citizen science in diverse ways including providing
data, raising new research questions, and communicating

and disseminating findings. Citizen science can be broadly
considered as contributory or collaborative (co-created). Within
contributory citizen science, participants are primarily involved
in data collection while through collaborative citizen science,
participants are involved in various stages of the scientific
process including identifying the scope and research questions
through to interpreting and using the results. Citizen science not
only results in scientific advances but is also known to increase
public understanding of science by improving the scientific
capacity of participants through skills acquisition and learning
(MacPhail & Colla, 2020; Steven et al., 2019).

There are many diverse approaches to surveillance and
monitoring of invasive alien species. Citizen science is seen
as particularly relevant for environmental monitoring and

has a long history in many countries with some initiatives in
Northern Europe and North America having been ongoing for
more than a century (Allen, 1976; Miller-Rushing et al., 2012;
Pocock et al., 2015). Many of the large-scale and long-term
global biodiversity datasets have relied on contributions from
volunteers. Indeed, citizen science is often used to engage
people in scientific projects that may be impractical for
individuals or small groups to conduct alone because of the
need to gather or analyse “big data” (Willett et al., 2013).

Volunteers have made substantial contributions to understanding
biological invasions (Roy et al., 2015) from documenting the arrival,
establishment, and spread of alien species through to predicting
potential new arrivals through horizon scanning (Roy et al., 2020)
and so contributing to early-warning. The breadth of expertise
provided by taxonomic experts from volunteer biological recording
communities is essential for horizon scanning. Prioritization of
invasive alien species through horizon scanning can be used
to inform mass participation approaches involving the public
(or where relevant special interest groups such as anglers) in
monitoring and surveillance underpinning early-warning.

The advent of mobile computing technologies in smartphones
and tablets and the corresponding proliferation of mobile
applications (apps) have greatly expanded the potential of
citizen science for contributing to research on invasive alien
species (Adriaens et al., 2015). As mobile phones become
increasingly ubiquitous (users now exceed 2.8 billion people
worldwide; Alavi & Bulttlar, 2019), citizen science is undergoing
an unprecedented shift in the scale and quantity of available
data (Silvertown, 2009; Teacher et al., 2013). Popular
biodiversity reporting apps like eBird (Sullivan et al., 2014) and
iNaturalist (Unger et al., 2021) have user communities in the
hundreds of thousands, generating enormous quantities of
data for research (e.g., over 1 million records in iNaturalist in
the first seven years; Pimm et al., 2014). Invasive alien species
reporting apps, which enable users to submit geotagged
observations of invasive alien species, are an excellent new
source of spatiotemporally explicit occurrence data for invasive
alien species management and research, and seen as a

major pathway to implementing surveillance and monitoring at
national and global scales (Martinez et al., 2020). The number
of invasive alien species reporting apps available is steadily
increasing, ranging from regional apps to those focused on
particular taxa including aquatic organisms, insects, and plants
(e.g., Goéau et al., 2013; Laforest & Bargeron, 2011; Scanlon
et al., 2014; Wallace et al., 2020).

Many mobile devices now include a variety of onboard

sensors and instrumentation like barometers, gyroscopes,
accelerometers, microphones, cameras and ambient light
sensors, and the capability of storing data from these sensors
and uploading it to online databases (Lane et al., 2010).
Onboard sensors are increasingly used to facilitate and even
automate citizen science participation via invasive alien species
apps, for example in bioacoustics surveys for invasive alien
amphibians (Platenberg et al., 2020). Artificial intelligence

and machine learning, especially in image recognition, are
further enhancing mobile app contributions to citizen science,
by allowing for the automated identification of organisms

in user-submitted images (Terry et al., 2020). The steady
improvement and increasing availability of online invasive alien
species occurrence databases and their integration with mobile
technology is another major and ongoing advance underpinning
citizen science (Martinez et al., 2020; Reaser et al., 2020;
Seebens et al., 2020).

Science-society-policy interactions are developed through open
and collaborative approaches amongst participants involved

in citizen science (Powell & Colin, 2009; Gardiner & Roy,

2022). Collaborative research outcomes, resulting from open,
networked and transdisciplinary citizen science approaches,
can ultimately contribute to democratic

decision-making.
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the transport of invasive alien species (sailing ships also
needed ballast but used soil, which itself carried invasive
alien species but at slower delivery times) (Chapter 3,
section 3.2.3). Modern technology (including genetics/
genomics, informatics, and drone surveillance) is facilitating
the transport of alien species around the globe via e-trade
(Chapter 3, sections 3.2.3 and 3.2.4), but are also

being used in new and inventive ways to discover, track,
and manage invasive alien species and their impacts
(Chapter 5). New online tools and technologies, particularly
new data streams and data integration methods, will
increase capacity to deliver a global monitoring and
decision-support system for managing biological invasions
(Martinez et al., 2020; McGeoch & Jetz, 2019). Relatedly,
communication strategies in the internet age have emerged
as fundamental as people share new information about
identifying and dealing with invasive alien species. Citizen
science (Glossary), including approaches that encompass
visual identification technologies and other innovations,
has become a popular and valuable approach to underpin
research and policy on biological invasions and invasive
alien species (Box 1.15; Encarnacéo et al., 2021; Roy et
al., 2015).

Insular environments, from oceanic islands and deep sea
hydrothermal vents to freshwater systems and fragmented
habitats, have provided insights into the relationships
between geographic patterns and biological processes

(D. R. Drake et al., 2002). Such insular systems feature
prominently in this assessment. Islands, especially SIDS, are
considered particularly vulnerable to invasive alien species
because of the difficulty of prevention where globalization,
including mass tourism, has become deeply integrated

into island economies. Invasive alien species on islands
have been shown to have some of the most detrimental
impacts compared to continental ecosystems, including
the extinction of many endemic species (e.g., Bellard et

al., 2016; Pysek, Blackburn, et al., 2017). Indeed, invasive
alien species are ranked as the leading cause of biodiversity
loss on islands (Bellard et al., 2016; Russell et al., 2017).
However, there are many examples whereby management
of invasive alien species, including approaches to prevent
arrival and eradication of specific taxa, has proven
successful on islands (Chapter 5; Courchamp et al., 2003;
Russell et al., 2017).
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While most invasive alien species tend to thrive in
anthropogenically disturbed ecosystems, some species are
able to reach even the most remote and well conserved
areas, including those formally declared as protected
areas (Liu et al., 2020; Chapter 4, section 4.3.1.2).
Indeed, it is clear that the establishment of protected

areas, in both terrestrial and marine environments, does

not preclude the unintentional introduction and spread

of invasive alien species, such as those associated with
illegal wildlife trade and other activities such as fishing and
recreation without high biosecurity standards. Indeed, there
are concerns that biological invasions are insufficiently
considered when devising management plans for marine
protected areas in particular (Galil, 2017; Giakoumi et

al., 2016). Furthermore, historic or current intentional
introductions such as through afforestation projects
associated with climate change mitigation efforts can pose a
threat to protected areas worldwide (Richardson, 1998), and
ecosystem restoration projects also face similar concerns.

Another important key issue within biological invasions

is the consideration of microorganisms, from virus to
protozoa, including the links between invasive alien species
and plant, animal, and human diseases including zoonotic
diseases such as COVID-19, H1N1 flu (swine flu) and viral
haemorrhagic fever (Ebola; Box 1.14). Such microorganisms
have profound implications for good quality of life (Amsellem
et al., 2017) and biosecurity (Hulme, 2020a), and create
space for further discussions of ecosystem-based and One
Health approaches.

These key issues are relevant to natural science, social
science, the humanities and policy developments, and
will likely shape the evolution of our understanding of the
biological invasion process in the years to come.



CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

REFERENCES

Abramides, G. C., Roiz, D., Guitart, R.,
Quintana, S., Guerrero, |., & Giménez, N.

strategy for the control of the tiger mosquito
(Aedes albopictus) in Spain. Transactions
of the Royal Society of Tropical Medicine
and Hygiene, 105(5), 281-288. https://doi.
0rg/10.1016/j.trstmh.2011.01.003

Adriaens, T., Sutton-Croft, M., Owen, K.,
Brosens, D., Valkenburg, J. van, Kilbey,

D., Groom, Q., Ehmig, C., Thirkow, F.,
Hende, P. V., & Schneider, K. (2015). Trying
to engage the crowd in recording invasive
alien species in Europe: Experiences from
two smartphone applications in northwest
Europe. Management of Biological
Invasions, 6(2), 215-225. https://doi.
0rg/10.3391/mbi.2015.6.2.12

Aigo, J., & Ladio, A. (2016). Traditional
Mapuche ecological knowledge in

beings inhabiting continental waters, as a

reflection of processes of change. Journal
of Ethnobiology and Ethnomedicine, 12(1),
56. https://doi.org/10.1186/s13002-016-

0130-y

Al-Assaf, A., Tadros, M. J., Al-Shishany,

S., Stewart, S., Majdalawi, M., Tabieh,

M., & Othman, Y. A. (2020). Economic
Assessment and Community Management
of Prosopis juliflora Invasion in Sweimeh
Village, Jordan. Sustainability, 12(20), Article
20. https://doi.org/10.3390/su12208327

(2020). The relevance of social imaginaries
: to understand and manage biological
(2011). Effectiveness of a multiple intervention

invasions in southern Patagonia. Biological

i Invasions, 22(11), 3307-3323. https://doi.
¢ 0rg/10.1007/s10530-020-02325-2

: Ascunce, M. S., Yang, C.-C., Oakey, J.,

i Calcaterra, L., Wu, W.-J., Shih, C.-J.,

. Goudet, J., Ross, K. G., & Shoemaker, D.

. (2011). Global Invasion History of the Fire
Ant Solenopsis invicta. Science, 331(6020),
: 1066-1068. https://doi.org/10.1126/

. science.1198734

: Atchison, J., & Head, L. (2013). Eradicating
Bodies in Invasive Plant Management.

: Environment and Planning D: Society

i and Space, 31(6), 951-968. https:/doi.

i 0rg/10.1068/d17712

¢ Athayde, S., Stepp, J. R., & Ballester, W. C.
: (2016). Engaging indigenous and academic
Patagonia, Argentina: Fishes and other living
¢ Implications for environmental management
: and transdisciplinary research. Journal of

: Ethnobiology and Ethnomedicine, 12(1),

: 1-19. https://doi.org/10.1186/s13002-016-

knowledge on bees in the Amazon:

: 0093-z

i Bach, T. M., Kull, C. A., & Rangan, H.
(2019). From kKilling lists to healthy country:
* Aboriginal approaches to weed control

* in the Kimberley, Western Australia.

. Journal of Environmental Management,

i 229, 182-192. https://doi.org/10.1016/i.

: C.H., ... Zhan, A. (2020). Trends in the
: detection of aquatic non-indigenous

: species across global marine, estuarine
and freshwater ecosystems: A 50-year
. perspective. Diversity and Distributions,
1 26(12), 1780-1797. https://doi.
org/10.1111/ddi.13167

: Balehegn, M. (2016). Ecological and Social
: Wisdom in Camel Praise Poetry Sung

: by Afar Nomads of Ethiopia. Journal of
Ethnobiology, 36(2), 457-472. https://doi.
: 0rg/10.2993/0278-0771-36.2.457

E Banks, N. C., Paini, D. R., Bayliss, K. L., &

Hodda, M. (2015). The role of global trade

¢ and transport network topology in the

: human-mediated dispersal of alien species.
: Ecology Letters, 18(2), 188-199. https://

¢ doi.org/10.1111/ele.12397

* Barbour, W., & Schlesinger, C. (2012).
Who's the boss? Post-colonialism,

. ecological research and conservation

: management on Australian Indigenous

: lands. Ecological Management &
Restoration, 13(1), 36-41. https://doi.

: 0org/10.1111/).1442-8903.2011.00632.x

: Beinart, W., & Wotshela, L. (2003).
Prickly pear in the Eastern Cape since

: the 1950s-perspectives from interviews.
: Kronos: Journal of Cape History,

: 28(1), 191-209. https:/www.stor.org/

{ jenvman.2018.06.050

Alavi, A. H., & Buttlar, W. G. (2019). An
overview of smartphone technology for
citizen-centered, real-time and scalable civil
infrastructure monitoring. Future Generation
Computer Systems, 93, 651-672. https://
doi.org/10.1016/j.future.2018.10.059

Allen, D. E. (1976). The naturalist in Britain:
A social history. Princeton University
Press. https://doi.org/10.2307/j.ctv1nxcv20

Alt, C. (2010). Virginia Woolf and the Study
of Nature. Cambridge University Press.

Amsellem, L., Brouat, C., Duron, O.,
Porter, S. S., Vilcinskas, A., & Facon, B.
(2017). Importance of Microorganisms to
Macroorganisms Invasions. In Networks
of Invasion: Empirical Evidence and
Case Studies (Vol. 57, pp. 99-146).
Elsevier. https://doi.org/10.1016/
bs.aecr.2016.10.005

Archibald, J. L., Anderson, C. B., Dicenta,
M., Roulier, C., Slutz, K., & Nielsen, E. A.

: Bach, T. M., & Larson, B. M. H. (2017).
Speaking About Weeds: Indigenous Elders’
: Metaphors for Invasive Species and Their

: Management. Environmental Values, 26(5),
561-581. https://doi.org/10.3197/096327 1
: 17X15002190708119

: Bacher, S., Blackburn, T. M., Essl, F,
Genovesi, P., Heikkila, J., Jeschke, J. M.,
: Jones, G., Keller, R., Kenis, M., Kueffer,

¢ C., Martinou, A. F., Nentwig, W., Perg|, J.,
: Pysek, P., Rabitsch, W., Richardson, D.

: M., Roy, H. E., Saul, W.-C., Scalera, R.,
... Kumschick, S. (2018). Socio-economic
: impact classification of alien taxa (SEICAT).
: Methods in Ecology and Evolution, 9(1),
159-168. https://doi.org/10.1111/2041-

: 210X.12844

: Bailey, S. A., Brown, L., Campbell, M. L,
Canning-Clode, J., Carlton, J. T., Castro,
¢ N., Chainho, P,, Chan, F. T., Creed, J. C.,
: Curd, A., Darling, J., Fofonoff, P., Galil,

: B.S., Hewitt, C. L., Inglis, G. J., Keith, I.,
Mandrak, N. E., Marchini, A., McKenzie,

. stable/41056500

: Bellard, C., Cassey, P., & Blackburn, T.

: M. (2016). Alien species as a driver of
recent extinctions. Biology Letters, 12(2),
: 20150623. https://doi.org/10.1098/

¢ rsbl.2015.0623

Bellard, C., Thuiller, W., Leroy, B., Genovesi,
: P, Bakkenes, M., & Courchamp, F.

: (2013). Will climate change promote future
invasions? Global Change Biology, 19(12),

+ 3740-3748. https://doi.org/10.1111/

: gcb.12344

Bennett, B. M., & van Sittert, L. (2019).

. Historicising perceptions and the national
 management framework for invasive

. alien plants in South Africa. Journal

of Environmental Management, 229,

: 174-181. https://doi.org/10.1016/].

¢ jenvman.2018.07.029

Berhanu, A., & Tesfaye, G. (2006). The
. Prosopis dilemma, impacts on dryland
. biodiversity and some controlling methods.
¢ Journal of the Drylands, 1(2), 168-164.

51


https://doi.org/10.1016/j.trstmh.2011.01.003
https://doi.org/10.1016/j.trstmh.2011.01.003
https://doi.org/10.3391/mbi.2015.6.2.12
https://doi.org/10.3391/mbi.2015.6.2.12
https://doi.org/10.1186/s13002-016-0130-y
https://doi.org/10.1186/s13002-016-0130-y
https://doi.org/10.3390/su12208327
https://doi.org/10.1016/j.future.2018.10.059
https://doi.org/10.1016/j.future.2018.10.059
https://doi.org/10.2307/j.ctv1nxcv20
https://doi.org/10.1016/bs.aecr.2016.10.005
https://doi.org/10.1016/bs.aecr.2016.10.005
https://doi.org/10.1007/s10530-020-02325-2
https://doi.org/10.1007/s10530-020-02325-2
https://doi.org/10.1126/science.1198734
https://doi.org/10.1126/science.1198734
https://doi.org/10.1068/d17712
https://doi.org/10.1068/d17712
https://doi.org/10.1186/s13002-016-0093-z
https://doi.org/10.1186/s13002-016-0093-z
https://doi.org/10.1016/j.jenvman.2018.06.050
https://doi.org/10.1016/j.jenvman.2018.06.050
https://doi.org/10.3197/096327117X15002190708119
https://doi.org/10.3197/096327117X15002190708119
https://doi.org/10.1111/2041-210X.12844
https://doi.org/10.1111/2041-210X.12844
https://doi.org/10.1111/ddi.13167
https://doi.org/10.1111/ddi.13167
https://doi.org/10.2993/0278-0771-36.2.457
https://doi.org/10.2993/0278-0771-36.2.457
https://doi.org/10.1111/ele.12397
https://doi.org/10.1111/ele.12397
https://doi.org/10.1111/j.1442-8903.2011.00632.x
https://doi.org/10.1111/j.1442-8903.2011.00632.x
https://www.jstor.org/stable/41056500
https://www.jstor.org/stable/41056500
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1098/rsbl.2015.0623
https://doi.org/10.1111/gcb.12344
https://doi.org/10.1111/gcb.12344
https://doi.org/10.1016/j.jenvman.2018.07.029
https://doi.org/10.1016/j.jenvman.2018.07.029

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Bertelsmeier, C., & Keller, L. (2018).
Bridgehead Effects and Role of Adaptive
Evolution in Invasive Populations.

Trends in Ecology & Evolution, 33(7),
527-534. https://doi.org/10.1016/.
tree.2018.04.014

Bertelsmeier, C., & Ollier, S. (2020).
International tracking of the COVID-19
invasion: An amazing example of a
globalized scientific coordination effort.
Biological Invasions, 22(9), 2647—

2649. https://doi.org/10.1007/s10530-020-
02287-5

Bertolino, S. (2020). Non-native invasive
mammal species: Introduction to a themed
issue. Mammal Review, 50(2), 121-

128. https://doi.org/10.1111/mam.12187

Besek, J. (2019). Invasive uncertainties:
Environmental change and the politics of
limited science. Environmental Sociology,
5(4), 416-427. https://doi.org/10.1080/232
51042.2019.1624002

Bewell, A. (2017). Natures in translation:
Romanticism and colonial natural history.
JHU Press.

Bhattacharyya, J., & Larson, B. M. H.
(2014). The Need for Indigenous Voices

in Discourse about Introduced Species:
Insights from a Controversy over Wild
Horses. Environmental Values, 23(6),
663-684. https://doi.org/10.3197/0963271

Wilson, J. R. U., & Richardson, D. M.

: (2011). A proposed unified framework for
. Dbiological invasions. Trends in Ecology

: & Evolution, 26(7), 333-339. https:/doi.
0rg/10.1016/j.tree.2011.03.023

. Bojko, J., Burgess, A. L., Baker, A. G.,

1 & O, C. H. (2021). Invasive Non-Native
Crustacean Symbionts: Diversity and

¢ Impact. Journal of Invertebrate Pathology,
: 186, 107482. https://doi.org/10.1016/j.

i jip.2020.107482

: Bonebrake, T. C., Guo, F,, Dingle, C.,

. Baker, D. M., Kitching, R. L., & Ashton, L.
A. (2019). Integrating Proximal and Horizon
. Threats to Biodiversity for Conservation.

+ Trends in Ecology & Evolution, 34(9),

: 781-788. https://doi.org/10.1016/.

! 1ree.2019.04.001

+ Borrett, S. R., Moody, J., & Edelmann,

: A (2014). The rise of network ecology:
Maps of the topic diversity and scientific
. collaboration. Ecological Modelling, 293,
© 111-127. https://doi.org/10.1016/).

i ecolmodel.2014.02.019

Bortolus, A., Carltonb, J. T., & Schwindta,

: E. (2015). Appendix S1: Chronology of

: the Earliest records of Spartina alternifiora
in South America and naturalistic details.

. Diversity and Distributions, 21(11), 1267-

:+ 1283. https://www.researchgate.net/profile/
Alejandro-Bortolus/publication/301561625
¢ ddi12377-sup-0001-AppendixS1_RG/

14X13947900181031

Bhattacharyya, J., & Slocombe, S. (2017).
Animal agency: Wildlife management

from a kincentric perspective. Ecosphere,
8(10). https://doi.org/10.1002/ecs2.1978

Blackburn, T. M., Cassey, P., & Duncan, R.
P. (2020). Colonization pressure: A second
null model for invasion biology. Biological
Invasions, 22(4), 1221-1233. https://doi.
0rg/10.1007/s10530-019-02183-7

Blackburn, T. M., Cassey, P., & Lockwood,
J. L. (2009). The role of species traits

in the establishment success of exotic
birds. Global Change Biology, 15(12),

2486.2008.01841.x

Blackburn, T. M., Prowse, T. A. A.,
Lockwood, J. L., & Cassey, P. (2011).
Passerine introductions to New Zealand
support a positive effect of propagule
pressure on establishment success.
Biodiversity and Conservation, 20(10),
2189-2199. https://doi.org/10.1007/
s10531-011-0081-5

Blackburn, T. M., Pysek, P., Bacher, S.,
Carlton, J. T., Duncan, R. P, Jarosik, V.,

52

links/571a1dd708ae4083670bc8216/
¢ ddi12377-sup-0001-AppendixS1-RG.pdf

: Bowman, D. M. J. S, Balch, J., Artaxo, P,

: Bond, W. J., Cochrane, M. A., D’Antonio,

. C. M., DeFries, R., Johnston, F. H., Keeley,
J. E., Krawchuk, M. A., Kull, C. A., Mack,

: M., Moritz, M. A., Pyne, S., Roos, C. |,

: Scott, A. C., Sodhi, N. S., & Swetnam, T. W.
: (2011). The human dimension of fire regimes
on Earth. Journal of Biogeography, 38(12),

. 2223-2236. https://doi.org/10.1111/].1365-
 2699.2011.02595.x

Bowman, D. M. J. S., Kolden, C. A.,

: Abatzoglou, J. T., Johnston, F. H., van

: der Werf, G. R., & Flannigan, M. (2020).
2852-2860. https://doi.org/10.1111/.1365- :
Nature Reviews Earth & Environment, 1(10),
: 500-515. https://doi.org/10.1038/s43017-
' 020-0085-3

Vegetation fires in the Anthropocene.

Brady, O. J., & Hay, S. I. (2020). The Global
: Expansion of Dengue: How Aedes aegypti
: Mosquitoes Enabled the First Pandemic
Arbovirus. Annual Review of Entomology,

. 65(1), 191-208. https://doi.org/10.1146/

: annurev-ento-011019-024918

Braga, R. R., Gémez-Aparicio, L., Heger,
T, Vitule, J. R. S., & Jeschke, J. M.

(2018). Structuring evidence for invasional
+ meltdown: Broad support but with biases

. and gaps. Biological Invasions, 20(4),

: 923-936. https://doi.org/10.1007/510530-
i 017-1582-2

: Brauman, K. A., Garibaldi, L. A., Polasky,

: 8., Zayas, C. N., Aumeeruddy Thomas, Y.,
Brancalion, P., Declerck, F., Mastrangelo,

: M., Nkongolo, N., Palang, H., Shannon, L.,
: Verma, M., & Shrestha, U. B. (2020). IPBES
Global Assessment Report on Biodiversity

. and Ecosystem Services Chapter 2.3.

: Status and Trends -Nature’s Contributions

. to People (NCP). Zenodo. https://doi.
org/10.5281/ZENODO.3832035

+ Briski, E., Chan, F. T., Darling, J. A.,

: Lauringson, V., Maclsaac, H. J., Zhan, A.,
& Bailey, S. A. (2018). Beyond propagule
. pressure: Importance of selection during

. the transport stage of biological invasions.
: Frontiers in Ecology and the Environment,
16(6), 345-353. https://doi.org/10.1002/
. fee. 1820

: Brondizio, E., Diaz, S., Settele, J., Ngo, H.
T., Gueze, M., Aumeeruddy-Thomas, Y.,

: Bai, X., Geschke, A., Molnar, Z., Niamir, A.,
. Pascual, U., Simcock, A., & Jaureguiberry,
: P (2019). IPBES Global Assessment
Report on Biodiversity and Ecosystem

. Services Chapter 1 Assessing a planet in

. transformation: Rationale and approach. In
IPBES Global Assessment on Biodiversity
. and Ecosystem Services. Zenodo. https://
: doi.org/10.5281/ZENODO.3831852

Brooks, M. L., D’Antonio, C. M.,

. Richardson, D. M., Grace, J. B., Keeley,

: J. E., DiTomaso, J. M., Hobbs, R. J.,

: Pellant, M., & Pyke, D. (2004). Effects of
Invasive Alien Plants on Fire Regimes.

. BioScience, 54(7), Article 7. https://doi.

: 0rg/10.1641/0006-3568(2004)054[0677:EQ
: 1APQJ2.0.C0:2

: Brundu, G., & Richardson, D. M. (2016).

: Planted forests and invasive alien trees

: in Europe: A code for managing existing
and future plantings to mitigate the risk of

: negative impacts from invasions. NeoBiota,
30, 5-47. https://doi.org/10.3897/

: neobiota.30.7015

: Byun, C., de Blois, S., & Brisson, J. (2018).
: Management of invasive plants through
ecological resistance. Biological Invasions,
. 20(1), 13-27. https://doi.org/10.1007/

: $10530-017-1529-7

CABI. (2022). Invasive Species
. Compendium. Wallingford, UK: CAB
: International. https://www.cabi.org/ISC

: Cacabelos, E., Martins, G. M., Faria, J.,
Prestes, A. C. L., Costa, T., Moreu, |., &


https://doi.org/10.1016/j.tree.2018.04.014
https://doi.org/10.1016/j.tree.2018.04.014
https://doi.org/10.1007/s10530-020-02287-5
https://doi.org/10.1007/s10530-020-02287-5
https://doi.org/10.1111/mam.12187
https://doi.org/10.1080/23251042.2019.1624002
https://doi.org/10.1080/23251042.2019.1624002
https://doi.org/10.3197/096327114X13947900181031
https://doi.org/10.3197/096327114X13947900181031
https://doi.org/10.1002/ecs2.1978
https://doi.org/10.1007/s10530-019-02183-7
https://doi.org/10.1007/s10530-019-02183-7
https://doi.org/10.1111/j.1365-2486.2008.01841.x
https://doi.org/10.1111/j.1365-2486.2008.01841.x
https://doi.org/10.1007/s10531-011-0081-5
https://doi.org/10.1007/s10531-011-0081-5
https://doi.org/10.1016/j.tree.2011.03.023
https://doi.org/10.1016/j.tree.2011.03.023
https://doi.org/10.1016/j.jip.2020.107482
https://doi.org/10.1016/j.jip.2020.107482
https://doi.org/10.1016/j.tree.2019.04.001
https://doi.org/10.1016/j.tree.2019.04.001
https://doi.org/10.1016/j.ecolmodel.2014.02.019
https://doi.org/10.1016/j.ecolmodel.2014.02.019
https://www.researchgate.net/profile/Alejandro-Bortolus/publication/301561625_ddi12377-sup-0001-AppendixS1_RG/links/571a1dd708ae408367bc8216/ddi12377-sup-0001-AppendixS1-RG.pdf
https://www.researchgate.net/profile/Alejandro-Bortolus/publication/301561625_ddi12377-sup-0001-AppendixS1_RG/links/571a1dd708ae408367bc8216/ddi12377-sup-0001-AppendixS1-RG.pdf
https://www.researchgate.net/profile/Alejandro-Bortolus/publication/301561625_ddi12377-sup-0001-AppendixS1_RG/links/571a1dd708ae408367bc8216/ddi12377-sup-0001-AppendixS1-RG.pdf
https://www.researchgate.net/profile/Alejandro-Bortolus/publication/301561625_ddi12377-sup-0001-AppendixS1_RG/links/571a1dd708ae408367bc8216/ddi12377-sup-0001-AppendixS1-RG.pdf
https://www.researchgate.net/profile/Alejandro-Bortolus/publication/301561625_ddi12377-sup-0001-AppendixS1_RG/links/571a1dd708ae408367bc8216/ddi12377-sup-0001-AppendixS1-RG.pdf
https://doi.org/10.1111/j.1365-2699.2011.02595.x
https://doi.org/10.1111/j.1365-2699.2011.02595.x
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1146/annurev-ento-011019-024918
https://doi.org/10.1146/annurev-ento-011019-024918
https://doi.org/10.1007/s10530-017-1582-2
https://doi.org/10.1007/s10530-017-1582-2
https://doi.org/10.5281/ZENODO.3832035
https://doi.org/10.5281/ZENODO.3832035
https://doi.org/10.1002/fee.1820
https://doi.org/10.1002/fee.1820
https://doi.org/10.5281/ZENODO.3831852
https://doi.org/10.5281/ZENODO.3831852
https://doi.org/10.1641/0006-3568(2004)054[0677:EOIAPO]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[0677:EOIAPO]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[0677:EOIAPO]2.0.CO;2
https://doi.org/10.3897/neobiota.30.7015
https://doi.org/10.3897/neobiota.30.7015
https://doi.org/10.1007/s10530-017-1529-7
https://doi.org/10.1007/s10530-017-1529-7
https://www.cabi.org/ISC

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

Neto, A. I. (2020). Limited effects of marine
protected areas on the distribution of
invasive species, despite positive effects
on diversity in shallow-water marine
communities. Biological Invasions, 22(3),
1169-1179. https://doi.org/10.1007/
$10530-019-02171-x

Cadotte, M. W., Dinnage, R., & Tilman, D.
(2012). Phylogenetic diversity promotes

S233. https://doi.org/10.1890/11-0426.1

Caluya, G. (2014). Fragments for a
postcolonial critique of the Anthropocene:
Invasion biology and environmental security.
In Rethinking invasion ecologies from the
environmental humanities (1% ed., pp.
49-62). Routledge.

Cannone, N., Malfasi, F., Favero-Longo,
S. E., Convey, P., & Guglielmin, M. (2022).
Acceleration of climate warming and
plant dynamics in Antarctica. Current
Biology, 32(7), 1599-1606.€2. https://doi.
0rg/10.1016/j.cub.2022.01.074

Capinha, C., Essl, F., Seebens, H., Moser,
D., & Pereira, H. M. (2015). The dispersal
of alien species redefines biogeography
in the Anthropocene. Science, 348(6240),
1248-1251. https://doi.org/10.1126/
science.aaa8913

Capinha, C., Rédder, D., Pereira, H. M., &
Kappes, H. (2014). Response of non-native
European terrestrial gastropods to novel
climates correlates with biogeographical
and biological traits: Climate-matching

and species traits. Global Ecology and
Biogeography, 23(8), 857-866. https://doi.
org/10.1111/geb.12176

Caplat, P, Edelaar, P, Dudaniec, R. Y.,
Green, A. J., Okamura, B., Cote, J., Ekroos,
J., Jonsson, P. R., Londahl, J., Tesson, S.
V., & Petit, E. J. (2016). Looking beyond the
mountain: Dispersal barriers in a changing
world. Frontiers in Ecology and the
Environment, 14(5), 261-268. https://doi.
0rg/10.1002/fee. 1280

Carlton, J. T. (1992). Introduced marine
and estuarine mollusks of North America:
An end-of-the-20™"-century perspective.
Journal of Shellfish Research, 11(2),
489-505. https://www.researchgate.net/
publication/255642084 Introduced marine
and_estuarine_mollusks of North America
an_end-of-the-20th-century perspective

{ 625-640. https://doi.org/10.1007/s10530-
: 020-02391-6

: Cassey, P, Delean, S., Lockwood, J. L.,
Sadowski, J. S., & Blackburn, T. M. (2018).
: Dissecting the null model for biological

. invasions: A meta-analysis of the propagule
: pressure effect. PLoS Biology, 16(4),
62005987 . https://doi.org/10.1371/journal.
. pbio.2005987

ecosystem stability. Ecology, 93(sp8), S223— :

: Catford, J. A., Daehler, C. C., Murphy,

H. T., Sheppard, A. W., Hardesty, B. D.,

+ Westcott, D. A., Rejmanek, M., Bellingham,
. P.J., Pergl, J., Honvitz, C. C., & Hulme, P.

i E. (2012). The intermediate disturbance

. hypothesis and plant invasions: Implications
: for species richness and management.

. Perspectives in Plant Ecology, Evolution and
i Systematics, 14(3), 231-241. htips:/doi.

: 0rg/10.1016/).ppees.2011.12.002

: Catford, J. A., Jansson, R., & Nilsson, C.
(2009). Reducing redundancy in invasion

: ecology by integrating hypotheses into a

. single theoretical framework. Diversity and
: Distributions, 15(1), 22-40. https:/doi.
org/10.1111/j.1472-4642.2008.00521 .x

* Cavender-Bares, J., Kozak, K. H., Fine,

¢ Paul. V. A., & Kembel, S. W. (2009).

The merging of community ecology and

: phylogenetic biology. Ecology Letters, 12(7),
¢ 693-715. https://onlinelibrary.wiley.com/
doi/10.1111/j.1461-0248.2009.01314.x

: CBD. (2002). Alien species that threaten

. ecosystems, habitats or species. UNEP/
CBD/COP/6/20. https://www.cbd.int/doc/
. decisions/cop-06-dec-23-en.pdf

: CBD. (2014). Pathways of introduction of
invasive species, their prioritization and

: management. 18. https://www.cbd.int/doc/
: meetings/sbstta/sbstta-18/official/sbstta-

: 18-09-add1-en.pdf

i CBD. (2017). Guidance on integrating

: biodiversity considerations into One Health
: approaches (Subsidiary Body on Scientific,
Technical and Technological Advice,

: Twenty-First Meeting CBD/SBSTTA/21/9;

: p. 17). UNEP. https://www.cbd.int/doc/

CBD. (2022). 15/4. Kunming-Montreal Global
. Biodiversity Framework. Decision Adopted

. by the Conference of the Parties to the

: Convention on Biological Diversity. Fifteenth
meeting (Part Il) of Conference of the parties
: to the Convention on Biological Diversity,

. Montreal, Canada. https:/www.cbd.int/doc/
decisions/cop-15/cop-15-dec-04-en.pdf

Chang, E. H. (2019). Novel Cultivations:
* Plants in British Literature of the Global

: Nineteenth Century (Vol. 3). University of
 Virginia Press.

: Chapman, D. S., Gunn, I. D. M., Pringle,

i H.E.K, Siriwardena, G. M., Taylor, P,

. Thackeray, S. J., Willby, N. J., & Carvalho, L.
+ (2020). Invasion of freshwater ecosystems

: is promoted by network connectivity to
hotspots of human activity. Global Ecology

. and Biogeography, 29(4), 645-655. https:/
: doi.org/10.1111/geb.13051

¢ Chinchio, E., Crotta, M., Romeo, C.,

. Drewe, J. A., Guitian, J., & Ferrari, N.

: (2020). Invasive alien species and disease
: risk: An open challenge in public and
animal health. PLoS Pathogens, 16(10),

: 1008922. https://doi.org/10.1371/journal.
. ppat.1008922

i Chornesky, E. A., Bartuska, A. M., Aplet,

¢ G. H., Britton, K. O., Cummings-Carlson,

. J., Davis, F. W., Eskow, J., Gordon, D. R.,

: Gottschalk, K. W., Haack, R. A., Hansen,

: A J., Mack, R. N., Rahel, F. J., Shannon,

: M. A, Wainger, L. A., & Wigley, T. B.

: (2005). Science Priorities for Reducing the
Threat of Invasive Species to Sustainable

- Forestry. BioScience, 55(4), 335. https://doi.
: org/10.1641/0006-3568(2005)055[0335:SP
: FRTT]2.0.CO:2

Clavero, M. (2014). Shifting Baselines and
: the Conservation of Non-Native Species:

: Introduced Species and Baseline Shifts.
Conservation Biology, 28(5), 1434—

: 1436. https://doi.org/10.1111/cobi. 12266

: Clergeau, P., & Nufiez, M. A. (2006). The
Language of Fighting Invasive Species.

. Science, 311(5763), 951-951. https://doi.
: org/10.1126/science.311.5763.951b

i 0/BeB4/8061/a535023833e68906¢807551a/
. sbstta-21-09-en.pdf

* CBD. (2010). Goals and Sub-targets.
: Secretariat of the Convention on Biological
. Diversity. https://www.cbd.int/2010-target/

Carter, L., Mankad, A., Zhang, A.,
Curnock, M. ., & Pollard, C. R. J. (2021).
A multidimensional framework to inform
stakeholder engagement in the science
and management of invasive and pest
animal species. Biological Invasions, 23(2),

: goals-targets.shtml

CBD. (2020). Strategic Plan for Biodiversity
: 2011-2020, including Aichi Biodiversity

: Targets. Convention on Biological Diversity;
: Secretariat of the Convention on Biological
Diversity. https://www.cbd.int/sp/

¢ Clout, M. N., & De Poorter, M. (2005).

: International Initiatives Against Invasive Alien
* Species. Weed Technology, 19(3), 523-
527. https://doi.org/10.1614/WT-04-126.1

¢ Cobar-Carranza, A. J., Garcia, R. A.,

: Pauchard, A., & Pefia, E. (2014). Effect

of Pinus contorta invasion on forest fuel

: properties and its potential implications on
: the fire regime of Araucaria araucana and
: Nothofagus antarctica forests. Biological
Invasions, 16(11), 2273-2291. https://doi.
: 0rg/10.1007/510530-014-0663-8

53


https://doi.org/10.1007/s10530-019-02171-x
https://doi.org/10.1007/s10530-019-02171-x
https://doi.org/10.1890/11-0426.1
https://doi.org/10.1016/j.cub.2022.01.074
https://doi.org/10.1016/j.cub.2022.01.074
https://doi.org/10.1126/science.aaa8913
https://doi.org/10.1126/science.aaa8913
https://doi.org/10.1111/geb.12176
https://doi.org/10.1111/geb.12176
https://doi.org/10.1002/fee.1280
https://doi.org/10.1002/fee.1280
https://www.researchgate.net/publication/255642084_Introduced_marine_and_estuarine_mollusks_of_North_America_an_end-of-the-20th-century_perspective
https://www.researchgate.net/publication/255642084_Introduced_marine_and_estuarine_mollusks_of_North_America_an_end-of-the-20th-century_perspective
https://www.researchgate.net/publication/255642084_Introduced_marine_and_estuarine_mollusks_of_North_America_an_end-of-the-20th-century_perspective
https://www.researchgate.net/publication/255642084_Introduced_marine_and_estuarine_mollusks_of_North_America_an_end-of-the-20th-century_perspective
https://doi.org/10.1007/s10530-020-02391-6
https://doi.org/10.1007/s10530-020-02391-6
https://doi.org/10.1371/journal.pbio.2005987
https://doi.org/10.1371/journal.pbio.2005987
https://doi.org/10.1016/j.ppees.2011.12.002
https://doi.org/10.1016/j.ppees.2011.12.002
https://doi.org/10.1111/j.1472-4642.2008.00521.x
https://doi.org/10.1111/j.1472-4642.2008.00521.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1461-0248.2009.01314.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1461-0248.2009.01314.x
https://www.cbd.int/doc/decisions/cop-06-dec-23-en.pdf
https://www.cbd.int/doc/decisions/cop-06-dec-23-en.pdf
https://www.cbd.int/doc/meetings/sbstta/sbstta-18/official/sbstta-18-09-add1-en.pdf
https://www.cbd.int/doc/meetings/sbstta/sbstta-18/official/sbstta-18-09-add1-en.pdf
https://www.cbd.int/doc/meetings/sbstta/sbstta-18/official/sbstta-18-09-add1-en.pdf
https://www.cbd.int/doc/c/8e34/8c61/a535d23833e68906c8c7551a/sbstta-21-09-en.pdf
https://www.cbd.int/doc/c/8e34/8c61/a535d23833e68906c8c7551a/sbstta-21-09-en.pdf
https://www.cbd.int/doc/c/8e34/8c61/a535d23833e68906c8c7551a/sbstta-21-09-en.pdf
https://www.cbd.int/2010-target/goals-targets.shtml
https://www.cbd.int/2010-target/goals-targets.shtml
https://www.cbd.int/sp/
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://doi.org/10.1111/geb.13051
https://doi.org/10.1111/geb.13051
https://doi.org/10.1371/journal.ppat.1008922
https://doi.org/10.1371/journal.ppat.1008922
https://doi.org/10.1641/0006-3568(2005)055[0335:SPFRTT]2.0.CO;2
https://doi.org/10.1641/0006-3568(2005)055[0335:SPFRTT]2.0.CO;2
https://doi.org/10.1641/0006-3568(2005)055[0335:SPFRTT]2.0.CO;2
https://doi.org/10.1111/cobi.12266
https://doi.org/10.1126/science.311.5763.951b
https://doi.org/10.1126/science.311.5763.951b
https://doi.org/10.1614/WT-04-126.1
https://doi.org/10.1007/s10530-014-0663-8
https://doi.org/10.1007/s10530-014-0663-8

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Colautti, R. I., Grigorovich, I. A., & Maclsaac,
. Exchange: Biological and Cultural

: Consequences of 1492. In Contributions
* in American studies (p. 268). Greenwood
: Publishing Group.

H. J. (2006). Propagule Pressure: A Null
Model for Biological Invasions. Biological
Invasions, 8(5), 1023-1037. https://doi.

0rg/10.1007/s10530-005-3735-y

Colautti, R. I., & Maclsaac, H. J. (2004).
A neutral terminology to define ‘invasive’
species. Diversity and Distributions, 10(2),
Article 2. https://doi.org/10.1111/].1366-

Crosby, A. W. (1972). The Columbian

: Crosby, A. W. (1986). Ecological

: Implerialism: The biological expansion of
Europe, 900-1900 (1%t ed.). https://www.

: dynamosys.com/sites/default/files/webform/

9516.2004.00061.x

Collaboration for Environmental Evidence.
(2013). Guidelines for Systematic Review
and Evidence Synthesis in Environmental
Management (Version 4.2). Environmental
Evidence: https://environmentalevidence.
org/wp-content/uploads/2014/06/Review-
guidelines-version-4.2-finalPRINT. pdf

Conn, D. B. (2014). Aquatic invasive species
. Anthropocene. Global Change News Letter,
41, 17-18. igbp.net/download/18.316f1

i 8321323470177580001401/1376383

and emerging infectious disease threats: A
One Health perspective. Aquatic Invasions,
9(8), 383-390. https://doi.org/10.3391/

: ecological-imperialism-the-biological-
: expansion-of-europe-900-1-alfred-w-
. crosby-2618860.pdf

: Crowley, S. L. (2014). Camels Out of

¢ Place and Time: The Dromedary (Camelus

. dromedarius) in Australia. Anthrozods, 27(2),
+ 191-208. https://doi.org/10.2752/1753037
: 14X13903827487449

Crutzen, P. J., & Stoermer, E. F. (2000). The

ai.2014.9.3.12

Consortium, S. (2013). Green paper on citizen
science. Citizen Science for Europe. Towards
a Better Society of Empowered Citizens and
Enhanced Research. Brussels. https://www.
researchgate.net/publication/259230549
Green Paper on Citizen Science

Cope, R. C., Ross, J. V., Wittmann, T. A.,
Watts, M. J., & Cassey, P. (2019). Predicting
the Risk of Biological Invasions Using
Environmental Similarity and Transport
Network Connectedness. Risk Analysis,
39(1), 35-53. https://doi.org/10.1111/
risa. 12870

Corrales, X., Coll, M., Ofir, E., Heymans, J.
J., Steenbeek, J., Goren, M., Edelist, D., &
Gal, G. (2018). Future scenarios of marine
resources and ecosystem conditions in the
Eastern Mediterranean under the impacts

of fishing, alien species and sea warming.

Scientific Reports, 8(1), 14284. https://doi.

i 088452/NL41.pdf

: Damasceno, G., & Fidelis, A. (2020).
Abundance of invasive grasses is

: dependent on fire regime and climatic

. conditions in tropical savannas. Journal
: of Environmental Management, 271,
111016. https://doi.org/10.1016/].

¢ jenvman.2020.111016

: Dandy, N., Marzano, M., Porth, E. F,

. Urquhart, J., & Potter, C. (2017). Who

: has a stake in ash dieback? A conceptual

: framework for the identification and
categorisation of tree health stakeholders.

. Swedish University of Agricultural

. Sciences, 15-26. https://www.cabi.org/isc/
abstract/20183360941

Dasgupta, P. (2021). The Economics of
: Biodiversity:The Dasgupta Review. Abridged
: Version (p. 103). https://www.gov.uk/

government/publications/the-economics-of-
: biodiversity-the-dasgupta-review-abridged-

0rg/10.1038/s41598-018-32666-x

Courchamp, F., Chapuis, J.-L., & Pascal,
M. (2003). Mammal invaders on islands:
Impact, control and control impact.
Biological Reviews, 78(3), 347-383. https://
doi.org/10.1017/51464793102006061

Coutts, S. R., Helmstedt, K. J., & Bennett,
J. R. (2018). Invasion lags: The stories

we tell ourselves and our inability to

infer process from pattern. Diversity and

. version-translations

Daszak, P., Cunningham, A. A., & Hyatt,

¢ A.D. (2000). Emerging infectious diseases
: of wildlife—Threats to biodiversity and

: human health. Science, 287(5452),
443-449. https://doi.org/10.1126/

. science.287.5452.443

Dawkins, M. S. (2017). Animal welfare
- with and without consciousness. Journal
: of Zoology, 301(1), 1-10. https://doi.

Distributions, 24(2), 244-251. https://doi.
org/10.1111/ddi. 12669

Cronon, W. (1992). A place for stories:
Nature, history, and narrative. The Journal
of American History, 78(4), 1347—

1376. https://www.jstor.org/stable/2079346

54

¢ org/10.1111/jz0.12434

Dawson, W., Moser, D., van Kleunen, M.,
+ Kreft, H., Pergl, J., PySek, P., Weigelt, P.,
* Winter, M., Lenzner, B., Blackburn, T. M.,
Dyer, E. E., Cassey, P., Scrivens, S. L.,
Economo, E. P,, Guénard, B., Capinha,

C., Seebens, H., Garcia-Diaz, P., Nentwig,
: W, ... Essl, F. (2017). Global hotspots

. and correlates of alien species richness

: across taxonomic groups. Nature Ecology
i & Evolution, 1(7), 0186. https://doi.

. 0rg/10.1038/s41559-017-0186

: de Neergaard, A., Saarnak, C., Hill, T,
Khanyile, M., Berzosa, A. M., & Birch-

: Thomsen, T. (2005). Australian wattle

. species in the Drakensberg region of
South Africa — An invasive alien or a

. natural resource? Agricultural Systems,

. 85(3), 216-2833. https://doi.org/10.1016/].
* agsy.2005.06.009

¢ Dehnen-Schmutz, K., Boivin, T., Essl, F.,

+ Groom, Q. J., Harrison, L., Touza, J. M., &

. Bayliss, H. (2018). Alien futures: What is on
the horizon for biological invasions? Diversity
. and Distributions, 24(8), 1149-1157. https:/
: doi.org/10.1111/ddi. 12755

Diagne, C., Leroy, B., Gozlan, R. E.,

. Vaissiere, A.-C., Assalilly, C., Nuninger,

¢ L., Roiz, D., Jourdain, F,, Jari¢, I., &

* Courchamp, F. (2020). InvaCost, a public
database of the economic costs of

. biological invasions worldwide. Scientific
: Data, 7(1), 277. https://doi.org/10.1038/
i 541597-020-00586-7

. Diagne, C., Leroy, B., Vaissiere, A.-C.,

. Gozlan, R. E., Roiz, D., Jari¢, |, Salles,

¢ J.-M., Bradshaw, C. J. A., & Courchamp,
i F. (2021). High and rising economic

. costs of biological invasions worldwide.

. Nature, 592(7855), 571-576. https://doi.
0rg/10.1038/s41586-021-03405-6

: Diaz, S., Demissew, S., Carabias, J., Joly,
: C., Lonsdale, M., Ash, N., Larigauderie,
A., Adhikari, J. R., Arico, S., Baldi, A.,

. Bartuska, A., Baste, I. A, Bilgin, A.,

Brondizio, E., Chan, K. M., Figueroa, V.

. E., Duraiappah, A., Fischer, M., Hill, R., ...
Zlatanova, D. (2015). The IPBES Conceptual
. Framework—Connecting nature and

: people. Current Opinion in Environmental

: Sustainability, 14, 1-16. https://doi.

: 0rg/10.1016/j.cosust.2014.11.002

: Diaz, S., Pascual, U., Stenseke, M.,

: Martin-Lépez, B., Watson, R. T., Molnar,

Z., Hill, R., Chan, K. M. A., Baste, I. A.,

: Brauman, K. A., Polasky, S., Church, A.,

: Lonsdale, M., Larigauderie, A., Leadley,

P. W., van Oudenhoven, A. P. E., van der

. Plaat, F.,, Schréter, M., Lavorel, S., ...

: Shirayama, Y. (2018). An inclusive approach
* to assesse nature’s contributions to people.
Science, 359(6373), 270-272. https://doi.

: org/10.1126/science.aap8826

Diez, J. M., Sullivan, J. J., Hulme, P. E.,
: Edwards, G., & Duncan, R. P. (2008).
Darwin’s naturalization conundrum:


https://doi.org/10.1007/s10530-005-3735-y
https://doi.org/10.1007/s10530-005-3735-y
https://doi.org/10.1111/j.1366-9516.2004.00061.x
https://doi.org/10.1111/j.1366-9516.2004.00061.x
https://environmentalevidence.org/wp-content/uploads/2014/06/Review-guidelines-version-4.2-finalPRINT.pdf
https://environmentalevidence.org/wp-content/uploads/2014/06/Review-guidelines-version-4.2-finalPRINT.pdf
https://environmentalevidence.org/wp-content/uploads/2014/06/Review-guidelines-version-4.2-finalPRINT.pdf
https://doi.org/10.3391/ai.2014.9.3.12
https://doi.org/10.3391/ai.2014.9.3.12
https://www.researchgate.net/publication/259230549_Green_Paper_on_Citizen_Science
https://www.researchgate.net/publication/259230549_Green_Paper_on_Citizen_Science
https://www.researchgate.net/publication/259230549_Green_Paper_on_Citizen_Science
https://doi.org/10.1111/risa.12870
https://doi.org/10.1111/risa.12870
https://doi.org/10.1038/s41598-018-32666-x
https://doi.org/10.1038/s41598-018-32666-x
https://doi.org/10.1017/S1464793102006061
https://doi.org/10.1017/S1464793102006061
https://doi.org/10.1111/ddi.12669
https://doi.org/10.1111/ddi.12669
https://www.jstor.org/stable/2079346
https://www.dynamosys.com/sites/default/files/webform/ecological-imperialism-the-biological-expansion-of-europe-900-1-alfred-w-crosby-2618860.pdf
https://www.dynamosys.com/sites/default/files/webform/ecological-imperialism-the-biological-expansion-of-europe-900-1-alfred-w-crosby-2618860.pdf
https://www.dynamosys.com/sites/default/files/webform/ecological-imperialism-the-biological-expansion-of-europe-900-1-alfred-w-crosby-2618860.pdf
https://www.dynamosys.com/sites/default/files/webform/ecological-imperialism-the-biological-expansion-of-europe-900-1-alfred-w-crosby-2618860.pdf
https://www.dynamosys.com/sites/default/files/webform/ecological-imperialism-the-biological-expansion-of-europe-900-1-alfred-w-crosby-2618860.pdf
https://doi.org/10.2752/175303714X13903827487449
https://doi.org/10.2752/175303714X13903827487449
http://igbp.net/download/18.316f18321323470177580001401/1376383088452/NL41.pdf
http://igbp.net/download/18.316f18321323470177580001401/1376383088452/NL41.pdf
http://igbp.net/download/18.316f18321323470177580001401/1376383088452/NL41.pdf
https://doi.org/10.1016/j.jenvman.2020.111016
https://doi.org/10.1016/j.jenvman.2020.111016
https://www.cabi.org/isc/abstract/20183360941
https://www.cabi.org/isc/abstract/20183360941
https://www.gov.uk/government/publications/the-economics-of-biodiversity-the-dasgupta-review-abridged-version-translations
https://www.gov.uk/government/publications/the-economics-of-biodiversity-the-dasgupta-review-abridged-version-translations
https://www.gov.uk/government/publications/the-economics-of-biodiversity-the-dasgupta-review-abridged-version-translations
https://www.gov.uk/government/publications/the-economics-of-biodiversity-the-dasgupta-review-abridged-version-translations
https://doi.org/10.1126/science.287.5452.443
https://doi.org/10.1126/science.287.5452.443
https://doi.org/10.1111/jzo.12434
https://doi.org/10.1111/jzo.12434
https://doi.org/10.1038/s41559-017-0186
https://doi.org/10.1038/s41559-017-0186
https://doi.org/10.1016/j.agsy.2005.06.009
https://doi.org/10.1016/j.agsy.2005.06.009
https://doi.org/10.1111/ddi.12755
https://doi.org/10.1111/ddi.12755
https://doi.org/10.1038/s41597-020-00586-z
https://doi.org/10.1038/s41597-020-00586-z
https://doi.org/10.1038/s41586-021-03405-6
https://doi.org/10.1038/s41586-021-03405-6
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1126/science.aap8826

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

Dissecting taxonomic patterns of species
invasions. Ecology Letters, 11(7),
674-681. https://doi.org/10.1111/].1461-
0248.2008.01178.x

Between Ecology, History, and Restoration.
In Restoration and History: The Search

for a Usable Environmental Past (pp.
172-181). Routledge. https://doi.
0rg/10.4324/9780203860373-24

Dlugosch, K. M., Anderson, S. R., Braasch,
J., Cang, F. A, & Gillette, H. D. (2015). The
devil is in the details: Genetic variation in
introduced populations and its contributions

2111. https://doi.org/10.1111/mec.13183

Doherty, T. S., & Russell, J. C. (2019).
Ethical Dimensions of Invasive Animal
Management. In Routledge Handabook

of Animal Ethics. Routledge. https://
www.taylorfrancis.com/chapters/
edit/10.4324/9781315105840-38/ethical-
dimensions-invasive-animal-management-
tim-doherty-james-russell

Drake, D. R., Mulder, C. P. H., Towns, D.
R., & Daugherty, C. H. (2002). The biology
of insularity: An introduction. Journal of
Biogeography, 29(5-6), 563-569. https://

i K.E. Kark, S., Orme, C. D. L., & Blackburn,
. T. M. (2017). The global distribution and

: drivers of alien bird species richness. PLoS
: Biology, 15(1), €2000942. https://doi.
org/10.1371/journal.pbio.2000942
Dizard, Jan. E. (2010). Uneasy Relationships :

: Early, R., & Sax, D. F. (2014). Climatic

: niche shifts between species’ native

and naturalized ranges raise concern

: for ecological forecasts during invasions

. and climate change. Global Ecology and

: Biogeography, 23(12), 1356-1365. https://
doi.org/10.1111/geb.12208

. Ehrenfeld, J. G. (2010). Ecosystem
Consequences of Biological

to invasion. Molecular Ecology, 24(9), 2095-
+ Evolution, and Systematics, 41(1),

. 59-80. https://doi.org/10.1146/annurev-
ecolsys-102209-144650

Invasions. Annual Review of Ecology,

. Ellen, R. F. (2020). The Nuaulu World

. of Plants: Ethnobotanical Cognition,
Knowledge and Practice Among a People
. of Seram, eastern Indonesia (Vol. 3). Sean
¢ Kingston. https://kar.kent.ac.uk/82526/

Encarnacao, J., Teoddsio, M. A., &

: Morais, P. (2021). Citizen Science and

: Biological Invasions: A Review. Frontiers
: in Environmental Science, 8. https://doi.

Drake, J. A., Mooney, H. A., Di Castri, F.,
Groves, R. H., Kruger, F. J., Rejmanek, M.,
& Williamson, M. (Eds.). (1989). Biological
Invasions. A global perspective. Scientific
Committee on Problems of the Environment
(SCOPE) of the International Council of
Scientific Unions (ICSU). https://pdfs.
semanticscholar.org/efd2/a59cccf35f8
ec4b14f74b7b830838bbf6fb9.pdf

Duncan, R. P, Blackburn, T. M., Rossinelli,
S., & Bacher, S. (2014). Quantifying invasion

risk: The relationship between establishment
. E., Katsanevakis, S., Kenis, M., Kuhn, I.,

* Kumschick, S., ... Jeschke, J. M. (2015).
: Crossing Frontiers in Tackling Pathways

of Biological Invasions. BioScience, 65(8),
: 769-782. https://doi.org/10.1093/biosci/
: biv082

probability and founding population size.
Methods in Ecology and Evolution, 5(11),
1255-1263. https://doi.org/10.1111/2041-
210X.12288

Duncan, R. P, Blackburn, T. M., &

Sol, D. (2003). The Ecology of Bird
Introductions. Annual Review of Ecology,
Evolution, and Systematics, 34(1),
71-98. https://doi.org/10.1146/annurev.
ecolsys.34.011802.132353

Dunn, A. M., & Hatcher, M. J. (2015).
Parasites and biological invasions: Parallels,
interactions, and control. Trends in

0rg/10.3389/fenvs.2020.602980
doi.org/10.1046/).1365-2699.2002.00706.x *

. Ens, E., Daniels, C., Nelson, E., Roy, J., &
Dixon, P. (2016). Creating multi-functional

. landscapes: Using exclusion fences

. to frame feral ungulate management

: preferences in remote Aboriginal-owned
northern Australia. Biological Conservation,
. 197, 235-246. https://doi.org/10.1016/j.

¢ biocon.2016.03.007

i Essl, F, Bacher, S., Blackburn, T. M.,

: Booy, O., Brundu, G., Brunel, S., Cardoso,
* A.-Cristina., Eschen, R., Gallardo, B.,

: Galil, B., Garcia-Berthou, E., Genovesi,

P., Groom, Q., Harrower, C., Hulme, P.

Essl, F., Bacher, S., Genovesi, P., Hulme,

: P E., Jeschke, J. M., Katsanevakis, S.,

¢ Kowarik, I., Kihn, 1., Pysek, P., Rabitsch,
W., Schindler, S., van Kleunen, M., Vila,

- M., Wilson, J. R. U., & Richardson, D.

: M. (2018). Which taxa are alien? Criteria,

: applications, and uncertainties. BioScience,
: 68(7), 496-509. https://doi.org/10.1093/

Parasitology, 31(5), 189-199. https://doi.
0rg/10.1016/}.pt.2014.12.003

Dyer, E. E., Cassey, P, Redding, D. W.,
Collen, B., Franks, V., Gaston, K. J., Jones,

: biosci/biy057

: Rabitsch, W., Richardson, D. M., Seebens,
: H., Van Kleunen, M., Van Der Putten, W. H.,
. Vila, M., & Bacher, S. (2019). A Conceptual
: Framework for Range-Expanding Species
that Track Human-Induced Environmental

: Change. BioScience, 69(11), 908-

: 919. https://doi.org/10.1093/biosci/biz101

Essl, F., Dullinger, S., Rabitsch, W., Hulme,
: P.E., Hilber, K., Jarosik, V., Kleinbauer,

. ., Krausmann, F.,, Kiihn, I., Nentwig,

W., Vila, M., Genovesi, P., Gherardi, F.,

. Desprez-Loustau, M.-L., Roques, A., &

+ PySek, P. (2011). Socioeconomic legacy

: vyields an invasion debt. Proceedings

¢ of the National Academy of Sciences,

. 108(1), 203-207. https://doi.org/10.1073/
¢ pnas.1011728108

Essl, F., Lenzner, B., Bacher, S., Bailey,

- S., Capinha, C., Daehler, C., Dullinger,

: S., Genovesi, P, Hui, C., Hulme, P. E.,

: Jeschke, J. M., Katsanevakis, S., Kihn, .,
: Leung, B., Liebhold, A., Liu, C., Maclsaac,
: H.J., Meyerson, L. A., Nunez, M. A, ...

. Roura-Pascual, N. (2020). Drivers of future
. alien species impacts: An expert-based
assessment. Global Change Biology, 26(9),
. 4880-4893. https://doi.org/10.1111/

: gcb.15199

Estévez, R. A., Anderson, C. B., Pizarro,

: J. C.,, &Burgman, M. A. (2015). Clarifying

. values, risk perceptions, and attitudes to
resolve or avoid social conflicts in invasive

. species management. Conservation Biology,
+ 29(1), 19-30. https://doi.org/10.1111/

: cobi.12359

¢ Estoup, A., & Guillemaud, T. (2010).

: Reconstructing routes of invasion using
: genetic data: Why, how and so what?
Molecular Ecology, 19(19), 4113-

. 4130. https://doi.org/10.1111/.1365-

1 294X.2010.04773.x

Estoup, A., Ravigné, V., Hufbauer, R.,

. Vitalis, R., Gautier, M., & Facon, B.

: (2016). Is There a Genetic Paradox of

: Biological Invasion? Annual Review of
Ecology, Evolution, and Systematics, 47(1),
: 51-72. https://doi.org/10.1146/annurev-

¢ ecolsys-121415-032116

Estrada-Pena, A., Ostfeld, R. S., Peterson,

¢ A. T, Poulin, R., & de la Fuente, J. (2014).

: Effects of environmental change on zoonotic
disease risk: An ecological primer. Trends

. In Parasitology, 30(4), 205-214. https://doi.
: 0rg/10.1016/].pt.2014.02.003

European Commission. (2013). Flash
: Eurobarometer 379— Attitute towards
: : biodiversity. https://ec.europa.eu/
: Essl, F, Dullinger, S., Genovesi, P, Huime, P. :
i E., Jeschke, J. M., Katsanevakis, S., Kihn,
I., Lenzner, B., Pauchard, A., Pysek, P.,

commfrontoffice/publicopinion/flash/

: fl 379 en.pdf

55


https://doi.org/10.1111/j.1461-0248.2008.01178.x
https://doi.org/10.1111/j.1461-0248.2008.01178.x
https://doi.org/10.4324/9780203860373-24
https://doi.org/10.4324/9780203860373-24
https://doi.org/10.1111/mec.13183
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315105840-38/ethical-dimensions-invasive-animal-management-tim-doherty-james-russell
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315105840-38/ethical-dimensions-invasive-animal-management-tim-doherty-james-russell
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315105840-38/ethical-dimensions-invasive-animal-management-tim-doherty-james-russell
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315105840-38/ethical-dimensions-invasive-animal-management-tim-doherty-james-russell
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315105840-38/ethical-dimensions-invasive-animal-management-tim-doherty-james-russell
https://doi.org/10.1046/j.1365-2699.2002.00706.x
https://doi.org/10.1046/j.1365-2699.2002.00706.x
https://pdfs.semanticscholar.org/efd2/a59cccf35f8ec4b14f74b7b830838bbf6fb9.pdf
https://pdfs.semanticscholar.org/efd2/a59cccf35f8ec4b14f74b7b830838bbf6fb9.pdf
https://pdfs.semanticscholar.org/efd2/a59cccf35f8ec4b14f74b7b830838bbf6fb9.pdf
https://doi.org/10.1111/2041-210X.12288
https://doi.org/10.1111/2041-210X.12288
https://doi.org/10.1146/annurev.ecolsys.34.011802.132353
https://doi.org/10.1146/annurev.ecolsys.34.011802.132353
https://doi.org/10.1016/j.pt.2014.12.003
https://doi.org/10.1016/j.pt.2014.12.003
https://doi.org/10.1371/journal.pbio.2000942
https://doi.org/10.1371/journal.pbio.2000942
https://doi.org/10.1111/geb.12208
https://doi.org/10.1111/geb.12208
https://doi.org/10.1146/annurev-ecolsys-102209-144650
https://doi.org/10.1146/annurev-ecolsys-102209-144650
https://kar.kent.ac.uk/82526/
https://doi.org/10.3389/fenvs.2020.602980
https://doi.org/10.3389/fenvs.2020.602980
https://doi.org/10.1016/j.biocon.2016.03.007
https://doi.org/10.1016/j.biocon.2016.03.007
https://doi.org/10.1093/biosci/biv082
https://doi.org/10.1093/biosci/biv082
https://doi.org/10.1093/biosci/biy057
https://doi.org/10.1093/biosci/biy057
https://doi.org/10.1093/biosci/biz101
https://doi.org/10.1073/pnas.1011728108
https://doi.org/10.1073/pnas.1011728108
https://doi.org/10.1111/gcb.15199
https://doi.org/10.1111/gcb.15199
https://doi.org/10.1111/cobi.12359
https://doi.org/10.1111/cobi.12359
https://doi.org/10.1111/j.1365-294X.2010.04773.x
https://doi.org/10.1111/j.1365-294X.2010.04773.x
https://doi.org/10.1146/annurev-ecolsys-121415-032116
https://doi.org/10.1146/annurev-ecolsys-121415-032116
https://doi.org/10.1016/j.pt.2014.02.003
https://doi.org/10.1016/j.pt.2014.02.003
https://ec.europa.eu/commfrontoffice/publicopinion/flash/fl_379_en.pdf
https://ec.europa.eu/commfrontoffice/publicopinion/flash/fl_379_en.pdf
https://ec.europa.eu/commfrontoffice/publicopinion/flash/fl_379_en.pdf

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

European Commission. (2015). Special
Eurobarometer 436 — Attitudes of
Europeans towards Biodiversity.
European Union. https://ec.europa.eu/
COMMErontOffice/publicopinion/index.
cfm/Survey/getSurveyDetail/instruments/
SPECIAL/surveyKy/2091

European Commission. (2019). Attitudes
of Europeans towards Biodliversity (2194

/ 481) (Biodiversity). https://europa.eu/
eurobarometer/surveys/detail/2194

European Union. (2014). Regulation
(EU) No 1148/2014 of the European
Parliament and of the Council of 22
October 2014 on the prevention and

of invasive alien species. Official Journal
of the European Union, 57, 35. http://
eur-lex.europa.eu/legal-content/EN/
TXT/?uri=0J:JOL 2014 317 R 0003

Evans, E. A. (2003). Economic Dimensions
of Invasive Species. Choices, 18(2),

5-9. https://www.jstor.org/stable/
choices.18.2.0005

Ewel, J. J., & Putz, F. E. (2004). A

place for alien species in ecosystem
restoration. Frontiers in Ecology and the
Environment, 2(7), 3564-360. https://doi.
0rg/10.1890/1540-9295(2004)002[0354:AP
FASI]2.0.CO;2

Facon, B., Genton, B. J., Shykoff, J.,
Jarne, P,, Estoup, A., & David, P. (2006).
A general eco-evolutionary framework
for understanding bioinvasions.

Trends in Ecology & Evolution, 21(3),
130-135. https://doi.org/10.1016/j.
tree.2005.10.012

Fall, J. J. (2013). Biosecurity and
ecology: Beyond the nativism debate.

In A. Dobson, K. Barker, & S. L. Taylor
(Eds.), Biosecurity: The Socio-Politics of
Invasive Species and Infectious Diseases
(pp. 167-182). Earthscan. https://doi.
org/10.4324/9780203113110

FAO. (2007). FAO biosecurity toolkit. Food
& Agriculture Org. https://www.fao.org/3/

a1140e/a1140e.pdf

Finderup Nielsen, T., Sand-Jensen, K.,

Dornelas, M., & Bruun, H. H. (2019). More is
Hui, C., Molofsky, J., & Richardson, D. M.
. (2014). Invasive plants as drivers of regime
: shifts: Identifying high-priority invaders that
: alter feedback relationships. Diversity and
Distributions, 20(7), 733-744. https://doi.

. org/10.1111/ddi. 12182

less: Net gain in species richness, but biotic
homogenization over 140 years. Ecology
Letters, 22(10), 1650-1657. https://doi.
org/10.1111/ele.13361

Fischer, J. R. (2007). Cattle in Hawai’i:
Biological and Cultural Exchange. Pacific
Historical Review, 76(3), 347-372. https://
doi.org/10.15625/phr.2007.76.3.347

56

Fish, J., Chiche, Y., Day, R., Efa, N., Witt,

. A, Fessehaie, R., De Graft Johnson,

: K., Gumisizira, G., & Nkandu, B. (2010).

: Mainstreaming gender into prevention and
management of invasive species. Global :
¢ Invasive Species Programme (GISP). https:// :
: portals.iucn.org/library/node/9837

Fitzpatrick, M. C., Weltzin, J. F., Sanders, N.
: J., &Dunn, R. R. (2007). The biogeography
. of prediction error: Why does the introduced
range of the fire ant over-predict its native

: range? Global Ecology and Biogeography,

+ 16(1), 24-33. https://doi.org/10.1111/

: ].1466-8238.2006.00258.x

Follett, R., & Strezov, V. (2015). An Analysis
management of the introduction and spread :
: and Publication Patterns. PLoS ONE,
10(11), e0143687. https://doi.org/10.1371/
. journal.pone.0143687

of Citizen Science Based Research: Usage

* Foster, B. L., Houseman, G. R., Hall, D.

: R, &Hinman, S. E. (2015). Does tallgrass

. prairie restoration enhance the invasion

. resistance of post-agricultural lands?

: Biological Invasions, 17(12), 3579-

3590. https://doi.org/10.1007/s10530-015-
: 0979-z

: Foxcroft, L. C., Pickett, S. T. A., &
Cadenasso, M. L. (2011). Expanding

: the conceptual frameworks of plant

. invasion ecology. Perspectives in Plant
Ecology, Evolution and Systematics,

: 13(2), 89-100. https://doi.org/10.1016/].
: ppees.2011.03.004

Franzese, J., & Raffaele, E. (2017). Fire as
. adriver of pine invasions in the Southern

: Hemisphere: A review. Biological Invasions,
: 19(8), Article 8. https://doi.org/10.1007/

i 510530-017-1435-7

* Frawley, J., & McCalman, |. (Eds.).

: (2014). Rethinking Invasion Ecologies
from the Environmental Humanities

: (0 ed.). Routledge. https://doi.
 0rg/10.4324/9781315879642

Futhazar, G. (2020). The conceptual

¢ challenges of invasive alien species to non-
* human rights. Journal of Human Rights and
: the Environment, 11(2), 224-243. https://
doi.org/10.4337/jhre.2020.02.04

Gaertner, M., Biggs, R., Te Beest, M.,

Galil, B. S. (2017). Eyes Wide Shut:
: Managing Bio-Invasions in Mediterranean
: Marine Protected Areas. In P. D.

Goriup (Ed.), Management of Marine
. Protected Areas (pp. 187-206).

: John Wiley & Sons, Ltd. https:/doi.

0rg/10.1002/9781119075806.ch10

Gallardo, B., Bacher, S., Bradley, B., Comin,
: F A, Gallien, L., Jeschke, J. M., Sorte,

1 C.J.B., &Vila, M. (2019). InvasiBES:
Understanding and managing the impacts

: of invasive alien species on biodiversity

. and ecosystem Services. NeoBiota,

: 50, 109-122. https://doi.org/10.3897/

: neobiota.50.35466

. Garcia-Llorente, M., Martin-Lopez, B.,

i Gonzdlez, J. A., Alcorlo, P, & Montes, C.

. (2008). Social perceptions of the impacts

+ and benefits of invasive alien species:

: Implications for management. Biological
Conservation, 141(12), 2969-2983. https://
: doi.org/10.1016/}.biocon.2008.09.003

. Gardiner, M. M., & Roy, H. E. (2022). The
Role of Community Science in Entomology.
. Annual Review of Entomology, 67(1),

: 437-456. https://doi.org/10.1146/annurev-
i ento-072121-075258

Garnett, S. T., Burgess, N. D., Fa, J. E.,

: Fernéndez-Llamazares, A., Molnar, Z.,

¢ Robinson, C. J., Watson, J. E. M., Zander,
K. K., Austin, B., Brondizio, E. S., Collier, N.
. F, Duncan, T,, Eliis, E., Geyle, H., Jackson,
: M.V, Jonas, H., Malmer, P., McGowan,

i B., Sivongxay, A., & Leiper, |. (2018). A

- spatial overview of the global importance of
: Indigenous lands for conservation. Nature

* Sustainability, 1(7), 369-374. https:/doi.
0rg/10.1038/s41893-018-0100-6

* Gautier, M., Vitalis, R., Flori, L., & Estoup,
A (2022). F -Statistics estimation and
admixture graph construction with

. Pool-Seq or allele count data using the

: R package poolfstat. Molecular Ecology

. Resources, 22(4), 1394-1416. https://doi.
org/10.1111/1755-0998.13557

: Gawith, D., Greenaway, A., Samarasinghe,

: O, Bayne, K., Velarde, S., & Kravchenko, A.
(2020). Socio-ecological mapping generates
¢ public understanding of wilding conifer

* incursion. Biological Invasions, 22(10),

: 3031-3049. https://doi.org/10.1007/
$10530-020-02309-2

: Gbedomon, R. C., Salako, V. K., &

¢ Schlaepfer, M. A. (2020). Diverse views
: among scientists on non-native species.
: NeoBiota, 54, 49-69. https://doi.

: 0rg/10.3897/neobiota.54.38741

¢ GBIF. (2021). GBIF Backbone
: Taxonomy. https://doi.org/10.15468/39omei

Genovart, M., Tavecchia, G., Ensefiat,
J. J., & Laiolo, P. (2013). Holding up a


https://ec.europa.eu/COMMFrontOffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/surveyKy/2091
https://ec.europa.eu/COMMFrontOffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/surveyKy/2091
https://ec.europa.eu/COMMFrontOffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/surveyKy/2091
https://ec.europa.eu/COMMFrontOffice/publicopinion/index.cfm/Survey/getSurveyDetail/instruments/SPECIAL/surveyKy/2091
https://europa.eu/eurobarometer/surveys/detail/2194
https://europa.eu/eurobarometer/surveys/detail/2194
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:JOL_2014_317_R_0003
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:JOL_2014_317_R_0003
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:JOL_2014_317_R_0003
https://www.jstor.org/stable/choices.18.2.0005
https://www.jstor.org/stable/choices.18.2.0005
https://doi.org/10.1890/1540-9295(2004)002[0354:APFASI]2.0.CO;2
https://doi.org/10.1890/1540-9295(2004)002[0354:APFASI]2.0.CO;2
https://doi.org/10.1890/1540-9295(2004)002[0354:APFASI]2.0.CO;2
https://doi.org/10.1016/j.tree.2005.10.012
https://doi.org/10.1016/j.tree.2005.10.012
https://doi.org/10.4324/9780203113110
https://doi.org/10.4324/9780203113110
https://www.fao.org/3/a1140e/a1140e.pdf
https://www.fao.org/3/a1140e/a1140e.pdf
https://doi.org/10.1111/ele.13361
https://doi.org/10.1111/ele.13361
https://doi.org/10.1525/phr.2007.76.3.347
https://doi.org/10.1525/phr.2007.76.3.347
https://portals.iucn.org/library/node/9837
https://portals.iucn.org/library/node/9837
https://doi.org/10.1111/j.1466-8238.2006.00258.x
https://doi.org/10.1111/j.1466-8238.2006.00258.x
https://doi.org/10.1371/journal.pone.0143687
https://doi.org/10.1371/journal.pone.0143687
https://doi.org/10.1007/s10530-015-0979-z
https://doi.org/10.1007/s10530-015-0979-z
https://doi.org/10.1016/j.ppees.2011.03.004
https://doi.org/10.1016/j.ppees.2011.03.004
https://doi.org/10.1007/s10530-017-1435-z
https://doi.org/10.1007/s10530-017-1435-z
https://doi.org/10.4324/9781315879642
https://doi.org/10.4324/9781315879642
https://doi.org/10.4337/jhre.2020.02.04
https://doi.org/10.4337/jhre.2020.02.04
https://doi.org/10.1111/ddi.12182
https://doi.org/10.1111/ddi.12182
https://doi.org/10.1002/9781119075806.ch10
https://doi.org/10.1002/9781119075806.ch10
https://doi.org/10.3897/neobiota.50.35466
https://doi.org/10.3897/neobiota.50.35466
https://doi.org/10.1016/j.biocon.2008.09.003
https://doi.org/10.1016/j.biocon.2008.09.003
https://doi.org/10.1146/annurev-ento-072121-075258
https://doi.org/10.1146/annurev-ento-072121-075258
https://doi.org/10.1038/s41893-018-0100-6
https://doi.org/10.1038/s41893-018-0100-6
https://doi.org/10.1111/1755-0998.13557
https://doi.org/10.1111/1755-0998.13557
https://doi.org/10.1007/s10530-020-02309-2
https://doi.org/10.1007/s10530-020-02309-2
https://doi.org/10.3897/neobiota.54.38741
https://doi.org/10.3897/neobiota.54.38741
https://doi.org/10.15468/39omei

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

mirror to the society: Children recognize
exotic species much more than local
ones. Biological Conservation, 159,
484-489. https://doi.org/10.1016/.
biocon.2012.10.028

Genovesi, P, Bacher, S., Kobelt, M., Pascal,
M., & Scalera, R. (2009). Alien Mammals

of Europe. In Handbook of Alien Species

in Europe (Vol. 3, pp. 119-128). Springer
Netherlands. https://doi.org/10.1007/978-
1-4020-8280-1 9

Genovesi, P., & Monaco, A. (2013).
Guidelines for Addressing Invasive Species
in Protected Areas. In L. C. Foxcroft, P.
Pysek, D. M. Richardson, & P. Genovesi
(Eds.), Plant Invasions in Protected Areas:
Patterns, Problems and Challenges (pp.

0rg/10.1007/978-94-007-7750-7_22

Giakoumi, S., Guilhaumon, F., Kark, S.,
Terlizzi, A., Claudet, J., Felline, S., Cerrano,
C., Coll, M., Danovaro, R., Fraschetti, S.,
Koutsoubas, D., Ledoux, J., Mazor, T.,
Mérigot, B., Micheli, F., & Katsanevakis,

S. (2016). Space invaders; biological
invasions in marine conservation planning.
Diversity and Distributions, 22(12), 1220—
1231. https://doi.org/10.1111/ddi.12491

Goéau, H., Bonnet, P, Joly, A., Bakic, V.,
Barbe, J., Yahiaoui, I., Selmi, S., Carré,
J., Barthélémy, D., Boujemaa, N., Molino,
J.-F., Duché, G., & Péronnet, A. (2013).
Pl@ntNet mobile app. Proceedings of
the 2715t ACM International Conference
on Multimedia, 423-424. https://doi.
org/10.1145/2502081.2502251

Gonzalez-Varo, J. P, Biesmeijer, J. C.,
Bommarco, R., Potts, S. G., Schweiger,
O., Smith, H. G., Steffan-Dewenter, |.,
Szentgyorgyi, H., Woyciechowski, M., &
Vila, M. (2013). Combined effects of global
change pressures on animal-mediated
pollination. Trends in Ecology & Evolution,
28(9), 524-530. https://doi.org/10.1016/.
tree.2013.05.008

Gratani, M., Butler, J. R. A., Royee, F,,
Valentine, P., Burrows, D., Canendo, W.

I, & Anderson, A. S. (2011). Is Validation

of Indigenous Ecological Knowledge a
Disrespectful Process? A Case Study of
Traditional Fishing Poisons and Invasive Fish
Management from the Wet Tropics, Australia.

org/10.5751/ES-04249-160325

Grenz, J. B. (2020). Healing the land
by reclaiming an Indigenous ecology:
A journey exploring the application of
the Indigenous worldview to invasion
biology and ecology. https://doi.
0rg/10.14288/1.0394715

Grice, A. C., Cassady, J., & Nicholas, D.

: M. (2012). Indigenous and non-Indigenous
: knowledge and values combine to support
: management of Nywaigi lands in the
Queensland coastal tropics. Ecological

* Management & Restoration, 13(1),

: 93-97. https://doi.org/10.1111/j.1442-

N., Murray, C. C., Shcherbina, A. Y.,

: Hormann, V., Wright, C., & Ruiz, G.

¢ M. (2021). Emergence of a neopelagic

: community through the establishment of
coastal species on the high seas. Nature
: Communications, 12(1), 6885. https://doi.

8903.2011.00621.x

Griffiths, T., & Robin, L. (Eds.). (1997).
. Ecology and empire: Environmental
history of settler societies. Edinburgh

- University Press. https://www.jstor.org/
: stable/10.3366/j.ctvxcrw7v

Grove, R. H. (1996). Green Imperialism:

. Colonial Expansion, Tropical Island Edens
: and the Origins of Environmentalism,

' 1600-1860. Cambridge University
487-506). Springer Netherlands. https://doi.
. books?id=h6xSzhimNdoC

Press. https://books.google.co.jp/

: Gura, T. (2013). Citizen science: Amateur
1 experts. Nature, 496(7444), Article
7444, https://doi.org/10.1038/nj7444-259a

: Hall, S. A., Bastos, R., Vicente, J., Vaz, A.
S., Honrado, J. P, Holmes, P. M., Gaertner,
: M., Esler, K. J., & Cabral, J. A. (2021). A

. dynamic modeling tool to anticipate the

: effectiveness of invasive plant control and
restoration recovery trajectories in South

. African fynbos. Restoration Ecology, 29(3),
. 13324, https://doi.org/10.1111/rec.13324

Hall, S. J. (2009). Cultural Disturbances

¢ and Local Ecological Knowledge Mediate

: Cattail (Typha domingensis) Invasion in Lake
Patzcuaro, México. Human Ecology, 37(2),

: 241-249. https://doi.org/10.1007/s10745-
¢ 009-9228-3

Hallett, L. M., Standish, R. J., Hulvey, K. B.,
: Gardener, M. R., Suding, K. N., Starzomski,
: B. M., Murphy, S. D., & Harris, J. A. (2013).
: Towards a Conceptual Framework for Novel
Ecosystems. In R. J. Hobbs, E. S. Higgs,

: &C. M. Hall (Eds.), Novel Ecosystems (pp.

: 16-28). John Wiley & Sons, Ltd. https://doi.
0rg/10.1002/9781118354186.ch3

: Halpern, B. S., Siliman, B. R., Olden, J.

: D., Bruno, J. P, & Bertness, M. D. (2007).

S Incorporating positive interactions in aquatic
restoration and conservation. Frontiers

: in Ecology and the Environment, 5(3),

: 153-160. https://doi.org/10.1890/1540-
9295(2007)5[153:IPIIAR]2.0.CO;2

Ecology and Society, 16(3), art25. https://doi. :

: Hampton, J. O., & Hyndman, T. H. (2019).

: Underaddressed animal-welfare issues

in conservation. Conservation Biology,

. 33(4), 803-811. https://doi.org/10.1111/

: cobi.13267

Haram, L. E., Carlton, J. T., Centurioni,
L., Crowley, M., Hafner, J., Maximenko,

: 0rg/10.1038/s41467-021-27188-6

¢ Harfoot, M., Tittensor, D. P, Newbold, T.,

¢ Mclnemny, G., Smith, M. J., & Scharlemann,
: J. P W. (2014). Integrated assessment
models for ecologists: The present and the
. future. Global Ecology and Biogeography,

. 28(2), 124-143. https://doi.org/10.1111/

¢ geb.12100

¢ Harrop, S. R. (2013). Wild Animal

: Welfare in International Law: The Present
* Position and the Scope for Development.
¢ Global Policy, 4(4), 381-390. https://doi.
: 0rg/10.1111/1758-5899.12086

* Harvey, E., Gounand, I., Ward, C. L., &

i Altermatt, F. (2017). Bridging ecology and
. conservation: From ecological networks

: to ecosystem function. Journal of Applied
: Ecology, 54(2), 371-379. https://doi.
org/10.1111/1365-2664.12769

* Havlik, P, Valin, H., Herrero, M., Obersteiner,
: M., Schmid, E., Rufino, M. C., Mosnier, A.,
Thornton, P. K., Bottcher, H., Conant, R.

: T, Frank, S., Fritz, S., Fuss, S., Kraxner,

. F, & Notenbaert, A. (2014). Climate

change mitigation through livestock

. system transitions. Proceedings of the

: National Academy of Sciences, 111(10),

: 3709-3714. https://doi.org/10.1073/

: pnas.1308044111

* Head, L. (2017). The social dimensions
. of invasive plants. Nature Plants,

3(6), 17075. https://doi.org/10.1038/

: nplants.2017.75

: Head, L., & Atchison, J. (2015).
Governing invasive plants: Policy and

. practice in managing the Gamba grass
: (Andropogon gayanus) — Bushfire nexus
: in northern Australia. Land Use Policy,
47, 225-234. https://doi.org/10.1016/j.
: landusepol.2015.04.009

: Head, L., Larson, BrendonM. H.,

Hobbs, R., Atchison, J., Gill, N., Kull,

¢ C., & Rangan, H. (2015). Living with

: Invasive Plants in the Anthropocene: The
Importance of Understanding Practice and
- Experience. Conservation and Society,

+ 13(3), 311. https://doi.org/10.4103/0972-
} 4923170411

: Head, L., & Muir, P. (2004).

* Nativeness, Invasiveness, and Nation

: in Australian Plants. Geographical

Review, 94(2), 199-217. https://doi.

: 0rg/10.1111/].1931-0846.2004.tb00167.x

57


https://doi.org/10.1016/j.biocon.2012.10.028
https://doi.org/10.1016/j.biocon.2012.10.028
https://doi.org/10.1007/978-1-4020-8280-1_9
https://doi.org/10.1007/978-1-4020-8280-1_9
https://doi.org/10.1007/978-94-007-7750-7_22
https://doi.org/10.1007/978-94-007-7750-7_22
https://doi.org/10.1111/ddi.12491
https://doi.org/10.1145/2502081.2502251
https://doi.org/10.1145/2502081.2502251
https://doi.org/10.1016/j.tree.2013.05.008
https://doi.org/10.1016/j.tree.2013.05.008
https://doi.org/10.5751/ES-04249-160325
https://doi.org/10.5751/ES-04249-160325
https://doi.org/10.14288/1.0394715
https://doi.org/10.14288/1.0394715
https://doi.org/10.1111/j.1442-8903.2011.00621.x
https://doi.org/10.1111/j.1442-8903.2011.00621.x
https://www.jstor.org/stable/10.3366/j.ctvxcrw7v
https://www.jstor.org/stable/10.3366/j.ctvxcrw7v
https://books.google.co.jp/books?id=h6xSzhlmNdoC
https://books.google.co.jp/books?id=h6xSzhlmNdoC
https://doi.org/10.1038/nj7444-259a
https://doi.org/10.1111/rec.13324
https://doi.org/10.1007/s10745-009-9228-3
https://doi.org/10.1007/s10745-009-9228-3
https://doi.org/10.1002/9781118354186.ch3
https://doi.org/10.1002/9781118354186.ch3
https://doi.org/10.1890/1540-9295(2007)5[153:IPIIAR]2.0.CO;2
https://doi.org/10.1890/1540-9295(2007)5[153:IPIIAR]2.0.CO;2
https://doi.org/10.1111/cobi.13267
https://doi.org/10.1111/cobi.13267
https://doi.org/10.1038/s41467-021-27188-6
https://doi.org/10.1038/s41467-021-27188-6
https://doi.org/10.1111/geb.12100
https://doi.org/10.1111/geb.12100
https://doi.org/10.1111/1758-5899.12086
https://doi.org/10.1111/1758-5899.12086
https://doi.org/10.1111/1365-2664.12769
https://doi.org/10.1111/1365-2664.12769
https://doi.org/10.1073/pnas.1308044111
https://doi.org/10.1073/pnas.1308044111
https://doi.org/10.1038/nplants.2017.75
https://doi.org/10.1038/nplants.2017.75
https://doi.org/10.1016/j.landusepol.2015.04.009
https://doi.org/10.1016/j.landusepol.2015.04.009
https://doi.org/10.4103/0972-4923.170411
https://doi.org/10.4103/0972-4923.170411
https://doi.org/10.1111/j.1931-0846.2004.tb00167.x
https://doi.org/10.1111/j.1931-0846.2004.tb00167.x

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Head, L., Trigger, D., & Mulcock, J. (2005).
Culture as Concept and Influence in
Environmental Research and Management.
Conservation and Society, 3(2), 251-

264. https://www.jstor.org/stable/26396578

Higgs, E. (2003). Nature by Design: People,

MIT Press. https://direct.mit.edu/books/
book/2569/Nature-by-DesignPeople-
Natural-Process-and

Hobbs, R. J., Arico, S., Aronson, J.,
Baron, J. S., Bridgewater, P., Cramer, V. A,

A. E., Norton, D., Ojima, D., Richardson, D.
M., Sanderson, E. W., Valladares, F., Vila,
M., Zamora, R., & Zobel, M. (2006). Novel
ecosystems: Theoretical and management
aspects of the new ecological world order:
Novel ecosystems. Global Ecology and
Biogeography, 15(1), 1-7. https://doi.
org/10.1111/}.1466-822X.2006.00212.x

Hobbs, R. J., Higgs, E. S., & Harris, J.

A. (2014). Novel ecosystems: Concept

or inconvenient reality? A response to
Murcia et al. Trends in Ecology & Evolution,
29(12), 645-646. https://doi.org/10.1016/.
tree.2014.09.006

Hovanec, C. (2018). Animal Subjects:
Literature, Zoology, and British Modernism

www.cambridge.org/us/academic/subjects/
literature/english-literature-1900-1945/
animal-subjects-literature-zoology-and-
british-modernism-volume-1

Howard, P. L. (2019). Human adaptation to
invasive species: A conceptual framework
based on a case study metasynthesis.
Ambio, 48(12), 1401-1430. https://doi.
0rg/10.1007/s13280-019-01297-5

Hufbauer, R. A., Facon, B., Ravigné, V.,
Turgeon, J., Foucaud, J., Lee, C. E., Rey,
0., & Estoup, A. (2012). Anthropogenically
induced adaptation to invade (AIAl):
Contemporary adaptation to human-
altered habitats within the native range
can promote invasions: Anthropogenically
induced adaptation to invade. Evolutionary
Applications, 5(1), 89-101. https://doi.
org/10.1111/.1752-4571.2011.00211.x

Hui, C., & Richardson, D. M. (2019). How

to Invade an Ecological Network. Trends in
Ecology & Evolution, 34(2), 121-131. https://
doi.org/10.1016/j.tree.2018.11.003

Hui, C., Richardson, D. M., Landi, P,,
Minoarivelo, H. O., Garnas, J., & Roy, H. E.
(2016). Defining invasiveness and invasibility
in ecological networks. Biological Invasions,
18(4), 971-983. https://doi.org/10.1007/
$10530-016-1076-7

58

¢ Hui, C., Richardson, D. M., Landi, P,

+ Minoarivelo, H. O., Roy, H. E., Latombe,

: G., Jing, X., CaraDonna, P. J., Gravel,

: D., Beckage, B., & Molofsky, J. (2021).
Trait positions for elevated invasiveness in
: adaptive ecological networks. Biological

: Invasions, 23(6), 1965-1985. https://doi.
Natural Process, and Ecological Restoration.

0rg/10.1007/s10530-021-02484-w

Hulme, P. E. (2014). Invasive species

: challenge the global response to emerging
: diseases. Trends in Parasitology, 30(6),
267-270. https://doi.org/10.1016/.

¢ pt.2014.03.005

Epstein, P. R., Ewel, J. J., Klink, C. A., Lugo, :

¢ Hulme, P. E. (2020a). One Biosecurity:

. Aunified concept to integrate human,

+ animal, plant, and environmental health.
: Emerging Topics in Life Sciences, 4(5),
539-549. https://doi.org/10.1042/

. ETLS20200067

¢ Hulme, P. E. (2020b). Plant invasions in
New Zealand: Global lessons in prevention,
: eradication and control. Biological Invasions,
. 22(5), 1539-1562. https://doi.org/10.1007/

: Hulme, P. E. (2021). Advancing One
. Biosecurity to Address the Pandemic Risks
: of Biological Invasions. BioScience, 71(7),

Inglis, M. I. (2020). Wildlife Ethics and

. Practice: Why We Need to Change the Way
: We Talk About ‘Invasive Species.’ Journal of
: Agricultural and Environmental Ethics, 33(2),
299-313. https://doi.org/10.1007/s10806-
. 020-09825-0

: IPBES. (2016a). Summary for policymakers
of the assessment report of the

. Intergovernmental Science-Policy Platform

. on Biodiversity and Ecosystem Services on
: pollinators, pollination and food production.
Zenodo. https://doi.org/10.5281/

+ ZENODO.2616458

IPBES. (2016b). The assessment report
. of the Intergovernmental Science-Policy
+ Platform on Biodliversity and Ecosystem
: Services on pollinators, pollination

and food production. Secretariat of

. the Intergovernmental Science-Policy

: Platform on Biodiversity and Ecosystem
: Services. https://doi.org/10.5281/

: ZENODO.3402857

. IPBES. (2016¢). The methodological

: assessment report on scenarios and models
of biodiversity and ecosystem services.

. Secretariat of the Intergovernmental

. Science-Policy Platform on Biodiversity

: and Ecosystem Services. https://doi.

708-721. https://doi.org/10.1093/biosci/
: biab019

(Vol. 1). Cambridge University Press. https:/ :

¢ Hulme, P. E., Bacher, S., Kenis, M., Klotz,
S., Kuhn, I., Minchin, D., Nentwig, W.,

: Olenin, S., Panov, V., Pergl, J., Pysek, P,
: Roques, A., Sol, D., Solarz, W., & Vila, M.
(2008). Grasping at the routes of biological
. invasions: A framework for integrating

: pathways into policy. Journal of Applied

: Ecology, 45(2), 403-414. https://doi.
org/10.1111/).1365-2664.2007.01442.x

* Hurteau, M. D., Bradford, J. B., Fulé, P.
: Z., Taylor, A. H., & Martin, K. L. (2014).
Climate change, fire management, and

¢ ecological services in the southwestern

: US. Forest Ecology and Management,

: 327, 280-289. https://doi.org/10.1016/.
foreco.2013.08.007

: Hurtt, G. C., Chini, L. P,, Frolking, S., Betts,
: R. A, Feddema, J., Fischer, G., Fisk, J. P,

¢ Hibbard, K., Houghton, R. A., Janetos, A.,

: Jones, C. D., Kindermann, G., Kinoshita, T.,
: Klein Goldewijk, K., Riahi, K., Shevliakova,

: E., Smith, S., Stehfest, E., Thomson, A., ...
- Wang, Y. P. (2011). Harmonization of land-
: use scenarios for the period 1500-2100:

: 600 years of global gridded annual land-use
transitions, wood harvest, and resulting

. secondary lands. Climatic Change, 109(1—
: 2), 117-161. https://doi.org/10.1007/

i 510584-011-0163-2

¢ 0rg/10.5281/ZENODO.3235428

. IPBES. (2018a). Information on scoping
for a thematic assessment of invasive alien
. species and their control (deliverable 3 (b)
: (i). https://ipbes.net/sites/default/files/

: ipbes-6-inf-10_en.pdf

IPBES. (2018b). IPBES Guide on the

* Production of Assessments. (p. 56).

: Secretariat of the Intergovernmental
Science-Policy Platform on Biodiversity

. and Ecosystem Services. https:/ipbes.net/
: guide-production-assessments

IPBES. (2018c¢). The IPBES assessment
: report on land degradation and

: restoration. (p. 744). Secretariat of

: the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem
: Services. https://doi.org/10.5281/

¢ ZENODO.3237392

IPBES. (2018d). The IPBES regional

: assessment report on biodiversity and

: ecosystem services for Africa. Secretariat
of the Intergovernmental Science-

. Policy Platform on Biodiversity and

: Ecosystem Services. https://zenodo.org/
: record/3236178#.YmiyldrP2Uk

IPBES. (2018e). The IPBES regional
: assessment report on biodiversity

: and ecosystem services for Asia and
 the Pacific (Report). Secretariat of
the Intergovernmental Science-Policy


https://www.jstor.org/stable/26396578
https://direct.mit.edu/books/book/2569/Nature-by-DesignPeople-Natural-Process-and
https://direct.mit.edu/books/book/2569/Nature-by-DesignPeople-Natural-Process-and
https://direct.mit.edu/books/book/2569/Nature-by-DesignPeople-Natural-Process-and
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1111/j.1466-822X.2006.00212.x
https://doi.org/10.1016/j.tree.2014.09.006
https://doi.org/10.1016/j.tree.2014.09.006
https://www.cambridge.org/us/academic/subjects/literature/english-literature-1900-1945/animal-subjects-literature-zoology-and-british-modernism-volume-1
https://www.cambridge.org/us/academic/subjects/literature/english-literature-1900-1945/animal-subjects-literature-zoology-and-british-modernism-volume-1
https://www.cambridge.org/us/academic/subjects/literature/english-literature-1900-1945/animal-subjects-literature-zoology-and-british-modernism-volume-1
https://www.cambridge.org/us/academic/subjects/literature/english-literature-1900-1945/animal-subjects-literature-zoology-and-british-modernism-volume-1
https://www.cambridge.org/us/academic/subjects/literature/english-literature-1900-1945/animal-subjects-literature-zoology-and-british-modernism-volume-1
https://doi.org/10.1007/s13280-019-01297-5
https://doi.org/10.1007/s13280-019-01297-5
https://doi.org/10.1111/j.1752-4571.2011.00211.x
https://doi.org/10.1111/j.1752-4571.2011.00211.x
https://doi.org/10.1016/j.tree.2018.11.003
https://doi.org/10.1016/j.tree.2018.11.003
https://doi.org/10.1007/s10530-016-1076-7
https://doi.org/10.1007/s10530-016-1076-7
https://doi.org/10.1007/s10530-021-02484-w
https://doi.org/10.1007/s10530-021-02484-w
https://doi.org/10.1016/j.pt.2014.03.005
https://doi.org/10.1016/j.pt.2014.03.005
https://doi.org/10.1042/ETLS20200067
https://doi.org/10.1042/ETLS20200067
https://doi.org/10.1007/s10530-020-02224-6
https://doi.org/10.1007/s10530-020-02224-6
https://doi.org/10.1093/biosci/biab019
https://doi.org/10.1093/biosci/biab019
https://doi.org/10.1111/j.1365-2664.2007.01442.x
https://doi.org/10.1111/j.1365-2664.2007.01442.x
https://doi.org/10.1016/j.foreco.2013.08.007
https://doi.org/10.1016/j.foreco.2013.08.007
https://doi.org/10.1007/s10584-011-0153-2
https://doi.org/10.1007/s10584-011-0153-2
https://doi.org/10.1007/s10806-020-09825-0
https://doi.org/10.1007/s10806-020-09825-0
https://doi.org/10.5281/ZENODO.2616458
https://doi.org/10.5281/ZENODO.2616458
https://doi.org/10.5281/ZENODO.3402857
https://doi.org/10.5281/ZENODO.3402857
https://doi.org/10.5281/ZENODO.3235428
https://doi.org/10.5281/ZENODO.3235428
https://ipbes.net/sites/default/files/ipbes-6-inf-10_en.pdf
https://ipbes.net/sites/default/files/ipbes-6-inf-10_en.pdf
https://ipbes.net/guide-production-assessments
https://ipbes.net/guide-production-assessments
https://doi.org/10.5281/ZENODO.3237392
https://doi.org/10.5281/ZENODO.3237392
https://zenodo.org/record/3236178#.YmjyIdrP2Uk
https://zenodo.org/record/3236178#.YmjyIdrP2Uk

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

Platform on Biodiversity and Ecosystem
Services. https://doi.org/10.5281/
ZENODOQ.3237374

IPBES. (2018f). The IPBES regional
assessment report on biodiversity and
ecosystem services for Europe and
Central Asia (Report). Secretariat of

the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem
Services. https://doi.org/10.5281/
ZENODOQ.3237429

IPBES. (2018q). The IPBES regional
assessment report on biodiversity

and ecosystem services for the
Americas. https://ipbes.net/document-
library-catalogue/regional-assessment-

americas

IPBES. (2019). Global assessment report on
biodiversity and ecosystem services of the
Intergovernmental Science-Policy Platform
on Biodliversity and Ecosystem Services.
Secretariat of the Intergovernmental
Science-Policy Platform on Biodiversity

and Ecosystem Services. https://doi.
0rg/10.5281/ZENODO.3831673

IPBES. (2020a). IPBES Data
Management Policy (1.1). Secretariat

of the Intergovernmental Science-

Policy Platform on Biodiversity and
Ecosystem Services. https://zenodo.org/
record/4299999

IPBES. (2020b). Report of the Indigenous
and local knowledge dialogue workshop
on the first order draft of the IPBES
assessment of invasive alien species (J. L.
Andreve, R. Batzin Chojoj, A. Black, J. T.
Cleofe, F. Daguitan, C. Grant, J. A. Guillao,
L. Jacobs, T. Malcolm, L. Mulenkei, K.
Kumar Rai, A. Nzovu, J. M. Ole Kaunga,
M. E. Regpala, N. Sall, P. Shulbaeva, R.

ipbes.net/sites/default/files/inline-files/
IPBES IAS 2ndILKDialogue FOD Report

workshop for the IPBES thematic

. assessment of invasive alien species and

: their control. https://ipbes.net/sites/default/
: files/2023-02/IPBES IAS 3rdILKDialogue

farmer innovation in central Cameroon.
. Agroforestry Systems, 86(3), 493—
¢ 504. https://doi.org/10.1007/s10457-012-

SPM-SOD_Report_FinalForWeb2.pdf

. IPBES. (2022c). Thematic assessment

: of the sustainable use of wild species

of the Intergovernmental Science-Policy

: Platform on Biodiversity and Ecosystem

: Services. Zenodo. https://doi.org/10.5281/

: 9513-9

Janovsky, R. M., & Larson, E. R. (2019).

. Does invasive species research use more

: militaristic language than other ecology and
conservation biology literature? NeoBiota,

. 44, 27-38. https://doi.org/10.3897/

ZENODO.6448568

+ IPBES. (2022d). Foundations of the nature
. futures framework. Annex VI to Decision
IPBES-9/1. IPBES 9 Plenary, Bonn,

. Germany. https://www.ipbes.net/resource-
: file/104136
report-biodiversity-and-ecosystem-services- :

IPBES Technical Support Unit On

- Knowledge And Data. (2021). IPBES

. regions and sub-regions (1.2) [dataset].

: Zenodo. https:/doi.org/10.5281/

i ZENODO.5719431

: IPCC. (2014). Climate Change 2014:

: Impacts, Adaptation, and Vulnerability.
Part A: Global and Sectoral Aspects. (C.
. B. Field, V. R. Barros, D. J. Dokken, K. J.
* Mach, M. D. Mastrandrea, T. E. Bilir, M.

: Chatterjee, K. L. Ebi, Y. O. Estrada, R.

i C.Genova, B. Girma, E. S. Kissel, A. N.
. Levy, S. MacCracken, P. R. Mastrandrea,
: &L. L. White, Eds.; p. 1132). Cambridge
: University Press. https://doi.org/10.1017/
i CB09781107415379

: ISAC. (2017). Advanced Biotechnology
Tools for Invasive Species Management.
. Invasive Species Advisory

: Committee. https:/www.glc.org/

: wp-content/uploads/isac_advanced
biotechnology white paper.pdf

: IUCN. (2000). UCN Guidelines for the

: Prevention of Biodiversity Loss Caused
Spencer, P. Timoti, & Y. Upun, Eds.). https://
: portals.iucn.org/library/efiles/documents/
: Rep-2000-052.pdf

by Alien Invasive Species. (p. 25). https://

FINAL_ForWeb.pdf

IPBES. (2020c¢). Workshop Report

on Biodiversity and Pandemics of the
Intergovernmental Platform on Biodiversity
and Ecosystem Services (IPBES) (1.3).
Zenodo. https://doi.org/10.5281/
ZENODOQO.4147317

IPBES. (2022a). Methodological assessment
* multiple invasive animals. Ecology, 96(8),
: 2035-2041. https://doi.org/10.1890/15-
i 0171.1

of the diverse values and valuation of nature
of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem
Services. Zenodo. https://doi.org/10.5281/
ZENODOQ.6522523

IPBES. (2022b). Report of the third
Indigenous and local knowledge dialogue

IUCN. (2017). Guidance for interpretation of
: CBD categories on introduction pathways

: [Technical note prepared by IUCN for the

: European Commission]. International Union
for Conservation of Nature. https://nora.

: nerc.ac.uk/id/eprint/519129/1/N519129CR.

: pof

Jackson, M. C. (2015). Interactions among

: Jagoret, P., Michel-Dounias, I., Snoeck,
¢ D., Ngnogusé, H. T., & Malézieux, E.
(2012). Afforestation of savannah with

: cocoa agroforestry systems: A small-

' neobiota.44.32925

Jari¢, 1., Courchamp, F., Correia, R.

: A, Crowley, S. L., Essl, F, Fischer, A.,

: Gonzélez-Moreno, P, Kalinkat, G., Lambin,
i X., Lenzner, B., Meinard, Y., Mill, A.,

- Musseau, C., Novoa, A., Pergl, J., PySek, P,
+ Pyskova, K., Robertson, P., Schmalensee,
: M., ... Jeschke, J. M. (2020). The role of
species charisma in biological invasions.

: Frontiers in Ecology and the Environment,

. 18(6), 345-353. https://doi.org/10.1002/

: fee.2195

¢ Jeschke, J. M., Keesing, F., & Ostfeld, R.

: S. (2013). Novel Organisms: Comparing

: Invasive Species, GMOs, and Emerging
Pathogens. AMBIO, 42(5), 541-548. https://
. doi.org/10.1007/s13280-013-0387-5

: Jevon, T,, & Shackleton, C. M. (2015).
Integrating Local Knowledge and Forest

: Surveys to Assess Lantana camara Impacts
. on Indigenous Species Recruitment in
Mazeppa Bay, South Africa. Human

: Ecology, 43(2), 247-254. https://doi.

: 0rg/10.1007/s10745-015-9748-

i Jones, K. E., Patel, N. G., Levy, M. A,

. Storeygard, A., Balk, D., Gittleman, J. L., &
: Daszak, P. (2008). Global trends in emerging
. infectious diseases. Nature, 451(7181),
990-998. https://doi.org/10.1038/

: nature06536

: Kalnicky, E. (2012). A Coupled Human

and Natural Systems Approach to

: Understanding an Invasive Frog,

: Eleutherodactylus coqui, in Hawaii [Doctoral
: thesis, Utah State University]. https://
digitalcommons.usu.edu/etd/1412

: Kanie, N., & Biermann, F. (Eds.).

: (2017). Governing through Goals:
Sustainable Development Goals

: as Governance Innovation. MIT

* Press. https://www.lehmanns.de/
shop/naturwissenschaften/36547155-

. 9780262035620-governing-through-goals

' Kannan, R., Shackleton, C. M., Krishnan,
S., & Shaanker, R. U. (2016). Can local use
. assist in controlling invasive alien species

: in tropical forests? The case of Lantana

: camara in southern India. Forest Ecology

: and Management, 376, 166-173. https://
: doi.org/10.1016/].forec.2016.06.016

59


https://doi.org/10.5281/ZENODO.3237374
https://doi.org/10.5281/ZENODO.3237374
https://doi.org/10.5281/ZENODO.3237429
https://doi.org/10.5281/ZENODO.3237429
https://ipbes.net/document-library-catalogue/regional-assessment-report-biodiversity-and-ecosystem-services-americas
https://ipbes.net/document-library-catalogue/regional-assessment-report-biodiversity-and-ecosystem-services-americas
https://ipbes.net/document-library-catalogue/regional-assessment-report-biodiversity-and-ecosystem-services-americas
https://ipbes.net/document-library-catalogue/regional-assessment-report-biodiversity-and-ecosystem-services-americas
https://doi.org/10.5281/ZENODO.3831673
https://doi.org/10.5281/ZENODO.3831673
https://zenodo.org/record/4299999
https://zenodo.org/record/4299999
https://ipbes.net/sites/default/files/inline-files/IPBES_IAS_2ndILKDialogue_FOD_Report_FINAL_ForWeb.pdf
https://ipbes.net/sites/default/files/inline-files/IPBES_IAS_2ndILKDialogue_FOD_Report_FINAL_ForWeb.pdf
https://ipbes.net/sites/default/files/inline-files/IPBES_IAS_2ndILKDialogue_FOD_Report_FINAL_ForWeb.pdf
https://ipbes.net/sites/default/files/inline-files/IPBES_IAS_2ndILKDialogue_FOD_Report_FINAL_ForWeb.pdf
https://doi.org/10.5281/ZENODO.4147317
https://doi.org/10.5281/ZENODO.4147317
https://doi.org/10.5281/ZENODO.6522523
https://doi.org/10.5281/ZENODO.6522523
https://ipbes.net/sites/default/files/2023-02/IPBES_IAS_3rdILKDialogue_SPM-SOD_Report_FinalForWeb2.pdf
https://ipbes.net/sites/default/files/2023-02/IPBES_IAS_3rdILKDialogue_SPM-SOD_Report_FinalForWeb2.pdf
https://ipbes.net/sites/default/files/2023-02/IPBES_IAS_3rdILKDialogue_SPM-SOD_Report_FinalForWeb2.pdf
https://doi.org/10.5281/ZENODO.6448568
https://doi.org/10.5281/ZENODO.6448568
https://www.ipbes.net/resource-file/104136
https://www.ipbes.net/resource-file/104136
https://doi.org/10.5281/ZENODO.5719431
https://doi.org/10.5281/ZENODO.5719431
https://doi.org/10.1017/CBO9781107415379
https://doi.org/10.1017/CBO9781107415379
https://www.glc.org/wp-content/uploads/isac_advanced_biotechnology_white_paper.pdf
https://www.glc.org/wp-content/uploads/isac_advanced_biotechnology_white_paper.pdf
https://www.glc.org/wp-content/uploads/isac_advanced_biotechnology_white_paper.pdf
https://portals.iucn.org/library/efiles/documents/Rep-2000-052.pdf
https://portals.iucn.org/library/efiles/documents/Rep-2000-052.pdf
https://portals.iucn.org/library/efiles/documents/Rep-2000-052.pdf
https://nora.nerc.ac.uk/id/eprint/519129/1/N519129CR.pdf
https://nora.nerc.ac.uk/id/eprint/519129/1/N519129CR.pdf
https://nora.nerc.ac.uk/id/eprint/519129/1/N519129CR.pdf
https://doi.org/10.1890/15-0171.1
https://doi.org/10.1890/15-0171.1
https://doi.org/10.1007/s10457-012-9513-9
https://doi.org/10.1007/s10457-012-9513-9
https://doi.org/10.3897/neobiota.44.32925
https://doi.org/10.3897/neobiota.44.32925
https://doi.org/10.1002/fee.2195
https://doi.org/10.1002/fee.2195
https://doi.org/10.1007/s13280-013-0387-5
https://doi.org/10.1007/s13280-013-0387-5
https://doi.org/10.1007/s10745-015-9748-y
https://doi.org/10.1007/s10745-015-9748-y
https://doi.org/10.1038/nature06536
https://doi.org/10.1038/nature06536
https://digitalcommons.usu.edu/etd/1412
https://digitalcommons.usu.edu/etd/1412
https://www.lehmanns.de/shop/naturwissenschaften/36547155-9780262035620-governing-through-goals
https://www.lehmanns.de/shop/naturwissenschaften/36547155-9780262035620-governing-through-goals
https://www.lehmanns.de/shop/naturwissenschaften/36547155-9780262035620-governing-through-goals
https://doi.org/10.1016/j.foreco.2016.06.016
https://doi.org/10.1016/j.foreco.2016.06.016

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Kapitza, K., Zimmermann, H., Martin-Lépez,
B., & Von Wehrden, H. (2019). Research on
the social perception of invasive species:

A systematic literature review. NeoBiota,

43, 47-68. https://doi.org/10.3897/
neobiota.43.31619

Keller, S. R., Gilbert, K. J., Fields, P. D., &
Taylor, D. R. (2012). Bayesian inference of a

complex invasion history revealed by nuclear :
. Species and the Aesthetics of Nature. In

M. Vila & P. E. Hulme (Eds.), Impact of

. Biological Invasions on Ecosystem Services
+ (pp. 311-324). Springer International

: Publishing. https://doi.org/10.1007/978-3-
i 319-45121-3 20

and chloroplast genetic diversity in the
colonizing plant, Silene latifolia. Molecular
Ecology, 21(19), 4721-4734. https://doi.
org/10.1111/.1365-294X.2012.05751 .x

Kelly, L. T., Giliohann, K. M., Duane, A.,
Aquilué, N., Archibald, S., Batllori, E.,
Bennett, A. F., Buckland, S. T., Canelles,
Q., Clarke, M. F,, Fortin, M.-J., Hermoso,
V., Herrando, S., Keane, R. E., Lake, F. K.,
McCarthy, M. A., Moran-Ordofiez, A., Parr,
C. L., Pausas, J. G., ... Brotons, L. (2020).
Fire and biodiversity in the Anthropocene.
Science, 370(6519), eabb0355. https://doi.
org/10.1126/science.abb0355

Kelsch, A., Takahashi, Y., Dasgupta, R.,
Mader, A. D., Johnson, B. A., & Kumar,

P. (2020). Invasive alien species and local
communities in socio-ecological production
landscapes and seascapes: A systematic
review and analysis. Environmental Science
& Policy, 112, 275-281. https://doi.
org/10.1016/j.envsci.2020.06.014

Kideys, A. E., & Gict, A. C. (1995).
Rhopilema Nomadica: A Lessepsian
Scyphomedusan New to the Mediterranean
Coast of Turkey. Israel Journal of Zoology,
41(4), 615-617. https://doi.org/10.1080/00
212210.1995.10688827

Koichi, K., Sangha, K. K., Cottrell, A., &
Gordon, I. J. (2012). Aboriginal Rangers’
Perspectives on Feral Pigs: Are they a
Pest or a Resource? A Case Study in

the Wet Tropics World Heritage Area

of Northern Queensland. Journal of
Australian Indigenous Issues, 15(1),

2-20. https://www.researchgate.
net/profile/Kamaljit-Sangha-2/
publication/260752873 Aboriginal
Rangers’ Perspectives on Feral Pigs
Are they a Pest or a Resource A
Case_Study in the Wet Tropics World
Heritage Area of Northern Queensland/
links/00b7d53224cfdb852f000000/
Aboriginal-Rangers-Perspectives-on-Feral-
Pigs-Are-they-a-Pest-or-a-Resource-A-
Case-Study-in-the-Wet-Tropics-World-
Heritage-Area-of-Northern-Queensland.pdf

Kowarik, I. (1995). Time lags in biological
invasions with regard to the success and
failure of alien species. In P. PySek, K.
Prach, M. Rejmanek, & M. Wade (Eds.),

Plant invasions: General aspects and special :

60

problems (pp. 15-38). SPB Academic
. Publishing. https://www.cabi.org/isc/
: abstract/19952312467

Kueffer, C. (2017). Plant invasions in

: the Anthropocene. Science, 358(6364),

¢ 724-725. https://doi.org/10.1126/science.
: aao6371

Kueffer, C., & Kull, C. A. (2017). Non-native

+ Kueffer, C., Pysek, P., & Richardson, D.

: M. (2013). Integrative invasion science:
Model systems, multi-site studies, focused

: meta-analysis and invasion syndromes. New
. Phytologist, 200(3), 615-633. https://doi.

i 0rg/10.1111/nph.12415

Kull, C. A. (2018). Critical Invasion Science:
: Weeds, Pests, and Aliens. In R. Lave, C.

: Biermann, &S. N. Lane (Eds.), The Palgrave
Handbook of Critical Physical Geography

¢ (pp. 249-272). Springer International

. Publishing. https://doi.org/10.1007/978-3-
i 319-71461-5 12

Kull, C. A., Kueffer, C., Richardson, D.

: M., Vaz, A. S., Vicente, J. R., & Honrado,
J. P. (2018). Using the “regime shift”

- concept in addressing social-ecological
: change. Geographical Research, 56(1),

: 26-41. https://doi.org/10.1111/1745-

: 5871.12267

¢ Laforest, J., & Bargeron, C. T. (2011).

: EDDMapS: The common operating
platform for aggregating and using invasive
. species distribution data. Phytopathology,

1 101(6), S96-597.

Lambdon, P. W., Pysek, P., Basnou, C.,

. Hejda, M., Arianoutsou, M., Essl, ., Jarosik,
V., Pergl, J., Winter, M., Anastasiu, P,

: Andriopoulos, P., Bazos, I., Brundu, G.,
Celesti-Grapow, L., Chassot, P., Delipetrou,
¢ P, Josefsson, M., Kark, S., Klotz, S., ...

: Hulme, P. E. (2008). Alien flora of Europe:

: Species diversity, temporal trends,
geographical patterns and research needs.
: Preslia, 80(2), 101-149. http://www.preslia.
¢ ¢z/P082| am.pdf

¢ Lane, N. D., Miluzzo, E., Lu, H., Peebles,

: D., Choudhury, T., & Campbell, A. T. (2010).
: A survey of mobile phone sensing. IEEE
Communications Magazine, 48(9), 140-

© 150. http://gtubicomp2015grad.pbworks.

Larson, B. M. (2005). The war of the roses:
: Demilitarizing invasion biology. Frontiers

: in Ecology and the Environment, 3(9),

: 495-500. https://doi.org/10.1890/1540-
9295(2005)003[0495: TWOTRD]2.0.CO;2

. Lazzaro, L., Essl, F, Luglig, A., Padedda,

: B. M., PySek, P, & Brundu, G. (2018).
Invasive alien plant impacts on human

: health and well-being. In G. Mazza & E.

. Tricarico (Eds.), Invasive species and human
: health (pp. 16-33). CABI. https://doi.
0rg/10.1079/9781786390981.0016

: Le Maitre, D. C., Gaertner, M., Marchante,

i E., Ens, E.-J., Holmes, P. M., Pauchard, A.,
- O'Farrell, P. J., Rogers, A. M., Blanchard,

+ R., Blignaut, J., & Richardson, D. M.

: (2011). Impacts of invasive Australian
acacias: Implications for management

. and restoration: Australian acacias: linking

. impacts and restoration. Diversity and

. Distributions, 17(5), 1015-1029. https://doi.
org/10.1111/j.1472-4642.2011.00816.x

: Lenzner, B., Leclére, D., Franklin,

: 0., Seebens, H., Roura-Pascual, N.,

: Obersteiner, M., Dullinger, S., & Ess|, F.

¢ (2019). A Framework for Global Twenty-

: First Century Scenarios and Models of

: Biological Invasions. BioScience, 69(9),
697-710. https://doi.org/10.1093/biosci/
. biz070

Lerner, H., & Berg, C. (2017). A

: Comparison of Three Holistic Approaches
: to Health: One Health, EcoHealth, and

: Planetary Health. Frontiers in Veterinary
Science, 4, 163. https://doi.org/10.3389/
. fvets.2017.00163

. Leung, B., Roura-Pascual, N., Bacher,

i S., Heikkila, J., Brotons, L., Burgman, M.
+ A., Dehnen-Schmutz, K., Essl, F, Hulme,
: P.E., Richardson, D. M., Sol, D., & Vila,

: M. (2012). TEASIng apart alien species
risk assessments: A framework for best

. practices. Ecology Letters, 15(12), 1475-
* 1493. https://doi.org/10.1111/ele.12003

Levin, S. A. (1992). The problem of pattern
¢ and scale in ecology: The Robert H.

: MacArthur award lecture. Ecology, 73(6),

: Article 6. https://esajournals.onlinelibrary.
wiley.com/doi/abs/10.2307/1941447

: Li, D., Olden, J. D., Lockwood, J. L.,
Record, S., McKinney, M. L., & Baiser,

. B. (2020). Changes in taxonomic and

: phylogenetic diversity in the Anthropocene.
* Proceedings of the Royal Society B,

: 287(1929). https://doi.org/10.1098/

com/w/file/fetch/94746338/lane-survey-of-
mobile-phone-sensing-2010.pdf

! rspb.2020.077

Li, Y., Liu, X., Li, X., Petitpierre, B., & Guisan,
: A. (2014). Residence time, expansion
toward the equator in the invaded range


https://doi.org/10.3897/neobiota.43.31619
https://doi.org/10.3897/neobiota.43.31619
https://doi.org/10.1111/j.1365-294X.2012.05751.x
https://doi.org/10.1111/j.1365-294X.2012.05751.x
https://doi.org/10.1126/science.abb0355
https://doi.org/10.1126/science.abb0355
https://doi.org/10.1016/j.envsci.2020.06.014
https://doi.org/10.1016/j.envsci.2020.06.014
https://doi.org/10.1080/00212210.1995.10688827
https://doi.org/10.1080/00212210.1995.10688827
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.researchgate.net/profile/Kamaljit-Sangha-2/publication/260752873_Aboriginal_Rangers’_Perspectives_on_Feral_Pigs_Are_they_a_Pest_or_a_Resource_A_Case_Study_in_the_Wet_Tropics_World_Heritage_Area_of_Northern_Queensland/links/00b7d53224cfdb852f000000/Aboriginal-Rangers-Perspectives-on-Feral-Pigs-Are-they-a-Pest-or-a-Resource-A-Case-Study-in-the-Wet-Tropics-World-Heritage-Area-of-Northern-Queensland.pdf
https://www.cabi.org/isc/abstract/19952312467
https://www.cabi.org/isc/abstract/19952312467
https://doi.org/10.1126/science.aao6371
https://doi.org/10.1126/science.aao6371
https://doi.org/10.1007/978-3-319-45121-3_20
https://doi.org/10.1007/978-3-319-45121-3_20
https://doi.org/10.1111/nph.12415
https://doi.org/10.1111/nph.12415
https://doi.org/10.1007/978-3-319-71461-5_12
https://doi.org/10.1007/978-3-319-71461-5_12
https://doi.org/10.1111/1745-5871.12267
https://doi.org/10.1111/1745-5871.12267
http://www.preslia.cz/P082Lam.pdf
http://www.preslia.cz/P082Lam.pdf
http://gtubicomp2015grad.pbworks.com/w/file/fetch/94746338/lane-survey-of-mobile-phone-sensing-2010.pdf
http://gtubicomp2015grad.pbworks.com/w/file/fetch/94746338/lane-survey-of-mobile-phone-sensing-2010.pdf
http://gtubicomp2015grad.pbworks.com/w/file/fetch/94746338/lane-survey-of-mobile-phone-sensing-2010.pdf
https://doi.org/10.1890/1540-9295(2005)003[0495:TWOTRD]2.0.CO;2
https://doi.org/10.1890/1540-9295(2005)003[0495:TWOTRD]2.0.CO;2
https://doi.org/10.1079/9781786390981.0016
https://doi.org/10.1079/9781786390981.0016
https://doi.org/10.1111/j.1472-4642.2011.00816.x
https://doi.org/10.1111/j.1472-4642.2011.00816.x
https://doi.org/10.1093/biosci/biz070
https://doi.org/10.1093/biosci/biz070
https://doi.org/10.3389/fvets.2017.00163
https://doi.org/10.3389/fvets.2017.00163
https://doi.org/10.1111/ele.12003
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/1941447
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.2307/1941447
https://doi.org/10.1098/rspb.2020.077
https://doi.org/10.1098/rspb.2020.077

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

and native range size matter to climatic
niche shifts in non-native species. Global
Ecology and Biogeography, 23(10), 1094—
1104. https://doi.org/10.1111/geb.12191

Lindemann-Matthies, P. (2016). Beasts
or beauties? Laypersons’ perception of
invasive alien plant species in Switzerland
and attitudes towards their management.
NeoBiota, 29, 15-33. https://doi.
0rg/10.3897/neobiota.29.5786

Lindenmayer, D. B., Fischer, J., Felton,
A., Crane, M., Michael, D., Macgregor,
C., Montague-Drake, R., Manning, A., &
Hobbs, R. J. (2008). Novel ecosystems
resulting from landscape transformation
create dilemmas for modern conservation
practice. Conservation Letters, 1(3),
129-135. https://doi.org/10.1111/1.1755-
263X.2008.00021.x

Lishawa, S. C., Lawrence, B. A., Albert, D.
A., Larkin, D. J., & Tuchman, N. C. (2019).
Invasive species removal increases species
and phylogenetic diversity of wetland plant
communities. Ecology and Evolution, 9(11),
6231-6244. https://doi.org/10.1002/
ece3.5188

Huang, C., &Li, Y. (2020). Animal invaders
threaten protected areas worldwide. Nature
Communications, 11(1), 2892. https://doi.

Lombaert, E., Guillemaud, T., Cornuet,

: J.-M., Malausa, T., Facon, B., & Estoup, A.
: (2010). Bridgehead Effect in the Worldwide
: Invasion of the Biocontrol Harlequin

: Ladybird. PLoS ONE, 5(3), e9743. https://

(2020). Technology innovation: Advancing

: capacities for the early detection of

: and rapid response to invasive species.

: Biological Invasions, 22(1), 75-100. https://

doi.org/10.1371/journal.pone.0009743

: Lomolino, M. V., Riddle, B. R., Whittake,

R. J., & Brown, J. H. (2010). Biogeography
¢ (Fourth Edition, Vol. 87). Sinauer

: Associates. https://www.journals.uchicago.
¢ eduw/doi/10.1086/665420

: Lord, J. P, Barry, J. P, & Graves, D. (2017).
: Impact of climate change on direct and

¢ indirect species interactions. Marine Ecology
. Progress Series, 571, 1-11. https://doi.
+ 0rg/10.3354/meps12148

Lugo, A. E. (2004). The outcome of alien
. tree invasions in Puerto Rico. Frontiers

. in Ecology and the Environment, 2(5),

: 265-273. https://doi.org/10.1890/1540-
9295(2004)002[0265:TOOATI]2.0.CO;2

: MacDougall, A. S., & Turkington, R.

: (2005). Are Invasive Species the Drivers

or Passengers of Change in Degraded

: Ecosystems? Ecology, 86(1), 42-55. https://
. doi.org/10.1890/04-0669

Liu, X., Blackburn, T. M., Song, T., Wang, X., :

Mace, G. M. (2014). Whose conservation?

: Science, 345(6204), 1558-1560. https://

0rg/10.1038/s41467-020-16719-2

Liu, X., Wang, S., Ke, Z., Cheng, C., Wang,
Y., Zhang, F, Xu, F, Li, X., Gao, X., Jin,

C., Zhu, W, Yan, S., & L, Y. (2018). More
invaders do not result in heavier impacts:
The effects of non-native bullfrogs on native
anurans are mitigated by high densities

of non-native crayfish. Journal of Animal
Ecology, 87(3), 850-862. https://doi.
0rg/10.1111/1365-2656.12793

Lockwood, J. L., Cassey, P., & Blackburn,
T. M. (2005). The role of propagule
pressure in explaining species invasions.
Trends in Ecology & Evolution, 20(5),
223-228. https://doi.org/10.1016/j.
tree.2005.02.004

Lockwood, J. L., Cassey, P., & Blackburn,
T. M. (2009). The more you introduce the
more you get: The role of colonization

ecology. Diversity and Distributions, 15(5),
904-910. https://doi.org/10.1111/j.1472-
4642.2009.00594.x

Lockwood, J. L., Lieurance, D., Flory, S. L.,
Meyerson, L. A., Ricciardi, A., & Simberloff,
D. (2023). Moving scholarship on invasion
science forward. Trends in Ecology &
Evolution, 38(6). https://doi.org/10.1016/j.
tree.2023.01.006

¢ doi.org/10.1126/science. 1254704

Maclean, K., Robinson, C., Bock, E., & Rist,
: P (2022). Reconciling risk and responsibility
. on Indigenous country: Bridging the
boundaries to guide knowledge sharing for
. cross-cultural biosecurity risk management
*in northern Australia. Journal of Cultural

: Geography, 39(1), 32-54. https://doi.org/10
.1080/08873631.2021.1911078

* MacPhail, V. J., & Colla, S. R. (2020). Power
: of the people: A review of citizen science
programs for conservation. Biological

. Conservation, 249, 108739. https://doi.

: 0rg/10.1016/j.biocon.2020.108739

Magellan, K. (2019). Prayer animal release:
: An understudied pathway for introduction

: of invasive aquatic species. Aquatic

: Ecosystem Health & Management, 22(4),

i 452-461. https://dol.ora/10.1080/1463498

doi.org/10.1007/s10530-019-02146-

: Mascaro, J., Becklund, K. K., Hughes,

¢ R. F, & Schnitzer, S. A. (2008). Limited
native plant regeneration in novel, exotic-
. dominated forests on Hawai'i. Forest

. Ecology and Management, 256(4),

: 593-6086. https://doi.org/10.1016/.

: foreco.2008.04.053

McGeoch, M. A., & Jetz, W. (2019).

Measure and Reduce the Harm Caused

. by Biological Invasions. One Earth, 1(2),
: 171-174. https://doi.org/10.1016/j.
: oneear.2019.10.003

McKinney, M. L., & Lockwood, J. L. (1999).
. Biotic homogenization: A few winners

: replacing many losers in the next mass
extinction. Trends in Ecology & Evolution,

. 14(11), 450-458. https://doi.org/10.1016/
. S0169-5347(99)01679-1

McNeely, J. A. (Ed.). (2001). The great

: reshuffling: Human dimensions of invasive

. alien species. IUCN. https:/portals.iucn.org/
: library/node/7850

McWilliam, A. (2000). A Plague on Your

. House? Some Impacts of Chromolaena
odorata on Timorese Livelihoods. Human

. Ecology, 28(3), 451-469. https://cir.nii.ac.jp/
. crid/1574231875722232192

Mellor, D. J., Beausoleil, N. J., Littlewood, K.
- E., McLean, A. N., McGreevy, P. D., Jones,
: B., & Wilkins, C. (2020). The 2020 Five

: Domains Model: Including Human-Animal
Interactions in Assessments of Animal

. Welfare. Animals, 10(10), Article 10. https://
: doi.org/10.3390/ani10101870

Meyerson, F. A. B., Meyerson, L. A., &

. Reaser, J. K. (2009). Biosecurity from the

: ecologist’s perspective: Developing a more
: comprehensive approach. International
Journal of Risk Assessment and

: Management, 12(2/3/4), 147. https://www.
: academia.edu/20622951/Biosecurity_from
: the ecologists perspective developing a
more_comprehensive _approach

: 8.2019.1691433

pressure and propagule pressure in invasion

Mankad, A., Kennedy, U., & Carter, L.

. (2019). Biological control of pests and a
: social model of animal welfare. Journal
: of Environmental Management, 247,

: 313-322. hitps://doi.org/10.1016/].

. Jenvman.2019.06.080

Martinez, B., Reaser, J. K., Dehgan, A.,
: Zamft, B., Baisch, D., McCormick, C.,
Giordano, A. J., Aicher, R., & Selbe, S.

: Meyerson, L. A., & Reaser, J. K.

: (2002). Biosecurity: Moving toward a

. comprehensive approach: A comprehensive
: approach to biosecurity is necessary

* to minimize the risk of harm caused by
non-native organisms to agriculture,

. the economy, the environment, and

* human health. BioScience, 52(7),

¢ 593-600. https://doi.org/10.1641/0006-
3568(2002)052[0593:BMTACA]2.0.CO;2

61


https://doi.org/10.1111/geb.12191
https://doi.org/10.3897/neobiota.29.5786
https://doi.org/10.3897/neobiota.29.5786
https://doi.org/10.1111/j.1755-263X.2008.00021.x
https://doi.org/10.1111/j.1755-263X.2008.00021.x
https://doi.org/10.1002/ece3.5188
https://doi.org/10.1002/ece3.5188
https://doi.org/10.1038/s41467-020-16719-2
https://doi.org/10.1038/s41467-020-16719-2
https://doi.org/10.1111/1365-2656.12793
https://doi.org/10.1111/1365-2656.12793
https://doi.org/10.1016/j.tree.2005.02.004
https://doi.org/10.1016/j.tree.2005.02.004
https://doi.org/10.1111/j.1472-4642.2009.00594.x
https://doi.org/10.1111/j.1472-4642.2009.00594.x
https://doi.org/10.1016/j.tree.2023.01.006
https://doi.org/10.1016/j.tree.2023.01.006
https://doi.org/10.1371/journal.pone.0009743
https://doi.org/10.1371/journal.pone.0009743
https://www.journals.uchicago.edu/doi/10.1086/665420
https://www.journals.uchicago.edu/doi/10.1086/665420
https://doi.org/10.3354/meps12148
https://doi.org/10.3354/meps12148
https://doi.org/10.1890/1540-9295(2004)002
https://doi.org/10.1890/1540-9295(2004)002
https://doi.org/10.1890/04-0669
https://doi.org/10.1890/04-0669
https://doi.org/10.1126/science.1254704
https://doi.org/10.1126/science.1254704
https://doi.org/10.1080/08873631.2021.1911078
https://doi.org/10.1080/08873631.2021.1911078
https://doi.org/10.1016/j.biocon.2020.108739
https://doi.org/10.1016/j.biocon.2020.108739
https://doi.org/10.1080/14634988.2019.1691433
https://doi.org/10.1080/14634988.2019.1691433
https://doi.org/10.1016/j.jenvman.2019.06.080
https://doi.org/10.1016/j.jenvman.2019.06.080
https://doi.org/10.1007/s10530-019-02146-y
https://doi.org/10.1007/s10530-019-02146-y
https://doi.org/10.1016/j.foreco.2008.04.053
https://doi.org/10.1016/j.foreco.2008.04.053
https://doi.org/10.1016/j.oneear.2019.10.003
https://doi.org/10.1016/j.oneear.2019.10.003
https://doi.org/10.1016/S0169-5347(99)01679-1
https://doi.org/10.1016/S0169-5347(99)01679-1
https://portals.iucn.org/library/node/7850
https://portals.iucn.org/library/node/7850
https://cir.nii.ac.jp/crid/1574231875722232192
https://cir.nii.ac.jp/crid/1574231875722232192
https://doi.org/10.3390/ani10101870
https://doi.org/10.3390/ani10101870
https://www.academia.edu/20622951/Biosecurity_from_the_ecologists_perspective_developing_a_more_comprehensive_approach
https://www.academia.edu/20622951/Biosecurity_from_the_ecologists_perspective_developing_a_more_comprehensive_approach
https://www.academia.edu/20622951/Biosecurity_from_the_ecologists_perspective_developing_a_more_comprehensive_approach
https://www.academia.edu/20622951/Biosecurity_from_the_ecologists_perspective_developing_a_more_comprehensive_approach
https://doi.org/10.1641/0006-3568(2002)052[0593:BMTACA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052[0593:BMTACA]2.0.CO;2

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Meyerson, L. A., & Reaser, J. K. (2003).
Bioinvasions, bioterrorism, and biosecurity.
Frontiers in Ecology and the Environment,

9295(2003)001[0307:BBAB]2.0.CO;2

Meyerson, L. A., Reaser, J. K., & Chyba,
C. F. (2002). A unified definition of
biosecurity. (Letters). Science, 295(5552),
44-45. https://go.gale.com/ps/i.
do?p=HRCA&sw=w&issn=003680758v=
2.1&it=r&id=GALE%7CA82013232&sid=
googleScholar&linkaccess=abs

Michan, L. (2011). Bibliometric analysis of
systematics production in Latin America.
Acta Biologica Colombiana, 16(2),

33-46. https://www.scopus.com/inward/
record.uri?eid=2-s2.0-848609084738&partn
erlD=408md5=df709314613bd69eb09692
37676cadle

Millennium Ecosystem Assessment. (2005).
Ecosystems and Human Well-Being:
Opportunities and Challenges for Business
and Industry (Vol. 5). Island Press. https://
www.unioviedo.es/ranadon/Ricardo
Anadon/docencia/DoctoradoEconomia/
Millenium%20Ec0%20Assesment%20
05%200ppor%20Business%20Industry.pdf

Miller, J. R., & Bestelmeyer, B. T. (2016).
What’s wrong with novel ecosystems,

really? Restoration Ecology, 24(5), 577—
582. https://doi.org/10.1111/rec.12378

Miller-Rushing, A., Primack, R., & Bonney,
R. (2012). The history of public participation
in ecological research. Frontiers in Ecology
and the Environment, 10(6), 285~

290. https://doi.org/10.1890/110278

Mooney, H. A., & Hobbs, R. J. (2000).
Invasive Species in a Changing World. In
Land use change and invasive (pp. 55-64).
Ecological Restoration. https://wwuw.jstor.
org/stable/43440925

Mooney, H. A., Mack, R., McNeely, J. A,
Neville, L. E., Schei, P. J., & Waage, J. K.

Synthesis (Vol. 63). Island Press. https://
books.google.co.za/books?id=KBqYU2dC-
b4aC

Moore, J. W. (2016). Anthropocene or
Capitalocene? Nature, History, and the Crisis
of Capitalism (p. 24). PM Press. https://orb.
binghamton.edu/sociology_fac/1

Muller, S., Power, E. R., Suchet-Pearson, S.,
Wright, S., & Lloyd, K. (2009). “Quarantine
Matters!”: Quotidian Relationships

around Quarantine in Australia’s Northern
Borderlands. Environment and Planning

A: Economy and Space, 41(4), 780-

795. https://doi.org/10.1068/a40196

62

Muller-Scharer, H., Bouchemousse, S., Litto,
: M., McEvoy, P. B., Roderick, G. K., & Sun,
Y. (2020). How to better predict long-term
1(6), 307-314. https://doi.org/10.1890/1540- +
evolutionary perspective. Current Opinion
. in Insect Science, 38, 84-91. https://doi.
¢ 0rg/10.1016/.c0is.2020.02.006

benefits and risks in weed biocontrol: An

Munishi, L. K., & Ngondya, |. B. (2022).

: Realizing UN decade on ecosystem

. restoration through a nature-based
approach: A case review of management
. of biological invasions in protected areas.
+ PLoS Sustainability and Transformation,

: 1(8), e0000027. https://doi.org/10.1371/
journal.pstr.0000027

+ Murcia, C., Aronson, J., Kattan, G.

: H., Moreno-Mateos, D., Dixon, K., &
Simberloff, D. (2014). A critique of the ‘novel
. ecosystem’ concept. Trends in Ecology

. & Evolution, 29(10), 548-553. https://doi.
0rg/10.1016/j.tree.2014.07.006

: Murphy, S. T., Subedi, N., Jnawali, S. R.,

: Lamichhane, B. R., Upadhyay, G. P., Kock,
: R, & Amin, R. (2013). Invasive mikania in
Chitwan National Park, Nepal: The threat

. to the greater one-horned rhinoceros

. Rhinoceros unicornis and factors driving the
: invasion. Oryx, 47(3), 361-368. https://doi.

& Evolution, 35(8), 642-645. https://doi.
. org/10.1016/j.tree.2020.05.004

: Occhipinti-Ambrogi, A., & Galil, B. S. (2004).
A uniform terminology on bioinvasions:

: A chimera or an operative tool? Marine

. Pollution Bulletin, 49(9), 688-694. https://
doi.org/10.1016/j.marpolbul.2004.08.011

Ogden, N. H., Wilson, J. R. U., Richardson,
: D. M., Hui, C., Davies, S. J., Kumschick, S.,
: Le Roux, J. J., Measey, J., Saul, W.-C., &
Pulliam, J. R. C. (2019). Emerging infectious
. diseases and biological invasions: A call for
: a One Health collaboration in science and
management. Royal Society Open Science,
. 6(3), 181577. https://doi.org/10.1098/

¢ rs0s.181577

Olden, J. D. (2006). Biotic homogenization:
- A new research agenda for conservation

. biogeography. Journal of Biogeography,

i 33(12), 2027-2039. https://doi.
org/10.1111/.1365-2699.2006.01572.x

: Oplndia. (2021, February 10). As Priyanka
: Gandhi cites Nehru to attack the new
Farm Laws, here’s how India’s first PM

. gifted poisonous ‘Congress grass’ to the

. nation. Oplndia. URL: https://www.opindia.
¢ com/2021/02/heres-how-indias-first-pm-

0rg/10.1017/5003060531200124X

. Newbold, T., Hudson, L. N., Hill, S. L. L.,

: Contu, S., Lysenko, I., Senior, R. A., Borger,
L., Bennett, D. J., Choimes, A., Collen, B.,

: Day, J., De Palma, A., Diaz, S., Echeverria-
: Londofio, S., Edgar, M. J., Feldman, A.,
Garon, M., Harrison, M. L. K., Alhusseini, T.,
. ... Purvis, A. (2015). Global effects of land

: use on local terrestrial biodiversity. Nature,

: 520(7545), 45-50. https://doi.org/10.1038/

gifted-poisonous-congress-grass-to-the-
: nation/

: Parker, I. M., Simberloff, D., Lonsdale, W.

M., Goodell, K., Wonham, M., Kareiva, P. M.,
* Wiliamson, M. H., Von Holle, B., Moyle, P. B.,
: Byers, J. E., & Goldwasser, L. (1999). Impact:
Toward a Framework for Understanding

: the Ecological Effects of Invaders.

: Biological Invasions, 1(1), 3-19. https:/doi.

nature14324

: Nixon, R. (2011). Slow Violence and the
: Environmentalism of the Poor. Harvard
. University Press.

* Novoa, A., Dehnen-Schmutz, K., Fried,
: J., & Vimercati, G. (2017). Does public
(Eds.). (2005). Invasive Alien Species: A New
: species management? Promising evidence
: across taxa and landscape types. Biological
: Invasions, 19(12), 3691-3705. https://doi.
0rg/10.1007/s10530-017-1592-0

awareness increase support for invasive

* Nufiez, M. A., Davis, K. T., Dimarco, R. D.,
Peltzer, D. A., Paritsis, J., Maxwell, B. D., &
. Pauchard, A. (2021). Should tree invasions
: be used in treeless ecosystems to mitigate
: climate change? Frontiers in Ecology and
the Environment, 19(6), 334-341. https://

. doi.org/10.1002/fee.2346

Nufez, M. A., Pauchard, A., & Ricciardi,
¢ A. (2020). Invasion Science and the Global
Spread of SARS-CoV-2. Trends in Ecology

' 0rg/10.1023/A:1010034312781

Parravicini, V., Azzurro, E., Kulbicki, M.,
+ & Belmaker, J. (2015). Niche shift can

: impair the ability to predict invasion risk
in the marine realm: An illustration using
: Mediterranean fish invaders. Ecology

. Letters, 18(3), 246-253. https://doi.

i 0rg/10.1111/ele.12401

Pauchard, A., & Shea, K. (2006). Integrating
: the Study of Non-native Plant Invasions

: across Spatial Scales. Biological Invasions,
8(3), 399-413. https://doi.org/10.1007/

: s10530-005-6419-8

Pauly, D. (1995). Anecdotes and the shifting
. baseline syndrome of fisheries. Trends in

: Ecology & Evolution, 10(10), 430. https://

: doi.org/10.1016/S0169-5347(00)89171-5

¢ Pawson, E., & Christensen, A. A. (2014).

: Landscapes of the Anthropocene: From

: dominion to dependence? In Rethinking
Invasion Ecologies from the Environmental
Humanities (pp. 82-102). Routledge.


https://doi.org/10.1890/1540-9295(2003)001[0307:BBAB]2.0.CO;2
https://doi.org/10.1890/1540-9295(2003)001[0307:BBAB]2.0.CO;2
https://go.gale.com/ps/i.do?p=HRCA&sw=w&issn=00368075&v=2.1&it=r&id=GALE%7CA82013232&sid=googleScholar&linkaccess=abs
https://go.gale.com/ps/i.do?p=HRCA&sw=w&issn=00368075&v=2.1&it=r&id=GALE%7CA82013232&sid=googleScholar&linkaccess=abs
https://go.gale.com/ps/i.do?p=HRCA&sw=w&issn=00368075&v=2.1&it=r&id=GALE%7CA82013232&sid=googleScholar&linkaccess=abs
https://go.gale.com/ps/i.do?p=HRCA&sw=w&issn=00368075&v=2.1&it=r&id=GALE%7CA82013232&sid=googleScholar&linkaccess=abs
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84860908473&partnerID=40&md5=df709314613bd69eb0969237676ca41e
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84860908473&partnerID=40&md5=df709314613bd69eb0969237676ca41e
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84860908473&partnerID=40&md5=df709314613bd69eb0969237676ca41e
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84860908473&partnerID=40&md5=df709314613bd69eb0969237676ca41e
https://www.unioviedo.es/ranadon/Ricardo_Anadon/docencia/DoctoradoEconomia/Millenium%20Eco%20Assesment%2005%20Oppor%20Business%20Industry.pdf
https://www.unioviedo.es/ranadon/Ricardo_Anadon/docencia/DoctoradoEconomia/Millenium%20Eco%20Assesment%2005%20Oppor%20Business%20Industry.pdf
https://www.unioviedo.es/ranadon/Ricardo_Anadon/docencia/DoctoradoEconomia/Millenium%20Eco%20Assesment%2005%20Oppor%20Business%20Industry.pdf
https://www.unioviedo.es/ranadon/Ricardo_Anadon/docencia/DoctoradoEconomia/Millenium%20Eco%20Assesment%2005%20Oppor%20Business%20Industry.pdf
https://www.unioviedo.es/ranadon/Ricardo_Anadon/docencia/DoctoradoEconomia/Millenium%20Eco%20Assesment%2005%20Oppor%20Business%20Industry.pdf
https://doi.org/10.1111/rec.12378
https://doi.org/10.1890/110278
https://www.jstor.org/stable/43440925
https://www.jstor.org/stable/43440925
https://books.google.co.za/books?id=KBqYU2dC-b4C
https://books.google.co.za/books?id=KBqYU2dC-b4C
https://books.google.co.za/books?id=KBqYU2dC-b4C
https://orb.binghamton.edu/sociology_fac/1
https://orb.binghamton.edu/sociology_fac/1
https://doi.org/10.1068/a40196
https://doi.org/10.1016/j.cois.2020.02.006
https://doi.org/10.1016/j.cois.2020.02.006
https://doi.org/10.1371/journal.pstr.0000027
https://doi.org/10.1371/journal.pstr.0000027
https://doi.org/10.1016/j.tree.2014.07.006
https://doi.org/10.1016/j.tree.2014.07.006
https://doi.org/10.1017/S003060531200124X
https://doi.org/10.1017/S003060531200124X
https://doi.org/10.1038/nature14324
https://doi.org/10.1038/nature14324
https://doi.org/10.1007/s10530-017-1592-0
https://doi.org/10.1007/s10530-017-1592-0
https://doi.org/10.1002/fee.2346
https://doi.org/10.1002/fee.2346
https://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.1016/j.marpolbul.2004.08.011
https://doi.org/10.1016/j.marpolbul.2004.08.011
https://doi.org/10.1098/rsos.181577
https://doi.org/10.1098/rsos.181577
https://doi.org/10.1111/j.1365-2699.2006.01572.x
https://doi.org/10.1111/j.1365-2699.2006.01572.x
https://www.opindia.com/2021/02/heres-how-indias-first-pm-gifted-poisonous-congress-grass-to-the-nation/
https://www.opindia.com/2021/02/heres-how-indias-first-pm-gifted-poisonous-congress-grass-to-the-nation/
https://www.opindia.com/2021/02/heres-how-indias-first-pm-gifted-poisonous-congress-grass-to-the-nation/
https://www.opindia.com/2021/02/heres-how-indias-first-pm-gifted-poisonous-congress-grass-to-the-nation/
https://doi.org/10.1023/A:1010034312781
https://doi.org/10.1023/A:1010034312781
https://doi.org/10.1111/ele.12401
https://doi.org/10.1111/ele.12401
https://doi.org/10.1007/s10530-005-6419-8
https://doi.org/10.1007/s10530-005-6419-8
https://doi.org/10.1016/S0169-5347(00)89171-5
https://doi.org/10.1016/S0169-5347(00)89171-5

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

Peltzer, D. A., Bellingham, P. J., Dickie, I.
A., Houliston, G., Hulme, P. E., Lyver, P. O.,
McGlone, M., Richardson, S. J., & Wood,
J. (2019). Scale and complexity implications
of making New Zealand predator-free by
2050. Journal of the Royal Society of New

Zealand, 49(3), 412-439. https://doi.org/10. :
: Complexity): New Models and Methods.
Trends in Ecology & Evolution, 35(12),

: 1119-1128. https://doi.org/10.1016/.

. tree.2020.08.015

1080/03036758.2019.1653940

Perry, D., & Perry, G. (2008). Improving
interactions between animal rights groups
and conservation biologists. Conservation
Biology, 22(1), 27-35. https://doi.
org/10.1111/.1523-1739.2007.00845.x

Pfeiffer, J. M., & Voeks, R. A. (2008).
Biological invasions and biocultural
diversity: Linking ecological and cultural
systems. Environmental Conservation,
35(4), 281-293. https://doi.org/10.1017/
S0376892908005146

Pimm, S. L., Jenkins, C. N., Abell, R.,
Brooks, T. M., Gittleman, J. L., Joppa, L.
N., Raven, P. H., Roberts, C. M., & Sexton,
J. O. (2014). The biodiversity of species
and their rates of extinction, distribution,
and protection. Science, 344(6187),
1246752. https://doi.org/10.1126/
science.1246752

Pino, J., Font, X., Carbd, J., Jové, M., &
Pallares, L. (2005). Large-scale correlates
of alien plant invasion in Catalonia (NE of
Spain). Biological Conservation, 122(2),
339-350. https://doi.org/10.1016/j.
biocon.2004.08.006

Using Cell Phones. Wildlife Society Bulletin,
44(4), 782-789. https://doi.org/10.1002/
wsb.1141

Pocock, M. J. O., Chandler, M., Bonney,
R., Thornhill, I., Albin, A., August, T.,
Bachman, S., Brown, P. M. J., Cunha, D.
G. F, Grez, A., Jackson, C., Peters, M.,
Rabarijaon, N. R., Roy, H. E., Zaviezo, T.,
& Danielsen, F. (2018). A Vision for Global

Biodiversity Monitoring With Citizen Science.
: A, Catford, J. A., Hume, P. E., Perg|, J.,
: Richardson, D. M., Wilson, J. R. U., &
Blackburn, T. M. (2020). MAcroecological
: Framework for Invasive Aliens (MAFIA):

: Disentangling large-scale context
dependence in biological invasions.

. NeoBiota, 62, 407-461. https://doi.

: 0rg/10.3897/neobiota.62.52787

In Advances in Ecological Research (Vol.
59, pp. 169-223). Elsevier. https://doi.
0rg/10.1016/bs.aecr.2018.06.003

Pocock, M. J. O., Chapman, D. S.,
Sheppard, L. J., & Roy, H. E. (2014).
Choosing and using citizen science: A
guide to when and how to use citizen
science to monitor biodiversity and the
environment. https://nora.nerc.ac.uk/id/
eprint/510644/1/N510644CR.pdf

& Roy, D. B. (2015). The Biological Records
Centre: A pioneer of citizen science.

Biological Journal of the Linnean Society,
: 115(3), 475-493. https://doi.org/10.1111/

¢ bij.12548

i Pollock, L. J., O'Connor, L. M. J., Mokany,
: K., Rosauer, D. F, Talluto, M. V., & Thuiller,

W. (2020). Protecting Biodiversity (in All lts

Pértner, H.-O., Scholes, R. J., Agard, J.,

+ Archer, E., Bai, X., Barnes, D., Burrows, M.,
: Chan, L., Cheung, W. L. (Wiliam), Diamond,
¢ S., Donatti, C., Duarte, C., Eisenhauer,

- N., Foden, W., Gasalla, M. A., Handa, C.,

: HickKler, T., Hoegh-Guldberg, O., Ichii, K., ...
: Ngo, H. (2021). IPBES-IPCC co-sponsored
workshop report on biodiversity and climate
. change (Version 2). Zenodo. https://doi.

¢ 0rg/10.5281/ZENODQ.4782538

: Powell, M. C., & Colin, M. (2009).

. Participatory paradoxes: Facilitating
. citizen engagement in science and
: technology from the Top-Down?

¢ Bulletin of Science, Technology &

: Society, 29(4), 325-342. https://doi.
: 0rg/10.1177/0270467609336308

Puri, R. K. (2015). The uniqueness of the
: everyday: Herders and invasive species
¢ in India. In J. Barnes & M. R. Dove
(Eds.), Climate Cultures: Anthropological
. Perspectives on Climate Change (pp.

+ 249-272). Yale University Press. http://

: yalebooks.com/book/9780300198812/
Platenberg, R. J., Raymore, M., Primack, A.,
& Troutman, K. (2020). Monitoring Vocalizing :
Species by Engaging Community Volunteers :
¢ Brooks, M. L., & Mealor, B. A. (2016). Land
Uses, Fire, and Invasion: Exotic Annual

: Bromus and Human Dimensions. In M. J.

: Germino, J. C. Chambers, & C. S. Brown

: (Eds.), Exotic Brome-Grasses in Arid and
Semiarid Ecosystems of the Western

+ US (pp. 307-3837). Springer International

* Publishing. https://doi.org/10.1007/978-3-
: 319-24930-8 11

climate-cultures

Pyke, D. A., Chambers, J. C., Beck, J. L.,

Pysek, P., Bacher, S., Kuhn, I., Novoa,

Pysek, P., Blackburn, T. M., Garcia-Berthou,
- E., Perglova, I., & Rabitsch, W. (2017).

: Displacement and Local Extinction of
Pocock, M. J. O., Roy, H. E., Preston, C. D., :
& P. E. Hulme (Eds.), Impact of Biological
Invasions on Ecosystem Services (Vol.

Native and Endemic Species. In M. Vila

12, pp. 157-175). Springer International
. Publishing. https://doi.org/10.1007/978-3-
¢ 319-45121-3 10

¢ Py3ek, P, Hulme, P. E., Simberloff, D.,

: Bacher, S., Blackburn, T. M., Carlton, J.

* T., Dawson, W., Essl, F,, Foxcroft, L. C.,

: Genovesi, P, Jeschke, J. M., Kiihn, 1.,
Liebhold, A. M., Mandrak, N. E., Meyerson,
¢ L. A, Pauchard, A., Pergl, J., Roy, H.

: E., Seebens, H., ... Richardson, D. M.
(2020). Scientists” warning on invasive alien
. species. Biological Reviews, 95(6), 1511-

: 1534. https://doi.org/10.1111/brv.12627

¢ Pysek, P, Jarogik, V., & Pergl, J. (2011).
. Alien plants introduced by different

: pathways differ in invasion success:

* Unintentional introductions as a threat
to natural areas. PLoS ONE, 6(9),

. €24890. https://doi.org/10.1371/journal.
: pone.0024890

Pysek, P, Pergl, J., Essl, F, Lenzner, B.,

- Dawson, W., Kreft, H., Weigelt, P., Winter,

: M., Kartesz, J., Nishino, M., Antonova, L. A.,
: Barcelona, J. F., Cabesaz, F. J., Cérdenas,
D., Cardenas-Toro, J., Castario, N., Chacon,
. E., Chatelain, C., Dullinger, S., ... Kleunen,

: M. van. (2017). Naturalized alien flora of

: the world: Species diversity, taxonomic

and phylogenetic patterns, geographic

: distribution and global hotspots of plant

. invasion. Preslia, 89(3), 203-274. https://

: doi.org/10.23866/preslia.2017.203

: PysSek, P, & Richardson, D. M. (2010).

. Invasive species, environmental change and
management, and health. Annual Review

- of Environment and Resources, 35(1),

: 25-55. https://doi.org/10.1146/annurev-
environ-033009-095548

Pysek, P., Richardson, D. M., Rejmanek, M.,
: Webster, G. L., Wiliamson, M., & Kirschner,
: J. (2004). Alien plants in checklists and
floras: Towards better communication

: between taxonomists and ecologists.

¢ TAXON, 53(1), 131-143. https://doi.

i 0rg/10.2307/4135498

: Quenild, M., Setten, G., & Skér, M. (2014).
: Politicising plants: Dwelling and invasive

: alien species in domestic gardens in
Norway. Norsk Geografisk Tidsskrift —

: Norwegian Journal of Geography, 68(1),

: 22-33. https://doi.org/10.1080/00291951.
: 2013.870599

: Rai, R. K., & Scarborough, H. (2015).

: Understanding the Effects of the Invasive
Plants on Rural Forest-dependent

- Communities. Small-Scale Forestry, 14(1),
¢ 59-72. https://doi.org/10.1007/s11842-
i 014-9273-7

63


https://doi.org/10.1080/03036758.2019.1653940
https://doi.org/10.1080/03036758.2019.1653940
https://doi.org/10.1111/j.1523-1739.2007.00845.x
https://doi.org/10.1111/j.1523-1739.2007.00845.x
https://doi.org/10.1017/S0376892908005146
https://doi.org/10.1017/S0376892908005146
https://doi.org/10.1126/science.1246752
https://doi.org/10.1126/science.1246752
https://doi.org/10.1016/j.biocon.2004.08.006
https://doi.org/10.1016/j.biocon.2004.08.006
https://doi.org/10.1002/wsb.1141
https://doi.org/10.1002/wsb.1141
https://doi.org/10.1016/bs.aecr.2018.06.003
https://doi.org/10.1016/bs.aecr.2018.06.003
https://nora.nerc.ac.uk/id/eprint/510644/1/N510644CR.pdf
https://nora.nerc.ac.uk/id/eprint/510644/1/N510644CR.pdf
https://doi.org/10.1111/bij.12548
https://doi.org/10.1111/bij.12548
https://doi.org/10.1016/j.tree.2020.08.015
https://doi.org/10.1016/j.tree.2020.08.015
https://doi.org/10.5281/ZENODO.4782538
https://doi.org/10.5281/ZENODO.4782538
https://doi.org/10.1177/0270467609336308
https://doi.org/10.1177/0270467609336308
http://yalebooks.com/book/9780300198812/climate-cultures
http://yalebooks.com/book/9780300198812/climate-cultures
http://yalebooks.com/book/9780300198812/climate-cultures
https://doi.org/10.1007/978-3-319-24930-8_11
https://doi.org/10.1007/978-3-319-24930-8_11
https://doi.org/10.3897/neobiota.62.52787
https://doi.org/10.3897/neobiota.62.52787
https://doi.org/10.1007/978-3-319-45121-3_10
https://doi.org/10.1007/978-3-319-45121-3_10
https://doi.org/10.1111/brv.12627
https://doi.org/10.1371/journal.pone.0024890
https://doi.org/10.1371/journal.pone.0024890
https://doi.org/10.23855/preslia.2017.203
https://doi.org/10.23855/preslia.2017.203
https://doi.org/10.1146/annurev-environ-033009-095548
https://doi.org/10.1146/annurev-environ-033009-095548
https://doi.org/10.2307/4135498
https://doi.org/10.2307/4135498
https://doi.org/10.1080/00291951.2013.870599
https://doi.org/10.1080/00291951.2013.870599
https://doi.org/10.1007/s11842-014-9273-7
https://doi.org/10.1007/s11842-014-9273-7

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Ramakrishnan, P. S., & Vitousek, P. M.
(1989). Ecosystem-level processes and the
consequences of biological invasions. In
Biological Invasions. A Global Perspective
(pp. 281-300). Wiley.

Rangan, H., & Kull, C. A. (2009). What
makes ecology “political’?: Rethinking
‘scale’ in political ecology. Progress in
Human Geography, 33(1), 28-45. https://
doi.org/10.1177/0309132508090215

Reaser, J. K., Simpson, A., Guala, G.
F., Morisette, J. T., & Fuller, P. (2020).
Envisioning a national invasive species
information framework. Biological
Invasions, 22(1), 21-36. https://doi.
0rg/10.1007/s10530-019-02141-3

Redding, D. W., Pigot, A. L., Dyer, E. E.,
Sekercioglu, C. H., Kark, S., & Blackburn,
T. M. (2019). Location-level processes
drive the establishment of alien bird
populations worldwide. Nature, 571(77683),
103-106. https://doi.org/10.1038/s41586-
019-1292-2

Redford, K. H., Brooks, T. M., Macfarlane,
N. B. W., & Adams, J. S. (Eds.). (2019).
Genetic frontiers for conservation: An
assessment of synthetic biology and
biodiversity conservation: technical
assessment. IUCN, International Union
for Conservation of Nature. https://doi.

Ricciardi, A., Hoopes, M. F., Marchetti,

. M. P, & Lockwood, J. L. (2013). Progress
: toward understanding the ecological

: impacts of nonnative species. Ecological
i Monographs, 83(3), 263-282. https://doi.
. 0rg/10.1890/13-01883.1

: Richardson, D. M. (1998). Forestry Trees
as Invasive Aliens. Conservation Biology,
+ 12(1), 18-26. https://doi.org/10.1046/

¢ 1.1523-1739.1998.96392.x

Richardson, D. M., Pysek, P., & Carlton,
+ J. T. (2010). A Compendium of Essential
: Concepts and Terminology in Invasion

¢ Ecology. In D. M. Richardson (Ed.),

. Fifty Years of Invasion Ecology (pp.

of aquatic invasions. Trends in Ecology
. & Evolution, 22(9), 464-464. https://doi.
¢ org/10.1016/j.tree.2007.07.002

Ross, D. J., Johnson, C. R., Hewitt, C.

+ L., &Ruiz, G. M. (2004). Interaction and

: impacts of two introduced species on

: a soft-sediment marine assemblage in

SE Tasmania. Marine Biology, 144(4),

. 747-756. https://doi.org/10.1007/s00227-
: 003-1223-4

¢ Rotherham, I. D., & Lambert, R. A.

: (Eds.). (2013). Invasive and introduced

. plants and animals: Human perceptions,
 attitudes and approaches to management.
. Routledge. https://www.crcpress.com/

409-420). Wiley-Blackwell. https://doi.
¢ 0rg/10.1002/9781444329988.ch30

Richter, R., Berger, U. E., Dullinger, S.,

. Essl, F, Leitner, M., Smith, M., & Vog|,

: G. (2013). Spread of invasive ragweed:
Climate change, management and how to
. reduce allergy costs. Journal of Applied

. Ecology, 50(6), 1422—1430. https://doi.

¢ 0rg/10.1111/1365-2664.12156

Ritchie, H., Mathieu, E., Rodés-Guirao, L.,
: Appel, C., Giattino, C., Ortiz-Ospina, E.,

: Hasell, J., Macdonald, B., Beltekian, D., &
Roser, M. (2020). Coronavirus Pandemic

¢ (COVID-19). Our World in Data. https://

: Invasive-and-Introduced-Plants-and-

: Animals-Human-Perceptions-Attitudes/
Rotherham-Lambert/p/book/9780415
: 830690

: Roura-Pascual, N., Leung, B., Rabitsch,
W., Rutting, L., Vervoort, J., Bacher, S.,

. Dullinger, S., Erb, K.-H., Jeschke, J.

: M., Katsanevakis, S., Kihn, I., Lenzner,

: B., Liebhold, A. M., Obersteiner, M.,
Pauchard, A., Peterson, G. D., Roy, H. E.,
. Seebens, H., Winter, M., ... Essl, F. (2021).
. Alternative futures for global biological

: invasions. Sustainability Science, 16(5),
1637-1650. https://doi.org/10.1007/

0rg/10.2305/IUCN.CH.2019.05.en

Rejmanek, M., & Richardson, D. M. (1996).
What Attributes Make Some Plant Species
More Invasive? Ecology, 77(6), 1655—
1661. https://doi.org/10.2307/2265768

Reo, N. J., & Ogden, L. A. (2018).

on the global threat of invasive species.
Sustainability Science, 13(5), 1443—
1452. https://doi.org/10.1007/s11625-
018-0571-4

Rettberg, S. (2010). Contested narratives
of pastoral vulnerability and risk in
Ethiopia’s Afar region. Pastoralism —
Research, Policy and Practice, 1(2),
248-273. https://doi.org/10.3362/2041 -
7136.2010.014

Ricciardi, A., Blackburn, T. M., Carlton, J.
T., Dick, J. T. A., Hulme, P. E., lacarella,
J. C., Jeschke, J. M., Liebhold, A.

M., Lockwood, J. L., Maclsaac, H. J.,
Pysek, P., Richardson, D. M., Ruiz, G.
M., Simberloff, D., Sutherland, W. J.,
Wardle, D. A., & Aldridge, D. C. (2017).
Invasion Science: A Horizon Scan of
Emerging Challenges and Opportunities.
Trends in Ecology & Evolution, 32(6),
464-474. https://doi.org/10.1016/j.
tree.2017.03.007

64

¢ ourworldindata.org/mortality-risk-covid

¢ Ritvo, H. (2014). How Wild is Wild?
¢ [Application/pdf]. 7 Pages. https://doi.
: 0rg/10.5282/RCC/6270

Robbins, L. E. (2002). Elephant slaves

: and pampered parrots: Exotic animals in

. eighteenth-century Paris. JHU Press.
Anishnaabe Aki: An indigenous perspective

: Robinson, T. B., Martin, N., Loureiro, T. G.,
: Matikinca, P., & Robertson, M. P. (2020).

: Double trouble: The implications of climate
change for biological invasions. NeoBiota,
. 62, 463-487. https://doi.org/10.3897/

: neobiota.62.55729

i Rodda, G. H., & Savidge, J. A. (2007).

: Biology and Impacts of Pacific Island

: Invasive Species. 2. Boiga irregularis,

: the Brown Tree Snake (Reptilia:

i Colubridae) 1. Pacific Science, 61(3),

: 307-324. https://doi.org/10.2984/1534-
: 6188(2007)61[307:BAIOPI]2.0.CO;2

Rojas-Sandoval, J., & Acevedo-Rodriguez,
: P (2015). Naturalization and invasion

: of alien plants in Puerto Rico and the
Virgin Islands. Biological Invasions, 17(1),

: 149-168. https://doi.org/10.1007/s10530-
: 014-0712-3

Roman, J., & Darling, J. A. (2007). Paradox
lost: Genetic diversity and the success

: 811625-021-00963-6

: Roy, H. E., Hesketh, H., Purse, B. V,
Eilenberg, J., Santini, A., Scalera, R.,

. Stentiford, G. D., Adriaens, T., Bacela-

: Spychalska, K., Bass, D., Beckmann,

i K.M,, Bessell, P, Bojko, J., Booy, O.,

. Cardoso, A. C,, Essl, F.,, Groom, Q.,

: Harrower, C., Kleespies, R., ... Dunn,

: A. M. (2017). Alien Pathogens on the
Horizon: Opportunities for Predicting their
. Threat to Wildlife. Conservation Letters,

: 10(4), 477-484. hitps://doi.org/10.1111/
: conl.12297

Roy, H. E., & Lawson Handley, L.-J. (2012).
* Networking: A community approach to

: invaders and their parasites. Functional
Ecology, 26(6), 1238-1248. https://doi.

: 0rg/10.1111/j.1365-2435.2012.02032.x

¢ Roy, H. E., Peyton, J. M., & Booy, O.
(2020). Guiding principles for utilizing social
: influence within expert-elicitation to inform

* conservation decision-making. Global

i Change Biology, 26(6), 3181-3184. https://
. doi.org/10.1111/gcb.15062

: Roy, H. E., Rorke, S. L., Beckmann, B.,
Booy, O., Botham, M. S., Brown, P. M.

- J., Harrower, C., Noble, D., Sewell, J.,

+ & Walker, K. (2015). The contribution of

: volunteer recorders to our understanding
of biological invasions. Biological Journal


https://doi.org/10.1177/0309132508090215
https://doi.org/10.1177/0309132508090215
https://doi.org/10.1007/s10530-019-02141-3
https://doi.org/10.1007/s10530-019-02141-3
https://doi.org/10.1038/s41586-019-1292-2
https://doi.org/10.1038/s41586-019-1292-2
https://doi.org/10.2305/IUCN.CH.2019.05.en
https://doi.org/10.2305/IUCN.CH.2019.05.en
https://doi.org/10.2307/2265768
https://doi.org/10.1007/s11625-018-0571-4
https://doi.org/10.1007/s11625-018-0571-4
https://doi.org/10.3362/2041-7136.2010.014
https://doi.org/10.3362/2041-7136.2010.014
https://doi.org/10.1016/j.tree.2017.03.007
https://doi.org/10.1016/j.tree.2017.03.007
https://doi.org/10.1890/13-0183.1
https://doi.org/10.1890/13-0183.1
https://doi.org/10.1046/j.1523-1739.1998.96392.x
https://doi.org/10.1046/j.1523-1739.1998.96392.x
https://doi.org/10.1002/9781444329988.ch30
https://doi.org/10.1002/9781444329988.ch30
https://doi.org/10.1111/1365-2664.12156
https://doi.org/10.1111/1365-2664.12156
https://ourworldindata.org/mortality-risk-covid
https://ourworldindata.org/mortality-risk-covid
https://doi.org/10.5282/RCC/6270
https://doi.org/10.5282/RCC/6270
https://doi.org/10.3897/neobiota.62.55729
https://doi.org/10.3897/neobiota.62.55729
https://doi.org/10.2984/1534-6188(2007)61[307:BAIOPI]2.0.CO;2
https://doi.org/10.2984/1534-6188(2007)61[307:BAIOPI]2.0.CO;2
https://doi.org/10.1007/s10530-014-0712-3
https://doi.org/10.1007/s10530-014-0712-3
https://doi.org/10.1016/j.tree.2007.07.002
https://doi.org/10.1016/j.tree.2007.07.002
https://doi.org/10.1007/s00227-003-1223-4
https://doi.org/10.1007/s00227-003-1223-4
https://www.crcpress.com/Invasive-and-Introduced-Plants-and-Animals-Human-Perceptions-Attitudes/Rotherham-Lambert/p/book/9780415830690
https://www.crcpress.com/Invasive-and-Introduced-Plants-and-Animals-Human-Perceptions-Attitudes/Rotherham-Lambert/p/book/9780415830690
https://www.crcpress.com/Invasive-and-Introduced-Plants-and-Animals-Human-Perceptions-Attitudes/Rotherham-Lambert/p/book/9780415830690
https://www.crcpress.com/Invasive-and-Introduced-Plants-and-Animals-Human-Perceptions-Attitudes/Rotherham-Lambert/p/book/9780415830690
https://www.crcpress.com/Invasive-and-Introduced-Plants-and-Animals-Human-Perceptions-Attitudes/Rotherham-Lambert/p/book/9780415830690
https://doi.org/10.1007/s11625-021-00963-6
https://doi.org/10.1007/s11625-021-00963-6
https://doi.org/10.1111/conl.12297
https://doi.org/10.1111/conl.12297
https://doi.org/10.1111/j.1365-2435.2012.02032.x
https://doi.org/10.1111/j.1365-2435.2012.02032.x
https://doi.org/10.1111/gcb.15062
https://doi.org/10.1111/gcb.15062

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

of the Linnean Society, 115(3), 678—
689. https://doi.org/10.1111/bij.12518

Roy, H. E., Tricarico, E., Hassall, R., Johns,
C. A., Roy, K. A., Scalera, R., Smith, K. G.,
& Purse, B. V. (2023). The role of invasive
alien species in the emergence and spread
of zoonoses. Biological Invasions, 25(4),
1249-1264. https://doi.org/10.1007/
$10530-022-02978-1

Pagad, S. (2017). Invasive alien species on
islands: Impacts, distribution, interactions
and management. Environmental
Conservation, 44(4), 359-370. https://doi.
0rg/10.1017/S0376892917000297

Sagarin, R., & Pauchard, A. (2012).
Observation and Ecology. Island Press/

Center for Resource Economics. https://doi.
. International Publishing. https://doi.
: 0rg/10.1007/978-3-030-45367-1_12

0rg/10.56822/978-1-61091-230-3

Sala, E., Kizilkaya, Z., Yildirim, D., &
Ballesteros, E. (2011). Alien Marine
Fishes Deplete Algal Biomass in the
Eastern Mediterranean. PLoS ONE, 6(2),
e17356. https://doi.org/10.1371/journal.
pone.0017356

Sala, O. E., Chapin, F. S., Armesto, J. J.,
Berlow, E., Bloomfield, J., Dirzo, R., Huber-
Sanwald, E., Huenneke, L. F., Jackson, R.
B., Kinzig, A., Leemans, R., Lodge, D. M.,
Mooney, H. A., Oesterheld, M., Poff, N.

L., Sykes, M. T., Walker, B. H., Walker, M.,
& Wall, D. H. (2000). Biodiversity—Global
biodiversity scenarios for the year 2100.
Science, 287(5459), 1770-1774. https://
doi.org/10.1126/science.287.5459.1770

linking major invasion data bases. Journal
. of Applied Ecology, 54(2), 657-669. https:/
: doi.org/10.1111/1365-2664.12819

¢ Scanlon, E., Woods, W., & Clow, D. (2014).
¢ Informal participation in science in the UK:

: identification, location and mobility with

: iSpot. Journal of Educational Technology &
i Society, 17(2), 58-71.

* Schelhas, J., Alexander, J., Brunson, M.,
Russell, J. C., Meyer, J.-Y., Holmes, N. D., & :
M. R., Frankel, S. J., Hapner, N., Hickman,
: C.R., Jordan, R., LaVoie, M. J., Ma, Z.,
. Starinchak, J., & Vukomanovic, J. (2021).
Social and Cultural Dynamics of Non-
. native Invasive Species. In T. M. Poland, T.
: Patel-Weynand, D. M. Finch, C. F. Miniat,
: D. C. Hayes, & V. M. Lopez (Eds.), Invasive
2 Species in Forests and Rangelands of the

Cabe, T., Crall, A., Dockry, M. J., Emery,

United States (pp. 267-291). Springer

: Schweiger, O., Biesmeijer, J. C., Bommarco,
: R., Hickler, T., Hulme, P. E., Klotz, S., Kiihn,
: I., Moora, M., Nielsen, A., Ohlemdiller,

i R, Petanidou, T, Potts, S. G., Pyek, P,

¢ Stout, J. C., Sykes, M. T., Tscheulin, T.,

. Vila, M., Walther, G.-R., Westphal, C., ...

: Settele, J. (2010). Multiple stressors on
biotic interactions: How climate change and
. alien species interact to affect pollination.

. Biological Reviews, no-no. https://doi.

: 1, Roigé, M., Pagad, S., Essl, F., Vicente,

: J., Winter, M., & McGeoch, M. A. (2020). A
: workflow for standardising and integrating
: alien species distribution data. NeoBiota,
59, 39-59. https://doi.org/10.3897/

¢ neobiota.59.563578

: Seebens, H., Essl, F,, & Blasius, B. (2017).
The intermediate distance hypothesis of

. biological invasions. Ecology Letters, 20(2),

: 158-165. https://doi.org/10.1111/ele. 12715

Seebens, H., Essl, F., Dawson, W.,

: Fuentes, N., Moser, D., Pergl, J., Pysek,
: P, Van Kleunen, M., Weber, E., Winter,
M., & Blasius, B. (2015). Global trade will
. accelerate plant invasions in emerging

+ economies under climate change.

: Global Change Biology, 21(11), 4128
4140. https://doi.org/10.1111/gcb.13021

. Selge, S., Fischer, A., & Van Der Wal, R.

: (2011). Public and professional views on
invasive non-native species — A qualitative

. social scientific investigation. Biological

. Conservation, 144(12), 3089-3097. https://
: doi.org/10.1016/}.biocon.2011.09.014

Shackelford, N., Hobbs, R. J., Heller, N.

. E., Hallett, L. M., & Seastedt, T. R. (2013).
: Finding a middle-ground: The native/non-
native debate. Biological Conservation,

: 158, 55-62. https://doi.org/10.1016/j.

org/10.1111/j.1469-185X.2010.00125.x

Secretariat of the CBD. (2020). Global
. Biodiversity Outlook 5 -Summary for
. Policymakers. https://www.cbd.int/gbo/

Salmon, E. (2000). Kincentric Ecology:
Indigenous Perceptions of the Human-
Nature Relationship. Ecological
Applications, 10(5), 1327-1332. https://doi.
0rg/10.2307/2641288

Sapsford, S. J., Brandt, A. J., Davis, K.

T., Peralta, G., Dickie, I. A., Gibson, R. D.,
Green, J. L., Hulme, P. E., Nufez, M. A.,
Orwin, K. H., Pauchard, A., Wardle, D. A., &
Peltzer, D. A. (2020). Towards a framework
for understanding the context dependence
of impacts of non-native tree species.
Functional Ecology, 34(5), 944-955. https://
doi.org/10.1111/1365-2435.13544

Saul, W.-C., & Jeschke, J. M. (2015).
Eco-evolutionary experience in novel
species interactions. Ecology Letters, 18(3),

Saul, W.-C., Roy, H. E., Booy, O., Carnevali,
L., Chen, H.-J., Genovesi, P., Harrower,

C. A, Hulme, P. E., Pagad, S., Pergd|, J., &
Jeschke, J. M. (2017). Assessing patterns
in introduction pathways of alien species by

gbob/publication/gbo-5-spm-en.pdf

: Seddon, N., Smith, A., Smith, P., Key,

|., Chausson, A., Girardin, C., House,

: J., Srivastava, S., & Turner, B. (2021).

¢ Getting the message right on nature-based
: solutions to climate change. Global Change
Biology, 27(8), 15618-1546. https://doi.

: org/10.1111/gcb.15513

: Seebens, H. (2021). SINAS database

of alien species occurrences (2.4.1)

: [dataset]. Zenodo. https://doi.org/10.5281/
¢ ZENODO.5562892

Seebens, H., Bacher, S., Blackburn, T.

* M., Capinha, C., Dawson, W., Dullinger,
: 8., Genovesi, P, Hulme, P. E., Kleunen,
i M., Kiihn, I., Jeschke, J. M., Lenzner, B.,
. Liebhold, A. M., Pattison, Z., Pergl, J.,

: Pysek, P, Winter, M., & Essl, F. (2021).
236-245. https://doi.org/10.1111/ele.12408 :
of alien species through to 2050. Global :
. Change Biology, 27(5), 970-982. https://doi. :
: org/10.1111/gcb. 15333

Projecting the continental accumulation

Seebens, H., Clarke, D. A., Groom, Q.,
Wilson, J. R. U., Garcia-Berthou, E., Kihn,

: biocon.2012.08.020

: Shackleton, R. T., Larson, B. M. H.,

: Novoa, A., Richardson, D. M., & Kull, C. A.
: (2019). The human and social dimensions
of invasion science and management.

. Journal of Environmental Management,

+ 229, 1-9. https://doi.org/10.1016/).

: jenvman.2018.08.041

: Shackleton, R. T., Richardson, D. M.,

: Shackleton, C. M., Bennett, B., Crowley,
: 8. L., Dehnen-Schmutz, K., Estévez, R.
A., Fischer, A., Kueffer, C., Kull, C. A.,

: Marchante, E., Novoa, A., Potgieter, L. J.,
 Vaas, J., Vaz, A. S., & Larson, B. M. H.

: (2019). Explaining people’s perceptions
of invasive alien species: A conceptual

: framework. Journal of Environmental

: Management, 229, 10-26. https://doi.

¢ 0rg/10.1016/j.jenvman.2018.04.045

: Shackleton, R. T., Shackleton, C. M., &
: Kull, C. A. (2019). The role of invasive
alien species in shaping local livelihoods
- and human well-being: A review. Journal
: of Environmental Management, 229,

: 145-157. https://doi.org/10.1016/j.

: jenvman.2018.05.007

: Shah, S. (2020). The next great migration:
The story of movement on a changing
: planet. Bloomsbury Publishing.

65


https://doi.org/10.1111/bij.12518
https://doi.org/10.1007/s10530-022-02978-1
https://doi.org/10.1007/s10530-022-02978-1
https://doi.org/10.1017/S0376892917000297
https://doi.org/10.1017/S0376892917000297
https://doi.org/10.5822/978-1-61091-230-3
https://doi.org/10.5822/978-1-61091-230-3
https://doi.org/10.1371/journal.pone.0017356
https://doi.org/10.1371/journal.pone.0017356
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.1126/science.287.5459.1770
https://doi.org/10.2307/2641288
https://doi.org/10.2307/2641288
https://doi.org/10.1111/1365-2435.13544
https://doi.org/10.1111/1365-2435.13544
https://doi.org/10.1111/ele.12408
https://doi.org/10.1111/1365-2664.12819
https://doi.org/10.1111/1365-2664.12819
https://doi.org/10.1007/978-3-030-45367-1_12
https://doi.org/10.1007/978-3-030-45367-1_12
https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://www.cbd.int/gbo/gbo5/publication/gbo-5-spm-en.pdf
https://www.cbd.int/gbo/gbo5/publication/gbo-5-spm-en.pdf
https://doi.org/10.1111/gcb.15513
https://doi.org/10.1111/gcb.15513
https://doi.org/10.5281/ZENODO.5562892
https://doi.org/10.5281/ZENODO.5562892
https://doi.org/10.1111/gcb.15333
https://doi.org/10.1111/gcb.15333
https://doi.org/10.3897/neobiota.59.53578
https://doi.org/10.3897/neobiota.59.53578
https://doi.org/10.1111/ele.12715
https://doi.org/10.1111/gcb.13021
https://doi.org/10.1016/j.biocon.2011.09.014
https://doi.org/10.1016/j.biocon.2011.09.014
https://doi.org/10.1016/j.biocon.2012.08.020
https://doi.org/10.1016/j.biocon.2012.08.020
https://doi.org/10.1016/j.jenvman.2018.08.041
https://doi.org/10.1016/j.jenvman.2018.08.041
https://doi.org/10.1016/j.jenvman.2018.04.045
https://doi.org/10.1016/j.jenvman.2018.04.045
https://doi.org/10.1016/j.jenvman.2018.05.007
https://doi.org/10.1016/j.jenvman.2018.05.007

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Shea, K., & Chesson, P. (2002). Community
ecology theory as a framework for biological
invasions. Trends in Ecology & Evolution,
17(4), Article 4. https://doi.org/10.1016/
S0169-56347(02)02495-3

Shove, E. (2010). Beyond the ABC:
Climate Change Policy and Theories of
Social Change. Environment and Planning
A: Economy and Space, 42(6), 1273-
1285. https://doi.org/10.1068/a42282

Shrestha, S. (2021). Impact of invasive alien
species and gender. International Journal
of Research -GRANTHAALAYAH, 9(1), 78—
84. https://doi.org/10.29121/granthaalayah.

: 1689-1705. https://doi.org/10.1111/}.1539-

6924.2006.00832.x

¢ Smout, T. C. (Ed.). (2003). People and
. Woods in Scotland: A History. Edinburgh

University Press. https://www.jstor.org/
: stable/10.3366/j.ctvxcrrdm

Steven, R., Barnes, M., Garnett, S. T.,

: Garrard, G., O’Connor, J., Oliver, J. L.,

* Robinson, C., Tulloch, A., & Fuller, R. A.
(2019). Aligning citizen science with best

. practice: Threatened species conservation
: in Australia. Conservation Science and

. Practice, 1(10). https://doi.org/10.1111/

i csp2.100

v9.i1.2021.2859

Silvertown, J. (2009). A new dawn for citizen
science. Trends in Ecology & Evolution,
24(9), 467-471. https://doi.org/10.1016/j.
tree.2009.03.01

Simberloff, D. (20086). Invasional meltdown
6 years later: Important phenomenon,
unfortunate metaphor, or both? Ecology
Letters, 9(8), 912-919. https://doi.
0rg/10.1111/.1461-0248.2006.00939.x

Simberloff, D. (2011). How common are
invasion-induced ecosystem impacts?
Biological Invasions, 13(5), 1255—

1268. https://doi.org/10.1007/s10530-011-
9956-3

Simberloff, D., Martin, J.-L., Genovesi,

P., Maris, V., Wardle, D. A., Aronson, J.,
Courchamp, F., Galil, B., Garcia-Berthou,
E., Pascal, M., Pysek, P, Sousa, R.,
Tabacchi, E., & Vila, M. (2013). Impacts of
biological invasions: What’s what and the
way forward. Trends in Ecology & Evolution,
28(1), 58-66. https://doi.org/10.1016/.
tree.2012.07.013

Simberloff, D., & Rejmanek, M.
(Eds.). (2011). Encyclopedia of
Biological Invasions (Vol. 3). University
of California Press. https://doi.
0rg/10.1525/9780520948433

Simberloff, D., & Von Holle, B. (1999).
Positive Interactions of Nonindigenous
Species: Invasional Meltdown? Biological
Invasions, 1(1), 21-32. https://doi.
0rg/10.1023/A:1010086329619

Sinclair, J. S., Brown, J. A., & Lockwood,
J. L. (2020). Reciprocal human-natural
system feedback loops within the invasion

: Stoett, P. (2007). Counter-bioinvasion:
: Conceptual and governance
challenges. Environmental Politics,

. 16(3), 433-452. https://doi.

+ 0rg/10.1080/09644010701251672

Stoett, P. (2010). Framing Bioinvasion:

. Biodiversity, Climate Change, Security,

: Trade, and Global Governance. Global

. Governance: A Review of Multilateralism
and International Organizations, 16(1), 103—
: 120. https://doi.org/10.1163/19426720-

: 01601007

: Stoett, P, Roy, H. E., & Pauchard, A. (2019).
. Invasive alien species and planetary and

: global health policy. The Lancet Planetary

i Health, 3(10), €400-e401. https://doi.

. 0rg/10.1016/S2542-5196(19)30194-9

. Stouffer, D. B., Cirtwill, A. R., & Bascompte,
i J. (2014). How exotic plants integrate

: into pollination networks. Journal of

: Ecology, 102(6), 1442-1450. https://doi.

: org/10.1111/1365-2745.12310

Sullivan, B. L., Aycrigg, J. L., Barry, J. H.,
* Bonney, R. E., Bruns, N., Cooper, C. B.,

: Damoulas, T., Dhondt, A. A., Dietterich,
T., Farnsworth, A., Fink, D., Fitzpatrick, J.
+ W., Fredericks, T., Gerbracht, J., Gomes,
: C., Hochachka, W. M., lliff, M. J., Lagoze,
. C., LaSorte, F A, ... Kelling, S. (2014).
The eBird enterprise: An integrated

: approach to development and application
: of citizen science. Biological Conservation,
i 169, 31-40. https:/doi.org/10.1016/].

Taylor, K. T., Maxwell, B. D., McWethy, D.

. B., Pauchard, A., Nufiez, M. A., & Whitlock,
: C. (2017). Pinus contorta invasions increase
: wildfire fuel loads and may create a positive
: feedback with fire. Ecology, 98(3), 678—

: 687. https://doi.org/10.1002/ecy.1673

: Teacher, A. G. F, Griffiths, D. J., Hodgson,
i D.J, &Inger, R. (2013). Smartphones

: in ecology and evolution: A guide for the

. app-rehensive. Ecology and Evolution,

: 3(16), 5268-5278. https:/doi.org/10.1002/
i ece3.888

. Terefe, B., Wiliams, F., & Lamontagne-

¢ Godwin, J. (2020). Invasive species

. management—Integrating a gender

: perspective. CABI. https://doi.org/10.1079/
. CABICOMM-62-8140

Termeer, C. J. A. M., Dewulf, A., & Biesbroek,
. R. (2019). A critical assessment of the wicked
: problem concept: Relevance and usefulness
for policy science and practice. Policy and

. Society, 38(2), 167-179. https://doi.org/10.1
:+ 080/14494035.2019.1617971

i Terry, J. C. D, Roy, H. E., & August,

: T. A (2020). Thinking like a naturalist:

: Enhancing computer vision of citizen science
: images by harnessing contextual data.
Methods in Ecology and Evolution, 11(2),

: 303-315. https://doi.org/10.1111/2041-

: 210X.13335

Tessema, Y. A. (2012). Ecological and
 Economic Dimensions of the Paradoxical
. Invasive Species— Prosopis juliflora and
Policy Challenges in Ethiopia. Journal of

. Economics and Sustainable Development,
: 3(8), 62. https://www.iiste.org/Journals/
index.php/JEDS/article/view/2307

The Economist. (2022, October).

: The pandemic’s true death toll. The

: Economist. https://www.economist.com/
graphic-detail/coronavirus-excess-deaths-
. estimates

: Thomas, C. D. (Ed.). (2017). Inheritors
of the Earth: How nature is thriving

* in an age of extinction. Hachette

¢ UK. https://books.google.co.jp/

: books?id=eC7eDQAAQBAJSprintsec

: Sunny, A., Diwakar, S., & Sharma, G. P.
(2015). Native insects and invasive plants
. encounters. Arthropod-Plant Interactions,
: 9(4), 323-331. https://doi.org/10.1007/

process. NeoBiota, 62, 489-508. https://
doi.org/10.3897/neobiota.62.52664

Slimak, M. W., & Dietz, T. (2006).
Personal Values, Beliefs, and Ecological
Risk Perception. Risk Analysis, 26(6),

66

' $11829-015-9384-x

: Tassin, J., & Kull, C. A. (2015). Facing the
: broader dimensions of biological invasions.
: Land Use Policy, 42, 165-169. https://doi.
org/10.1016/j.landusepol.2014.07.014

=frontcover&source=gbs ge summary
: r&cad=0#v=onepagedq&f=false

i Thomas, K. (1984). Man and the Natural
. World Harmondsworth. Penguin Books.

: Thomas, M. B., & Willis, A. J. (1998).
Biocontrol—Risky but necessary? Trends in
. Ecology & Evolution, 13(8), 325-329. https://
: doi.org/10.1016/S0169-5347(98)01417-7

Thornton, T. F, Puri, R. K., Bhagwat, S., &
Howard, P. (2019). Human adaptation to


https://doi.org/10.1016/S0169-5347(02)02495-3
https://doi.org/10.1016/S0169-5347(02)02495-3
https://doi.org/10.1068/a42282
https://doi.org/10.29121/granthaalayah.v9.i1.2021.2859
https://doi.org/10.29121/granthaalayah.v9.i1.2021.2859
https://doi.org/10.1016/j.tree.2009.03.01
https://doi.org/10.1016/j.tree.2009.03.01
https://doi.org/10.1111/j.1461-0248.2006.00939.x
https://doi.org/10.1111/j.1461-0248.2006.00939.x
https://doi.org/10.1007/s10530-011-9956-3
https://doi.org/10.1007/s10530-011-9956-3
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1016/j.tree.2012.07.013
https://doi.org/10.1525/9780520948433
https://doi.org/10.1525/9780520948433
https://doi.org/10.1023/A:1010086329619
https://doi.org/10.1023/A:1010086329619
https://doi.org/10.3897/neobiota.62.52664
https://doi.org/10.3897/neobiota.62.52664
https://doi.org/10.1111/j.1539-6924.2006.00832.x
https://doi.org/10.1111/j.1539-6924.2006.00832.x
https://www.jstor.org/stable/10.3366/j.ctvxcrr4m
https://www.jstor.org/stable/10.3366/j.ctvxcrr4m
https://doi.org/10.1111/csp2.100
https://doi.org/10.1111/csp2.100
https://doi.org/10.1080/09644010701251672
https://doi.org/10.1080/09644010701251672
https://doi.org/10.1163/19426720-01601007
https://doi.org/10.1163/19426720-01601007
https://doi.org/10.1016/S2542-5196(19)30194-9
https://doi.org/10.1016/S2542-5196(19)30194-9
https://doi.org/10.1111/1365-2745.12310
https://doi.org/10.1111/1365-2745.12310
https://doi.org/10.1016/j.biocon.2013.11.003
https://doi.org/10.1016/j.biocon.2013.11.003
https://doi.org/10.1007/s11829-015-9384-x
https://doi.org/10.1007/s11829-015-9384-x
https://doi.org/10.1016/j.landusepol.2014.07.014
https://doi.org/10.1016/j.landusepol.2014.07.014
https://doi.org/10.1002/ecy.1673
https://doi.org/10.1002/ece3.888
https://doi.org/10.1002/ece3.888
https://doi.org/10.1079/CABICOMM-62-8140
https://doi.org/10.1079/CABICOMM-62-8140
https://doi.org/10.1080/14494035.2019.1617971
https://doi.org/10.1080/14494035.2019.1617971
https://doi.org/10.1111/2041-210X.13335
https://doi.org/10.1111/2041-210X.13335
https://www.iiste.org/Journals/index.php/JEDS/article/view/2307
https://www.iiste.org/Journals/index.php/JEDS/article/view/2307
https://www.economist.com/graphic-detail/coronavirus-excess-deaths-estimates
https://www.economist.com/graphic-detail/coronavirus-excess-deaths-estimates
https://www.economist.com/graphic-detail/coronavirus-excess-deaths-estimates
https://books.google.co.jp/books?id=eC7eDQAAQBAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.co.jp/books?id=eC7eDQAAQBAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.co.jp/books?id=eC7eDQAAQBAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.co.jp/books?id=eC7eDQAAQBAJ&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://doi.org/10.1016/S0169-5347(98)01417-7
https://doi.org/10.1016/S0169-5347(98)01417-7

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

biodiversity change: An adaptation process
approach applied to a case study from
southern India. Ambio, 48(12), 1431-
14486. https://doi.org/10.1007/s13280-019-

Health.” United Nations Environment

. Programme. http://www.unep.org/news-
: and-stories/statements/joint-tripartite-and-
unep-statement-definition-one-health

01225-7

Thresher, A. C. (2020). When Extinction Is
Warranted: Invasive Species, Suppression-
Drives and the Worst-Case Scenario.
Ethics, Policy & Environment, 25(2),
132-152. https://doi.org/10.1080/2155008
5.2020.1848197

Trauernicht, C., Murphy, B. P., Tangalin,
N., & Bowman, D. M. J. S. (2013). Cultural
legacies, fire ecology, and environmental
change in the Stone Country of Arnhem
Land and Kakadu National Park, Australia.
Ecology and Evolution, 3(2), 286—

297. https://doi.org/10.1002/ece3.460

Traveset, A., Chamorro, S., Olesen, J.
M., & Heleno, R. (2015). Space, time and
aliens: Charting the dynamic structure

of Galapagos pollination networks.

AoB PLANTS, 7, plv068. https://doi.
org/10.1093/acbpla/plvO68

Traveset, A., & Richardson, D. M. (2014).
Mutualistic Interactions and Biological
Invasions. Annual Review of Ecology,
Evolution, and Systematics, 45(1),
89-113. https://doi.org/10.1146/annurev-
ecolsys-120213-091857

Trigger, D. S. (2008). Indigeneity, ferality,
and what ‘belongs’ in the Australian bush:
Aboriginal responses to ‘introduced’
animals and plants in a settler-descendant

society. Journal of the Royal Anthropological
* Pergl, J., Winter, M., Weber, E., Kreft,

. H., Weigelt, P,, Kartesz, J., Nishino, M.,

i Antonova, L. A., Barcelona, J. F., Cabezas,
- F J., Cardenas, D., Cardenas-Toro, J.,

: Castano, N., Chacon, E., Chatelain, C.,

: Ebel, A. L., ... PySek, P. (2015). Global
exchange and accumulation of non-native
. plants. Nature, 525(7567), 100-108. https:/ :
. doi.org/10.1038/nature14910 :

Institute, 14(3), 628-646. https://doi.
org/10.1111/.1467-9655.2008.00521.x

Turbelin, A. J., Malamud, B. D., & Francis,
R. A. (2017). Mapping the global state of
invasive alien species: Patterns of invasion
and policy responses. Global Ecology and
Biogeography, 26(1), 78-92. https://doi.
org/10.1111/geb.12517

Turner, B., Devisscher, T., Chabaneix, N.,
Woroniecki, S., Messier, C., & Seddon, N.
(2022). The Role of Nature-Based Solutions
in Supporting Social-Ecological Resilience
for Climate Change Adaptation. Annual
Review of Environment and Resources,
47(1), 123-148. https://doi.org/10.1146/
annurev-environ-012220-010017

useful to invasive, the status of gorse on
Reunion Island. Journal of Environmental
Management, 229, 166-173. https://doi.
org/10.1016/j.jenvman.2018.06.036

UNEP. (2021). Joint tripartite and
UNEP statement on definition of “One

UNEP, CBD, & WHO. (2015). Connecting
. global priorities: Biodiversity and human

: health. https://www.who.int/publications/i/
item/9789241508537

: Unger, S., Rollins, M., Tietz, A., & Dumais,

: H. (2021). iNaturalist as an engaging tool for
identifying organisms in outdoor activities.

: Journal of Biological Education, 55(5),

. 537-547. https://doi.org/10.1080/0021926
: 6.2020.1739114

+ United Nations. (1992). 8. Convention
: on Biological Diversity. https://
treaties.un.org/pages/ViewDetalils.

. aspx?src=TREATY&mtdsg no=XXVII-
: 8&chapter=27

United Nations. (2020a). Goal 15 |
: Department of Economic and Social
s Affairs. https://sdgs.un.org/goals/goall15

United Nations. (2020b). Take Action for

¢ the Sustainable Development Goals. United
. Nations Sustainable Development. https://
: www.un.org/sustainabledevelopment/
sustainable-development-goals/

: Vaarzon-Morel, P. (2010). Changes in
Aboriginal perceptions of feral camels and
- of their impacts and management. The

* Rangeland Journal, 32(1), 73. https://doi.
: 0rg/10.1071/RJ09055

van Kleunen, M., Dawson, W., Essl, F,,

Australian acacias in South Africa: Strategic
: approaches for managing introduced

. acacias. Diversity and Distributions, 17(5),

: 1060-1075. https://doi.org/10.1111/.1472-
4642.2011.00785.x

. Vanbergen, A. J., & Initiative, T. I. P. (2013).
: Threats to an ecosystem service: Pressures
on pollinators. Frontiers in Ecology and the
: Environment, 11(5), 2561-259. https://doi.

¢ 0rg/10.1890/120126

i Vaz, A. S., Kueffer, C., Kull, C. A,

: Richardson, D. M., Schindler, S., Mufioz-

. Pajares, A. J., Vicente, J. R., Martins, J.,
Hui, C., Kuhn, I., & Honrado, J. P. (2017).

. The progress of interdisciplinarity in invasion
: science. Ambio, 46(4), 428-442. https://doi.
: 0org/10.1007/513280-017-0897-7

Vera, F. (2010). The shifting baseline
. syndrome in restoration ecology. In

: Restoration and history (1% ed., pp.

i 116-128). Routledge.

. Verbrugge, L. N. H., Leuven, R. S. E.

: W., van Valkenburg, J. L. C. H., & van
den Born, R. J. G. (2014). Evaluating

. stakeholder awareness and involvement

. in risk prevention of aquatic invasive plant
: species by a national code of conduct.
Aquatic Invasions, 9(3), 369-381. https://
: doi.org/10.3391/ai.2014.9.3.11

i Verbrugge, L. N. H., Leuven, R. S. E. W.,

- &Zwart, Hub. A. E. (2016). Metaphors

* in Invasion Biology: Implications for

: Risk Assessment and Management of
Non-Native Species. Ethics, Policy &

. Environment, 19(3), 273-284. https://doi.or
: 9/10.1080/21550085.2016.1226234

Verbrugge, L. N. H., Van Den Born, R. J. G.,
: &Lenders, H. J. R. (2013). Exploring public
: perception of non-native species from a

: visions of nature perspective. Environmental
i Management, 52(6), 1562-1573. https:/

doi.org/10.1007/s00267-013-0170-1

van Kleunen, M., Essl, F, Pergl, J., Brundu,
¢ G., Carboni, M., Dullinger, S., Early, R.,

: Gonzélez-Moreno, P., Groom, Q. J., Hulme,
: P E., Kueffer, C., Kiihn, I., Maguas, C.,
Maurel, N., Novoa, A., Parepa, M., Pysek,

: P, Seebens, H., Tanner, R., ... Dehnen-

: Schmutz, K. (2018). The changing role

of ornamental horticulture in alien plant

. invasions. Biological Reviews, 93(3), 1421~
Udo, N., Darrot, C., & Atlan, A. (2019). From :

1437. https://doi.org/10.1111/brv.12402

Van Wilgen, B. W., Dyer, C., Hoffmann,

- J.H., Ivey, P, Le Maitre, D. C., Moore,

: J. L., Richardson, D. M., Rouget, M.,

¢ Wannenburgh, A., & Wilson, J. R. U. (2011).
National-scale strategic approaches for
managing introduced plants: Insights from

: Viana, |. G., Siriwardane-de Zoysa, R.,
Willette, D. A., & Gillis, L. G. (2019).

: Exploring how non-native seagrass species
: could provide essential ecosystems
services: A perspective on the highly

. invasive seagrass Halophila stipulacea in

: the Caribbean Sea. Biological Invasions,

¢ 21(5), 1461-1472. https://doi.org/10.1007/
i $10530-019-01924-y

: Vicente, J. R., Kueffer, C., Richardson, D.

i M., Vaz, A. S, Cabral, J. A, Hui, C., Araljo,
M. B., Kihn, ., Kull, C. A., Verburg, P. H.,

. Marchante, E., & Honrado, J. P. (2019).

. Different environmental drivers of alien tree

: invasion affect different life-stages and
operate at different spatial scales. Forest
Ecology and Management, 433, 263-275.

67


https://doi.org/10.1007/s13280-019-01225-7
https://doi.org/10.1007/s13280-019-01225-7
https://doi.org/10.1080/21550085.2020.1848197
https://doi.org/10.1080/21550085.2020.1848197
https://doi.org/10.1002/ece3.460
https://doi.org/10.1093/aobpla/plv068
https://doi.org/10.1093/aobpla/plv068
https://doi.org/10.1146/annurev-ecolsys-120213-091857
https://doi.org/10.1146/annurev-ecolsys-120213-091857
https://doi.org/10.1111/j.1467-9655.2008.00521.x
https://doi.org/10.1111/j.1467-9655.2008.00521.x
https://doi.org/10.1111/geb.12517
https://doi.org/10.1111/geb.12517
https://doi.org/10.1146/annurev-environ-012220-010017
https://doi.org/10.1146/annurev-environ-012220-010017
https://doi.org/10.1016/j.jenvman.2018.06.036
https://doi.org/10.1016/j.jenvman.2018.06.036
http://www.unep.org/news-and-stories/statements/joint-tripartite-and-unep-statement-definition-one-health
http://www.unep.org/news-and-stories/statements/joint-tripartite-and-unep-statement-definition-one-health
http://www.unep.org/news-and-stories/statements/joint-tripartite-and-unep-statement-definition-one-health
https://www.who.int/publications/i/item/9789241508537
https://www.who.int/publications/i/item/9789241508537
https://doi.org/10.1080/00219266.2020.1739114
https://doi.org/10.1080/00219266.2020.1739114
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-8&chapter=27
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-8&chapter=27
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-8&chapter=27
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-8&chapter=27
https://sdgs.un.org/goals/goal15
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://doi.org/10.1071/RJ09055
https://doi.org/10.1071/RJ09055
https://doi.org/10.1038/nature14910
https://doi.org/10.1038/nature14910
https://doi.org/10.1111/brv.12402
https://doi.org/10.1111/j.1472-4642.2011.00785.x
https://doi.org/10.1111/j.1472-4642.2011.00785.x
https://doi.org/10.1890/120126
https://doi.org/10.1890/120126
https://doi.org/10.1007/s13280-017-0897-7
https://doi.org/10.1007/s13280-017-0897-7
https://doi.org/10.3391/ai.2014.9.3.11
https://doi.org/10.3391/ai.2014.9.3.11
https://doi.org/10.1080/21550085.2016.1226234
https://doi.org/10.1080/21550085.2016.1226234
https://doi.org/10.1007/s00267-013-0170-1
https://doi.org/10.1007/s00267-013-0170-1
https://doi.org/10.1007/s10530-019-01924-y
https://doi.org/10.1007/s10530-019-01924-y

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Vicente, J. R., Randin, C. F., Goncalves,

J., Metzger, M. J., Lomba, A., Honrado,

J., & Guisan, A. (2011). Where will conflicts
between alien and rare species occur after
climate and land-use change? A test with

a novel combined modelling approach.
Biological Invasions, 13(5), 1209-

1227. https://doi.org/10.1007/s10530-011-
9952-7

Victorian Government. (2010). /nvasive
plants and animals: Policy framework. Dept.
of Primary Industries. https://agriculture.vic.

access to and analysis of invasive species
. information. Biological Invasions, 22(1),
: 37-45. https://doi.org/10.1007/s10530-

Assessment and Management of Plant
. Invasions (pp. 26-34). Springer. https://doi.

i 019-02142-2

Walton, W. C., MacKinnon, C., Rodriguez,

: L. F, Proctor, C., & Ruiz, G. M. (2002).

: Effect of an invasive crab upon a marine
fishery: Green crab, Carcinus maenas,

: predation upon a venerid clam, Katelysia

. scalarina, in Tasmania (Australia). Journal of
: Experimental Marine Biology and Ecology,
272(2), 171-189. https://doi.org/10.1016/

: 0rg/10.1007/978-1-4612-1926-2 4

: Wiliams, F., Eschen, R., Harris, A.,

¢ Djeddour, D., Pratt, C., Shaw, R. S., Varia,

. S., Lamontagne-Godwin, J., Thomas, S. E.,
: & Murphy, S. T. (2010). The Economic Cost
of Invasive Non-Native Species on Great

: Britain. https://www.britishecologicalsociety.

 org/wp-content/uploads/The Economic
: Cost _of Invasive Non-Native Species to

S0022-0981(02)00127-2

gov.au/__data/assets/pdf_file/0009/582255/ :

Invasive-Plants-and-Animals-Policy-
Framework-IPAPF.pdf

Vila, M., Bartomeus, ., Dietzsch, A. C.,
Petanidou, T., Steffan-Dewenter, ., Stout,
J. C., & Tscheulin, T. (2009). Invasive plant
integration into native plant-pollinator
networks across Europe. Proceedings of
the Royal Society B: Biological Sciences,
276(1674), 3887-3893. https://doi.
org/10.1098/rspb.2009.1076

Vila, M., Dunn, A. M., Essl, F., GOmez-Diaz,
E., Hulme, P. E., Jeschke, J. M., NUNez, M.
A., Ostfeld, R. S., Pauchard, A., Ricciardi,
A., & Gallardo, B. (2021). Viewing Emerging
Human Infectious Epidemics through the
Lens of Invasion Biology. BioScience, 71(7),
722-740. https://doi.org/10.1093/biosci/
biab047

Vila, M., Espinar, J. L., Hejda, M., Hulme,
P. E., Jarosik, V., Maron, J. L., Perg|, J.,
Schaffner, U., Sun, Y., & Pysek, P. (2011).
Ecological impacts of invasive alien plants:
A meta-analysis of their effects on species,
communities and ecosystems. Ecology
Letters, 14(7), 702-708. https://doi.
org/10.1111/.1461-0248.2011.01628.x

Vimercati, G., Kumschick, S., Probert,
A. F, Volery, L., & Bacher, S. (2020).
The importance of assessing positive
and beneficial impacts of alien species.
NeoBiota, 62, 525-545. https://doi.
0rg/10.3897/neobiota.62.52793

Visseren-Hamakers, I. J. (2020). The 181"
Sustainable Development Goal. Earth

System Governance, 3, 100047. https://doi. :
R. C., Raddick, M. J., Schawinski, K.,

¢ Simpson, R. J., Skibba, R. A., Smith, A.

* M., & Thomas, D. (2013). Galaxy Zoo 2:
Detailed morphological classifications

. for 304 122 galaxies from the Sloan

. Digital Sky Survey. Monthly Notices of

: the Royal Astronomical Society, 435(4),
2835-2860. https://doi.org/10.1093/mnras/
: stt1458

0rg/10.1016/j.es9.2020.100047

Vitousek, P. M. (1986). Biological Invasions
and Ecosystem Properties: Can Species
Make a Difference? In H. A. Mooney & J. A.
Drake (Eds.), Ecology of Biological Invasions
of North America and Hawaii (Vol. 58, pp.
163-176). Springer New York. https://doi.
0rg/10.1007/978-1-4612-4988-7_10

Wallace, R. D., Bargeron, C. T., & Reaser,
J. K. (2020). Enabling decisions that make
a difference: Guidance for improving

68

¢ Warburton, B., & Anderson, D. (2018).

. Ecology, Economics and Ethics: The

: Three Es Required for the Sustainable

: Management of Wild Sentient Species. In S.
Sarkar & B. A. Minteer (Eds.), A Sustainable
. Philosophy—The Work of Bryan Norton

¢ (pp. 237-252). Springer International

: Publishing. https://doi.org/10.1007/978-3-

Great Britaini.pdf

. Williamson, M. (1996). Biological invasions
: (Vol. 334). Springer Science & Business

. Media. https://doi.org/10.1016/j.

! crvi.2010.12.008

¢ Wiliamson, M., & Fitter, A. (1996).
. The varying success of invaders.
: Ecology, 77(6), 1661-1666. https://doi.

i 310-92507-4 14

: Weston, N., Bramley, C., Bar-Lev, J.,

: Guyula, M., & O’'Ryan, S. (2012). Arafura
three: Aboriginal ranger groups protecting
: and managing an internationally significant
: swamp. Ecological Management &

: Restoration, 13(1), 84-88. https://doi.

: 0rg/10.2307/2265769

: Wison, J. R. U., Dormontt, E. E., Prentis,
¢ P J., Lowe, A. J., & Richardson, D. M.

: (2009). Something in the way you move:
Dispersal pathways affect invasion

: success. Trends in Ecology & Evolution,

. 24(3), 136-144. https://doi.org/10.1016/j.

org/10.1111/j.1442-8903.2011.00626.x

: White, S. (2013). Into the Void: International
Law and the Protection of Animal Welfare.

: Global Policy, 4(4), 391-398. https://doi.

: org/10.1111/1758-5899.12076

i WHO. (2014). A brief guide to emerging
. infectious diseases and zoonoses. WHO
¢ Regional Office for South-East Asia. https://
: apps.who.int/iris/handle/10665/204722

Wilkinson, D. M. (2004). The parable

: of Green Mountain: Ascension Island,

: ecosystem construction and ecological
fitting. Journal of Biogeography, 31(1),
+ 1-4. https://doi.org/10.1046/].0305-

: 0270.2003.01010.x

Willett, K. W., Lintott, C. J., Bamford, S. P,
: Masters, K. L., Simmons, B. D., Casteels,
* K. R., Edmondson, E. M., Fortson, L. F.,

Kaviraj, S., Keel, W. C., Melvin, T., Nichol,

Williams, C. E. (1997). Potential Valuable
: Ecological Functions of Nonindigenous
Plants. In J. O. Luken & J. W. Thieret (Eds.),

§ tree.2008.10.007

+ Wilson, J. R. U., Garcia-Diaz, P, Cassey, P.,
. Richardson, D. M., PySek, P., & Blackburn,
T. M. (2016). Biological invasions and

. natural colonisations are different — the

: need for invasion science. NeoBiota,

: 31, 87-98. https://doi.org/10.3897/
neobiota.31.9185

* Wilson, S. D., & Pinno, B. D. (2013).
: Environmentally-contingent behaviour of
invasive plants as drivers or passengers.
. Oikos, 122(1), 129-135. https:/doi.
¢ 0rg/10.1111/.1600-0706.2012.20673.x

Wolfe, N. D., Dunavan, C. P., & Diamond,

: J. (2007). Origins of major human infectious
. diseases. Nature, 447(7142), Article

7142, https://doi.org/10.1038/nature05775

WOoRMS. (2022). World Register of
: Marine Species. [dataset]. https://doi.
i 0rg/10.14284/170

: Yang, Q., Weigelt, P, Fristoe, T. S., Zhang,
: Z., Kreft, H., Stein, A., Seebens, H.,
Dawson, W., Essl, F,, Kénig, C., Lenzner,

- B., Pergl, J., Pouteau, R., PySek, P, Winter,
: M., Ebel, A. L., Fuentes, N., Giehl, E. L. H.,
: Kartesz, J., ... van Kleunen, M. (2021). The
global loss of floristic uniqueness. Nature

- Communications, 12(1), 7290. https://doi.
: 0org/10.1038/s41467-021-27603-y

: Zarnetske, P. L., Skelly, D. K., & Urban,
M. C. (2012). Biotic Multipliers of


https://doi.org/10.1007/s10530-011-9952-7
https://doi.org/10.1007/s10530-011-9952-7
https://agriculture.vic.gov.au/__data/assets/pdf_file/0009/582255/Invasive-Plants-and-Animals-Policy-Framework-IPAPF.pdf
https://agriculture.vic.gov.au/__data/assets/pdf_file/0009/582255/Invasive-Plants-and-Animals-Policy-Framework-IPAPF.pdf
https://agriculture.vic.gov.au/__data/assets/pdf_file/0009/582255/Invasive-Plants-and-Animals-Policy-Framework-IPAPF.pdf
https://agriculture.vic.gov.au/__data/assets/pdf_file/0009/582255/Invasive-Plants-and-Animals-Policy-Framework-IPAPF.pdf
https://doi.org/10.1098/rspb.2009.1076
https://doi.org/10.1098/rspb.2009.1076
https://doi.org/10.1093/biosci/biab047
https://doi.org/10.1093/biosci/biab047
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.3897/neobiota.62.52793
https://doi.org/10.3897/neobiota.62.52793
https://doi.org/10.1016/j.esg.2020.100047
https://doi.org/10.1016/j.esg.2020.100047
https://doi.org/10.1007/978-1-4612-4988-7_10
https://doi.org/10.1007/978-1-4612-4988-7_10
https://doi.org/10.1007/s10530-019-02142-2
https://doi.org/10.1007/s10530-019-02142-2
https://doi.org/10.1016/S0022-0981(02)00127-2
https://doi.org/10.1016/S0022-0981(02)00127-2
https://doi.org/10.1007/978-3-319-92597-4_14
https://doi.org/10.1007/978-3-319-92597-4_14
https://doi.org/10.1111/j.1442-8903.2011.00626.x
https://doi.org/10.1111/j.1442-8903.2011.00626.x
https://doi.org/10.1111/1758-5899.12076
https://doi.org/10.1111/1758-5899.12076
https://apps.who.int/iris/handle/10665/204722
https://apps.who.int/iris/handle/10665/204722
https://doi.org/10.1046/j.0305-0270.2003.01010.x
https://doi.org/10.1046/j.0305-0270.2003.01010.x
https://doi.org/10.1093/mnras/stt1458
https://doi.org/10.1093/mnras/stt1458
https://doi.org/10.1007/978-1-4612-1926-2_4
https://doi.org/10.1007/978-1-4612-1926-2_4
https://www.britishecologicalsociety.org/wp-content/uploads/The_Economic_Cost_of_Invasive_Non-Native_Species_to_Great_Britain1.pdf
https://www.britishecologicalsociety.org/wp-content/uploads/The_Economic_Cost_of_Invasive_Non-Native_Species_to_Great_Britain1.pdf
https://www.britishecologicalsociety.org/wp-content/uploads/The_Economic_Cost_of_Invasive_Non-Native_Species_to_Great_Britain1.pdf
https://www.britishecologicalsociety.org/wp-content/uploads/The_Economic_Cost_of_Invasive_Non-Native_Species_to_Great_Britain1.pdf
https://doi.org/10.1016/j.crvi.2010.12.008
https://doi.org/10.1016/j.crvi.2010.12.008
https://doi.org/10.2307/2265769
https://doi.org/10.2307/2265769
https://doi.org/10.1016/j.tree.2008.10.007
https://doi.org/10.1016/j.tree.2008.10.007
https://doi.org/10.3897/neobiota.31.9185
https://doi.org/10.3897/neobiota.31.9185
https://doi.org/10.1111/j.1600-0706.2012.20673.x
https://doi.org/10.1111/j.1600-0706.2012.20673.x
https://doi.org/10.1038/nature05775
https://doi.org/10.14284/170
https://doi.org/10.14284/170
https://doi.org/10.1038/s41467-021-27603-y
https://doi.org/10.1038/s41467-021-27603-y

CHAPTER 1. INTRODUCING BIOLOGICAL INVASIONS AND THE IPBES THEMATIC ASSESSMENT OF INVASIVE ALIEN SPECIES AND THEIR CONTROL

Climate Change. Science, 336(6088), for biological invasions. AoB Plants, :
15616-1518. https://doi.org/10.1126/ : 9(1). https://doi.org/10.1093/acbpla/plw085
science.1222732 : :

: Zenni, R. D., & Nufiez, M. A. (2013). The

Zenni, R. D., Dickie, I. A., Windfield, M. J., elephant in the room: The role of failed
Hirsch, H., Crous, C. J., Meyerson, L. A,, : invasions in understanding invasion biology.
Burgess, T. I., Zimmermann, T. G., Klock, . Oikos, 122(6), 801-815. https://doi.

M. M., Siemann, E., Erfmeier, A., Aragon, org/10.1111/j.1600-0706.2012.00254.x

R., Montti, L., & Le Roux, J. J. (2017).
Evolutionary dynamics of tree invasions:
Complementing the unified framework

69


https://doi.org/10.1126/science.1222732
https://doi.org/10.1126/science.1222732
https://doi.org/10.1093/aobpla/plw085
https://doi.org/10.1111/j.1600-0706.2012.00254.x
https://doi.org/10.1111/j.1600-0706.2012.00254.x




Chapter 2

TRENDS AND STATUS OF
ALIEN AND INVASIVE ALIEN

SPECIES’

COORDINATING LEAD AUTHORS:

Hanno Seebens (Germany), Laura A. Meyerson (United
States of America), Sebataolo J. Rahlao (Lesotho/South
Africa)

LEAD AUTHORS:

Alla Aleksanyan (Armenia), Franck Courchamp (France,
Switzerland/France), Emre Keskin (Turkey), Petr PySek
(Czech Republic), Alifereti Tawake (Fiji), Elena Tricarico
(Italy)

FELLOWS:
Bernd Lenzner (Germany/Austria), Hanieh Saeedi (Islamic
Republic of Iran, Germany/Germany)

CONTRIBUTING AUTHORS:

Perpetra Akite (Uganda), Jake Alexander (Switzerland,
United Kingdom of Great Britain and Northern Ireland/
Switzerland), Sarah A. Bailey (Canada), Dino Biancolini
(Italy), Tim M. Blackburn (United Kingdom of Great Britain
and Northern Ireland), Hans Juergen Boehmer (Germany,
Fiji), Alejandro Bortolus (Argentina, Italy/Argentina), Marc
W. Cadotte (Canada), César Capinha (Portugal), James
T. Carlton (United States of America), Jo Anne Crouch
(United States of America), Curtis Daehler (United States
of America), Franz Essl (Austria), Llewellyn C. Foxcroft
(South Africa), Jason D. Fridley (United States of America),
Nicol Fuentes (Chile), Mirijam Gaertner (Germany), Bella
S. Galil (Israel), Emili Garcia-Berthou (Spain), Pablo

1. Authors are listed in alphabetical order with, in parentheses,

their country or countries of citizenship, separated by a
comma when they have more than one; and, following

a slash, their country of affiliation, if different from that

or those of their citizenship, or their organization if they
belong to an international organization. The countries and
organizations having nominated the experts are listed on
the IPBES website (except for contributing authors who
were not nominated).

Garcia-Diaz (Spain/United Kingdom of Great Britain

and Northern Ireland), Sylvia Haider (Germany), Liam
Heneghan (Ireland/United States of America), Kevin A.
Hughes (United Kingdom of Great Britain and Northern
Ireland), Ekin Kaplan (Turkey/Austria), Sankaran Kavileveettil
(India), Andrew M. Liebhold (United States of America),
Chunlong Liu (China), Elizabete Marchante (Portugal), Hélia
Marchante (Portugal), Alicia Marticorena (Chile), David
Minter (United Kingdom of Great Britain and Northern
Ireland, New Zealand/United Kingdom of Great Britain and
Northern Ireland), Rodrigo A. Moreno (Chile), Wolfgang
Nentwig (Switzerland), Aidin Niamir (Islamic Republic of
Iran/Germany), Ana Novoa (Spain/Czech Republic), Ana

L. Nunes (Portugal/United Kingdom of Great Britain and
Northern Ireland), Zarah Pattison (United Kingdom of
Great Britain and Northern Ireland, South Africa/United
Kingdom of Great Britain and Northern Ireland), Anibal
Pauchard (Chile, Switzerland/Chile), Anthony Ricciardi
(Canada), David M. Richardson (South Africa), James

C. Russell (New Zealand), Joana F. Salles (Netherlands
[Kingdom of the], Brazil/Netherlands [Kingdom of the]),
Anna Schertler (Austria), Evangelina Schwindt (Argentina),
Ross T. Shackleton (South Africa, United Kingdom of Great
Britain and Northern Ireland/Switzerland), Daniel Simberloff
(United States of America), David L. Strayer (United States
of America), Marco Thines (Germany), Cristdbal Villasefior-
Parada (Chile), Jean Vitule (Brazil), Viktoria Wagner
(Canada, Germany/Canada), Karsten Wesche (Germany),
Demian A. Willette (United States of America), Rafael D.
Zenni (Brazil)

REVIEW EDITORS:
Cang Hui (China/South Africa), Victoria Werenkraut
(Argentina)

TECHNICAL SUPPORT UNIT:
Naoki Amako, Ryoko Kawakami, Tanara Renard Truong

THIS CHAPTER SHOULD BE CITED AS:

Seebens, H., Meyerson, L. A., Rahlao, S. J., Lenzner, B., Tricarico, E., Aleksanyan, A., Courchamp, F., Keskin, E., Saeedi,
H., Tawake, A., and PySek, P. (2023). Chapter 2: Trends and status of alien and invasive alien species. In: Thematic
Assessment Report on Invasive Alien Species and their Control of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. Roy, H. E., Pauchard, A., Stoett, P. and Renard Truong, T. (eds.). IPBES secretariat,

Bonn, Germany. https://doi.org/10.5281/zenodo.7430725



https://doi.org/10.5281/zenodo.7430725

Disclaimer on maps

The designations employed and the presentation of material on the maps used in the present report do not imply the
expression of any opinion whatsoever on the part of the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. These maps have been prepared or used for the sole purpose of facilitating the
assessment of the broad biogeographical areas represented therein.



Table of
Contents

EXEC UMV ES U N VLA R Y ey Ny ey 76
21 INTRODUCTION ........iuiuiciinnnnnernnnnsnnsnnnnsnnsnnsnsnnsnnsnnnns 78
2.1.1 Previous alien and invasive alien species assessments .. ................ 79
2.1.2 Pathways of alien species introductions. .. ........................... 80
2.1.3 Chapterstructureandcontent . ........ ... ... i 81
2.1.4 Generation of data underlying figures and tables in this chapter ... ........ 83
2.2 GLOBAL TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES ....86

2.3

2.4

2.6

2.7

2.2, 1 TrENAS . .ottt e 86
2.2.2 StalUS. . .. ..o 87
2.2.3 Dataand knowledge gaps. . . . . ..ottt e 90
GLOBAL TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES

BY TAXONOMICGROUPS .. ........iiiiiiiiiernnnasnnrnnnnsnesnnsnns 21
2.3.1 ANIMalS . . e 91
2.3.2 Plants. .. ... e 112
2.3.3 Fungi and microorganisSms . .. ... .. ...ttt i 121

TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES BY

=3 (Rl 0l c coooooooooono0a0000000000000000000000000000000a00a0 128
2.1 Overview of trends and status by IPBESregions . ..................... 129
2.6.2 Trends and status of alien and invasive alien species in Africa. . .......... 135
2.6.3 Trends and status of alien and invasive alien species in the Americas. . . . .. 142

2.4.L Trends and status of alien and invasive alien species in Asia and the Pacific . . . 148
2.6.5 Trends and status of alien and invasive alien species in Europe

and Central Asia . . ... .ot e 154
TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES BY
IPBESUNITS OF ANALYSIS ... ..ottt ittt ettt i ea e e anannnnns 161
2.5.1 Overview of trends and status by IPBES units of analysis ............... 161

2.5.2 Trends and status of alien and invasive alien species in terrestrial units
Of @NAlYSIS .« o ot 162

2.5.3 Trends and status of alien and invasive alien species in freshwater
units of analysis .. ... ...t 174

2.5.4 Trends and status of alien and invasive alien species in marine units of analysis
178

2.5.5 Trends and status of alien and invasive alien species in anthropized areas. . 182

FUTURE DYNAMICS OF BIOLOGICALINVASIONS ............ccciviannenns 190
2.6.1 Overview of future dynamics of biological invasions. . .. ................ 190
2.6.2 ANIMalS .. ..ot 192
2.6.3 Plants. ... ... 193
2.6. MiCrOOrganiSMS . . & v v vt ettt et e e e e 193
2.6.5 Limitations for assessing futuredynamics ............. ... ... .. ..... 194
CONCLUSIONS .......cvitvirnenncnesnnransessnsnsnnssnransasnnsnnns 196

R E R E R E N (5 S e e Rey e pepege 200



LIST OF FIGURES

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18
Figure 2.19
Figure 2.20
Figure 2.21
Figure 2.22
Figure 2.23
Figure 2.24
Figure 2.25

Figure 2.26
Figure 2.27
Figure 2.28
Figure 2.29
Figure 2.30
Figure 2.31
Figure 2.32
Figure 2.33
Figure 2.34
Figure 2.35
Figure 2.36
Figure 2.37
Figure 2.38
Figure 2.39
Figure 2.40

Trends in drivers of change in nature and correlates of biological invasions ...............
Introductions of established alien species by pathway overtime .......................
Overview of chapter structure . . .. ... ...
Trends in numbers of established alien species and invasive alien species. . ..............
Numbers of established alien species perregion . ........ ...
Research intensity and data gaps for global established alien species distribution records . . .
Status, trends, and data gaps for established alienmammals . .........................
Status, trends, and data gaps for established alienbirds . .. ......... ... ... .. ... ... ...
Status, trends, and data gaps for established alien fishes . ............ ... ... .. ... ....
Status, trends and data gaps for established alienreptiles. . .. ......... ... ... ... ... ...
Status, trends, and data gaps for established alien amphibians. ... .....................
Status, trends, and data gaps for established alieninsects ...........................
Status, trends, and data gaps for established alien arachnids . ... .....................
Status, trends, and data gaps for established alienmolluscs. .. .......................
Status, trends, and data gaps for established alien crustaceans .. .....................
Status, trends and data gaps for other established alien invertebrates ..................
Status, trends, and data gaps for established alien vascularplants. .. ..................
Trends in numbers of established alien species for Poaceae and Cactaceae .............
Examples of the most widespread invasive cacti, grasses and woody species. . ..........
Numbers of established alien grasses and cacti worldwide . . .........................
Status, trends, and data gaps for established alienalgae. . ...........................
Status, trends, and data gaps for established alien bryophytes .. ......................
Status, trends, and data gaps for established alienfungi ... ......... ... ... .. ... .. ...
Status, trends, and data gaps for established alien oomycetes . .......................

Status, trends, and data gaps for established alien Chromista, bacteria, protozoans,
AN VITUSES . « . o ottt ittt e e e e et e e e e e e e e e e

Trends in numbers of established alien species across IPBESregions ..................
Numbers of established alien vertebrate species per terrestrial protected area............
Trends in numbers of established alien species for selectedislands . .. .................
Invasive alien species on Indigenous People’sland .. .......... ... ... ...
Trends in numbers of established alien species for Africa . ...........................
Trends in numbers of established alien species for the Americas. ... ...................
Trends in numbers of established alien species for Asia and the Pacific .. ...............
Trends in numbers of established alien species in Europe and Central Asia .. ............
Locations of the MIREN SUIVEYS . . . . .. ..ottt e e
Cumulative numbers of alien species in the North American Great Lakes basin ...........
Map of invasive alien species numbers with reported impacts on good quality of life. ... ...
Trends in numbers of invasive alien species with reported impacts on good quality of life . . .
Projected trends of established alien species numbers until2050 . .. ...................
Trends in the number of analyses of future projections across IPBES regions. ... .........
Trends in the number of analyses of future projections forrealms .. ....................

LIST OF TABLES

Table 2.1
Table 2.2

Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 2.9
Table 2.10
Table 2.11
Table 2.12
Table 2.13
Table 2.14
Table 2.15
Table 2.16
Table 2.17

Definition of major pathway classes ............ ... . .

List of databases of alien and invasive alien species considered as a basis for figures
and tablesinthischapter. .. ... ... ... ... .

Numbers of established alien species for various taxonomic groups worldwide . .. .........
Top 10 most widespread invasive alien species worldwide . ...........................
Top 10 most widespread invasive alien mammal species worldwide . . . ..................
Top 10 most widespread invasive alien bird species worldwide. . .. .....................
Top 10 most widespread invasive alien fish species worldwide . . .. .....................
Top 10 most widespread invasive alien reptile species worldwide . . . ....................
Top 10 most widespread invasive alien amphibian species worldwide . .................
Top 10 most widespread invasive alien insect species worldwide . . . ...................
The most common established alien spider families and species. .. ....................
Top 10 most widespread invasive alien arachnids worldwide. . .. ......................
Top 10 most widespread invasive alien mollusc species worldwide. . . ..................
Top 10 most widespread invasive alien crustacean species worldwide . .. .. .............
Top 10 most widespread invasive alien vascular plant species worldwide. ... ............
Top 10 most widespread invasive alien algae species worldwide ......................
Top 10 most widespread invasive alien fungi worldwide. . .. ........ ... ... .. ... ......



Table 2.18 Top 10 most widespread invasive alien taxa of the groups Chromista and

bacteria worldwide. . .. ... ... 125
Table 2.19 Numbers of established alien species across IPBESregions . .. ....................... 129
Table 2.20 Numbers of established alien species for subregions of Africa. .. ...................... 139
Table 2.21  Top most widespread invasive alien species for Africa. .............. .. ... .. ... ...... 140
Table 2.22  Numbers of established alien species for subregions of the Americas. ... ............... 145
Table 2.23 Top most widespread invasive alien species for the Americas. .. ...................... 146
Table 2.24 Numbers of established alien species for subregions of Asia and the Pacific ............. 151
Table 2.25 Top most widespread invasive alien species for Asia and the Pacific. . . .. ............... 152
Table 2.26 Numbers of established alien species for subregions of Europe and Central Asia. . ........ )
Table 2.27 Top most widespread invasive alien species for Europe and Central Asia. .. ............. 159
Table 2.28 Projected relative (per cent) increases of established alien species numbers until 2050 . . . . . 191

LIST OF TEXTBOXES

Box 2.1 Rationale of the chapter. . . .. ... . e 82
Box 2.2 Cacti, grasses and woody species: A global assessment of trends and status of alien and

INVasiVe alien SPECIES. . . . . .ottt ettt e e e e 114
Box 2.3 Evolution during biological invasions. .. .......... ... i i 126
Box 2.4 Protected areas: A global assessment of trends and status of alien and invasive alien species. . 130
Box 2.5 Islands: A global assessment of trends and status of alien and invasive alien species . .. ... 132
Box 2.6 Land managed, used or owned by Indigenous Peoples and local communities: A global

assessment of trends and status of alien and invasive alien species . . .. ................ 134
Box 2.7 Mountain regions: A global assessment of trends and status of alien and invasive

AlIEN SPECIES. . . . o ittt 162
Box 2.8 Rapid rise of alien fishes in the Amazon, the world’s most biodiverse freshwater region. . . . . 174
Box 2.9 North American Great Lakes: An assessment of trends of alien species .. ............... 177
Box 2.10 Marine ecoregions: A global assessment of trends and status of alien and invasive

Alien SPECIES. . . .., 179
Box 2.11 Good Quality of Life: A global assessment of trends and status of invasive alien species. . .. 188



THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Chapter 2

TRENDS AND STATUS OF
ALIEN AND INVASIVE ALIEN

SPECIES

EXECUTIVE SUMMARY

0 At least 39,215 alien species and more than
37,000 established alien species have been recorded
worldwide and occurrences of established alien
species have been reported from all countries and all
ecosystems globally (established but incomplete)
{2.2.2}. Among these, 5,256 species have been classified
as invasive according to the database underlying this
chapter (established but incomplete) {2.2.2}. The
distribution of established alien species shows marked
hotspots of high species numbers, mostly located in North
America, Europe, and Australasia, but also in individual
African and Asian countries (established but incomplete)
{2.2.2}. However, low data availability, particularly in Africa
and Central Asia, suggests that many more unrecorded
established alien species are extant but not reported due to
a lack of monitoring and data integration (established but
incomplete) {2.1.3, 2.1.4, 2.7}. Thus, the reported numbers
of alien, established alien, and invasive alien species are
likely severely underestimated (well established)
{2.1.38.,2.1.4}.

o The number of established alien species has
risen at continuously accelerating rates for centuries,
recently reaching the highest total number of
established alien species and highest annual rate of
new records (established but incomplete) {2.2.1}. The
rise in established alien species numbers has had periods
of uniform increases and marked accelerations (well
established) {2.1, 2.2.1}. Before 1800, the introduction of
alien species was largely driven by European colonialism,
while recently introductions for ornamental purposes or
associated with international transport have become more
important pathways (well established) {2.1, 2.1.2, 2.3.1.2,
2.3.1.6,2.4.2.2,2.4.5.2, Box 2.5}. Marked accelerations
of alien species introductions were observed circa 1800
and post-1950, currently reaching the highest value yet; 37
per cent of documented alien species introductions over
the last two centuries have occurred since 1970
(established but incomplete) {2.1}. In addition to total
numbers, the rate of increase of newly recorded alien
species, which later became established, has also
continuously risen with approximately 200 new alien
species now recorded annually worldwide (established but
incomplete) {2.2.1}.
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e In absolute values, the highest numbers of
established alien species records have been reported
for vascular plants, insects, fishes, fungi, and
molluscs (established but incomplete) {2.2.2}. The
distribution of established alien species worldwide is similar
across taxonomic groups, with hotspots located in North
America, Europe, and Australasia (established but
incomplete) {2.2.2}. Vascular plants and mammals are the
most widespread invasive alien species (well established)
{2.2.2}. Temporal trends of records revealed three main
patterns: For vascular plants, the number of records and the
rate of increase rose distinctly from the nineteenth century to
the present (well established) {2.3.2.1}, while for
invertebrates, algae, and microorganisms, numbers and
rates showed a marked increase particularly after 1950,
likely due to increasing trade (established but incomplete)
{2.3.1.6; 2.3.1.8, 2.3.1.9, 2.3.2.3, 2.3.3}. Mammals
represent the only taxonomic group where the rate of new
annual records has consistently declined since 1950, likely
as a result of stricter regulations. However, while declining,
the rate is still positive resulting in additional new alien
mammal records each year (established but

incomplete) {2.3.1.1}.

0 The total numbers of established alien species
are similar in all IPBES regions except for Africa,
ranging from 14,797 to 17,628 established alien
species in the Americas, Europe and Central Asia, and
Asia and the Pacific; total numbers are distinctly lower
for Africa, which hosts a maximum of 6,484
established alien species (established but incomplete)
{2.4.1,2.4.2,2.4.3, 2.4.4, 2.4.5}. The lower number of
established alien species in Africa likely results from a
combination of reduced introduction effort and lower data
availability; therefore, the true number of alien and invasive
alien species is expected to be markedly higher in Africa
than currently reported (established but incomplete) {2.4.1}.
Likewise, rates of increase were similar among the
Americas, Europe and Central Asia, and Asia and the
Pacific, but lower for Africa where data are less complete
(established but incomplete) {2.4.2,2.4.3,2.4.4,2.4.5, 2.7}.

e The majority of established alien species have
been reported from terrestrial ecoregions (75 per
cent), while distinctly fewer established alien species
were recorded in freshwater and marine ecosystems



(established but incomplete) {2.5.1, 2.5.2, 2.5.3, 2.5.4}.
In part, this pattern reflects the natural distribution of species
across ecosystems. However, aquatic habitats and marine
systems in particular are less thoroughly sampled in
comparison to terrestrial systems, suggesting that many
more alien marine species have not been detected and
recorded (established but incomplete) {2.5.2, 2.5.3, 2.5.4}.

° The number of established alien species is
expected to rise further with a predicted 36 per cent
global increase by 2050, but with large variations by
region and among groups of organisms; most existing
established alien species are expected to expand their
current ranges (established but incomplete) {2.6.1}.
Annual rates of increase are predicted to rise further for
invertebrates, such as insects and molluscs, likely as a
consequence of anticipated increasing trade and transport,
but to decline for mammals, probably due to efforts to
prevent their introduction and spread (established but
incomplete) {2.6.1}. However, models and scenarios to
project biological invasion dynamics are scarce and
underdeveloped, hindering a robust assessment of future
dynamics (well established) {2.6.5}. Although some
established alien species have reached their geographic
range limits, most established alien species are likely to
further expand their alien ranges in the near future
(established but incomplete) {2.6.1}.

The number of established alien species is
consistently lower on land managed by Indigenous
Peoples (established but incomplete) {Box 2.6}.
Indigenous Peoples’ lands are often remote and host more
natural habitats compared to other lands, but that has not
protected them from alien species introductions. A total of
6,351 established alien species and 2,355 invasive alien
species have been recorded worldwide on Indigenous
Peoples’ land (established but incomplete) {Box 2.6}.
Hotspots of biological invasions on Indigenous lands with
high numbers of established alien species are found on all
inhabited continents but especially in Australasia, North
America, and Europe (established but incomplete) {Box
2.6}, regions that have the highest established alien species
numbers in general. Invasive alien species affect the
livelihoods and good quality of life of Indigenous Peoples
and local communities worldwide (established but
incomplete) {Box 2.11}. However, most available studies on
lands of Indigenous Peoples and local communities and on
good quality of life focus on woody vascular plants, while
much less information is available for the effects of other
taxa, particularly microbes and insects (established but
incomplete) {Boxes 2.6 and 2.11}.

G Islands generally host high numbers of alien and
invasive alien species (well established) {Box 2.5}.
Compared to mainland areas, the number of established
alien species on islands is often very high (well established)
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{Box 2.5}. For vascular plants, the numbers of established
alien species exceed the total number of native species on
many islands, doubling the plant species richness on those
islands (well established) {Box 2.5}. Worldwide, widespread
invasive alien species on islands include mammals such as
Rattus spp. (rats), Mus musculus (house mouse), and Felis
catus (cat), and plants such as Leucaena leucocephala
(leucaena), Lantana camara (lantana), and Ricinus
communis (castor bean) (well established) {Box 2.5}.

° Research intensity and data availability
documenting established alien species’ occurrences
have increased in recent decades, but information
about alien species distributions remains incomplete,
particularly for inconspicuous species such as
invertebrates, microorganisms, and aquatic species
(well established) {2.1.4, 2.2.2, 2.7}. Lists of established
alien species occurrences are very likely incomplete in the
vast majority of cases across in the world (established but
incomplete) {2.1.3, 2.1.4}. There are, however, major critical
gaps for many species groups in large parts of Africa and
Central Asia, for invertebrates and microorganisms, and for
marine and freshwater species worldwide (well established)
{2.2.2,2.831.11,2.3.2.5,2.3.3.3,2.4.2.5,2.45.5,2.5.1}.
Gaps in recording alien species occurrences result in
incomplete alien species lists and prevent a fully
comprehensive assessment of the trends and status of
invasive alien species across all taxa and habitats
(established but incomplete) {2.2.2}. Further uncertainty
arises from time lags that can span several decades from
species introductions to their first detection (well
established) {2.2.1, 2.2.3}, very likely making the
documented numbers of established alien species a severe
underestimate of the true extent of biological invasions (well
established) {2.2.1, 2.2.2}. Importantly, incomplete data
does not preclude drawing robust conclusions about alien
and invasive alien species (well established) {2.7}. By taking
data uncertainty into account, experts can provide a
complete, credible, and transparent assessment that can be
updated as more information becomes available (well
established) {2.7}.

@ A global assessment of biological invasions that
covers the trends and status of regions and species
groups equally can be achieved by a major increase in
efforts to monitor alien and invasive alien species and
by standardizing protocols for handling and sharing
data at a global scale (established but incomplete)
{2.7}. Closing knowledge gaps in all regions and species
groups and improving understanding of biotic and abiotic
interactions that influence how species respond to
environmental changes can be achieved through consistent,
repeatable, and comparable studies of alien species
occurrences that are deposited into publicly available
repositories (established but incomplete) {2.7}. Additional
applications of technology (e.g., remotely sensed data,
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environmental DNA) applied at large spatial scales can also
provide comprehensive coverage of alien and invasive alien
species (established but incomplete) {2.7}. Engagement by
and with policymakers, citizen scientists, and Indigenous
Peoples and local communities worldwide is critical to close
data and knowledge gaps (established but incomplete) {2.7}.

2.1 INTRODUCTION

Assessing current and future dynamics of biological
invasions requires data and knowledge on the geographic
extent of invasive alien species, which can be used to
identify hotspots of invasive alien species (Glossary).
Further, a more comprehensive assessment depends on
information about temporal trends (Glossary) to evaluate
past and potential future species spread and detailed
information on alien species, which while not yet classified
as invasive in certain regions could become invasive in the
future. To achieve a comprehensive global assessment of

biological invasions, this chapter includes information on
temporal trends and spatial distributions of both alien and
invasive alien species (a subset of alien species).

Humans have introduced species to regions outside of their
native ranges (Glossary) for millennia, and throughout,
these introductions have undergone different periods

of acceleration. As early as approximately 8000 B.C.,
neolithic people unintentionally distributed plant seeds when
transporting crops (e.g., Di Castri, 1989). The first evidence
of agricultural crops being traded over long distances comes
from the Pharaohs of ancient Egypt approximately 3,000

to 1,500 years ago (Janick, 2007) and from Mesoamerica
around the same period (Sanchéz, 1997). While early
reports are scarce and inaccessible, evidence of increasingly
frequent species exchanges has accumulated. The intensity
of biotic exchange is often related to the extent and power
of a particular empire, such as the Romans, Greeks, Aztecs,
Polynesians, or the Han Dynasty. All introduced a variety of
species throughout their reigns that continue to survive in
their new locations (P. A. Cox & Banack, 1991; Di Castri,
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Figure 2 @ Trends in drivers of change in nature and correlates of biological invasions.

Panels show temporal trends of a selection of main drivers and correlates of biological invasions averaged globally. For “shipping” and
“human migration” only proxy variables are shown due to the lack of more comprehensive data covering the full time period. Although
these proxy variables represent only subsets of the full dynamics, they well indicate the overall temporal patterns of change. A data
management report for this figure is available at https://doi.org/10.5281/zenodo.7615582
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1989; Ma et al., 2003; Sanchéz, 1997). As these empires
expanded and the capacity of humans to travel long
distances improved, there was a concomitant rise in the
magnitude of alien species introductions.

The establishment of sea routes between Europe, the
Americas, Africa, and Asia in the fifteenth century marked
the onset of a truly global trade network that facilitated a
continuously growing rise in alien species introductions
(Figure 2.1; Di Castri, 1989) but the extent of increase
varied considerably between taxonomic groups and
geographic regions. Nonetheless, there has been a
marked intensification of alien species exchanges across
all taxonomic groups and regions in the last 200 years;

the nineteenth century and post-1950s eras experienced
especially high increases of new species introductions, i.e.,
37 per cent of all documented established alien species
introductions have occurred since 1970 (Bonnamour et
al., 2021; Seebens, Blackburn, et al., 2017). Given the
incomplete and inconsistent records of documented historic
introductions, it is likely that past introduction rates were
even higher (Seebens, Blackburn, et al., 2017).

While many species have been unintentionally introduced,
other introductions in the pre-historic, historic, and modern
eras have been intentional, occurring for purposes including
food, horticulture, sport hunting and fishing, the fur trade, the
pet trade, and for nature’s contributions to people such as
erosion control and biological control (Glossary; e.g., Eviner
et al., 2012; Genovesi et al., 2009; Luken & Thieret, 1997;

R. M. Pringle, 2005; Reichard & White, 2001; Simberloff,
2012). The introduction pathways (Glossary) and the taxa
introduced have varied over time (Table 2.1; Figure 2.2).

The introduction of alien species is coupled with human
activities and it is therefore unsurprising that invasion trends
and human socio-economic activities are closely linked
(Hulme, 2009; Levine & D’Antonio, 2003; X. Liu et al.,
2019; Meyerson & Mooney, 2007; Pysek, Jarosik, et al.,
2010). Different drivers may affect invasion dynamics and
become important during different stages of the biological
invasion process (Glossary), such as the introduction
and establishment stages. For instance, global trade and
transport are well-known major drivers promoting the
intentional or unintentional introduction of alien species
(Chapter 3, section 3.2.3; and Hulme, 2009). Tourism

is another important driver (Chapter 3, section 3.2.3.4),
particularly on remote islands (Toral-Granda et al., 2017).
But interactions between introduction pathways and
invasion stages also vary by taxonomic group (e.g., Bernery
et al., 2022). Anthropogenic disturbances such as habitat
(Glossary) destruction (e.g., deforestation), degradation
(e.g., eutrophication) and fragmentation, and climate
change are strongly associated with increasing habitat
vulnerability to invasions (Hierro et al., 2006; Hulme, 2017;
Pauchard & Alaback, 2004; J.-Z. Wan et al., 2019). Thus,
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once introduced, alien species are more likely to establish
in areas with high degrees of land use change, high human
population density, and high gross domestic product

(GDP) (Pysek, Jarosik, et al., 2010). All of these drivers
have distinctly increased in the last decades (Figure 2.1;
Chapter 3, section 3.1.1), paving the way for rising
numbers of invasive alien species, and the establishment of
alien species more generally.

2.1.1 Previous alien and invasive
alien species assessments

Multiple recent regional and global scale assessments
have highlighted biological invasions as having a significant
influence on nature (Glossary), nature’s contributions to
people, good quality of life and on Indigenous Peoples
and local communities (Glossary; IPBES, 2018a, 2018b,
2018c, 2019a). In general, these assessments have noted
that while progress has been made in identifying pathways
of alien species introductions and in invasive alien species
eradication and management (Glossary; Secretariat of the
CBD, 2020), successful prevention of biological invasions
(Glossary) remains limited, in part due to ineffective
border controls in some countries (Secretariat of the CBD,
2014). Global and regional assessment reports show that
biological invasions are an increasing worldwide threat (Early
et al., 2016; Osipova et al., 2017; WWEF, 2018) exerting
pressure on native biodiversity in concert with other global
phenomena (IPBES, 2016; Secretariat of the CBD, 2020)
resulting in consequences such as biotic homogenization
and the extinction of native species (Glossary; Millennium
Ecosystem Assessment, 2005). However, both positive
and negative impacts (Glossary) associated with alien
species have been documented (IPBES, 2016; Roué et
al., 2017). Nonetheless, large swathes of several regions
remain understudied and report relatively little information
regarding invasive alien species (IPBES, 2018b). In Europe,
Central Asia, and in the Americas, biological invasions are
severe due to extensive trade and transportation networks
that are pathways for alien species introductions (IPBES,
2018b, 2018c) with more complete documentation in
Europe and North America. In Central Asia, South America
and mesoamerica, and in Africa, biological invasions

tend to be less well-documented and few sources on the
biogeographic details of invasive alien species trends are
available across these regions (IPBES, 2018a, 2018b,
2018c). Further, invasive alien species are identified by
Indigenous Peoples and local communities as one of the
major drivers of change in nature as, for example, these
species encroach on grazing lands and threaten agricultural
systems (Forest Peoples Programme et al., 2020; Roué

et al., 2017). Many invasive alien species do not have any
cultural or economic value for Indigenous Peoples and local
communities and some groups lack strategies to deal with
biological invasions (Roué et al., 2017).
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2.1.2 Pathways of alien species
introductions

Following standard frameworks (CBD, 2014; Hulme et al.,
2008), pathways describe the mechanisms that result in

the introduction of alien species. Pathways usually focus

on movements until a species reaches the border of an
administrative unit, such as a country, although they are not
restricted to this definition. Pathways are distinct from routes
of introduction; pathways describe how and by what means
a species has entered the new region; route of introduction
refers to a geographic route between two locations.
Pathways have been categorized into six major classes
(release, escape, contaminant, stowaway, corridor, and
unaided) and several sub-classes. Major classes of pathways
are provided by the Convention on Biological Diversity (CBD;
CBD, 2014; Table 2.1; Chapter 1, Box 1.6).

Alien species have been introduced through a variety of
pathways that have varied in importance over time and
among species groups (Figure 2.2; CBD, 2014; Faulkner
et al., 2016; Hulme et al., 2008; Pysek et al., 2011).
Intentional introduction pathways, such as release and
escape, have played a major role for plant and vertebrate
introductions, while unintentional introduction pathways,
such as contaminant and stowaway, are highly relevant for

Table 2 @ Definition of major pathway classes.

Definitions are published by the CBD (2014).

Pathway class Definition

introduced invertebrates, algae, and fungi (Saul et al., 2017).
In addition to variations among species groups, the relative
importance of pathways for introducing alien species and the
absolute number of alien species introduced through certain
pathways has changed over time depending on the number
of propagules being transported (van Kleunen et al., 2018).
Overall, the absolute number of established alien species
has increased across nearly all pathways with particularly
steep increases beginning circa 1800 and continuing until
the present (Figure 2.2). The main pathway recorded for
most species was escape from confinement, followed by
contaminant and stowaway, release in nature, and corridors.
The relative importance of the escape pathway has declined
slightly in recent decades, while the contaminant and
stowaway pathways have increased in importance, possibly
reflecting higher numbers of introductions through global
trade and transport (Hulme, 2009). For detailed pathway
classifications, seed contamination was the only pathway
with declining absolute numbers, and particularly strong
increases were observed for pet species and stowaways
(Figure 2.2). Overall, introductions for ornamental purposes
remained highest in absolute numbers over the last 200
years. However, most (82 per cent of all available records

in the pathway data set by Saul et al. (2017)) information

on pathways is available for plants and vertebrates, while
information on introduction pathways is often lacking for

Release in nature

Escape from confinement

escaped confinement.

The movement of (potentially) invasive alien species from confinement (e.g., zoos, aguaria, botanic gardens,
agriculture, horticulture, forestry, aquaculture and mariculture facilities, scientific research or breeding
programmes, or escaped pets) into the natural environment. Through this pathway, organisms were
purposefully imported or otherwise transported to confined conditions, but subsequently unintentionally

The intentional introduction of live alien organisms for the purpose of human use in the natural environment.
Examples include biological control, erosion control, releases for fishing or hunting in the wild, landscape
“improvement” and introductions of threatened organisms for conservation or religious purposes.

The unintentional movement of live organisms as contaminants of a commaodity that is intentionally transferred
through international trade, development assistance, or emergency relief. This includes pests and diseases of
food, seeds, timber, and other products of agriculture, forestry, and fisheries, as well as contaminants of other
products.

Transport-Contaminant

Transport-Stowaway

The moving of live organisms attached to transporting vessels and associated equipment and media. The
physical means of transport-stowaway include various conveyances, ballast water and sediments, biofouling
of ships, boats, offshore oil and gas platforms and other water vessels, dredging, angling or fishing equipment,
civil aviation, sea and air containers.

The movement of alien organisms into a new region following the construction of transport infrastructure
without which spread would not have occurred. Such trans-biogeographical corridors include international
canals (connecting river catchments and seas) and transboundary tunnels linking mountain valleys or oceanic
islands.

The secondary natural dispersal of invasive alien species that have been introduced by means of any of the
foregoing pathways.

Corridor

Unaided
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Figure 2 @ Introductions of established alien species by pathway over time.

The figure shows global absolute numbers (top) and relative importance (bottom) of established alien species introductions by
pathway since 1500. Smoothed trends are indicated by dashed lines. Sudden drops at the end of the time series likely reflect a lack
of recent records. Only the top ten pathway sub-categories are shown. A data management report for this figure is available at https://

doi.org/10.5281/zenodo.7615582

other taxa. Therefore, the patterns and trends in pathway
dynamics described above are likely biased towards
pathways associated with plant and vertebrate introductions.

2.1.3 Chapter structure and
content

Chapter 2 presents an overview of the current knowledge
on the trends and status of alien species in general and
invasive alien species. The logic underlying this chapter,
the definitions of trends and status, and how the terms
are used are presented in Box 2.1. Throughout the
chapter, three distinct categories for species introduced

to regions outside of their native ranges have been used:
alien species, established alien species, and invasive alien
species (Chapter 1, Figure 1.1, Glossary). These three
status categories have been included because studies
and databases vary in their definitions and details for these
terms, some studies address only alien species without
further specification, others focus on established alien

species, while others distinguish among alien, established
alien, and invasive alien species. It is critical to distinguish
the status categories of species along the process of
biological invasions for two main reasons, that is, because
each term has a distinct meaning in invasion science and
because the introduction dynamics, species distributions,
and factors driving invasion patterns vary by taxa (Hejda
et al., 2009). The ability to clearly delimit invasive alien
species from established alien species is impacted by

a lack of standardized definitions systematically applied
across studies and databases. Moreover, the status of a
species introduced outside of its native range can change
at any given time, further complicating assessments.
Consequently, it remains difficult to consistently and
comprehensively collate information on invasive alien
species trends and status only; thus, alien and established
alien species are also considered. This chapter does include
one figure depicting temporal trends of invasive alien
species numbers (Figure 2.4, in section 2.2.1) and multiple
tables of the most widespread (Glossary) invasive alien
species as provided by the Global Register of Introduced
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and Invasive Species (GRIIS; Pagad et al., 2022). However,
most available information and data are for established
alien species. When known, the specific invasion status is
therefore indicated throughout the chapter.

The structure of the chapter is depicted in Figure 2.3. This
chapter reports on trends, status, and gaps consistently
across all major sections. The major sections represent

Box 2 @ Rationale of the chapter.

Chapter 2 reports on past and future temporal trends in alien
species (including established and invasive alien species where
possible) numbers, their current and future status, and data
and knowledge gaps for taxonomic groups, Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) regions, and units of analysis (Chapter 1,
sections 1.6.4 and 1.6.5). Temporal trends are long-term
directional changes over long time periods (i.e., decades to
centuries) in numbers of species, populations, or individuals
introduced or in the spatial extent of colonization. Trends are
presented as numbers of species (species richness) and rates
of accumulation over time (i.e., numbers of newly recorded
established alien species per unit time). Status is the current
established alien species number and distributions in a certain
area such as IPBES regions (section 2.4) or units of analysis
(section 2.5) — and is indicated by established alien species
number per spatial unit (global, regional, and biogeographic).
Data and knowledge gaps describe missing or unavailable

Asia &
Pacific

i

Fungi &
Microorganisms

TRENDS

first a general introduction (section 2.1) and an overview
of the global dynamics (section 2.2) followed by trends,
status, and gaps by taxonomic group (section 2.3),
IPBES regions and subregions (section 2.4), IPBES units
of analysis (section 2.5), and future projections (section
2.6). While this structure creates some redundancies,

it provides comprehensive and focused information for
readers interested in a particular group, system, or region.

information or data for species or taxonomic species concepts,
IPBES regions, or units of analysis.

Guiding questions:

e What is the status of alien species globally, regionally, by
taxon and by unit of analysis?

e What are the trends for established alien species globally,
regionally, by taxon, and by unit of analysis?

e What are the data and knowledge gaps for alien species-
related data and how do they vary globally, regionally, by
taxon and by unit of analysis?

e What are the eco-evolutionary dynamics of
biological invasions?

e What are the methodological limitations and uncertainties
in future dynamics in invasive alien species?

Keywords: alien species, established alien species, invasive
alien species, distribution, status, trends, data gaps
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Figure 2 @ Overview of chapter structure.

Chapter 2 reports on temporal trends, the status of the current distributions of alien and invasive alien species, and the gaps in
knowledge for taxonomic groups, IPBES regions, units of analysis, and future dynamics. Case studies and in-depth presentations are

provided in boxes throughout the chapter.
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In addition, particular emphasis was given to selected
topics of overall importance in individual boxes. Throughout
the chapter the term “species” is used for clarity, though it
should be noted that individual populations of a species,
not the entire species, are invasive. Where appropriate, the
distinction has been made between major species groups,
namely mammals, birds, fishes, reptiles, amphibians,
insects, spiders, crustaceans, molluscs, other invertebrates,
vascular plants, aquatic vascular plants, algae, bryophytes,
fungi, Chromista, bacteria, and viruses.

The trends and status of alien species as presented here are
based on a comprehensive review of the existing literature
and databases, supplemented by knowledge from experts
from all around the world and from multiple biological
disciplines. The authors strove to provide a globally and
taxonomically balanced and comprehensive assessment of
the trends and status of alien, established alien, and invasive
alien species based on available knowledge and data.
However, the information residing in alien species records
occurrences is scattered and patchy. A large number

of records for alien species occurrences are missing for
multiple reasons such as data not being publicly available,
delays entering records into available databases, lack of
such databases at all, or few or no monitoring activities
(Glossary), which is particularly problematic for certain taxa
such as microorganisms and sub-regions such as Central
Africa. Consequently, the numbers presented in figures and
tables inevitably underestimate the true numbers of alien
species occurrences. However, incomplete data does not
imply that inferred conclusions are flawed; instead, it means
that conclusions should be drawn carefully while considering
the availability and potential biases of information. In this
assessment of trends and status of biological invasions,

the uncertainty due to incomplete data to provide robust
conclusions that are scientifically supported by currently
available evidence has been included.

2.1.4 Generation of data underlying
figures and tables in this chapter

Due to the use of inconsistent terminology and data
processing steps, a direct comparison of individual

studies of alien species occurrences is often difficult.
Comprehensive global databases that allow direct
comparisons of numbers across taxonomic groups and
regions exist for a few well-investigated species groups.
These global databases provide comprehensive information
at least for individual species groups and form the basis
for a database generated for this chapter.? All numbers
presented in the tables and figures in this chapter are
based on this single database compiled specifically for this
chapter if not stated otherwise. Consequently, the textual
descriptions of the chapter provide a more comprehensive
assessment of the existing literature for the respective
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geographic unit or taxonomic group, while the figures
and tables provide a basis for comparison across regions
and taxa, which is inevitable based on a reduced number
of records. The generation of the chapter database is
described in detail below, and also provided in the data
management report for this chapter.?

Generation of a database of regional
checklists of alien species

The chapter database of alien species occurrences that
provides the basis for figures and tables in this chapter?
was established by integrating major global databases

of alien species occurrences. These databases were
selected because they are global, represent the most
comprehensive databases in their field, and are published
and freely accessible. Altogether, seven databases fulfilled
these criteria (Table 2.2): five databases with a focus on
individual taxonomic groups, and two cross-taxa databases,
one of which contains years of first records of alien species.
The development of these databases is based on more
than 4,000 individual sources of information including
scientific publications, reports, and regional databases.
That is, although only seven databases are included, the
total number of considered publications and data sources
is considerably larger. Nonetheless, it is likely that even for
the species groups and content included in the databases,
not all available reports and studies were considered,

and records are missing for a variety of reasons. As a
consequence, the numbers of species reported in figures
and tables of this chapter are likely higher.

The seven global databases used as the basis for all
figures and tables in this chapter differ in their spatial
resolutions, terminologies, and taxonomies, impeding

the direct integration of databases.? Assessment experts
have therefore applied a workflow (i.e., a series of data
transformation steps implemented in open-source
computer scripts) to first standardize the spatial resolutions,
terminologies, taxonomies, and the representation of

years of first record. Synonyms were resolved according

to the backbone taxonomy of the Global Biodiversity
Information Facility (GBIF). Subsequently, the databases
were combined, duplicated entries were removed, and
conflicting entries, such as deviating first records, were
resolved where possible. Conflicting entries that could not
be resolved automatically, such as deviating invasion status,
were kept as duplicated entries in the chapter database.?
New workflows were developed to enable the identification
of the biogeographical status of occurrence records using
probabilistic frameworks (e.g., Arlé et al., 2021).

2. The full workflow, including detailed descriptions and manuals, has been
published (Seebens, 2021; Seebens et al., 2020). Version 1.3.9 of the
workflow (https://doi.org/10.5281/zenodo.5562840) has been applied
to produce the final database version 2.4.1, which is used in this chapter
(https://doi.org/10.5281/zenodo.5562892). The data management report
is also available at https://doi.org/10.5281/zenodo.7615582

83


https://doi.org/10.5281/zenodo.5562840
https://doi.org/10.5281/zenodo.5562892
https://doi.org/10.5281/zenodo.7615582

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

Table 2 @ List of databases of alien and invasive alien species considered as a basis for
figures and tables in this chapter.

Database

Content used here

Citation and source

Global Naturalized Alien Flora (GloNAF)

Global Avian Invasions Atlas (GAVIA)

Distribution of Alien Mammals (DAMA)

Alien amphibians and reptiles

reptiles

MacroFungi

Alien Species First Records (FirstRecords)

GRIIS

The integration of the seven global databases as described
above resulted in the largest single database of alien species
distributions currently available, containing 175,980 records
of 39,215 alien taxa from 264 locations worldwide. The term
“location” mostly refers to countries, but the database also
contains information about sub-national units such as islands
or federal states in some cases. The database also includes
populations with unconfirmed or “casual” (Glossary) status.
Records of casual species are not reported in this chapter
and therefore excluding casual alien species resulted in
37,591 established alien species and 5,260 invasive alien
species as classified by the database GRIIS.

The databases underlying the chapter database differ in
their terminology describing biological invasion status (i.e.,
introduced, established, invasive) of a population (Groom
et al., 2019). However, invasion status is often difficult to
determine due to the lack of protocols for a standardized
determination. Some databases, such as GIoNAF, have

a more rigorous and conservative approach to classifying
established alien species, while other databases such as
GRIIS included more species in this category. Consequently,
the total numbers of established alien species vary among
databases. Comprehensive global databases exist for
mammals, birds, and vascular plants. These underwent

a thorough assessment of invasion status and thus

usually report lower numbers relative to cross-taxonomic
databases such as the GRIIS or FirstRecords. To account
for this variation in this assessment, total numbers of
established alien species were provided as ranges for these
taxonomic groups to emphasize the variation that exists

in the published material. However, the spatial variations

of the taxonomic databases are highly correlated with the
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Regional records of alien vascular plants

Regional records of alien amphibians and

First records of alien species in regions
across taxonomic groups

Regional records of alien and invasive
alien species across taxonomic groups

van Kleunen et al., 2019
https://idata.idiv.de/DDM/Data/ShowData/257

E. E. Dyer, Redding, et al., 2017
https://doi.org/10.1038/sdata.2017.41

Biancolini et al., 2021
https://doi.org/10.6084/m9.figshare.13014368

Capinha et al., 2017
https://doi.org/10.1111/ddi.12617

Monteiro et al., 2020
https://doi.org/10.15468/2gky1q

Seebens, Blackburn, et al., 2017
https://doi.org/10.5281/zen0do0.4632335

Pagad et al., 2022
https://doi.org/10.5281/zenodo.6348164

variation in the GRIIS: The Pearson correlation coefficients,
r, of total established alien species per region between
GRIIS and GloNAF (r=0.92), Global Avian Invasions Atlas
(GAVIA) (r=0.76) and Distribution of Alien Mammals (DAMA)
database (=0.82) were all high and significant. Thus, the
spatial and temporal patterns as shown in this chapter do
not distinctly differ among databases except in the overall
levels of species numbers. This chapter therefore shows
the total numbers of established alien species, including all
databases in maps and time series, and provides ranges in
tables of established alien species numbers.

Generation of a database of local occurrence
records

The database used in this chapter provides information
on alien species occurrences in so-called checklists
representing lists of species for countries, large islands or
other sub-national regions. This is inconvenient when it
comes to the analysis of the distribution of alien species
at other delineations such as units of analysis or marine
ecoregions. To obtain information about alien species
occurrences at different levels of spatial organization

and scale, a freely available workflow to downscale
regional checklists of alien species occurrences was
applied (Seebens & Kaplan, 2022b). Using this workflow,
coordinates of species occurrences as reported in the
chapter database were obtained from GBIF and the Ocean
Biodiversity Information System (OBIS). For each species
in the chapter database, coordinates of records (marine
or terrestrial) were obtained from the aforementioned
online platforms and identified as representing alien
populations based on the chapter database. Various
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https://doi.org/10.15468/2qky1q
https://doi.org/10.5281/zenodo.4632335
https://doi.org/10.5281/zenodo.6348164

steps of data cleaning and testing were included to avoid
false entries. In this way, more than 35 million records of
alien populations of 17,424 established alien species with
coordinate-based records were gathered. These point-wise
occurrence records were then aggregated to obtain total
established alien species numbers per terrestrial region,
marine ecoregion (see next paragraph for details, see also
Chapter 1, section 1.6.4 for a description of IPBES regions
and sub-regions used in the IPBES invasive alien species
assessment), and land managed by Indigenous Peoples
(Box 2.6 in section 2.4.1). The full database of coordinates
is open access (Seebens & Kaplan, 2022a), and includes a
manual for data generation and digital object identifiers for
GBIF requests to ensure reproducibility and transparency.

Marine records

Comprehensive information about the global occurrence

of marine alien species was largely lacking when work

on this chapter was initiated. Since then, two important
developments have taken place, namely the publication

of a worldwide study on marine alien species distributions
(Bailey et al., 2020) and the publication of the World Register
of Introduced Marine Species (WRIMS; M. J. Costello et

al., 2021). In both cases, records of marine alien species
have been validated by experts in the field. A total number
of 1,442 marine alien species were recorded by Bailey et al.
(2020), while 2,714 species were reported by M. J. Costello
et al. (2021). Both are likely underestimates of the true extent
of marine alien species. Due to the lack of more detailed
data and/or available expertise to check individual records
and regions, the studies cover either only approximately half
of the world’s marine ecoregions or provide information on
comparatively large spatial units rendering a comparison of
marine ecoregions difficult. To provide an alternative way of
gathering information, this assessment used the database
of local occurrence records of established alien species as
described in the previous paragraph, which is based on
regional checklists of established alien species and records
from GBIF and Ocean Biodiversity Information System
(OBIS) as described in the published workflow (Seebens &
Kaplan, 2022b). The coordinate-based records were then
assigned to the marine ecoregion as presented by Spalding
et al. (2007). The spatial representation is still biased towards
well-investigated regions and records are not cross-checked
by experts, but the generated data do provide an overview
across nearly all marine ecoregions worldwide. To consider
the published data validated by experts, the information
provided in Baliley et al. (2020) has been used where
possible and filled in missing regional information by the
aforementioned data generation methods.

Quantification of data gaps

The lack of information on alien and invasive alien species
occurrences means that regional lists (i.e., checklists) of
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established alien species are often incomplete, producing
data gaps. The degree of incompleteness varies by
taxonomic group, region, and time period (Pysek et al.,
2008). To assess the influence of data gaps on the trends
and status presented in this chapter, this assessment
attempted to quantify the degree of incompleteness.

As little research has been done previously to assess
incompleteness, three different indicators of data gaps
were tested:

1. The number of studies available per region in the chapter
database was used as a proxy measure for research
intensity and should negatively relate to data gaps.

2. To measure data gaps across taxonomic groups, the
number of widespread phyla for which no information
was available for a particular region was counted. A
widespread phylum is defined as one with more than
500 records in the chapter database. Seven phyla were
determined to be widespread: Ascomycota, Annelida,
Basidiomycota, Mollusca, Chordata, Arthropoda,
and Tracheophyta. Different cut-off values (other than
500 records) for selecting taxonomic groups were
tested but did not change the overall patterns. The
number of these phyla with less than five records per
region was then counted. By applying this approach,
experts assumed that at least five established alien
species per selected phylum (i.e., at least five species of
Tracheophyta per region, five established alien species
of Arthropoda, etc.) should be found in each region
as defined in the chapter database. This is likely true,
particularly for large regions, but might be critical for
very small regions and small islands. Different versions
of this indicator were tested using different cut-off values
(e.g., at least one, three, or ten records) but all versions
revealed similar spatial patterns of research intensity
and data gaps (Figure 2.5 for a spatial representation of
indicators 1 and 2).

3. Athird indicator was used to describe spatial variation of
data gaps for individual taxonomic groups by comparing
the number of available first records of established alien
species for a region with the total number of species
recorded for the same region. This analysis provided
information on the proportion of available first records
per region and can be used to assess the robustness
of temporal trends and provide indications about the
general availability of information for the respective
taxonomic group. As the biases known for first records
largely reflect data and knowledge gaps in general, the
proportion of available temporal information is used as a
proxy for data completeness.

Although none of these indicators are ideal, they can be

considered for context when interpretating the trends and
status of biological invasions.
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2.2 GLOBAL TRENDS AND
STATUS OF ALIEN AND
INVASIVE ALIEN SPECIES

This section describes an assessment of the temporal
trends and status of the distribution of alien and invasive
alien species globally for all taxonomic groups combined.

2.2.1 Trends

Overall, studies on the introduction of alien species over
time have reported a continuous global increase in the
number of established alien species consistent across
taxonomic groups, particularly since the early nineteenth
century (Aukema et al., 2010; C. Chen et al., 2017; E.

E. Dyer, Cassey, et al., 2017; S. Henderson et al., 2006;
Peck et al., 1998; Pysek et al., 2012; Roy, Preston, et

al., 2014; Sandvik, Dolmen, et al., 2019; Sax & Gaines,
2008; Verloove, 2006; Wilson et al., 2007). Indeed, there
is no study reporting a decline in established alien species
numbers except for a few islands where eradication
programmes or stringent biosecurity (Glossary) measures
have been applied (Simberloff et al., 2013). Distinct
increases in established alien species numbers are often
reported post-1950 (Huang et al., 2011; Peck et al., 1998;
Pysek et al., 2012; Sandvik, Hilmo, et al., 2019), while

a few other reports indicate earlier acceleration in the
nineteenth century (mostly for vascular plants; C. Chen et
al., 2017; S. Henderson et al., 2006; Seebens, Blackburn,
et al., 2017; Wilson et al., 2007) or continuous increases
without periods of acceleration over 200 years (mostly for
insects; Aukema et al., 2010; Nahrung & Carnegie, 2020)
and birds (Blackburn et al., 2015). In addition to the rise in
cumulative established alien species numbers, many studies
also report rising rates of increase over time (Blackburn et
al., 2015; Seebens, Blackburn, et al., 2017). Recently, the
highest global emergence rates of new established alien
species were reported with approximately 200 new alien
species, which later became established, recorded annually
(Seebens, Blackburn, et al., 2017). Declining rates of new
records of terrestrial alien species were observed only for
vascular plants in North America (Seebens, Blackburn, et
al., 2017), insects in Australia (Nahrung & Carnegie, 2020)
and mammals worldwide (Seebens, Blackburn, et al., 2017).
As shown in the GRIIS database, numbers of invasive
alien species show very similar trends over time, but with
lower numbers in comparison to established alien species
(Figure 2.4; Seebens, 2021).

Most studies on selected taxonomic groups, specific
regions, or global analyses show systematic and constant
increases in established alien animal species across
taxonomic groups (e.g., Aukema et al., 2010; Bailey et
al., 2020; E. E. Dyer, Redding, et al., 2017; Fuentes et al.,

86

2020; Seebens, Blackburn, et al., 2017). For example,

bird and mammal introductions mostly occurred in three
distinct phases: first, historically with the discovery and
colonization of new lands by Europeans from about 1500
to 1700; second, mainly through acclimatization societies
(i.e., associations that encouraged the introduction of alien
species), particularly via European colonialism from 1700 to
1900 (e.g., Pipek et al., 2015); and since the 1950s, mostly
via global trade (Biancolini et al., 2021; Cassey et al., 2015;
E. E. Dyer, Redding, et al., 2017; Hulme, 2021; Turbelin

et al., 2017). In contrast to alien homoeotherms, the pet
trade is the primary cause of herpetofaunal introductions, a
recently spreading group (Capinha et al., 2017). For insects,
there are two distinct waves of accelerated introduction
rates, one between 1820-1914 and one from 1969 to
present, likely due to intensifying global trade and transport
(Bonnamour et al., 2021; Roques et al., 2016). Horticulture
in general including the trade for ornamental purposes
represents an important pathway for the introduction of
vascular plants and their pathogens (Figure 2.2; Hulme,
2011; van Kleunen et al., 2018). In addition to the total
number of introduced alien species, the rate of species
accumulation also continuously increased for most
taxonomic groups in recent decades (see below), indicating
a long-lasting intensification of introductions. Mammals
represent the only exception, showing declines in species
accumulation rates since about 1950, likely a consequence
of stricter regulations on animal trade and husbandry and
limited source pools (Seebens et al., 2018; Simberloff et
al., 2013).

Once established in a new location, alien species are likely
to spread to new areas within the introduced range either
by natural dispersal or by means of human-mediated
transportation. Approximately 90 per cent of all species
introduced before 1700 are found today in more than one
region, indicating further spread or multiple introduction
events (Seebens, Blackburn, et al., 2021). Spread of an
alien species usually lasts for decades to centuries (Gasso
et al., 2010; Roques et al., 2016). Rates of inter-regional
spread were already high in the nineteenth century for many
taxonomic groups, and peaked at that time for vascular
plants, but increased further for other taxa, particularly for
birds and invertebrates (Seebens, Blackburn, et al., 2021).
While spread appears to be slowing for a few already
widespread alien species, it is likely that the vast majority of
established alien species found currently in only a few sites
(Pysek, Pergl, et al., 2017; Seebens, Blackburn, et al., 2021)
will spread also without human assistance in the near future.

The increase in numbers of established alien species is
consistent among IPBES regions (Figure 2.4). Before 1800,
numbers of established alien species rose more rapidly in
Europe and Central Asia, although Europe by far has the
most records of first year of observations. The differences

in early records between Europe and Central Asia and
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Figure 2 @ Trends in numbers of established alien species and invasive alien species.

Total numbers of established alien species (left) and invasive alien species (right) are shown for IPBES regions for 1500-2005.
Numbers underestimate the true extent of alien species occurrences due to a lack of data (section 2.1.4 for further details about data
processing). A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

other IPBES regions are likely due to different sampling
intensities (Seebens, Blackburn, et al., 2017). In addition,
due to time lags (lag phase in the Glossary), the rapid
increase in researchers studying biological invasions and
their impacts, and the subtlety of some impacts, the number
of established alien species, and invasive alien species is
almost certainly underestimated (Bellard & Jeschke, 2016).
The steepest increases in established alien species were
observed from post-1850 to the present, particularly for the
Americas and the Asia-Pacific regions. These two IPBES
regions followed similar trajectories of increases from about
1950 onwards resulting in similar total species numbers in
2005, between 7,000 and 8,000 established alien species
for the Americas and the Asia-Pacific regions respectively.
Note that the total number of recorded established alien
species is higher than shown in the time series due to
missing years of first records for most taxa and regions. The
number of established alien species for Africa is notably low
and markedly different from other regions. This is a general
pattern that also holds when species numbers in particular
taxonomic groups in Africa are plotted separately (Pysek,
Hulme, et al., 2020). It is not fully understood why numbers
are so much lower in Africa, but it is most likely due to
Africa having lower imports than other regions, a lack of
information on the year of first records of established alien
species in Africa, and because the continent is generally
understudied in terms of biological invasions (PySek et al.,
2008; section 2.4.2). As classified by GRIIS, numbers of
invasive alien species show very similar dynamics though

at a lower number, with correlation coefficients of times
series over 0.95 for all IPBES regions (Figure 2.4). The high
correlation between the distribution of established alien
species and invasive alien species, which has also been
reported in other studies (PySek, Pergl, et al., 2017), makes

it very likely that trends and status of invasive alien species
resemble those of established alien species, noting there are
less invasive than established alien species.

2.2.2 Status

According to the chapter database underlying the figures
and tables in this chapter, at least 39,215 alien species
have been recorded worldwide. As the database does not
contain all records of alien species (section 2.1.4), the true
number is likely much higher. Of those alien species, 37,215
are recorded as having established alien populations, while
5,256 are classified as invasive alien species (section
2.1.4). Note that the total number of invasive alien species
deviates from the number provided in Chapter 4 due to
different approaches and data sources. As the number of
alien species recorded is unequally distributed across the
globe (Figure 2.5), because the detectable patterns depend
upon available data, and because large data gaps remain
(section 2.2.3), it is in some cases difficult to distinguish
data biases and artifacts from true biological patterns.
However, with continued research effort, the gaps are
gradually shrinking. In the terrestrial and marine realms and
consistent across taxonomic groups, the highest numbers
of established alien species are found in Europe (particularly
western Europe), North America, and Australasia (Dawson
et al., 2017). However, total numbers are higher than shown
in Figure 2.4 where only available global databases were
included. For many regions, particularly several countries in
Africa, Central Asia and many islands, data are scarce and
available lists are incomplete. For many marine ecoregions
(white areas), alien species occurrence data are lacking or
not yet integrated into larger databases (Figure 2.5).

87


https://doi.org/10.5281/zenodo.7615582

THE THEMATIC ASSESSMENT REPORT ON INVASIVE ALIEN SPECIES AND THEIR CONTROL

TERRESTRIAL MARINE

I>4ooo >200
3500
z
c
3000 150 <
I @
m
2500 D
I @)
2
= 2000 100 2
m
1500 Z
(%)
T
1000 =5 3
B
500
0 0

Figure 2 @ Numbers of established alien species per region.

The total number of established alien taxa per mainland region (terrestrial and freshwater) and marine ecoregion (marine) is indicated
by colour separately. White denotes missing information. Note that marine records were available on different geographic delineations
and thus marine ecoregions differ in sizes in this figure. Note that numbers may deviate from those reported in the text due to variation
among data sources. See section 2.1.4 for further details about data sources and data processing. A data management report for
the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Global patterns of established alien species distributions
were consistently assessed only for selected groups such
as ants, spiders, amphibians, reptiles, freshwater fishes,
birds, mammals and vascular plants for 186 islands and
423 mainland regions by Dawson et al. (2017). This study
showed that established alien species from these groups
are unevenly distributed, with some regions (particularly
Europe, North America, and Australasia) harbouring more
species than other regions. Although Dawson et al. (2017)
previously provided the most comprehensive representation
of established alien species distributions across taxonomic
groups, their assessment included only two invertebrate
groups (ants and spiders) and no marine species were
included because of the lack of comprehensive information.
The analysis by Dawson et al. (2017) based on the seven
animal groups revealed two major commonalities: islands
and coastal areas have greater proportions of established
alien species in regional faunas, and high numbers of
established alien species are associated with indicators

of human activities such as land-use intensity and trade.
The distribution of established alien species varies by
taxonomic group. For example, biological invasion hotspots
of ants are found in South America, equatorial Africa, and
Southeast Asia (Bertelsmeier et al., 2015), while bird and
mammeal invasions are concentrated in North America,
western Europe, South Africa, Japan, Australia, and New
Zealand (Biancolini et al., 2021; E. E. Dyer, Cassey, et al.,
2017). Numbers of established alien species show latitudinal
trends: alien bird species are greatest at mid-latitudes

and reflect concomitant variations in human activity, most
notably the number of species introduced to a particular
location (E. E. Dyer, Redding, et al., 2017). Below, overviews
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and examples of established alien species are provided for
different taxonomic groups (Tables 2.2, 2.3).

The worldwide distribution of established alien species
shows a marked latitudinal gradient with the highest species
numbers reported at mid-latitudes, such as the temperate
regions of the Northern and Southern Hemispheres, with
lower numbers in the tropics (Q. Guo et al., 2021; Sax,
2001). The mechanisms that drive this pattern are not

yet fully understood but may be positively correlated with
invasive alien plant density, the human development index,
and the location of most of well-developed countries in
temperate regions (Weber & Li, 2008). Greater resistance to
biological invasions, faster recovery after disturbance due
to higher diversity, lack of life history traits that confer shade
tolerance and lower colonization, high predation pressure,
and propagule pressures (Glossary) are proposed, but not
proven, to be major causes of lower alien richness in tropical
continental regions compared to non-tropical regions (Fine,
2002; Freestone et al., 2011; Isbell et al., 2015; Rejmanek
& Richardson, 1996). However, on islands the pattern is
very different, with tropical islands harbouring very high
numbers established alien species (Moser et al., 2018;
Rejmanek & Richardson, 1996). Thus, it seems unlikely
that tropical regions have a greater resistance to biological
invasions compared to non-tropical regions as they lack
the characteristics to make them less vulnerable (Chong et
al., 2021). However, one explanation for lower numbers of
established alien species in tropical regions is lower levels
of propagule pressure (i.e., fewer introductions and/or
smaller introduction size) due to factors such as low import
volumes. In addition, reduced sampling intensities due to
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Table 2 @ Numbers of established alien species for various taxonomic groups worldwide.

Species numbers can vary depending on data sources. Note numbers in this table may deviate from those reported in the text due
to variation among data sources. For mammals, birds, and vascular plants, ranges of values indicate variation among databases
(section 2.1.4 for further details about data sources and data processing). A data management report for the data underlying this
table is available at https://doi.org/10.5281/zenodo.7615582

Taxonomic group Number of species

Mammals 197-368
Birds

Fishes

Reptiles
Amphibians
Insects
Arachnids
Molluscs
Crustaceans
Vascular plants
Algae
Bryophytes
Fungi

Oomycetes

Bacteria and protozoans

Table 2 @ Top 10 most widespread invasive alien species worldwide.

The number of regions where a species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note this
table only refers to the distribution of invasive alien species and not their impacts, covered in Chapter 4 (see section 2.1.4 for further
details about data sources and data processing). A data management report for the data underlying this figure is available at https://
doi.org/10.5281/zenodo.7615582

Organism group Number of regions

Vascular plant Pontederia crassipes (water hyacinth)
Vascular plant

Mammal

Vascular plant

Mammal

Mammal

Vascular plant

Vascular plant

Vascular plant

Vascular plant Chromolaena odorata (Siam weed)
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lower research efforts and fewer monitoring programmes
also likely contribute to the lower numbers recorded in the
tropics (Chong et al., 2021).

Comprehensive overviews of the global distribution of
individual taxonomic groups exist mostly for vascular plants
(E. J. Jones et al., 2019; Pysek, Pergl, et al., 2017) and
vertebrates (mammals, birds, amphibians, reptiles and
fishes) (Capinha et al., 2017; Dawson et al., 2017; E. E.
Dyer, Cassey, et al., 2017; PySek, Hulme, et al., 2020), with
the exception of a few invertebrate groups such as spiders
and ants (Dawson et al., 2017) and land snails (Capinha

et al., 2015), and bryophytes (Essl et al., 2013). Patterns

of spatial distribution were similar across most taxonomic
groups with particularly large numbers of terrestrial alien
species in Europe, North America, and Australasia (Dawson
et al., 2017). As an exception, there are large numbers of
alien fern species in the tropical regions of South America
and Asia (E. J. Jones et al., 2019). Common explanations
for the variations observed in the spatial distribution of
terrestrial alien species include variation in drivers such

as trade and transport, GDP, high human population
densities, and the degree of disturbance (Capinha et al.,
2017; Dawson et al., 2017; E. E. Dyer, Cassey, et al., 2017).
Often alien species originate from neighbouring regions

or regions connected through trade over long distances

(D. S. Chapman et al., 2017; L. Henderson, 2006; Pysek

et al., 2012). High numbers of terrestrial alien species

were often found on islands compared to mainlands, with
remote islands often showing particularly large alien species
numbers (Blackburn et al., 2008; Moser et al., 2018). While
it is unknown whether these high numbers can be explained
by high propagule and colonization pressures (Glossary)
due to human activities, or instead are a result of the traits of
the native communities, both factors likely interact to affect
the outcome of invasions on islands.

2.2.3 Data and knowledge gaps

Perceptions of the distribution of alien species are highly
influenced by an unequal global sampling of information

on alien species occurrences. For example, hotspots
(Glossary) of alien species occurrences (i.e., areas of high
alien species richness relative to other regions with similar
biogeographic characteristics; Dawson et al., 2017) are well-
known to coincide with global hotspots of data availability
and study sites (L. J. Martin et al., 2012; C. Meyer et al.,
2015), shaping knowledge of species distributions (A.

C. Hughes et al., 2021). This conclusion is confirmed by

the information provided in this chapter: mapping of the
number of available studies, which were used to generate
the underlying database of this chapter (section 2.1.4 for
further details on the data generation), revealed that regions
with high level of information on alien species occurrences
(Figure 2.6) match the hotspots of established alien species
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occurrences (Figure 2.5). Hence, knowledge of invasive
alien species occurrences is biased towards well-sampled
regions such as Europe and North America and taxonomic
groups such as vertebrates and plants with the majority of
studies conducted in recent decades (Bellard & Jeschke,
2016; Jeschke et al., 2012; PySek et al., 2008). It remains
unclear how much of the distributions of alien species and
documented hotspots is affected by spatial variation in
research intensity. The investigation of data availability as
described in section 2.1.4 showed extensive data gaps,
particularly in large parts of Africa, Central Asia and on
islands worldwide (Figure 2.6).

In addition to regional biases, research intensities vary
across taxonomic groups. There is considerably more
information available on the distribution of alien and
invasive alien species for vertebrates, particularly mammals
(section 2.3.1.1), birds (section 2.3.1.2), and vascular
plants (section 2.3.2.1) than for other taxa. In general,
there are large data and knowledge gaps for invertebrates
and microorganisms. While most information about
invertebrates is available for insects, crustaceans, and
molluscs, these data are still incomplete for many regions of
the world (sections 2.3.1.6, 2.3.1.8, 2.3.1.9). Information
for other invertebrate groups is extremely scarce. Globally
little information is available for alien microorganisms

and recorded distributions are often biased towards
individual studies. Across realms, the greatest amount

of information is available for terrestrial habitats (section
2.5.1), while information for aquatic (marine, freshwater
and brackish) alien species is often lacking (sections
2.5.2, 2.5.3). Consequently, the lists of alien species for
individual regions are, in most cases, incomplete, even
for well-sampled regions due to the lack of information
about microorganisms and invertebrates, for example,
and the degree of incompleteness varies highly among
regions globally.

Most of the information about alien species occurrences

is available at the national scale for whole countries, while
information on sub-national units such as federal states,
provinces, protected areas, or private land is usually lacking.
Information about occurrences is particularly scarce for
lands and waters managed by Indigenous Peoples and
local communities (Box 2.6). Furthermore, information
about abundances and changes in abundances of alien
populations is available only in a few cases and is not
consistently recorded across regions and taxa. Additional
uncertainty in the records of alien and invasive alien species
occurrences arises from time delays frequently observed
between the actual species introduction and its first record
as a new population outside its native range (Crooks, 2005).
For vascular plants, these time lags have been estimated

to be on average 20 years (Seebens et al., 2015), while for
individual cases time delays of up to 150 years have been
recorded (Kowarik, 1995b).



CHAPTER 2. TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES

I >100
80

z
Cc
<
60 %
T
o
9
40 cg
c
9
®
20
0
many
53]
S
=
<
m
2
_|
m
z
(@]
o
e
o
>
>
(@)
>
T
= ‘ / few
. Hm_}—v’ )t
T~ wmas =

Figure 2 @ Research intensity and data gaps for global established alien species
distribution records.

Research intensity (top) is indicated by the number of studies available in the chapter database. Data gaps (bottom) were determined
as the lack of information for the seven most common phyla as recorded in the chapter database per region. Largest data gaps

are apparent in Africa, Central Asia, and for many islands (section 2.1.4 for further details about data sources and data processing
for further details of the analysis). Islands are indicated by dots and circles, respectively. A data management report for the data
underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

2.3 GLOBAL TRENDS AND 2.3.1.1 Mammals

STATUS OF ALIEN AND Trends

INVASIVE ALIEN SPECIES BY Because they were useful, mammals were among the first
TAXONOMIC GROU PS species introduced by humans, and the first records of

introduced alien mammals date back thousands of years
. (Genovesi et al., 2012). For example, mammals have been
2.3.1 Animals used as pack animals, for meat and fur, ornamentals,
This section reports on the temporal trends and status of biocontrol agents, and pets since the expansion of humans
the distribution of alien and invasive alien animal species for from Africa to other continents (Clout & Russell, 2008; Long,
various animal groups, namely mammals (section 2.3.1.1), 2003; Simberloff & Rejmanek, 2011). During prehistoric and

birds (section 2.3.1.2), fishes (section 2.3.1.3), reptiles historic human migration, humans transported mammals
(section 2.3.1.4), amphibians (section 2.3.1.5), insects to new areas to create wild populations for settlers to
(section 2.3.1.6), arachnids (section 2.3.1.7), molluscs hunt (Clout & Russell, 2008; Long, 2003; Simberloff &
(section 2.3.1.8), crustaceans (section 2.3.1.9), and Rejmanek, 2011), peaking with European colonization. As a
other invertebrates (section 2.3.1.10), as well as data and consequence, there were high numbers of alien mammals
knowledge gaps (section 2.3.1.11). as early as 500-200 years ago (Figure 2.7). During the
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Figure 2 @ Status, trends, and data gaps for established alien mammals.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted to aid visualization and do not
indicate species numbers. Trends are shown in lower panels as cumulative numbers and as a rate of increase (i.e., numbers of alien
species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data sources
and data processing). Note presented numbers may deviate from those reported in the text due to variation among data sources. A
data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

nineteenth century, a further acceleration of new records
occurred (Biancolini et al., 2021) when specific organizations
(i.e., acclimatization societies) focused on alien species
release to aesthetically “improve” the landscape and local
fauna of colonial territories (Osborne, 2000; Simberloff

& Rejmanek, 2011). In recent decades, the dominant
pathways of mammal introductions have shifted from
hunting and “faunal improvement” to the pet trade likely due
to stricter regulations targeting alien mammals (Simberloff
et al., 2013). Many mammal introductions outside of their
native ranges were also carried out for conservation, and to
protect mammal species from overhunting, habitat loss, and
invasive alien predators (Biancolini et al., 2021; Seddon et
al., 2015; Woinarski et al., 2015).

Status

The biological invasion history and status of mammals are
among the best documented of alien animal taxa (Biancolini
et al., 2021; Blackburn et al., 2017; Clout & Russell,

2008; Long, 2003). At present, 241 mammal species

have established alien populations globally, causing many
and diverse environmental impacts, especially on insular
ecosystems (Glossary; Biancolini et al., 2021; Blackburn

et al., 2017; Clout & Russell, 2008; Chapter 4, section
4.3.1.1). If the few records of unsuccessful and unconfirmed
introductions are included, at least 274 mammal species
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have been introduced by humans to new locations
(Blackburn et al., 2017; Zenni & Nufiez, 2013).

According to the global Distribution of Alien Mammals
database (DAMA), Asia has the highest number of
established alien mammals (95), followed by North America
(79), Europe (76), Australia (54), Africa (52), Oceania (50),
and South America (42) (Biancolini et al., 2021). The

major global donors of alien mammal species are Asia (91
established alien species) and Europe (34), Australia (32),
North America (31), Africa (30), and South America (23
alien species). An outgoing species flow directed to other
continents is predominant for Europe and Asia, while an
intracontinental flow (i.e., alien species introduced to other
parts of their native continent) is common for Australia (74
per cent of all alien Australian mammals), North America (61
per cent), South America (5 per cent), and Africa (56 per
cent). Other countries of Oceania received species only from
other continents (Biancolini et al., 2021).

Globally, the vast majority (81 per cent) of alien mammal
records are found on islands (Biancolini et al., 2021), most
likely due to the higher vulnerability to biological invasions of
insular ecosystems and greater propagule and colonization
pressure on islands relative to mainland systems (Dawson
et al., 2017; Moser et al., 2018). Moreover, alien mammals
occur on 97 per cent of islands that harbour highly


https://doi.org/10.5281/zenodo.7615582

CHAPTER 2. TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES

Table 2 @ Top 10 most widespread invasive alien mammal species worldwide.

The number of regions where a species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note this
table only refers to the distribution of invasive alien mammal species, not impacts which are covered in Chapter 4 (see section 2.1.4
for further details about data sources and data processing). “No. of regions” denotes the number of regions with confirmed
occurrences of that species according to the chapter database. A data management report for the data underlying this figure is

available at https://doi.org/10.5281/zenodo.7615582

No. of regions

No. of regions

Rattus rattus (black rat) 60

‘Mus musculus house mouse) 49
'Rattus norvegicus (orownra 48
Felis catus () 88
susscrofa (eralpi) @

threatened vertebrate species (Spatz et al., 2017). Among
the orders richest in alien mammals, the highest per
centage globally is for Rodentia (58 species, 25 per cent),
Cetartiodactyla (49 species, 21 per cent), Carnivora (30
species, 13 per cent), Diprotodontia (28 species, 12 per
cent) and Primates (26 species, 11 per cent) (Biancolini et
al., 2021). Some alien mammals such as Rattus spp. (rats),
Mus musculus (house mouse) and Felis catus (cat) are so
common that they are often not recognized as invasive alien
species in mainland regions (Long, 2003; Loss & Marra,
2017), and thus are missing from lists of alien species.
Several of these mammals have lived in close proximity

to humans for a very long time resulting in long-lasting
commensalisms (Puckett et al., 2020) and in the spread of
these species globally.

Many of the most widespread invasive alien mammals
worldwide (Table 2.5), such as feral domestic species
and commensal stowaways, can exploit human-disturbed
environments (Biancolini et al., 2021; Long, 2003). On
islands and in Australia, where invasive alien mammals are
the main cause of extinction and native species declines
(Courchamp et al., 2003; Woinarski et al., 2015), they

are subject to many control and eradication measures
(DIISE, 2020; H. P. Jones et al., 2016; Parkes et al., 2017;
Russell et al., 2015, 2016). Other notorious global invasive
mammals include Herpestes javanicus auropunctatus
(small Indian mongoose), Oryctolagus cuniculus (rabbits),
Lepus europaeus (European hare), Dama dama (fallow
deer), Camelus dromedarius (dromedary camel), Ondatra
zibethicus (muskrat), Mustela vison (American mink),
Myocastor coypus (coypu), Procyon lotor (raccoon),
Nyctereutes procyonoides (raccoon dog), Vulpes vulpes
(red fox), Sus scrofa (feral pig), Capra hircus (goats), Ovis
aries (sheep), Equus asinus (donkeys), Equus caballus
(horse), Bos taurus (cattle), and Canis lupus familiaris

Capra hircus (goats) 30
 Wyocastorcoyous coypw) 21
" Onctolegus curiculus (ebbits) 20
" Mustela vison (American mink) 18
 Canis lupus famifaris (dogs) 15

(dogs) (Biancolini et al., 2021; Blackburn et al., 2017;
Clout & Russell, 2008; Long, 2003; Louppe et al., 2020).
Mammals are the most widespread group of invasive alien
animal species in terms of the number of regions invaded
(Table 2.5).

2.3.1.2 Birds

Trends

Birds have been introduced for thousands of years, but

a notable acceleration of introductions occurred in the
mid-nineteenth century arising from increasing European
colonial expansion and an acclimatization of alien species
considered to be beneficial. The origins and introduction
sites of alien birds during this period reflects the geography
of colonialism, and the locations of former British colonies (E.
E. Dyer, Cassey, et al., 2017), and especially hotspots such
as New Zealand, Australia, Hawaii, and the Mascarenes. In
this period, alien species were mainly deliberately introduced
for game or ornamentation such as gallinaceous birds,
wildfowl, and pigeons (E. E. Dyer, Cassey, et al., 2017). Other
alien species were introduced for biocontrol of agricultural
insect pests such as Acridotheres tristis (common myna)
introduced from India to Mauritius to control Nomadacris
septemfasciata (red locust) in 1762 (Shaanker & Ganeshaiah,
1992; Simmonds et al., 1976).

Introduction rates again accelerated in the mid-twentieth
century most likely due to increasing trade volumes,
particularly for birds imported and exported for the pet trade
(Figure 2.8). Most recent introductions, reflected in the
taxonomic composition, stem from unintentional escapes or
releases from the caged bird trade. Commonly introduced
species are parrots, estrildid finches, mynas, and starlings
(E. E. Dyer, Cassey, et al., 2017).
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Figure 2 @ Status, trends, and data gaps for established alien birds.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data
sources and data processing). Note numbers presented may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Status

Alien birds have been introduced to nearly all regions
worldwide including many small islands (E. E. Dyer, Cassey,
et al., 2017; Evans, 2021). Global patterns of established
alien bird species richness show relatively low numbers of
alien birds in most parts of the world (though local numbers
can be very high, e.g., more than 90 species in Hawaii),

but very few regions without established alien bird species
(Dawson et al., 2017). E. E. Dyer, Cassey, et al. (2017)
showed that colonization pressure (and to a smaller extent,
distance from an historic port) was the key driver related to
alien bird species richness, and that accounting for these
factors, alien bird richness was also higher in areas with high
native bird species richness. Thus, a range of environmental,
life history, and anthropogenic factors determine areas with
high alien bird richness.

A global analysis of historical data on bird introductions
showed that environmental conditions at introduction sites
are the primary determinants of successful establishment
(Redding et al., 2019). While climatic suitability is particularly
important, the presence of other alien species can lead to
an accumulation of alien species in “hotspots” potentially
facilitating the establishment of additional species (termed
“invasional meltdown”; Glossary and Chapter 1, section
1.3.4). Establishment of alien species is also more likely
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when extreme weather events do not occur in the decade
following an introduction, suggesting that environmental
stochasticity is important to the persistence of small
populations (Redding et al., 2019). Species-level traits,
notably generalist species and founding population size,
exert important secondary effects on success (Redding et
al., 2019). Generalist species are more likely to establish
self-sustaining populations, as are species introduced in
greater numbers (Cassey et al., 2018; Redding et al., 2019).
Birds are strong dispersers, a trait that facilitates biological
invasion success post-introduction (Cassey et al., 2015).
For example, of about 60 pairs of birds first introduced
before the twentieth century to Central Park, New York
City, Sturnus vulgaris (common starling) now numbers
approximately 200 million individuals in the United States of
America (Linz et al., 2007).

Globally, particularly problematic invasive alien birds include
Anas platyrhynchos (mallard), Acridotheres tristis (common
myna), Pycnonotus jocosus (red-whiskered bulbul) (Martin-
Albarracin et al., 2015), Nesoenas picturatus (Madagascar
turtle dove), Pitangus sulphuratus (great kiskadee), Tyto
novaehollandiae (Australian masked owl), Tyto alba (barn
owl), and Bubo virginianus (great horned owl) (Evans et

al., 2016). The 10 most widespread species are listed in
Table 2.6.
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Table 2 @ Top 10 most widespread invasive alien bird species worldwide.

The number of regions where the respective species has been recorded and classified as being invasive based on GRIIS (Pagad et
al., 2022). Note this table only refers to the distribution of invasive alien bird species, not impacts, which are covered in Chapter 4
(see section 2.1.4 for further details on data sources and processing). “No. of regions” denotes the number of regions with confirmed
occurrences of that species according to the chapter database. A data management report for the data underlying this figure is
available at https://doi.org/10.5281/zenodo.7615582

No. of regions

No. of regions

Acridotheres tristis (common myna) 22

Branta canadensis (Canada goose) 9

Psittacula krameri (rose-ringed parakeet) 13

2.3.1.3 Fishes

Trends

Freshwater fish invasions are one of the best documented
biological invasions among animal taxa with considerable
information available on invasive alien fish traits, invaded
regions, and invasion pathways (Bernery et al., 2022).
Information for marine fish invasions is much more
fragmented (e.g., Arndt et al., 2018; Vignon & Sasal, 2010).
Globally, the number of invasive alien fishes accelerated

in the twentieth century (Figure 2.9). Although one might
conclude that saturation has been reached based on the
figure displaying the number of established alien species
per five-year intervals, the lag between species introduction,
reports of the introduction in the literature, and the
cumulative numbers worldwide for this taxonomic group
suggest that this is not the case (Seebens, Blackburn, et al.,
2017). Even though introductions of fish outside their natural
ranges worldwide increased substantially at the onset of the
industrial revolution, first records of alien fish introductions
date back at least to the Roman Empire in Europe (first and
second century; Balon, 1995).

Currently, the rate of newly established alien fish species
is still very high, higher than for most other taxa (Seebens,
Blackburn, et al., 2017), partially explaining why fish are
among the most widespread invasive alien taxonomic
group (Gozlan, 2008). Globally, many fish species have
been and are often still introduced intentionally, although
unintentional introductions also occur. Due to widespread
intentional introductions, alien freshwater fish species occur
in all biogeographic regions (Leprieur et al., 2008). Due

to the compounding effects of increased global maritime
transportation, canal construction, and climate change,
the number of alien marine fish also rose dramatically in
the twentieth and twenty-first centuries. These same three

Phasianus colchicus (common pheasant) 6

factors may also further promote biological invasions of fish
in the future (Castellanos-Galindo et al., 2020; Cohen, 2006;
Muirhead et al., 2015; Ruiz et al., 2008).

Status

The most widespread alien fish species are listed in

Table 2.7 demonstrating the very high number of regions
invaded by this group, second only to mammals in terms of
distribution.

Dawson et al. (2017) showed that alien freshwater fish
were distributed in six global biological invasion hotspots
where established alien species constituted over 25 per
cent of total species richness. When considering within
country introductions, which are frequently not included in
global analyses, the number of alien fishes increased for
large countries such as Brazil, the People’s Republic of
China, and the United States (Vitule et al., 2019). Pathways
of fish biological invasions vary and include inter-oceanic
canals, ballast water, intentional introductions for fishing
or fisheries stocking, ornamental purposes, and escapes
from aquaculture. For example, many alien populations of
salmonids, tilapias, and carps originated from aquaculture
escapes (Froese & Pauly, 2015). The Center for Food
Safety reported about 26 million escaped fish worldwide
between 1996 and 2012 (CFS, 2012). Similarly, D.
Jackson et al. (2015) reported almost 9 million escapees
in six European countries over a 3-year period. Estimates
suggest that in Chile more than 1 million salmonids escape
annually from the net pens of salmon farms (Sepulveda et
al., 2013; Thorstad et al., 2008). Marine waters are also
inhabited by many alien fishes. The opening of the Suez
Canal has enabled the migration of species from the Red
Sea into the Mediterranean Sea (known as Lessepsian/
Erythraean invasion), which has caused the influx of more
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Figure 2 @ Status, trends, and data gaps for established alien fishes.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by
colour. The amount of available data is estimated by the proportion of available first records among all records available for that
region (section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted to aid visualization and do
not indicate species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers
of established alien species per five years). Smoothed trend (line) is calculated as a running median (section 2.1.4 for further
details about data sources and data processing). Note numbers presented may deviate from those reported in the text due to
variation among data sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/
zenodo.7615582

Table 2 @ Top 10 most widespread invasive alien fish species worldwide.

The number of regions where the top 10 most widespread fishes have been recorded and classified as invasive based on GRIIS
(Pagad et al., 2022). Note this table only refers to the distribution of invasive alien species rather than impacts which are covered
in Chapter 4 (see section 2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number
of regions with confirmed occurrences of that species according to the chapter database. A data management report for the data
underlying this figure is available at https://doi.org/10.56281/zenodo.7615582

No. of regions | Taxon No. of regions

Cyprinus carpio (common carp) 43 Poecilia reticulata (guppy) 22

Oreochromis mossambicus (Mozambique 25 Lepomis gibbosus (pumpkinseed) 19

tilapia)

Oncorhynchus mykiss (rainbow trout) 23 Micropterus salmoides (largemouth bass) 18
than 400 Indo-Pacific species into the Mediterranean Sea, et al., 2007). Both Pterois volitans (red lionfish) and Pterois
including over 100 (118 by latest tally, unpublished) fish miles (lionfish) have invaded large areas of the north-western
species (Bariche & Fricke, 2020; Ginar et al., 2021; Galil Atlantic imposing large impacts on prey populations of
et al., 2021b), resulting in considerable changes to fish native species and local fisheries (Coté et al., 2013), and
communities and fisheries, particularly in the Levant basin Pterois miles is now spreading within the Mediterranean
to date (Arndt et al., 2018; Arndt & Schembri, 2015; Galil Sea (Poursanidis et al., 2020). Species of peacock basses
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(genus Cichla), native to South America, have been
introduced to tropical and sub-tropical regions worldwide for
fisheries (Franco et al., 2022).

2.3.1.4 Reptiles

Trends

The introduction of alien reptiles has a long history
associated with the movement of humans and trade
routes. For example, introduced species such as Tarentola
mauritanica (common wall gecko) and Vipera aspis (asp
viper) in the Mediterranean Basin can be traced back to
the fourth century B.C. and the fifth century, respectively
(Masseti & Zuffi, 2011; Mateo et al., 2011; Pleguezuelos,
2002). Since 1800, the number of first records of alien
reptiles globally has been rising steadily, accelerating since
1950 (Capinha et al., 2017; Kraus, 2009). Similar trends
have also been reported at local and regional scales (Krysko
et al., 2011, 2016; Mateo et al., 2011; Perella & Behm,
2020; Powell et al., 2011; Toomes et al., 2020). Most

alien reptile introductions through the end of the twentieth
century were due to the unintentional transport of species
as stowaways or contaminants (Kraus, 2009; Lever, 2003).
This pathway remains important, but the pet trade has also
emerged as a significant source of alien reptiles in recent
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decades (E. Fonseca et al., 2019; Lockwood et al., 2019;
Perella & Behm, 2020; Stringham & Lockwood, 2018; Van
Wilgen et al., 2010).

Contemporary trends (Figure 2.10), the expected increase
in pet trade as a source of new species, and model-based
projections of future distributions all indicate that both the
number of alien reptiles and the number of invaded areas
will continue to increase (Chapple et al., 2016; da Rosa et
al., 2018; Filz et al., 2018; Gippet & Bertelsmeier, 2021;

X. Lietal, 2016; X. Liu et al., 2014; Seebens, Blackburn,
et al., 2017). Alien reptiles are fast becoming an important
group of alien vertebrates alongside other taxa such as birds
and mammals. In Australia, alien reptiles have been the
dominant group of alien terrestrial vertebrates intercepted
and detected at large since 1999 (Toomes et al., 2020).

Status

Established populations of alien reptiles are found in all the
IPBES regions except for the polar areas (Capinha et al.,
2017; Kraus, 2009). Islands and areas with relatively warm
climates and high economic and human activity tend to
host more alien reptiles than other places (Capinha et al.,
2017; E. Fonseca et al., 2019; Moser et al., 2018; Silva-
Rocha et al., 2019). Of the top five global hotspots for alien
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Figure 2 {® Status, trends and data gaps for established alien reptiles.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization purposes and do
not indicate species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of
established alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about
data sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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Table 2 @ Top 10 most widespread invasive alien reptile species worldwide.

The table shows the number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et
al., 2022). Note this table refers only to the distribution of invasive alien species, not their impacts which are covered in Chapter 4
(see section 2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with
confirmed occurrences of that species according to the chapter database. A data management report for the data underlying this

figure is available at https://doi.org/10.5281/zenodo.7615582

Species

No. of regions

Trachemys scripta elegans (red-eared 15
slider)
Hemidactylus frenatus (common house 12
gecko)
Hemidactylus mabouia (tropical house 12
gecko)
Iguana iguana (iguana) 8
Anolis sagrei (brown anole) 5

reptiles, the top three are in North America (Florida, Hawaii,
and California), Europe (Balearic Islands, Spain), and Japan
(Capinha et al., 2017; Krysko et al., 2011, 2016; Mateo et
al., 2011; Meshaka, 2011; Silva-Rocha et al., 2015).

At least 198 reptile species belonging to three major

reptile orders (Squamata, Crocodilia, and Testudines) have
established alien populations worldwide (Capinha et al.,
2017). Of the top five most commonly established alien
reptiles, four species (Indotyphlops braminus (brahminy
blind snake), Hemidactylus frenatus (common house
gecko), Hemidactylus mabouia (tropical house gecko),

and Hemidactylus turcicus (Mediterranean house gecko))
have been transported unintentionally, and one (Trachemys
scripta (pond slider)) is common in the pet trade (Capinha
et al., 2017; Garcia-Diaz et al., 2015; Kraus, 2009; Masin
et al., 2014). Some of the above species are among the

10 most widespread of all invasive alien reptiles worldwide
(Table 2.8). The establishment success and spread rates of
alien reptiles are associated with high propagule pressure,
the degree of climate matching between native and recipient
regions, presence of congenerics, and high reproductive
output (W. L. Allen et al., 2017; Bomford et al., 2009; X.

Liu et al., 2014; Mahoney et al., 2014; Tingley et al., 2016;
Van Wilgen & Richardson, 2012). As examples, Python
bivittatus (Burmese python) is spreading in the Florida
Everglades, preying upon many species including the apex
native predator Alligator mississippiensis (American alligator;
Dorcas et al., 2012). Invasive alien Boiga irregularis (orown
tree snake) has reached iconic status as one of the most
impactful invasive alien species worldwide. Fewer than 10
individuals were unintentionally introduced from the United
States into the Pacific Island of Guam following World War
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Species

No. of regions

Chelydra serpentina (common snapping turtle) 4
Anolis cristatellus (Puerto Rican crested anole) 4
Anolis porcatus (Cuban green anole) 8
Hemidactylus turcicus (Mediterranean house 3
gecko)

Pelodiscus sinensis (Chinese soft-shelled 8
turtle)

Il (Richmond et al., 2015). This species has since colonized
all habitats on Guam, from grasslands to forests, with peak
densities as high as 10,000 individuals per km? (Rodda et
al., 1992). Several lesser known and potentially invasive
alien reptiles are emerging including Varanus niloticus (Nile
monitor) in Florida, Lampropeltis getula (common kingsnake)
in the Canary Islands, Boa constrictor (boa constrictor) on
Aruba, and several giant constrictor snakes in Puerto Rico
(Reed & Kraus, 2010).

2.3.1.5 Amphibians

Trends

Alien amphibian introductions are not a new phenomenon.
For instance, the introduction of Bufotes balearicus (Balearic
green toad) to the Balearic Islands, Spain, is assumed to
have occurred around the second century B.C. (Mateo et
al., 2011; Pleguezuelos, 2002). However, the accumulation
of first records of alien amphibians shows a global rise since
1800 with a slightly more pronounced increase after the
1950s (Capinha et al., 2017; Kraus, 2009, 2011). Similar
patterns of relative increases in both the number of new alien
species and the number of records of alien amphibians have
been reported regionally and locally (Krysko et al., 2011,
2016; Mateo et al., 2011; Powell et al., 2011; Toomes et

al., 2020). Nevertheless, the implementation of biosecurity
and rapid response activities in countries such as New
Zealand and Australia has likely prevented new introductions
and establishment of alien amphibians (Chapple et al.,

2016; Garcia-Diaz et al., 2017; Toomes et al., 2020). The
United States appears to be an outlier in terms of new
introductions; both the number of alien amphibian species
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Figure 2 @ Status, trends, and data gaps for established alien amphibians.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by
colour. The amount of available data is estimated by the proportion of available first records among all records available for that
region (section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization purposes
and do not indicate species numbers. The trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e.,
numbers of established alien species per five years). Smoothed trend line is calculated as running median (section 2.1.4 for further
details about data sources and data processing). Note presented numbers may deviate from those reported in the text due to
variation among data sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/

zenodo.7615582

reported annually and the number of records per year have
remained relatively stable since around the mid-twentieth
century (Mangiante et al., 2018). It is important to note

that in 2016 the United States Fish and Wildlife Service
published an interim rule listing 201 salamander species as
injurious wildlife under the Lacey Act to prevent the arrival of
Batrachochytrium salamandrivorans (chytrid fungus) carried
by alien species in the trade. Similarly, in 2017, Canada
restricted salamander importation for the same reason (Yap
etal., 2017).

Status

Intentional and unintentional pathways are virtually
equivalent contributors to the current distribution and status
of alien amphibians worldwide, but their role varies by
region and period (Kraus, 2009; Lever, 2003). For example,
individuals of several toad species (family Bufonidae), such
as Rhinella marina (cane toad) and Sclerophrys gutturalis
(guttural toad), were deliberately released as biocontrol
agents in the Indo-Pacific and Caribbean islands during
the first half of the twentieth century (Kraus, 2009; Lever,
2003; Powell et al., 2011; Shine, 2018; Telford et al.,
2019). More recently, Duttaphrynus melanostictus (Asian
common toad) has been unintentionally transported to

many areas in the Indo-Pacific region (Mo, 2017; Moore

et al., 2015; Tingley et al., 2018; Vences et al., 2017).

The two most widespread alien amphibians in the world,
Lithobates catesbeianus (American bullfrog) and Rhinella
marina, have been introduced as a source of food and for
biocontrol purposes, respectively (Capinha et al., 2017;
Kraus, 2009; X. Liu et al., 2012, 2015; Shine, 2018). In
Australia, almost twice the number of alien amphibians was
found introduced through the pet trade compared to the
stowaway pathway (71 and 38, respectively), yet the latter
is a more important pathway when considering the total
number of individuals moved rather than the number of
species (Garcia-Diaz & Cassey, 2014; Toomes et al., 2020).
Unintentional pathways are responsible for 12 out of 13 alien
amphibians present in Guam (Christy, Clark, et al., 2007).
The pet trade is expected to remain a prominent source of
new alien amphibian introductions in the near and medium-
term (Lockwood et al., 2019; Mohanty & Measey, 2019;
Stringham & Lockwood, 2018).

The diversity of transport pathways responsible for the
introduction of alien amphibians has resulted in established
alien amphibian populations in all IPBES regions except
for polar areas (Figure 2.11; Capinha et al., 2017; Christy,
Savidge, et al., 2007; E. Fonseca et al., 2019; Garcia-Diaz
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Table 2 @ Top 10 most widespread invasive alien amphibian species worldwide.

The table shows the number of regions where the respective species has been recorded and classified as being invasive based on
GRIIS (Pagad et al., 2022). Note that this table only refers to the distribution of invasive alien species rather than their impacts, which
is covered in Chapter 4 (see section 2.1.4 for further details about data sources and data processing). “No. of regions” denotes the
number of regions with confirmed occurrences of that species according to the chapter database. A data management report for the
data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

No. of regions

No. of regions

Lithobates catesbeianus (American bullfrog) 24
Rhinella marina (cane toad) 14
Xenopus laevis (African clawed frog) 9
Triturus carnifex (Italian crested newt) 3
Eleutherodactylus johnstonei (whistling frog) 3

& Cassey, 2014; Kraus, 2009; Measey et al., 2017; Rago
et al., 2012; Tingley et al., 2010). The United Kingdom,
and California, Hawaii, and Puerto Rico (United States)
are the top-four global hotspots of alien amphibians, each
with more than five species established (Capinha et al.,
2017; Kraus, 2009; Powell et al., 2011). Alien amphibian
richness tends to be higher on islands and in places with
high precipitation, high potential evapotranspiration, and
high levels of economic activity (Capinha et al., 2017;

E. Fonseca et al., 2019; Poessel et al., 2012). High
propagule pressure, the presence of congeneric species,
life-history traits related to rapid growth and reproduction,
and environmental similarity between the recipient and
the native ranges are associated with the establishment
success and invasion rates of alien amphibians (W. L. Allen
et al., 2017; Bomford et al., 2009; Ferreira et al., 2012;

K. Lietal., 2016; X. Liu et al., 2014; Poessel et al., 2012;
Rago et al., 2012; Tingley et al., 2010, 2011; Van Wilgen
& Richardson, 2012). It is interesting to note that many
species native to Southern Africa have been introduced
elsewhere, while few alien amphibians are reported for
Southern Africa due to a very low trade involving these
animals (Measey et al., 2017).

The reported trajectories, combined with invasive alien
amphibian niche shifts and the increase in pet trade, point to
future increases in both the number of new alien amphibians
and the number of regions occupied (Capinha et al., 2017;
Chapple et al., 2016; da Rosa et al., 2018; Mohanty et al.,
2021; Mohanty & Measey, 2019; Pili et al., 2020; Toomes

et al., 2020). Additionally, invasion debts (i.e., the additional
area an invasive alien species is likely occupy in the future;
Glossary) mean that the accelerating trends in introductions
described above could lead to established populations
unless rapid response management actions are taken
(Chapple et al., 2016; M. J. Spear et al., 2021).

100

Pelophylax ridibundus (Eurasian marsh frog) 3
" Duttaphrynus melanostictus (Asian common 2
toad)
" Eleutherocctylus coqui (Carlobean tree frog) s
 leutherodactylus planirosts (greenhouse frog) s
" Ancrias davidianus (Chinese giant salamanden) T

Notorious invasive amphibians include Rhinella marina (cane
toad), a large and toxic toad native to Mesoamerica and
introduced worldwide into sugar cane producing regions to
control beetles causing crop damage (Shanmuganathan et
al., 2010). Xenopus laevis (African clawed frog) is among the
most commonly used laboratory animals (e.g., basic biology
and formerly for pregnancy testing); many populations
originating from laboratories have become invasive in
regions with a Mediterranean climate. Table 2.9 lists the 10
most widespread invasive alien amphibians and the number
of regions each has invaded.

2.3.1.6 Insects

Trends

Since Insecta is the largest animal class it comes as no
surprise that global numbers of alien insect species vastly
exceed numbers for all other animal taxa combined by 1.7
times (Seebens, Blackburn, et al., 2017). Yet, their biological
invasions are still likely underreported as insects are less
studied relative to other organisms such as vertebrates.

While there are a few rare documented cases of natural
intercontinental insect spread (e.g., via wind) (Hoffmann &
Courchamp, 2016), the long-distant spread of alien insects
has risen steeply due to the facilitation by recent human
activities (Gippet et al., 2019; Meurisse et al., 2019). Early
exploration and colonial settlements facilitated the global
range extension of several insect species, but higher rates of
alien species establishment did not begin until approximately
1820 and lasted until 1914. This was followed by a second
wave of accelerated establishment post-1960 (Bonnamour
et al., 2021). These periods coincided with the industrial
revolution; increased global trade and travel facilitated
accidental movement of insects with plants, plant products,
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Figure 2 (B Status, trends, and data gaps for established alien insects.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization purposes and do
not indicate species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of
established alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about
data sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

general cargo, and baggage (Bertelsmeier et al., 2017;
Bonnamour et al., 2021). Much of the global distribution of
alien insects is driven by plant biological invasions (Chapter
3, section 3.3.5.1); many insects are dependent on
individual plant species or genera, so establishment of alien
plant species provides necessary resources that facilitate
insect establishment (Liebhold et al., 2018). Some evidence
indicates that the recent implementation of biosecurity
practices has reduced the proportion of imports contaminated
with insects (Leung et al., 2014; Liebhold & Griffin, 2016), but
imports have also simultaneously and massively increased
at the same time. While insects are such a large group

that some specific variation may be masked, the resulting
trend is a net increase. Indeed, as a group, they have even
exponentially increased since the start of the nineteenth
century, both in terms of cumulative numbers and number
of established alien species per five-year intervals (Figure
2.12), and still show no sign of saturation (Bonnamour et
al., 2021; Seebens, Blackburn, et al., 2017). The continued
increase of global trade and climate change will likely further
accelerate for these easily transported and climate-sensitive
organisms (Bellard, Thuiller, et al., 2013). Additional factors
could contribute to further spread (e.g., large infrastructure
projects; Galil, Boero, Campbell, et al., 2015; X. Liu et al.,
2019; Muirhead et al., 2015) or establishment (e.g., industrial
rearing of insects for food; Bang & Courchamp, 2021) of both
existing and new invasive alien insects.

Status

Global estimates of the total number of alien insects are

not available but likely exceed 10,000 species with more
than 3,500 species established in North America alone
(Yamanaka et al., 2015). Actual numbers are likely much
higher since many established species remain undiscovered
or unreported. Global hotspots of insect biological invasions
appear to be related to historical patterns of urbanization
and industrialization (Branco et al., 2019; Huang et al., 2011)
and the transport of species between Europe, East Asia,
and North America reflecting trade and travel patterns (Kenis
et al., 2007; Mattson et al., 2007). As global connectivity
increases, regions such as Africa and South America are
likely to be increasingly important as both recipients and
donors of invasive alien insects.

Many invasive alien insects are highly problematic around
the world, with coleopterans, lepidopterans, dipterans,

and hymenopterans being among the most notorious (e.g.,
Kenis et al., 2009). For example, alien ant species are often
considered among the worst invasive alien species (Holway
et al., 2002; PySek et al., 2008). Three ants are among

the 10 most widespread invasive insects (Table 2.10)

and five are among the “100 of the world’s worst invasive
alien species”, the only family to have so many species
listed. Ants are easily transported by humans because

of their generalist nesting habits and their small size
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(Wetterer et al., 2009). When intercepted at ports of entry,
alien ant species are frequently detected on commercial
ornamental plants (Lester, 2005; Suarez et al., 2005;

Ward et al., 2006). Globally, more than 200 species have
established populations outside their native distributions
(Wetterer et al., 2009), but over 600 species have likely
been introduced outside their native ranges (Miravete et al.,
2014). This makes ants the most represented insect family
and particularly notorious ant species include Linepithema
humile (Argentine ant), Anoplolepis gracilipes (yellow crazy
ant), Wasmannia auropunctata (little fire ant), Solenopsis
invicta (red imported fire ant), and Pheidole megacephala
(big-headed ant). In addition, a recent study predicted that
13 other species with similar ecological traits could also
become invasive should they be introduced outside their
native ranges (Fournier et al., 2019). To date, few studies
are available on the biology and ecology of these invasive
alien ants, except for Linepithema humile and Solenopsis
invicta (Bertelsmeier et al., 2016; Pysek et al., 2008). These
two ant species from South America have invaded many
countries by separate multiple introductions from their
native ranges and subsequent secondary spread from
invaded ranges (Ascunce et al., 2011; Giraud et al., 2002).
Secondary introduction seems to be common for ants: 76
per cent of interception events of alien ants at the border of
the United States and 88 per cent of those intercepted at
the New Zealand border did not come from their country of
origin but from previously invaded countries (Bertelsmeier et
al., 2018).

Many alien insects are invasive in most parts of the world
making it difficult to define the most important while
remaining concise, but the 10 most widespread species
provide good examples (Table 2.10). Ceratitis capitata
(Mediterranean fruit fly) and Bemisia tabaci (tobacco
whitefly) affect agriculture in numerous countries, while

insect-borne diseases are spread by the invasions of
several mosquito species, such as Aedes albopictus (Asian
tiger mosquito), Aedes aegypti (yellow fever mosquito), and
Anopheles quadrimaculatus (common malaria mosquito).
Harmonia axyridis (harlequin ladybird) was introduced to
North America and Europe to control aphids, subsequently
leading to the decline of native ladybirds through predation
(Roy et al., 2012). Icerya purchasi (cottony cushion scale)
is found in most regions, where it feeds on more than

80 families of woody plants, particularly citrus crops.
Brontispa longissima (coconut hispine beetle) feeds on
young leaves of coconut palms throughout the Pacific
region. Bemisia tabaci thrives in tropical and subtropical
(and to a lesser degree temperate) regions, where it feeds
on many plants but also facilitates the spread of plant
viruses. Although not among the 10 most widespread,
some other insects are among the best known of all
invasive alien species. For example, North American forests
have been deeply damaged by the invasions of Agrilus
planipennis (emerald ash borer; Herms & McCullough,
2014; Poland & McCullough, 2006; Valenta et al., 2017),
Anoplophora glabripennis (Asian longhorned beetle; Dodds
& Orwig, 2011; Kappel et al., 2017; Nowak et al., 2001),
and Lymantria dispar (gypsy moth; C. B. Davidson et al.,
1999; Tobin et al., 2012). Drosophila suzukii (spotted wing
drosophila), a vinegar fly of Asian origin, has emerged as

a devastating pest of small and stone fruits throughout
North America, Europe and South America (L. A. dos
Santos et al., 2017). Coptotermes formosanus (Formosan
subterranean termite) affects infrastructure and Trogoderma
granarium (khapra beetle) destroys grain and seed reserves
throughout the world. It is noteworthy that bees (Apis
(honey bee), Bombus (bumble bee) or Megachile (leaf-
cutter bees), among others; e.g., Bartomeus et al., 2013;
Goulson, 2003; Morales et al., 2017) and wasps (Vespa,
Vespula, gall and parasitoid wasps, among others; e.g.,

Table 2 ® Top 10 most widespread invasive alien insect species worldwide.

The number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note this
table refers only to the distribution of invasive alien species, not their impacts which are covered in Chapter 4 (see section 2.1.4 for
further details about data sources and data processing). “No. of regions” denotes the number of regions with confirmed occurrences
of that species according to the chapter database. A data management report for the data underlying this figure is available at https://

doi.org/10.5281/zenodo.7615582

No. of regions

No. of regions

Icerya purchasi (cottony cushion scale) 29
Tapinoma melanccephatum (ghostany 28
Pheidole megacephala (big-headed ant) 24
Aedes albopictus (Asian tiger mosquito) | 24
Solenopsis geminata (opical froan | 19
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Harmonia axyridis (harlequin ladybird) 14
Ceratts capitata (Mediterranean futfy) 14
" Brontispa fongissima (coconut hispine beette) 13
Bomisia tabac (obacco whitefy) 13
" Cameraria ohricella (orsechestnut leafmined 13
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Beggs et al., 2011; Lester & Beggs, 2019) excepting Apis
mellifera scutellata (Africanized bee), hybrid of several
European honey bee subspecies and the East African
honey bee, are the source of considerable revenue and
rarely viewed as invasive despite outcompeting native
pollinators (IPBES, 2016; Moritz et al., 2005).

2.3.1.7 Arachnids

Trends

The number of recorded alien spiders has been increasing
continuously (Figure 2.13; Nentwig, 2015; Seebens,
Blackburn, et al., 2017). An accelerated increase is
observed after 1950 similar to those in many other
invertebrate groups and likely as a consequence of
increasing global trade and transport. In addition to the total
number of alien spiders, the rate of annual new records has
increased until the present reaching about 30 new records
per five years (i.e., 6 new records annually; Figure 2.13).

Status

Worldwide, 285 alien spider species (0.57 per cent of all
described spider species) have been recorded outside of
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their native range. Most alien spiders are known from only
a few records, from a few regions, but some species are
so widespread that they are alien to several continents
(Table 2.11). The 28 most widespread species (10 per
cent of all alien spiders) are known from more than 30
invaded regions (often from all or most continents) and
represent 50 per cent of all records. Major trade routes,

at least past routes, connect areas of origin to invaded
regions: 29 per cent of all globally spread spider species
are native to Europe (while Europe is home to only 10

per cent of all spider species), 25 per cent from the
Americas, 20 per cent from Asia, 17 per cent from Africa,
10 per cent from Australasia and the Pacific. Most spiders
alien to Europe were unintentionally introduced either as
stowaways, in or on transport vectors (i.e., the physical
means or agent that transports a species; Glossary),

or as contaminants (Nentwig, 2015). Horticulture is a
major source of introduced spiders, followed by fruit and
vegetable shipments, containers, and packaging materials.
Imported classic cars and used sport cars often contained
Latrodectus mactans (black widow spider) and cocoons
in high numbers (Van Keer, 2010). For many areas in the
world, no reliable species inventories are available. The top
10 most widespread invasive alien arachnids as recorded
by GRIIS are shown in Table 2.12.
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Figure 2 (® Status, trends, and data gaps for established alien arachnids.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data
sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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Table 2 @ The most common established alien spider families and species.

Based on 12 arachnid families with the most widely distributed established alien species, this family-wise presentation is of those
species known to occur in more than 30 regions outside their native ranges. Families are ordered alphabetically, species according to
frequency in the invaded area. Data from the World Spider Catalog (2017).

No. of established

Family X . Most widespread species Alien range
alien species
Agelenidae (funnel web spiders) 8 Tegenaria domestica Europe
Eratigena agrestis Europe
Araneidae (orb weavers) 23 Neoscona nautica Pacific
Argiope trifasciata North America
Cheiracanthiidae (yellow sac spiders) 8 Cheiracanthium mildei Europe
Dysderidae (woodlouse hunters) 2 Dysdera crocata Pacific
Europe
North America
Oonopidae (goblin spiders) 19 Triaeris stenaspis Africa
Brignolia parumpunctata Tropical Asia
Ischnothyreus peltifer Tropical Asia
Opopaea concolor Africa
Pholcidae (daddy-long-legs) 15 Pholcus phalangioides Temperate Asia
Micropholcus fauroti Temperate Asia
Artema atlanta Africa
Smeringopus pallidus Africa
Spermophora senoculata Temperate Asia
Salticidae (jumping spiders) 34 Plexippus paykulli Africa
Hasarius adansoni Africa
Menemerus bivittatus Africa
Scytodidae (spitting spiders) 8 Scytodes thoracica Europe
Oecobiidae (disk web spiders) 9 Oecobius navus Africa
Sicariidae (six-eyed spiders) 1 Loxosceles rufescens North America
Europe
Australia

Theridiidae (cobweb or combfooted 47 Parasteatoda tepidariorum South America
spiders) Steatoda grossa Europe
Steatoda triangulosa Europe

Latrodectus geometricus Africa

Table 2 (B Top 10 most widespread invasive alien arachnids worldwide.

The number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note
this table only refers to the distribution of invasive alien species rather than their impacts which is covered in Chapter 4 (see section
2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with confirmed
occurrences of that species according to the chapter database. A data management report for the data underlying this figure is
available at https://doi.org/10.5281/zenodo.7615582

Raoiella indica (red palm mite) Steatoda nobilis (false widow spider) 2

Mermessus trilobatus (trilobate dwarf weaver) Aculops lycopersici (tomato russet mite) 1
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2.3.1.8 Molluscs

Trends

Overall, molluscs have mostly been introduced
unintentionally with numbers of introductions starting to
increase at the end of 1800s (Figure 2.14). Similar to
crustaceans, marine species introductions started when
transoceanic voyages began around 1500 but were rarely
documented (Carlton, 1999b). During the second half of
the twentieth century, increases in shipping, aquaculture,
and the aquarium trade facilitated the introductions of
both marine and freshwater molluscs (Carlton, 1999a;
Cianfanelli et al., 2016; Cowie, 2005; Darrigran et al.,
2020; De Silva, 2012; X. Guo, 2009; Katsanevakis et al.,
2013; Ojaveer et al., 2018; R. Sousa et al., 2014). A similar
pattern is observed for terrestrial molluscs; they are almost
exclusively moved as contaminants through agriculture
and horticulture and their introductions began in ancient
times (Herbert, 2010). Since 1600, European colonists
have introduced many species to new areas (Herbert,
2010). With the increasing trade, introductions rates grew
from the 1950s onward (Cowie, 2005; Herbert, 2010;
Hutchinson et al., 2014).
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Status

Established alien molluscs have been reported from all over
the world (Capinha et al., 2015; R. Sousa et al., 2009).
However, despite their status as widespread alien species
and extensive work by malacologists in terrestrial and
marine ecosystems (Figure 2.14) their distribution and
spread has received comparatively little attention except
for species such as Dreissena spp. (zebra and quagga
mussels), Corbicula fluminea (Asian clam), and Magallana
gigas (Pacific oyster) (Délle & Kurzmann, 2020; Orlova

et al., 2005; Ruesink et al., 2005; A. Sousa et al., 2009;
Strayer et al., 2019). For bivalves, R. Sousa et al. (2009)
listed examples of 35 established alien species in marine
and freshwater systems of all continents, 24 of which have
sufficient information about distribution or effects reported.
However, the number of established alien bivalves is likely
much higher than reported. Recently, Mytilus cf. platensis
(mussel) was discovered in Antarctic waters (Cardenas

et al., 2020), further demonstrating that molluscs are
transported in intercontinental transfers. Invasive bivalves
often occur at very high densities becoming a major
proportion of the benthic fauna (e.g., Arcuatula senhousia
(Asian date mussel; Crooks & Khim, 1999), Mytilus
galloprovincialis (Mediterranean mussel; Branch & Steffani,
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Figure 2 @ Status, trends, and data gaps for established alien molluscs.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by

colour. The amount of available data is estimated by the proportion of available first records among all records available for that

region (section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not
indicate species numbers. The trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of
established alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about
data sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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2004), Limnoperna fortunei (golden mussel; Boltovskoy
et al., 2008), Perna viridis (Asian green mussel; Rajagopal
et al., 2006), and Ensis leei (American jack-knife clam;
Raybaud et al., 2015)).

Marine bivalves (oysters, mussels, clams) have long been
widely introduced for cultivation and harvesting in many
regions of the world. Some were introduced to replace
depleted or diseased stocks of commercially valuable
indigenous species, for example, Magallana gigas (Pacific
oyster) and Rudlitapes philippinarum (Japanese carpet
shell) in Europe to diversify local marine farming, and
Mytilus edulis (common blue mussel) in Canada and
China (Tang et al., 2002). These alien species cause
negative impacts in their introduced habitats by forming
reefs on hard and soft bottoms and effecting large
structural changes in littoral communities (Chapter 4,
section 4.3.2.3).

Though of small size, some invasive alien molluscs attain
high densities and cause remarkable impacts. Littorina
littorea (common periwinkle) occurs at densities of up to
600 individuals per m2 (Carlson et al., 2006), reduces algal
canopies, and controls rocky intertidal community structure
and species diversity (Bertness, 1984; Lubchenco, 1978;
Petraitis, 1987; Yamada & Mansour, 1987). Crepidula
fornicata (American slipper limpet) was introduced from
the North American Atlantic coast to the Pacific coast

and to Europe with Crassostrea virginica (eastern oyster).

It forms dense conglomerations of live specimens, shells
and pseudofaeces, transforming the physical and chemical
composition of the sediment, which adversely affects

the endobenthic community and reduces the area of
flatfish habitat. When it fouls Mytilus edulis (common blue

mussel), Crepidula fornicata increases mussel mortality

by four to eight times, but also reduces mussel predation
by Asterias rubens (common starfish; Blanchard, 2009;
Kostecki et al., 2011; Thieltges, 2005a, 2005b). The
easternmost Mediterranean is the region with the highest
reported number of marine alien molluscs (over 160 species
along 180 kms of Israeli and Palestine coast alone), most
introduced through the Suez Canal (Galil et al., 2021b).

Alien snails and slugs have become established in most
parts of the world, including on many islands. For example,
38 alien terrestrial snails and slugs are established in
Hawaii (Cowie et al., 2008). Cowie et al. (2009) listed 46
species spanning 18 families for priority quarantine from
the United States. Lissachatina fulica (giant African land
snail) is one of the largest land snails in the world, reaching
up to 19 cm in length, and is recognized as one of the
world’s most damaging invasive alien species because of
its omnivorous nature and because it is a vector of at least
two human diseases (W. M. Meyer et al., 2008; Chapter
4, section 4.5.1.3). Euglandina rosea (rosy predator snail)
was originally introduced to control Lissachatina fulica. Not
only did it fail to control it, but Euglandina rosea caused the
extinction of many endemic snails on the islands of Hawaii,
Tahiti, Moorea, and other Pacific islands (Davis-Berg,
2012; Chapter 4, section 4.3.1). Other widespread alien
species include Pomacea canaliculata (golden apple snail;
Q.-Q. Yang et al., 2018), Arion ater (european black slug;
Zemanova et al., 2018), Cepaea nemoralis (grove snail),
Cornu aspersum (common garden snalil), Limax maximus
(leopard slug), Cernuella virgata (vineyard snail), Theba
pisana (white garden snail) and Arion vulgaris (Spanish slug).
Table 2.13 lists the 10 most widespread alien mollusc
species invasive in most regions.

Table 2 (® Top 10 most widespread invasive alien mollusc species worldwide.

The number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note
this table only refers to the distribution of invasive alien mollusc species rather than their impacts which are covered in Chapter 4
(see section 2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with
confirmed occurrences of that species according to the chapter database. A data management report for the data underlying this

figure is available at https://doi.org/10.5281/zenodo.7615582

Species No. of regions
Lissachatina fulica (giant African land snail) 31
Corbicula fluminea (Asian clam) 22
Dreissena polymorpha (zebramussel) 0
'Magallana giges (Pacific oyste) 15
Potamopyrgus antipodarum (New Zealand 15
mudsnail)
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No. of regions

Pomacea canaliculata (golden apple snail) 13
 Arcuatula senhousia (ASian date musse) 10
" Melanoides tuerculata (red-fimmed melania) 10
" Corbicula fuminalis (Asian clam) s
" Dreissena rostrformis bugensis (quagga s

mussel)
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2.3.1.9 Crustaceans

Trends

Unintentional introductions of marine crustaceans probably
began in the 1500s when transoceanic voyages were first
undertaken (Carlton, 2011), but no data are available. The
first records of alien crustaceans were reported between
the 1800s and the beginning of 1900s (Carlton, 2011;
Figure 2.15). Like those of other alien marine species,
crustacean introductions have risen in recent decades due
to increased shipping, fisheries, aquaculture, and aquarium
trade (Fernandez de Alaiza Garcia Madrigal et al., 2018;
Hanfling et al., 2011; Katsanevakis et al., 2013; Ojaveer et
al., 2018). For example, the Suez Canal allowed the entry of
alien crustaceans into the Mediterranean Sea for the entire
twentieth century with an increase from 1990 facilitated by
climate warming (Galil, 2011). The unintentional introduction
of freshwater species started with global shipping and the
construction of artificial canals (e.g., in Central and Western
Europe), increasing after the 1950s. Overall, crustaceans
were one of the most frequently introduced groups in
recent decades in the Baltic Sea, California Bay, and the
Laurentian Great Lakes (Hanfling et al., 2011). On the other
hand, crayfish have been intentionally introduced as a food
source since the end of 1800s (Hanfling et al., 2011), but
global increases of crayfish production starting in the 1970s
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boosted introductions (Haubrock et al., 2021; Lodge et
al., 2012).

Status

Crustaceans are frequently found among lists of marine

and freshwater alien species (Galil et al., 2011; Hanfling

et al., 2011; Simdes et al., 2021). As an example, the
Mediterranean, North East Atlantic, Black and Baltic Seas
host some of the highest species numbers, with 1,411
established alien species reported (Tsiamis et al., 2018),

a noteworthy proportion of which includes crustaceans
(Tsiamis et al., 2020). Owing to human activities, many
marine crustacean species have achieved global
distributions (e.g., barnacles Balanus glandula (Kerckhof

et al., 2018), Amphibalanus improvisus (bay barnacle), and
Amphibalanus eburneus (ivory barnacle); isopods Synidotea
laevidorsalis (J. W. Chapman & Carlton, 1991) and laniropsis
serricaudis; amphipod Caprella mutica (Japanese skeleton
shrimp); shrimp Palaemon macrodactylus (oriental shrimp);
additional shrimp and many crab species; many copepods
and mysids; and several more).

Hemigrapsus sanguineus (Asian shore crab) is now the
dominant crab in rocky intertidal habitats along much
of the north-eastern coast of the United States and the
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Figure 2 (® Status, trends, and data gaps for established alien crustaceans.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by

colour. The amount of available data is estimated by the proportion of available first records among all records available for that

region (section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not
indicate species numbers. The trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of
established alien species per five years). Smoothed trend line is calculated as running median (section 2.1.4 for further details about
data sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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Table 2 @ Top 10 most widespread invasive alien crustacean species worldwide.

The number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note
this table only refers to the distribution of invasive alien crustacean species rather than their impacts which are covered in Chapter 4
(see section 2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with
confirmed occurrences of that species according to the chapter database. A data management report for the data underlying this

figure is available at https://doi.org/10.5281/zenodo.7615582

No. of regions

No. of regions

Pacifastacus leniusculus (American signal 19
crayfish)
Procambarus clarkii (red swamp crawfish) 19
'Amphibalanus improvisus (bay barnacle) 17
Faxonius limosus (spiny-cheek crayfish) 14
Eriocheir sinensis (Chinese mitten crab) 12

European Atlantic coast where it has been introduced and
displaces resident crab species (Blakeslee et al., 2017;
Epifanio, 2013). The literature on the Asian shore crab

is limited in comparison to that of better-known global
marine invasive established crabs like Carcinus maenas
(European shore crab), Carcinus aestuarii (Mediterranean
green crab) (Cosham et al., 2016; Leignel et al., 2014), and
Eriocheir sinensis (Chinese mitten crab; Dittel & Epifanio,
2009). Table 2.14 lists the 10 most widespread invasive
alien crustacean species and the number of regions each
has invaded.

Crustaceans also comprise major proportions of alien
animals established in large freshwater ecosystems;

their rate of discovery, along with that of other freshwater
invertebrates, is increasing in these habitats (Ricciardi,
2015). According to Gherardi (2010), 28 crayfish species
have been introduced into a new biogeographic region and/
or translocated within their native biogeographic region.

In Europe, most crayfish species are alien (at least 10
alien, five native), with significantly higher abundances and
severe impacts caused by alien crayfish, especially the
transmission of crayfish plague, a disease lethal to native
species (Kouba et al., 2014; Chapter 4, section 4.3.2.2).
There is increasing recognition of their severe impacts,
notably the displacement of native species (Gherardi,
Aquiloni, et al., 2011; South et al., 2020). In Africa, five
out of nine introduced crayfish species established
populations in at least six countries, causing substantial
ecological and economic damage (Madzivanzira et al.,
2021). Genetic divergence between European and North
American lineages of freshwater cladocerans suggests that
the current rate of invasion by European species in North
America is ca. 50,000 times higher than prehistoric levels
(Hebert & Cristescu, 2002). Invasions of the Laurentian
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Dikerogammarus villosus (killer shrimp) 12
Cherax quadricarinatus (redclaw crayfish) 11
Chelicorophium curvispinum (Caspian mud 10
shrimp)

Cercopagis pengoi (fishhook waterflea) 8
Macrobrachium rosenbergii (giant freshwater 7
prawn)

Great Lakes (Box 2.11) by two cladocerans, Cercopagis
pengoi (fishhook waterflea), and Bythotrephes longimanus
(spiny waterflea), have caused concern for freshwater
biodiversity and regional fisheries (Pichlova-Ptacnikova &
Vanderploeg, 2009). Dikerogammarus villosus (killer shrimp)
is a physiologically tolerant and adaptable amphipod

of Ponto-Caspian origin that has colonized most of the
major European inland waterways in only two decades,
replacing many local amphipod species. Its continued range
expansion, as well as its potential to reach freshwaters of
other continents (particularly North America and its Great
Lakes), is a major conservation concern (Rewicz et al.,
2014). Hemimysis anomala (bloody-red shrimp) was one of
several Ponto-Caspian species to invade the Great Lakes in
recent decades through transoceanic shipping (Audzijonyte
et al., 2007).

2.3.1.10 Other invertebrates

Other invertebrates cover those invertebrate species that
are not addressed in previous sections and include the
phyla Acanthocephala, Annelida, Brachiopoda, Bryozoa,
Chaetognatha, Cnidaria, Ctenophora, Echinodermata,
Kamptozoa, Nematoda, Nemertea, Onychophora,
Phoronida, Platyhelminthes, Porifera, Rotifera, Sipuncula
and Xenacoelomorpha.

Trends

There is a paucity of data on molluscs, and crustaceans,
but there is nothing to suggest that the trends for these
animals differ from the better documented groups. In

fact, data on the trends in both cumulative numbers

and number of established alien species per five-year
intervals show that animals other than the aforementioned
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vertebrates and invertebrates follow the same dramatic
global increases since ca. 1850 (Figure 2.16). For example,
jellyfish populations appear to be increasing post-1950 in
coastal ecosystems worldwide, mostly due to increasing
populations of invasive alien species (Brotz et al., 2012;
importantly, note that Brotz et al. (2012) defined “jellyfish”
as including three separate phyla of marine invertebrates

— Cnidaria, Ctenophora, and Chordata). The increase

has accelerated in recent decades and climate change

is likely playing a role in facilitating increased survival and
growth, and access to previously unfavourable waters.
The depletion of predators and food competitors due to
overfishing was also important (A. J. Richardson et al.,
2009). Notably, several comb jelly species (ctenophores)
often survive ballast-water exchange, and their populations
have been found to expand in over-fished areas that provide
favorable conditions (Daskalov et al., 2007). The invasion
of the Black, Caspian, Baltic, and North Seas by the comb
jelly Mnemiopsis leidyi (sea walnut) in the recent decades
is a good illustration (Boersma et al., 2007; Daskalov

& Mamedov, 2007; Haslob et al., 2007; Zaitsev, 1992).
The increase of invasive alien jellyfish and comb jellies

is predicted to continue accelerating (A. J. Richardson

et al., 2009). Other marine species, such as Anemonia
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alicemartinae (sea anemone), are considered invasive along
the coast of Chile, and historical records show a rapid
expansion towards the south, extending its distribution
(Castilla et al., 2005; Castilla & Neill, 2009; Haussermann &
Forsterra, 2001).

Status

Comprehensive studies for invertebrates, other than those
reported above, are often lacking and detailed knowledge is
usually available for only a few species. Asterias amurensis
(northern Pacific seastar) is considered one of the most
serious marine pests in Australia (MPSC, 2018). The same
concern arises for Centrostephanus rodgersii (long-spined
sea urchin). Its invasion from mainland Australia to Tasmania
has already caused ecosystem shifts from kelp-dominated
to a macroalgal-free habitat resulting in localized losses of
about 150 taxa that associate with seaweed beds (Ling et
al., 2009). Among ctenophores, a prominent representative
is the previously mentioned Mnemiopsis leidyi (sea walnut),
first introduced from the North American east coast to the
Black Sea in ship ballast water. The species subsequently
spread throughout the Ponto-Caspian basin and the
Mediterranean Sea, ultimately spreading across most

DATA GAPS

[%] Sa40O3Y 1SHI4 I1aVIIVAY

RATE OF INCREASE
50
40
30
20
10

[per 5 years]

1800 1850 1900

YEAR

1950 2000

Figure 2 (® Status, trends and data gaps for other established alien invertebrates.

Other established alien invertebrates refer to animal groups, which are not covered in the previous sections. The names of the
taxonomic groups are listed at the beginning of section 2.3.1.10. The number of established alien species per region (upper left)
and the amount of available data (upper right) are indicated by colour. The amount of available data is estimated by the proportion
of available first records among all records available for that region (section 2.1.4 for further details). Grey regions denote areas
with lacking data. Oceans are tinted for visualization and do not indicate species numbers. Trends are shown in lower panels for
cumulative numbers and as a rate of increase (i.e., numbers of established alien species per five years). Smoothed trend (line) is

calculated as running median (section 2.1.4 for further details about data sources and data processing). Note presented numbers
may deviate from those reported in the text due to variation among data sources. A data management report for the data underlying
this figure is available at https://doi.org/10.5281/zenodo.7615582
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European seas due to a climate-driven range expansion
rather than a human-mediated introduction (Shiganova et
al., 2019).

Many earthworm species can be regarded as “ecosystem
engineers”, that is they play a pronounced role in the
creation, modification and maintenance of the upper
horizons of the soil habit (Eijsackers, 2011; C. G. Jones

et al., 1994; Ponge, 2021). The potential for modifying

the soil environment means that earthworms can have

a disproportionate impact on the communities that

they invade (Hendrix et al., 2008). This is especially true

in circumstances where earthworms invade soils that
previously had an absent or impoverished earthworm
fauna (Frelich et al., 2019). Globally, more than 100 alien
earthworm species are documented (Hendrix, 2006)

but have mostly been neglected until very recently. For
example, earthworm invasions in North America date

back to the first European settlers, but because they

live underground, they have remained mostly unnoticed
(Migge-Kleian et al., 2006). Ongoing invasions of European
earthworms into the Upper Midwest of the United States
are relatively well documented (Hale et al., 2005) compared
to the invasion in the Northeast (Stoscheck et al., 2012;
Suarez et al., 2006). Alien earthworms can often be found
spreading into habitats where few or no native earthworms
exist, such as in North America which has been
depauperate in native earthworms since the last glaciation
(McCay & Scull, 2019). Similar patterns are believed to
exist in the taiga region in Russia and the coniferous
forests of Scandinavia (Hendrix, 2006). The earthworm
fauna of the North American northeast now includes a few
native species (Csuzdi et al., 2017), many alien species
from Europe, and a rapidly rising number of species from
Asia (Addison, 2009; McCay & Scull, 2019). The tropical
earthworm Pontoscolex corethrurus, originally native

to Guyana, was introduced to tropical and sub-tropical
regions worldwide (S. Taheri et al., 2018). Platydemus
manokwari (New Guinea flatworm) was both unintentionally
and deliberately introduced into the soils of many countries
and islands, where it leads gregarious attacks on large
earthworms and land snails (Sugiura, 2010; Sugiura &
Yamaura, 2009). Another flatworm, Obama nungara from
South America, has been introduced to France (Justine

et al., 2020). Arthurdendyus triangulatus (New Zealand
flatworm) can now be found in Great Britain where it causes
declines in native earthworm populations (Murchie &
Gordon, 2013).

There is a growing recognition of the influence of alien
earthworms in tropical environments as well (Marichal et
al., 2012; Ortiz-Ceballos et al., 2019; Potapov et al., 2021,
S. Taheri et al., 2018). Earthworm communities in tropical
agricultural environments often consist of both native and
invasive alien species; however, it is not always clear what
role these species are playing, though, without doubt,
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deforestation, the spread of plantations, landscaping and
an expansion of human activity may serve as drivers that
facilitate further invasion (Potapov et al., 2021).

Along the south-eastern Pacific coast, there are records
for six introduced species of polychaete worms from the
families Spionidae and Sabellidae (Fuentes et al., 2020;
Moreno et al., 2006). The species Polydora rickettsi,
Polydora hoplura and Terebrasabella heterouncinata were
accidentally introduced. There is no information regarding
the type of introduction for Boccardia tricuspa, Polydora
bioccipitalis and Dipolydora giardi (Fuentes et al., 2020).
All of them compete with the native species. These
introductions also cause negative economic impacts in the
aquaculture industry by boring and infesting the shells of
cultured molluscs (Fuentes et al., 2020; Moreno et al., 2006;
Chapter 4, Box 4.13).

2.3.1.11 Data and knowledge gaps

Global analyses on invasion trends and status for animals
are limited to some taxonomic groups, such as mammals,
birds, reptiles, amphibians, fish, land snails, spiders,
crustaceans and ants. Many case studies exist on species
of other groups, but they provide substantially less
information on general patterns.

Data and knowledge gaps are pervasive across all
taxonomic groups and geographical levels (Figure 2.6;
Pysek et al., 2008; Troudet et al., 2017). Charismatic
species such as birds and mammals tend to be more
studied while other taxa, such as herpetofauna and
invertebrates, have weaker sampling efforts and hence
more data gaps (PySek et al., 2008; Rocha-Ortega et

al., 2021; Troudet et al., 2017). However, even the most
intensively studied taxa may not be fully documented at the
global scale resulting in geographic biases mainly driven
by economic development (Dawson et al., 2017) and
linguistic barriers (Angulo et al., 2021; Nufiez & Amano,
2021). The data gaps comprising both taxonomic groups
and geographical regions in the marine realm are particularly
apparent. Unlike terrestrial and freshwater alien species,
marine alien species are mostly unintentionally introduced,
and most records are either confined to economically
impactful species, or to (relatively) large-sized sessile taxa
inhabiting the intertidal or the shallow shelf. Even for these
taxa, surveys have not been conducted along region-
wide coastlines, leaving most alien taxa undetected and
unrecognized. This presents an enormous challenge for
understanding the dynamics of these biological invasions
and prioritizing conservation and research aims for marine
ecosystems (Ojaveer et al., 2015, 2018).

Comprehensive analyses of data and knowledge gaps of
alien species occurrences are largely lacking on a global
scale. The few global systematic reviews of alien species



distributions available for well-studied taxonomic groups
such as mammals (Biancolini et al., 2021), birds (E. E. Dyer,
Cassey, et al., 2017), reptiles and amphibians (Capinha et
al., 2017) indicate large geographic areas of incomplete
information. For example, global systematic reviews of
studies of first record data for alien amphibians and reptiles
(N. J. van Wilgen et al., 2018; Figures 2.10 and 2.11)
using model-based estimates of the number of alien turtles
expected to be introduced but not detected worldwide
(Garcia-Diaz et al., 2015), showed consistent spatial gaps.
Alien reptiles and amphibians have been understudied in
Africa and parts of Asia, whereas the knowledge of alien
amphibians and reptiles in Meso- and South America varies
by country. These spatial patterns broadly mirror those of
native reptiles and amphibians assessed as data-deficient
in global International Union for Conservation of Nature
(IUCN) Red List of threatened species assessments (Bohm
et al., 2013; Stuart et al., 2008) and are very similar for other
taxonomic groups.

In some cases, even though large regions are indicated as
invaded due to country-level reporting, it is likely that only
certain areas of these countries are actually invaded. This
coarse scale reporting may cause distorted understanding
of global distribution maps of these species by assigning
very large territories to invasions while in fact, only smaller
areas might be concerned. When numbers of invasive alien
species are compiled, large countries are more likely to be
tallied as containing species, even if their distributions are
not greater than in smaller countries, thus contributing to
this bias. Also, species introduced to new parts of a country
where they did not previously exist are often not reported as
being alien, and therefore, total numbers of alien species are
frequently underestimated.

Data documenting invertebrate invasions are grossly
incomplete. Earthworms are understudied compared to
the impact they have on invaded ecosystems (Hendrix,
2006; Porco et al., 2013). Many invertebrates are small
and inconspicuous, and so large numbers of alien
invertebrates remain undetected. For example, many
Hymenoptera parasitoids have likely invaded regions
without being detected likely due to a lack of available
expertise and monitoring. The Asian parasitic wasp
species Gryon japonicum (samurai wasp) was being
evaluated for introduction as a biological control agent of
Halyomorpha halys (brown marmorated stink bug) in North
America when researchers discovered that it was already
present (Talamas et al., 2015). Addressing this problem
not only requires increased survey effort, but also requires
increased taxonomic research, since many insect species
remain undescribed.

Research efforts are also driven by the actual, perceived,
or projected impacts of invasive alien species, with
highest-impact species being the most studied (e.g.,
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bivalves, a small number of ants, a few other insects,
some crustaceans, most vertebrates), while those causing
less conspicuous damage are sometimes neglected
(Pysek et al., 2008). For example, of the 19 highly
invasive ant species, only two are extensively studied
(over 350 studies each in Web of Science), three are
much less covered, and the remaining species are almost
entirely ignored (more than 3 per cent of all studies for
the 14 other species cumulatively; Bertelsmeier et al.,
2016). Such disparities reflect presumed impacts and

can potentially bias studies towards species with high
expected impacts, but they also reflect the low number of
biological invasion researchers and managers relative to
the number of insect invasions.

Other factors contributing to data and knowledge gaps
include taxonomic uncertainties, inadequate historical
records, lack of data mobilization (i.e., making data available
and accessible), sharing, and insufficiently applied expertise.
Many ecosystems — especially freshwater and marine
systems — harbour species that cannot be categorized

as either alien or native with any high degree of certainty.

In other cases, alien species are wrongly and erroneously
assumed to be native and to have a natural cosmopolitan
distribution (Carlton, 2009; Jari¢ et al., 2019). The problem
is most severe for small-bodied invertebrates (Marchini

& Cardeccia, 2017; Ruiz & Carlton, 20083). Freshwater
examples include bryozoans and rotifers, which are
ubiquitous in lakes and rivers and have resting stages that
are common and abundant in the ballast water of some
transoceanic ships (Kipp et al., 2010), but are rarely reported
as alien species even in highly invaded aquatic systems
(Pociecha et al., 2016; Ricciardi, 2015).

In addition to information on the occurrence of alien
populations, the dates of first introduction are unknown
for most taxa except for avian and mammalian species
(Biancolini et al., 2021; E. E. Dyer, Redding, et al.,
2017). In general, more of this temporal information
exists for Europe, especially for mammals and birds,
while large gaps are found in Central Africa and South
Asia. However, in most cases, the proportion of species
with available temporal information is far below 50 per
cent (Seebens et al., 2020), often including well-studied
regions like North America and Europe. Furthermore,
there is a severe gap in temporal information for
invertebrates all over the world.

More work to address the current knowledge gaps remains
to be done. In particular, further genetic research including
environmental deoxyribonucleic acid (DNA; Herder et al.,
2014; Hunter et al., 2015; Tingley et al., 2019) will contribute
to resolving the alien or native status of some species

and to uncovering cryptic and unrecognized introductions
(Cogalniceanu et al., 2014; Silva-Rocha et al., 2012; Telford
etal., 2019).
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2.3.2 Plants

This section reports on the temporal trends and status of
the distribution of alien and invasive alien plant species
for vascular plants (section 2.3.2.1), aquatic plants
(section 2.3.2.2), algae (section 2.3.2.3) and bryophytes
(section 2.3.2.4) as well as data and knowledge gaps
(section 2.3.2.5).

2.3.2.1 Vascular plants

Trends

The total number of alien plant species established
outside of their native ranges worldwide has increased
continuously for centuries (Figure 2.17), and first records
of alien plants dating back more than one thousand years
exist from all over the world (van Kleunen et al., 2019;
Wijesundara, 2010). As with many other taxonomic groups,
the rate of accumulation for plants rose dramatically in the
second half of the nineteenth century, tapering off in the
early twentieth century, but increasing steeply after ca.
1970. Indeed, 28 per cent of all established plant records
worldwide were recorded for the first time after 1970
(Figure 2.17).

The number of alien plant species introduced is particularly
important because plant introductions (whether intentional
or unintentional) are a pathway for other invasive alien
species introductions such as forest pests and pathogens,
microbes, and other hitchhikers (Hulme et al., 2008). The
historical flow of alien plant species among continents
shows that Europe and temperate Asia are the major
donors of established alien plant species to other parts of
the world (Drake et al., 1989; van Kleunen et al., 2015).
The number of species native to Europe that have been
established elsewhere is aimost three times higher than
expected (van Kleunen et al., 2015). North America is also
over-represented, with 57 per cent more species donated
than expected based on native continental richness. In
contrast, the continents in the Southern Hemisphere are
all under-represented as donors of alien species. This
suggests that, at least for plants, the “Old World versus
New World” dichotomy (a classical concept in biological
invasions suggesting that “Old World” biota were more
likely to invade other parts of the globe due to traits

they developed in close association with humans in their
native ranges; Di Castri, 1989) needs to be replaced by

a Northern Hemisphere versus Southern Hemisphere
dichotomy for the donor continents of established alien
plants (van Kleunen et al., 2015).
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Figure 2 ® Status, trends, and data gaps for established alien vascular plants.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of alien species
per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data sources and data
processing). Note presented numbers may deviate from those reported in the text due to variation among data sources. A data
management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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While North America has accumulated the greatest number
of established alien species, the Pacific islands show

the fastest increase in species numbers with respect to
land area suggesting that Pacific islands have the highest
vulnerability to invasions of all areas globally. Oceanic
islands harbour more established alien plant species than
similarly sized mainland regions, a phenomenon traditionally
attributed to the niche space being unsaturated by native
species or to a greater frequency of introductions (Moser

et al., 2018; van Kleunen et al., 2015). Given the high
concentration of endemic species on most oceanic islands,
the large numbers of established alien species constitute a
serious threat to global biodiversity (Fernandez-Llamazares
et al., 2021; PySek, Blackburn, et al., 2017; van Kleunen et
al., 2015).

Status

Currently, the total number of established alien plant species
(13,939 species; van Kleunen et al., 2019) indicates that at
least 4 per cent of all known vascular plant species (337,137
species; The Plant List, 2015) have become established
outside their natural ranges because of human activity. In
total, 12,345 established alien species are reported from
mainland regions globally and 8,019 from islands (Pysek,
Pergl, et al., 2017).

The cool temperate forest and woodland regions have the
highest richness of established alien plant species (6,586
species), followed by tropical (equatorial 4,690 species,
and savanna 4,843 species), and warm temperate regions
(4,649 species). In total, temperate regions harbour 9,036
established alien species relative to 6,774 for tropical
zones, 3,280 in the Mediterranean regions, 3,057 in
subtropical regions, and 321 in Arctic regions. When the
total number of established alien species is standardized to
the area of each region by comparing species accumulation
rates with area, it appears that colder temperate and
Mediterranean regions are more heavily colonized by alien
species while more arid regions have fewer (Figure 2.17;
Pysek, Pergl, et al., 2017).

Hotspots of relative alien species richness (i.e., the per cent
of established alien species in the total regional flora) appear
on both the western and eastern coasts of North America,
north-western Europe, South Africa, south-eastern Australia,
New Zealand, and India. South Africa, India, California
(United States), Cuba, Florida (United States), Queensland
(Australia) and Japan have the highest absolute values of
established alien species (Essl et al., 2019; Pysek, Pergl, et
al., 2017). The mainland regions with the highest numbers
of established alien species include several Australian states
(New South Wales is highest in established alien richness
on this continent) and several North American regions

such as California, which has 1,753 established alien plant
species. High levels of island colonization by established
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alien plants are concentrated in the Pacific region, but also
occur on individual islands across all oceans. About one
quarter (26 per cent) of the islands investigated by Essl et
al. (2019) now have more established alien species than
native species. England, Japan, New Zealand, and the
Hawaiian archipelago harbour most established alien plants
among islands or island groups (Pysek, Pergl, et al., 2017).
Numbers of established alien species are closely correlated
with those of native species and also with those of invasive
alien species. There is also a faster increase in the numbers
of established alien species with area on islands than in
mainland regions, indicating a greater vulnerability of islands
to alien species establishment (Essl et al., 2019; Pysek,
Pergl, et al., 2017).

Among vascular plants, the introduction of alien ferns is
certainly less investigated and only one global assessment
for alien ferns exists (E. J. Jones et al., 2019). This study
lists 1567 alien ferns which are found in all climatic zones
except the Arctic and Antarctic and on all continents. High
numbers of alien ferns were reported for New Zealand,
Hawaii, India and Europe.

In terms of plant families, rankings by absolute numbers
of established alien species reveal that Asteraceae
(1,343 species), Poaceae (1,267) and Fabaceae (1,189)
contribute most to the global established alien flora.
Comparing the number of established alien species in a
family to its total global richness reveals that some of the
large species-rich families are over-represented among
established alien species (e.g., Poaceae, Fabaceae,
Rosaceae, Amaranthaceae, Pinaceae), some under-
represented (e.g., Euphorbiaceae, Rubiaceae), whereas
Asteraceae, which has the highest richness of established
alien species, reaches an expected value based on

its global species richness. A significant phylogenetic
signal indicates that some plant families have a higher
potential for species to establish (Pysek, Pergl, et al.,
2017). Solanum (112 species), Euphorbia (108) and Carex
(106) are the richest genera in terms of established alien
species. Some families are disproportionately over-
represented by alien species on islands (i.e., Arecaceae,
Araceae, Acanthaceae, Amaryllidaceae, Asparagaceae,
Convolvulaceae, Rubiaceae, Malvaceae), but significantly
fewer families are over-represented on mainlands (e.g.,
Brassicaceae, Caryophyllaceae, Boraginaceae). On
islands, the genera Cotoneaster, Juncus, Eucalyptus,
Salix, Hypericum, Geranium, and Persicaria are over-
represented, while on the mainland Atriplex, Opuntia
(pricklypear), Oenothera, Artemisia, Vicia, Galium, and
Rosa are relatively richer in established alien species
(Pysek, Pergl, et al., 2017).

The 10 most widely distributed established alien plants

globally occur in at least 35 per cent of the world’s
regions. Other species such as Sonchus oleraceus
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(common sowthistle) occur in 48 per cent of the regions
corresponding to 42 per cent of the globe. Additional
widely distributed established alien species are Oxalis
corniculata (creeping woodsorrel), Portulaca oleracea
(purslane), Eleusine indica (goose grass), Chenopodium
album (fat hen), Capsella bursa-pastoris (shepherd’s
purse), Stellaria media (common chickweed), Bidens
pilosa (blackjack), Datura stramonium (jimsonweed), and
Echinochloa crus-galli (barnyard grass). However, the
ranking for invasive alien species differs among global
databases because the data differ depending on the

source used. The GIoNAF database highlights Lantana
camara (lantana,120/349 regions for which data on
invasive status are known), Calotropis procera (apple of
sodom, 118), Pontederia crassipes (water hyacinth, 113),
Sonchus oleraceus (108) and Leucaena leucocephala
(leucaena, 103) as the most distributed invasive alien
species (Pysek, Pergl, et al., 2017), while GRIIS (Pagad et
al., 2022) provides a different ranking (Table 2.15).

Table 2 (® Top 10 most widespread invasive alien vascular plant species worldwide.

The number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note this
table only refers to the distribution of invasive alien vascular plant species rather than their impacts which are covered in Chapter 4
(see section 2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with
confirmed occurrences of that species according to the chapter database. A data management report for the data underlying this

figure is available at https://doi.org/10.5281/zenodo.7615582

No. of regions

Pontederia crassipes (water hyacinth) 74
'Lantens camera (ertans) 6
'Loucasna leucocephala fleucaena) &5
Ricinus communis (castorbean) 41
Ailarthus aifissima fwee-otheever) | 48

No. of regions

Robinia pseudoacacia (black locust) 45
" Chromolasra oclorsta Giemweed) s
" Pistia stratiotes (water lettuce) s
Erigeron canadensis (Canacian fieabane) s
" Cyperus rotuncius (purple rutsedge) 7

Box 2 @ Cacti, grasses and woody species: A global assessment of trends and status of

alien and invasive alien species.

Cacti (Cactaceae, about 1,922 species), grasses (Poaceae,
about 11,000 species) and woody species are among the most
studied species from a plant invasion perspective.

Cacti, native to the Americas, were among the first plants
brought back by European explorers from the Americas in
the fifteenth century. Most cacti (about 1,600 species, 81 per
cent of the family) have been introduced outside their native
ranges via the horticultural trade, especially recently due to
higher volumes of e-commerce (Glossary; Novoa et al., 2017),
rapidly increasing the number of established alien cactus
species (Figure 2.18). However, only 3 per cent of species in
Cactaceae (57 species) are currently considered as invasive
alien species (Novoa et al., 2015), with Opuntia ficus-indica
(prickly pear) being the most widespread (Figure 2.19).
Although countries such as France, India or the United States
support many established alien cacti (Figure 2.20), there are
three main hotspots for invasive alien cacti globally: South
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Africa (35 species recorded), Australia (26 species) and Spain
(24 species). Most invasive alien cacti are native to Argentina,
Mexico, and North America, which are roughly bioclimatically
similar to the invaded regions. Other large regions, such as
China, North- and South-East Asia, and Central Africa that
are not intensively invaded by cacti have suitable climates

for invasive cacti and therefore are at risk of future invasions
(Glossary; Novoa et al., 2015).

Grasses have been introduced outside their native ranges for
horticulture, soil stabilization, as food and fodder, as biofuel, or
as raw materials. Most remarkably, forage grasses have been
a major focus of plant introduction programmes across large
areas (Visser et al., 2016). Perhaps as a result of such large
introduction events, the number of established alien grass
species has been intermittently increasing since the nineteenth
century (Figure 2.18). Currently, 1,226 alien grass species are
reported as established globally (Pysek, Perg|, et al., 2017).
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Boxze

Regions with the highest numbers of established alien grasses
are Indonesia, Hawaii, Madagascar, New Zealand, tropical
Africa, tropical South America and the southern United States
(Figure 2.20). Among all grasses, tall-statured grasses (defined
as grass species that maintain a self-supporting height taller
than or equal to 2 meters; 929 species) are 2—4 times more
likely to establish than shorter grasses (Canavan et al., 2019).
This is due in part to their rapid growth rates and capacity to
accumulate biomass. Tropical Africa (especially islands in the
Western Indian Ocean) is the main hotspot of established alien
tall statured grasses, with this group accounting for 30 to 70 per
cent of all established alien grasses. The Caribbean is another
such hotspot (Canavan et al., 2019). Overall, 80.6 per cent of all
tall statured grasses are woody bamboos, of which Bambusa
vulgaris (common bamboo) is the most widespread species
(Figure 2.20).

Many woody species (shrubs and trees) are among the most
widespread and damaging invasive plants (D. M. Richardson
& Rejmanek, 2011). While there is no precise data available on
the number of established woody species, D.M. Richardson
and Rejmanek (2013; 2011) compiled a global database of
751 invasive alien woody species, comprised of 434 trees

and 317 shrubs in 90 plant families and 286 genera. These
alien species were introduced outside of their native ranges
through many pathways including horticulture (62 per cent of
invasive woody species: 196 trees and 187 shrubs), forestry
(13 per cent), food (10 per cent), and agroforestry (7 per cent).
Regions with the largest numbers of woody invasive alien
species are North America (212), Pacific Islands (208), Australia
(2083), Southern Africa (178), Europe (134), and Indian Ocean
Islands (126). Taxa within the genera Acacia and Pinus (Pine)
comprise a large portion of the woody invasive alien species
globally. In particular, Pinus (comprising 111 tree and shrub
species, only one of which has its natural range confined to
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the Northern Hemisphere) have been widely introduced and
planted in many areas well outside their native range and are
among the most widely used forestry species worldwide (D.

M. Richardson et al., 1994). At least 30 Pinus species are
known to be established alien species and 21 invasive alien
species (D. M. Richardson, 2006). Pinus contorta (lodgepole
pine) is one of the most invasive plantation trees (Figure 2.19).
Native to northwest North America, it is established in Great
Britain, Ireland, and Russia, and is an invasive alien species in
Argentina, Australia, Chile, New Zealand, and Sweden (Langdon
et al., 2010). Pinus invasions were first recorded in South Africa
in 1855, in New Zealand in 1880 and in Australia in the 1950s
(20-30 years after the first large plantations were established),
and most research on Pinus invasions has been done in those
countries (Simberloff et al., 2009). However, because of a recent
increase in commercial Pinus plantations in South America
(Argentina, Brazil, Chile, and Uruguay are the countries having
the greatest area of planted Pinus), Pinus invasions are currently
an emerging problem on the continent and are predicted to
increase rapidly in the next few decades (D. M. Richardson et
al., 2008). Acacias (about 1,350 species), especially Australian
acacias (species within the genus Acacia that are native

to Australia, about 1,012 species), have also been widely
introduced outside their native ranges for centuries (D. M.
Richardson et al., 2011). At least 386 Australian acacias have
been introduced outside Australia, of which 71 are recorded

as established alien species and 23 as invasive alien species.
The extent of Australian acacia invasions is likely to increase

in the future, given that climatic models have suggested that

a third of the world’s terrestrial surface is climatically suitable.
For example, Acacia dealbata (acacia bernier; Figure 2.19)

is currently recorded as an invasive alien species in seven
countries (D. M. Richardson & Rejmanek, 2011). Since it has
been introduced widely outside of Australia, further accounts of
its invasion are likely.
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Figure 2 ® Trends in numbers of established alien species for Poaceae and Cactaceae.

Cumulative numbers (left panels) and number of established alien species per five-year intervals (right panels). Numbers shown
underestimate the true extent of alien species occurrences due to a lack of data. Smoothed trends (line) are calculated as
running medians (section 2.1.4 for further details about data sources and data processing). A data management report for the
data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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Figure 2 (® Examples of the most widespread invasive cacti, grasses and woody species.

Opuntia ficus-indica (prickly pear; top left) is the most commercially important cactus and is recorded as invasive in 26 countries
worldwide. Bambusa vulgaris (common bamboo; top right) is the most widely cultivated bamboo and recorded as invasive in 5
countries. Pinus contorta (lodgepole pine; bottom left) is one of the most invasive plantation trees and it is recorded as invasive
in 5 countries. Acacia dealbata (acacia bernier; bottom right) was introduced to many regions for multiple purposes and is now
a widespread invasive alien species in 7 countries. Photo credit: Nicole Pankalla, Pixabay — under license CC BY 4.0 (top left) /
Bishnu Sarangi, Pixabay — CC BY 4.0 (top right) / Walter Siegmund — CC BY 4.0 (bottom left) / Ulrike Leone, Pixabay — CC BY

4.0 (bottom right).

GRASSES (POACEAE) CACTI (CACTACEAE)

Figure 2 @ Numbers of established alien grasses and cacti worldwide.

Colours indicate established alien species of the families Poaceae and Cactaceae per region, including terrestrial, freshwater
and marine species. For islands, numbers are shown as dots for visualization. White areas on land denote that information
is lacking. Note that the legend scale varies among panels (section 2.1.4 for further details about data sources and

data processing). A data management report for the data underlying this figure is available at https://doi.org/10.5281/

zenodo.7615582
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2.3.2.2 Aquatic plants

Trends

The first records of alien aquatic plants date back to the
eighteenth century, becoming more numerous by the early
1900s (Brundu, 2015b; Chomchalow, 2011; Gettys, 2019;
M. P. Hill et al., 2020; Hussner et al., 2010). As modelled by
Seebens, Bacher, et al. (2021), the rate of first records for
alien aquatic plants increased post-1950, especially after
1980 when the ornamental plant trade increased (Hrivnak
et al., 2019; Hussner et al., 2010; Nunes et al., 2015), and
again after 2008 when aquatic detection improved with
the development of environmental DNA technology. Both
the numbers and rates of established alien aquatic plants
are projected to continue to increase until 2050 (Seebens,
Bacher, et al., 2021).

Status

Of the 13,168 established alien plant species reported in
the GloNAF database, less than 1 per cent are aquatic
(Pysek, Pergl, et al., 2017). However, comprehensive
assessments of aquatic alien plants globally are lacking.
Still, some aquatic plant species are prominent invasive
alien species. Originally from the tropical zone of South
America, Pontederia crassipes (water hyacinth), is one of
the world’s most prevalent invasive alien aquatic plants.
This free-floating vascular plant has invaded freshwater
systems in 62 countries, from 40°N to 40°S (Pan et al.,
2011) and, according to recent climate change models,
its distribution may expand into higher latitudes as
temperatures rise. It is prevalent in tropical and subtropical
waterbodies where nutrient concentrations are often high
due to agricultural runoff, deforestation, and insufficient
wastewater treatment. There are no records of Pontederia
crassipes first introductions, but many populations are well
established and persistent despite control efforts (Coetzee
et al., 2017; Villamagna & Murphy, 2010). Sheppard et al.
(2006) provide an evaluation of several aquatic invasive
alien plant species distributions and status in Europe. For
example, Azolla filiculoides (water fern), a small annual
floating fern (hydrophyte), became established in slow
moving and still water in ponds, canals, dikes and lakes,
following escape from aquaria and botanical gardens in
the mid-nineteenth century. The plant is now widespread
in Central and Western Europe, South Africa, China

and Australasia. Species from the Americas such as
Ludwigia grandiflora (water primrose), Ludwigia peploides
(water primrose), and aquatic perennial herbs (hydro-
hemicryptophytes) are classified as invasive alien species
in Europe. Crassula helmsii (Australian swamp stonecrop),
originally from Australia and New Zealand, arrived in the
United Kingdom in the 1950s and is known as an invasive
alien species in the United Kingdom and the Kingdom of
the Netherlands. Elodea canadensis (Canadian pondweed)
and Elodea nuttallii (Nuttall's waterweed), both native to
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North America, are the most widespread alien aquatic
plants in Europe. Introduced in the mid-1800s, Elodea
canadensis spread along river systems throughout Europe
in the latter half of the century and now occurs in many
other countries worldwide. In the early twentieth century,
Elodea canadensis was replaced by Elodea nuttallii in many
regions. Elodea nuttallii may in turn begin to be replaced

by another invasive alien hydrocharitacean species,
Lagarosiphon major (African elodea), in the United Kingdom
(Brundu, 2015a). Myriophyllum aquaticum (parrot’s
feather), from tropical and subtropical South America, is
the dominant invasive alien aquatic plant in Europe. First
introduced into France (1880) and then Portugal (1935)

as an aquarium escapee, Myriophyllum aquaticum is also
present in the United Kingdom and the Kingdom of the
Netherlands and is probably more widespread as it was
sold as an “oxygenating plant” until 2016. It is also a major
weed in the United States, Australasia, Southern Africa,
and Asia.

Among marine vascular plants, the seagrass Zostera
Japonica (dwarf eelgrass) was introduced to the Pacific
Northwest in the mid-1900s likely via oyster aquaculture and
has since spread and negatively impacted native Zostera
marina (eelgrass) and ecosystem processes (Shafer et al.,
2014). Additionally, Halophila stipulacea (halophila seagrass)
was introduced to the Mediterranean Sea through the Suez
Canal where it is now widespread (Willette et al., 2014).
More recently, Halophila stipulacea was introduced to the
Caribbean Sea where it is spreading and is described as the
world’s first globally invasive marine angiosperm (Willette et
al., 2014; Winters et al., 2020).

2.3.2.3 Algae

In this section, algae are comprised of taxa of the phyla
Rhodophyta, Chlorophyta, Charophyta, Cryptophyta,
Euglenozoa, Haptophyta, Foraminifera, Ciliophora,
Ochrophyta, Myzozoa and Cercozoa. Other groups of
microorganisms are covered in section 2.3.3.

Trends

Globally, many alien green, brown, and red marine algae
have been reported, with steep increases (Figure 2.21) in
reports of large macroalgae invaders since the mid-twentieth
century (Carlton & Eldredge, 2009; Fuentes et al., 2020;
Ribera & Boudouresque, 1995; J. E. Smith, 2011; Vaz-Pinto
et al., 2014; Villasefior-Parada et al., 2018; S. L. Williams

& Smith, 2007). The high rate of increase since this time
likely reflects increased global shipping after the invention

of containerized transport in 1956. A study on the global
distribution of 97 marine algae with known invasion histories
revealed that hotspots of future occurrences are in East
Asian and European waters, largely reflecting high shipping
intensities of enclosed seas (Seebens et al., 2016).
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Figure 2 @) Status, trends, and data gaps for established alien algae.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data
sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

The unresolved tensions between using alien species for
aquaculture and their potential ecological impacts are
well-represented in the history of seaweed invasions. In the
1970s, a suite of alien seaweeds was introduced to the
Hawaiian Islands for mariculture, including Kappaphycus
striatus (Indo-Pacific red algae) and Gracilaria salicornia (red
alga), and the tropical Atlantic Hypnea musciformis (hypnea).
In subsequent decades, these algae spread across the
Hawaiian Islands. Kappaphycus (red alga) is reported to
achieve over 50 per cent cover on some Hawaiian coral
reefs. Efforts to remove alien seaweeds from Hawaiian reefs
are ongoing.

Status

Examples of significant algal invasions with well-
documented ecological and economic impacts include a
variety of alien species native to Asia, such as Sargassum
muticum (wire weed), Codium fragile (dead man’s fingers),
Grateloupia turuturu (devil's tongue weed), Gracilaria
vermiculophylla (black wart weed), and Asparagopsis
armata (Harpoon weed) — all now found on many continental
margins around the world. Less widely distributed but
even more notorious is Caulerpa taxifolia (killer algae),
toxic to certain herbivores. More broadly distributed alien
macroalgae are not necessarily more likely to succeed in
new regions than more narrowly distributed species (S. L.
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Williams & Smith, 2007). For example, the genus Capreolia
(red algae), considered endemic to Australasia, has been
found on the coast of central Chile, based on molecular
and morphological analysis (Boo et al., 2014). Pyropia
koreana (red algae) described previously from Korea, has
been reported in the Mediterranean Sea (Vergés et al.,
2013) and New Zealand (Nelson et al., 2014) and was
detected using molecular analysis. Finally, Chondracanthus
chamissoi (yuyo), considered endemic to the south-central
coast of Chile, has been reported, through molecular
analysis, in France, Japan, and Korea, where it shows
important morphological variations (M. Y. Yang et al., 2015;
Table 2.16).

The cultivation of algae has facilitated the transfer of native
species within country borders but still outside its historical
range of distribution. For example, the macroalga Gracilaria
chilensis (red seaweed), native to the south-central coast
of Chile, has been extensively cultivated more than 640 km
from its northern limit of distribution (Guillemin et al., 2008;
Santelices, 1989), resulting in established alien populations
from the escape of vegetative propagules from aquaculture
facilities (Castilla & Neill, 2009; Guillemin et al., 2008;
Villasenor-Parada & Neill, 2011). Moreover, alien mollusc
aquaculture has been identified as an introduction vector
for many invasive macroalgae (Ribera Siguan, 2003; S. L.
Williams & Smith, 2007). Indirect evidence suggests that
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Table 2 ({ Top 10 most widespread invasive alien algae species worldwide.

The number of regions where the species is recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note this table
only refers to the distribution of invasive alien algae species rather than their impacts which are covered in Chapter 4 (see section
2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with confirmed
occurrences of that species according to the chapter database. A data management report for the data underlying this figure is

available at https://doi.org/10.5281/zenodo.7615582

No. of regions

No. of regions

Undaria pinnatifida (Asian kelp) 9
Sargassum muticum (wire weed) s
Neautenattaxliikillor alsslit
'Caulerpa cylindraces (green cigas) 6
Codium fragile (dead man's fingers) 6

several species of alien macroalgae have been introduced
by aquaculture of Magallana gigas (Pacific oyster) in Europe
(Krueger-Hadfield et al., 2017; Lang & Buschbaum, 2010;
Mineur et al., 2007), North America (Mathieson et al., 2003)
and South America (D. E. Bustamante & Ramirez, 2009;
Croce & Parodi, 2014). Filamentous alien species such as
Polysiphonia morrowii, or alien species with filamentous
stages in their life cycle, such as the “Falkenbergia phase”
of Asparagopsis armata (Harpoon weed) or the “Vaucheroid
phase” of Codium fragile (dead man’s fingers), benefit from
the rugosities in the shell of Magallana gigas where they can
pass unobserved.

Alien macroalgae species themselves can serve as an
introduction vector for other alien species that live as
epiphytes in the thallus. For example, in many ecosystems
where Codium fragile (dead man’s fingers) has been
introduced, its most conspicuous epiphyte is the Asian
macroalgae Melanothamnus harveyi (Harvey’s siphon weed;
e.g., Gonzdlez & Santelices, 2004; E. Jones & Thornber,
2010; Schmidt & Scheibling, 20086; Villasefior-Parada

& Neill, 2011). Apparently, Melanothamnus harveyi is a
secondary introduction associated with Codium fragile.
Native species may also play an important role in the
spread of alien species. For example, Schottera nicaeensis
(red algae) and Asparagopsis armata (Harpoon weed) are
invasive alien species in the Pacific southeast coast, and
they have been found as epiphytes in drifting thalluses of
the buoyant macroalgae Durvillaea antarctica (cochayuyo),
becoming a potential dispersal mechanism for these
species (Macaya et al., 2016). For example, the release

of reproductive fragments adrift has been identified as
alternative dispersal strategies in Codium fragile (Villasefior-
Parada et al., 2013) and Mastocarpus latissimus (Ordstica
etal., 2012).

Gracilaria vermiculophylla (black wart weed) 5
Coscinodiscus wallsil @iatom) 5
" Dasysiphoria japonica (siphoned Japan weed) s
" Alexancriom tamerense (Ginoflageliate) A
" Alexancrium minstum (dinofiagellate) A

2.3.2.4 Bryophytes

Trends

Cumulative numbers of first records grew slowly until 1950
and have since increased rapidly worldwide (Figure 2.22),
particularly in Oceania and Europe (Essl et al., 2013).

Status

The most comprehensive assessment of alien bryophytes
compiled data from 82 locations on five continents in
both hemispheres (Essl et al., 2013). To date, 139 species
of bryophytes are considered alien in at least one of the
regions studied, of which 79 are established, 19 are casual
and 41 are cryptogenic (of uncertain origin; Glossary)
occurrences. Of these, 106 are mosses, 28 liverworts,
and 5 hornworts. Only 18 species (i.e., 13 per cent)

are recorded as alien from at least five regions, with the
most widespread being Campylopus introflexus (heath
star moss; the best documented invasion, introduced

to the United Kingdom in 1941 and coastal Europe in
1954 and currently extending to Russia in the east and
the Mediterranean in the south), Kindbergia praelonga
(common feather moss), Lunularia cruciata (crescent-cup
liverwort), Orthodontium lineare (cape thread-moss), and
Pseudoscleropodium purum (neat-feather moss). The
two most important pathways for bryophyte introductions
are unintentional imports as hitchhikers on ships and
planes and as epiphytes on ornamental plants and other
horticultural supplies with 34 and 27 species, respectively.
Most alien bryophytes occur in human-made habitats,
such as ruderal sites, roadsides, and lawns, while only

a few natural ecosystems such as forests and rocky
outcrops regularly harbour alien bryophytes (Essl et

al., 2013).
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Figure 2 @3 Status, trends, and data gaps for established alien bryophytes.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend line is calculated as running median (section 2.1.4 for further details about data sources
and data processing). Note numbers presented may deviate from those reported in the text due to variation among data sources. A
data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Among locations of the Northern Hemisphere, the highest
numbers of alien bryophytes are recorded for the Hawaiian
Islands, United States and United Kingdom (22 species),
followed by British Columbia, Canada (13 species), Ireland
(11 species), California, United States (10 species) and
France (10 species). In the Southern Hemisphere, most
alien bryophyte species are recorded on islands (South

and North Islands of New Zealand, 27 species each; St.
Helena, 22 species). Continental South America, Asia and
Africa have much lower numbers of alien bryophytes, from
three to six species (Essl et al., 2013). In general, islands
are more invaded by alien (and cryptogenic) bryophytes
than continental regions (Essl et al., 2013). For invasive alien
bryophytes, GRIIS (Pagad et al., 2022) lists only two species
that occur in more than one region, Campylopus introflexus
(heath star moss) and Orthodontium lineare (cape thread-
moss), each occurring in two regions.

2.3.2.5 Data and knowledge gaps

The GloNAF database and associated analyses (Pysek, Perg,
et al., 2017; van Kleunen et al., 2015, 2019) make it possible
to quantify the proportion of a continental area for which data
on established alien vascular plants are available (e.g., Box
2.2). GIoNAF 1.1 covers more than 83 per cent of the world’s
ice-free terrestrial surface in terms of regions (n = 843) for
which alien floras are available, but there is great variation in
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the geographic coverage among the continents defined by
the Biodiversity Information Standards (TDWG, 2021). There
is nearly complete data coverage, in terms of the proportion
of individual regions having data on their alien floras, for
Australasia (99.5 per cent of regions at the country, state,
district or island level have information on alien flora), Africa
(98.6 per cent), North America (95.9 per cent), South America
(95.8 per cent) and Antarctica (90.2 per cent). The continents
with lower coverage are tropical Asia (68.5 per cent), and
particularly temperate Asia (54.8 per cent), where data are
missing primarily for parts of Russia. The lack of data on alien
floras for some regions of the European part of Russia also
results in rather low coverage for Europe as a whole (63.8 per
cent of the continent area). Data on alien plants are available
for about half of the total area of the Pacific islands (49.1

per cent). However, good geographical coverage does not
mean the information on the alien plants for a given region

is complete; there can be data gaps even for well-studied
regions (PySek et al., 2008), as well uncertainties about a
species status. Notably, identification of alien species is
challenging for taxa with a distribution over more than one
continent, for which no global identification key is available,
and especially when the origin of the alien plant is unknown,
such as for Cyperaceae, Hydrocotyle or Myriophyllum. The
quality and completeness of individual datasets also vary
greatly, as does the assessment of the status of alien species,
habitat affiliations, first records and pathways (Figure 2.22).
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Ideally, records of alien plants occurrences would be collected
following broadly accepted standards that reflect the research
infrastructure and resources (Latombe et al., 2017; Chapter
6, section 6.6.2.3).

Similarly, comprehensive databases such as the GloNAF
database are not available for bryophytes or algae, severely
limiting the potential for a thorough assessment of the
trends and status for these groups. While alien bryophytes
in Central and Western Europe and North America are
well-documented, data on alien bryophytes on all other
continents, and particularly in the tropics, are rarely available
(Essl et al., 2013). The number of algal invasions worldwide
is poorly known due to low research efforts. In addition,
comparatively high taxonomic uncertainty makes it difficult
to compare species identities among studies. Many
hundreds of seaweed species bear the same name around
the world but are regarded as naturally distributed. These
species doubtless represent a mixture of species complexes
peppered with many overlooked invasions. Furthermore,
the original native ranges are often unknown, making it
impossible to determine whether populations are native or
alien in that region. As a consequence, many populations
of algae and bryophytes species can only be classified

as cryptogenic and a comprehensive assessment of the
current status of their alien distributions remains elusive.

Finally, the aforementioned databases provide regional lists
of alien taxa without information on their precise spatial
distributions. In large countries it is especially common

that a reported species occurs in only part of the country.
Occurrence datasets like the GBIF hold such spatially
explicit data but to date report only incomplete information
on the biogeographic status of taxa, that is, whether a
species is native or alien (C. Meyer et al., 2016). Additionally,
like all global databases, GBIF records for plants are biased
in terms of taxonomy, space, and time (A. C. Hughes et
al., 2021; C. Meyer et al., 2016; Troudet et al., 2017).
However, new methods are emerging that allow the use of
probabilistic tools to estimate the biogeographic status of
occurrence records (Arlé et al., 2021).

2.3.3 Fungi and microorganisms

This section reports on the temporal trends and status of
the distribution of alien and invasive alien species for fungi
(section 2.3.3.1) and the group of Chromista, bacteria and
viruses (section 2.3.3.2) as well as data and knowledge
gaps (section 2.3.3.3). In this chapter the group of
microorganisms is split into “fungi” (section 2.3.3.1) with
the phyla Ascomycota, Chytridiomycota, Basidiomycota,
Microsporidia, and Zygomycota, and “Chromista, bacteria
and viruses” (section 2.3.3.2) with the taxonomic groups
Oomycota, Actinobacteria, Chlamydiae, Cyanobacteria,
Firmicutes, Proteobacteria, and viruses. Other groups of
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microorganisms are covered in section 2.3.2.3. Note that
there can be a high degree of uncertainty about to the
status of microorganisms as native or alien.

2.3.3.1 Fungi

Trends

Fungi comprise an immensely diverse biological kingdom
that forms complex interactions at multiple ecological levels.
Fungal invasions are increasingly recognized as key drivers
of wildlife mortality and population declines for amphibians,
bats, bees, soft coral, and other organisms (Fisher et al.,
2012). Introduction of undesirable alien fungi such as

those producing repellent smells or toxic compounds, is

also problematic (Parent et al., 2000; A. Pringle & Vellinga,
2006). Negative impacts of plant diseases caused by

fungal invasions have resulted in widespread ecosystem
disruptions that indirectly impact the function of forests,
streams, and other natural environments (Anderson et al.,
2004; Scott et al., 2019; Chapter 4, section 4.3.1) such as
Hymenoscyphus fraxineus (ash dieback; Table 2.17) causing
ash dieback in Europe. In addition, alien fungal pathogens
have severe negative impacts on agricultural crops (Chapter
4, section 4.4.1). Examples include Phytophthora ramorum
(sudden oak death; Thakur et al., 2019), Phyllosticta citricarpa
(citrus black spot; Guarnaccia et al., 2019), Phakopsora
pachyrhizi (soybean rust; Dean et al., 2012) or Pyricularia
oryzae (rice blast disease; Fones et al., 2020).

With an increasingly connected world, the rate at which
alien fungi are recorded is accelerating (Bebber et al., 2013;
Desprez-Loustau, 2009; Fisher et al., 2012). First reports
(Figure 2.23) of alien fungi have increased consistently
since the mid-1800s (Bebber et al., 2013; Fisher et al.,
2012; Monteiro et al., 2020; Santini et al., 2013), with
approximately 25 per cent of all dated records reported
since 2000 (Monteiro et al., 2020). New species discovery
for fungi has risen from 1,000-1,500 per year in the mid-
2000s, to a peak of more than 2,500 species in 2016 and
over 2,000 new species discovered in 2019 (Cheek et al.,
2020). Nonetheless, reports of new occurrences are aimost
certainly underestimated (Bebber et al., 2019). In addition,
with rising temperatures and more frequent extreme weather
events, fungi are not only able to invade novel geographical
areas, but some potentially pathogenic species are also
beginning to evolve levels of thermotolerance that could
allow them to breach the thermal barriers that have long
protected mammals from fungal infections, representing

a further threat to human health and wellbeing (Nnadi &
Carter, 2021).

Status

Fungi are widely dispersed by humans, often unintentionally
or as stowaways, via transport through the trade of goods
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such as plants, seed, wood, shipping containers and other being recorded on all continents, including Antarctica
materials (Desprez-Loustau, 2009). Fungi are also dispersed  (Figure 2.23).
across long and short distances in the atmosphere by wind

or water and weather disruptions can play a significant The fungi comprise an immensely diverse biological
role in spreading fungi into new regions (Anderson et kingdom that forms complex interactions at multiple
al., 2004; J. K. M. Brown & Hovmeller, 2002). Fungi are ecological levels. Their inconspicuous nature and dispersal
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Figure 2 é® Status, trends, and data gaps for established alien fungi.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data
sources and data processing). Note that presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Table 2 ( Top 10 most widespread invasive alien fungi worldwide.

The number of regions where the species has been recorded and classified as invasive based on GRIIS (Pagad et al., 2022). Note this
table only refers to the distribution of invasive alien species rather than their impacts which are covered in Chapter 4 (see section
2.1.4 for further details about data sources and data processing). “No. of regions” denotes the number of regions with confirmed
occurrences of that species according to the chapter database. A data management report for the data underlying this figure is
available at https://doi.org/10.5281/zenodo.7615582

No. of regions No. of regions

Ophiostoma novo-ulmi (Dutch elm disease) 10 Ophiostoma ulmi (Dutch elm disease) 4
Batrachochytrium dendrobatidis (chytrid 9 Erysiphe alphitoides (oak mildew) 3
fungus)

Pyrrhoderma noxium 5 Cronartium ribicola (white pine blister rust) 2
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by small, often long-lived spores make the spread of fungi
to new locations difficult to control and easy to overlook.
Fungal size, particularly the size of the fungal spore-
bearing structures, greatly influences how invasive alien
fungi are recognized and studied (Desprez-Loustau et al.,
2010). The “microfungi,” so called because their spore-
bearing structures are microscopic, are the most important
fungi associated with plant diseases. In contrast, the
“macrofungi”, which produce large and sometimes vividly
coloured spore-bearing structures (e.g., mushrooms), are
mostly saprophytes and ectomycorrhizal fungi. Although
the distinction between macro and microfungi is artificial,
fungal size alone does influence the assessment of invasion
dynamics of invasive alien fungi.

About 650 species of macrofungi have been recorded
outside their native ranges (Monteiro et al., 2020). Most
belong to the orders Agaricales (44 per cent) and Boletales
(29 per cent); slightly more than half are ectomycorrhizal,
and the remainder are saprotrophic (Monteiro et al., 2020).
The most widely distributed alien macrofungi include
Amanita muscaria (fly agaric), Amanita phalloides (death
cap), Phellinus noxius (brown tea root disease), Suillus
granulatus (weeping bolete mushroom), and Suillus luteus
(ectomycorrhizal fungus of pine) (Monteiro et al., 2020). The
highest known diversity of macrofungal alien species is in
the Southern Hemisphere in countries such as Argentina,
Brazil, Chile, New Zealand, and South Africa, and in several
European countries, including France, Germany, and the

United Kingdom (Monteiro et al., 2020; Vellinga et al., 2009).

Invasive alien fungal symbionts have been co-introduced
with their hosts, as in the case of the ectomycorrhizal
fungus Amanita phalloides (death cap), a native of Europe
introduced to Australia and North and South America,
probably in soils as consequence of the plant trade

(A. Pringle et al., 2009; Vellinga et al., 2009; A. Pringle

& Vellinga, 2006). According to Vellinga et al. (2009),
about 200 species of ectomycorrhizal fungi (including
ascomycetes and basidiomycetes) have been introduced
into novel habitats due to the transport of Eucalyptus and
Pinus spp. (Pine).

Dung fungi that have accompanied their herbivore partners
introduced to the Caribbean islands are a good example
(M. J. Richardson, 2008). Commercial use of “biofertilizers”
based on arbuscular mycorrhizal fungi is another example.
This has led to a global spread of these species (Thomsen
& Hart, 2018). Although they can have long-term effects
on ecosystems, such alien species tend to go unnoticed
(Velasquez et al., 2018) or, in the case of “biofertilizers”,
unrecognized as an invasion. Some unnoticed alien

fungal species may be mutualists associated with only
one symbiont species, for example as a plant endobiont.

If that symbiont is itself an invasive alien species, a case
can be made that the unnoticed mutualist too is behaving
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invasively by contributing to the success of its associated
invasive alien plant. Therefore, an as yet unknown
number of additional fungal invasive alien species may
remain undetected.

Most parasitic fungi affect plants (Anderson et al., 2004).
Examples of invasive alien species include Cryphonectria
parasitica (blight of chestnut; Gruenwald, 2012),
Ophiostoma spp. including Ophiostoma novo-ulmi (Dutch
elm disease; Brasier & Kirk, 2000), Cronartium ribicola
(white pine blister rust), Austropuccinia psidii (myrtle rust),
and Discula destructiva (dogwood anthracnose). More
aggressive genotypes of known plant pathogenic fungi may
also arrive as alien species and later become invasive (Arenz
et al., 2011). Also important are invasive alien oomycetes
such as Phytophthora pinifolia causing needle disease in
Pinus radiata (radiata pine) in Chile (Duran et al., 2008) and
hybridization of oomycetes in the genus Phytophthora that
can cause serious damage to agriculture, horticulture, and
forestry (Ersek & Nagy, 2008).

Alien and invasive alien fungi that are pathogenic to animals
include Batrachochytrium dendrobatidis (chytrid fungi) and
Batrachochytrium salamandrivorans (chytrid fungi) which are
the agents of chytridiomycosis, a disease spread by trade
and causing massive global amphibian declines (Berger et
al., 2016; Weldon et al., 2004), and Pseudogymnoascus
destructans (white-nose syndrome fungus) in bats (Hendrix
& Bohlen, 2002; Hovmegller et al., 2016; Sikes et al., 2018;
Thakur et al., 2019).

2.3.3.2 Chromista, bacteria, protozoans,
and viruses

Chromista and other eukaryotic protists constitute several
biological kingdoms independent of those for animals,

fungi, and plants. Their underlying phylogeny remains poorly
understood, with classifications frequently and often radically
changing as molecular evidence becomes available.
Chromista includes major groups of ecologically highly
significant organisms, including many marine algae, diatoms
and oomycetes. Note that some groups of Chromista,
which are usually considered algae, are addressed in
section “Algae” (section 2.2.2.3). Here, taxa of the groups
Oomycota, Actinobacteria, Chlamydiae, Cyanobacteria,
Firmicutes, Proteobacteria and viruses are included.

Along with the true fungi, the Oomycota (with few
exceptions including Phytophthora) have rarely been
analysed within the context of biological invasions. Recent
advances in molecular analyses, however, have shown

that at least some of these species have defined natural
distributions and can be considered alien if introduced

by humans beyond the native range. The emergence of
microbial invasive alien species, pathogenic or not, is thus a
global phenomenon and a major threat in invasion ecology
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(Jack et al., 2021; Litchman, 2010; Mawarda et al., 2020;
Ricciardi et al., 2017; Thakur et al., 2019).

Trends

The numbers of alien oomycetes have risen continuously
since 1900 (Figure 2.24; Santini et al., 2013), as has the
numbers for other alien microorganisms as well (Figure
2.25). The new arrivals include some species which are
causal agents of serious plant diseases (Blehert et al., 2009;
Fisher et al., 2009; Robert et al., 2012; Singh et al., 2008).
Global trade is a major driver of oomycete invasions as they
are usually unintentionally introduced on their hosts or as
contaminants of goods (Sikes et al., 2018). In particular,
plants transported with intact root systems, and particularly
with soil, are likely to host potentially alien oomycete
species, both beneficial and pathogenic.

Historically, there have been several oomycete invasions that
have had huge impacts on humans. The most prominent

is Phytophthora infestans (Phytophthora blight) introduced

in the 1800s from North America to Europe. The dispersal
of Phytophthora infestans is well documented with multiple
periods of intense spread over the past 200 years (Fry,
2008). It was the main cause of repeated total potato crop
failures resulting in massive famines with millions of deaths
and a huge wave of emigration by hundreds of thousands of
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Europeans (Woodham-Smith, 1962; Yoshida et al., 2013).
Importantly, Phytophthora species can hybridize, attain
greater vigour, and potentially infect a wider host range
relative to parent species thereby creating a serious threat to
managed and natural systems (Van Poucke et al., 2021).

Status

Well-documented microbial invaders are typically pathogenic
organisms which are detected because of their devastating
impacts. Anderson et al. (2004) provided a list of emerging
infectious diseases including Phytophthora ramorum
(sudden oak death; Gruenwald, 2012).

Biological invasions caused by viruses are also extremely
relevant in the context of plants as they account for almost
50 per cent of their emerging infectious diseases (Anderson
et al., 2004). In many cases they are transmitted by an
invasive alien host species such as Bemisia tabaci (tocacco
whitefly), which can transmit over 114 virus species (D. R.
Jones, 2003). Despite its tropical origin, there have been
outbreaks of Ralstonia solanacearum biovar 2 (brown potato
rot) in Europe where it survives the winter in waterways

in association with endemic plants (Stevens & van Elsas,
2010). Many pathogenic microbes are thought to be alien
species in the areas in which they were found (Rua et

al., 2011).
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Figure 2 @ Status, trends, and data gaps for established alien oomycetes.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data
sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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Detection of non-pathogenic microbial species is more
difficult because their impacts can be more subtle and do
not result in mortality or disease and are therefore harder to
quantify unless previously identified impacts are specifically
looked for. Co-invasion of non-pathogenic microbes with

CHAPTER 2. TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES

plants has been detected in California, United States
where genomic analyses revealed that Ensifer medicae, a
bacterial symbiont associated with the legume Medicago
polymorpha (bur clover), was introduced from Europe
(Porter et al., 2018). Similarly, colonization of New Zealand
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Figure 2 € Status, trends, and data gaps for established alien Chromista, bacteria,
protozoans, and viruses.

The number of established alien species per region (upper left) and the amount of available data (upper right) are indicated by colour.
The amount of available data is estimated by the proportion of available first records among all records available for that region
(section 2.1.4 for further details). Grey regions denote areas with lacking data. Oceans are tinted for visualization and do not indicate
species numbers. Trends are shown in lower panels for cumulative numbers and as a rate of increase (i.e., numbers of established
alien species per five years). Smoothed trend (line) is calculated as running median (section 2.1.4 for further details about data
sources and data processing). Note presented numbers may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Table 2 (® Top 10 most widespread invasive alien taxa of the groups Chromista and
bacteria worldwide.

The number of regions where the respective species has been recorded and classified as invasive based on GRIIS (Pagad et al.,
2022). Note that this table only refers to the distribution of invasive alien species rather than their impacts which are covered in
Chapter 4 (see section 2.1.4 for further details on data sources and data processing). “No. of regions” denotes the number of
regions with confirmed occurrences of that species according to the chapter database. A data management report for the data
underlying this figure is available at https://doi.org/10.56281/zenodo.7615582

No. of regions

No. of regions

Vibrio cholerae (cholera) 17 Phytophthora cambivora (root rot of forest 3

trees)
Aphanomyces astaci (crayfish plague) 8 Phytophthora cactorum (apple collarrot) >
" Phytophthora cinnamomi (Phytophthora dicback) 5 Phytophthora gonapodyies (comycetes) >
Phytophthora ramorum (sudden oak death) . i Phytophthora infestans (Phytophthora biight) 2
Yersinia pestis (black deat) | . Phytophthora plurivora (comycetes) >
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by European Lotus corniculatus (bird’s-foot trefoil) coincides
with the introduction of its symbiotic partner, the bacterium
Mesorhizobium loti (Sullivan et al., 1995, 1996).

In most cases, it is unknown whether these introductions
spread to other hosts in the introduced habitats which might
potentially lead to the displacement of native symbiotic
species. Although most known microbial introductions have
been reported from Europe, South America, Australia, and
New Zealand, these data might be biased by the number of
papers published from each country (Vellinga et al., 2009).
Table 2.18 lists the 10 most widespread invasive alien
Chromista and bacteria and the number of regions each
has invaded.

2.3.3.3 Data and knowledge gaps

Data and knowledge gaps for fungi are vast. Fungi are
frequently unnoticed or unreported, particularly in regions
where scientific infrastructure is minimal (Desprez-Loustau
et al., 2010). Information about alien fungi in different
regions can vary tremendously, with biases associated

with available scientific infrastructure, taxonomic expertise,
crop production, and trade routes (Desprez-Loustau et al.,
2010; Lofgren & Stajich, 2021). There are generally far fewer
records of fungi than for animals and plants, even from
areas with a strong tradition of fieldwork. There are several
estimates of the total number of fungal species, with values
ranging from 2.2 to 5.1 million, to as many as 11.7 to 13.2
million species (Lofgren & Stajich, 2021). These millions

of predicted fungal species greatly eclipse the 146,155
species that are so far discovered and named (Kirk, 2021)

and indicate that as many as 98.8 per cent of all fungal
species await discovery. Although the rate of new species
discoveries has accelerated since the advent of DNA
technologies, at the current rate of about 2,000 new fungal
species described each year (Cheek et al., 2020), it will be
at least a thousand years before a comprehensive inventory
of fungal diversity is made.

The continued paucity of rapidly accessible and reliable
information for fungi remains a major hurdle for identifying
new fungal invasive alien species, particularly cryptogenic
fungi, as their initial establishment phase, which is the only
stage at which effective countermeasures are feasible, often
remains unnoticed until major damage is done (McMullan
et al., 2018). Another important knowledge gap is an
insufficient understanding of the taxonomic limits of fungal
species. This hinders effective quarantine of animal and
plant pathogens. Using molecular phylogenetics, several
disease-causing microfungi were found to belong to
species complexes, and incorrect identifications have led to
confusion (Coleman, 2016; X. Lin & Heitman, 2006; Thines
& Choi, 2016).

As with fungi, only 10 per cent of all probable comycete
species are estimated to be known and described (Thines,
2014), a large knowledge gap. Information about non-
terrestrial species is similarly limited, although several
invasions by aquatic algae have been documented (Acosta
et al., 2015), including the Prymnesium parvum (golden
algae) which has successfully established in freshwater
ecosystems in several locations in the United States (Roelke
et al., 2016; see also section 2.2.2 including Algae).

Box 2 @ Evolution during biological invasions.

Biological invasions have been instrumental in demonstrating that
evolution can be rapid enough to contribute to contemporary
ecological dynamics and that feedback between ecology and
evolution can occur within a few generations (so-called “eco-
evolutionary dynamics”; Carroll et al., 2007; Hendry, 2020).
Evolution can influence the trends and status of biological
invasions by enhancing dispersal rates that lead to species

range expansion, improving alien species’ performance, and
increasing adaptation to novel environments (Suarez & Tsutsui,
2008; Vellend et al., 2007). Indeed, approximately half of the
investigated plants and animals show increased size and
fecundity in their new range (Parker et al., 2013); many of these
differences are likely to have a genetic basis. Adaptive evolution
(i.e., evolutionary changes that increase the chance of survival
and reproduction) is thought to be common for alien species,
especially alien plants (Hodgins et al., 2009). A well-known
animal example is Rhinella marina (cane toad), which has evolved
longer legs and faster movement as its alien range has expanded
across Australia (Phillips et al., 2006).
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Observations of evolution during invasion initially presented
researchers with a paradox. Newly introduced populations
tend to be small and are therefore expected to contain low
genetic diversity, thereby limiting the population’s ability to
respond to selection (Sakai et al., 2001). However, some
populations that undergo founder effects and genetic
bottlenecks can evolve rapidly (Dlugosch & Parker, 2008). In
fact, low genetic variation can facilitate invasive behaviour.
For example, loss of genetic variation may have reduced
intraspecific aggression among alien populations of
Linepithema humile (Argentine ant), leading to the formation of
competitively dominant “supercolonies” (Tsutsui et al., 2000).
Other successful invasive alien species have been introduced
multiple times and in high numbers (i.e., high propagule
pressure), offsetting founder effects and limiting genetic
bottlenecks (Roman & Darling, 2007). Indeed, introductions
of individuals from different parts of a species’ native range
can create genetic admixtures (a mixture of previously distinct
genetic lineages), boosting levels of standing genetic variation
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in the new range (Meyerson & Cronin, 2013) and potentially
providing fithess advantages through hybrid vigour and
increased variation, on which selection can act (S. R. Keller
& Taylor, 2010). The contribution of novel mutations in large
invasive alien populations also cannot be discounted (Colautti
& Lau, 2015).

Hybridization and introgression

Genetic variation can also be enhanced during invasion by
hybridization among species and interbreeding between native
and introduced genotypes (Meyerson et al., 2010; Meyerson
& Cronin, 2013); these mechanisms occur commonly and

can play an important role during invasion (Hovick & Whitney,
2014; Largiader, 2008). Hybridization can facilitate successful
invasions if it is beneficial and increases fitness (Bossdorf et al.,
2005; Ellstrand & Schierenbeck, 2000; Meyerson et al., 2010;
Rius & Darling, 2014); and may help a species overcome Allee
effects associated with small sizes of introduced populations
(Yamaguchi et al., 2019). For example, hybridization between
Sporobolus alterniflorus (smooth cordgrass), which was
deliberately introduced to the North American Pacific coast
from its Atlantic-coast native range, and native Sporobolus
foliosus (California cordgrass) have generated highly invasive
hybrid populations (Daehler & Strong, 1997). Particularly

in plants, polyploidy (i.e., genome duplication), sometimes

in association with hybridization (Strong & Ayres, 2013), is
linked with the success of some alien species through several
mechanisms, including enhanced genetic variability (Suda et
al., 2015; te Beest et al., 2011). Nonetheless, how frequently
the benefits of hybridization outweigh the negative effects is still
poorly understood (Hodgins et al., 2018).

Plasticity and adaptation

Invasive alien populations with low genetic variation can also
respond to environmental variation in a new range through
phenotypic plasticity (Torchyk & Jeschke, 2018). Through
plasticity, a single genotype can undergo physiological,
phenological, and morphologic changes in response to
environmental conditions, which can have significant
evolutionary implications (Schlichting, 1986). While it is
expected that plasticity will support the establishment and
spread of alien species introduced to novel environments
(Richards et al., 2006), support for the hypothesis that invasive
alien species display greater plasticity than native or non-
invasive alien species is mixed (A. M. Davidson et al., 2011;
Meyerson et al., 2020; Palacio-Lépez & Gianoli, 2011; Torchyk
& Jeschke, 2018). Phenotypic variation can also be generated
during invasions through epigenetic mechanisms, that is
heritable DNA modifications without changes in the genetic
code (Bossdorf et al., 2008). While epigenetic variation has
been associated with some successful invasions (C. Liu et al.,
2020; Richards et al., 2012), it is too early to generalize about
the importance of this mechanism for invasions (Bock et al.,
2015). Invasive alien species can also adapt to environmental
conditions in their new range and increase their abundance,
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though few empirical studies have quantified these links
(Hodgins et al., 2018). For example, Lythrum salicaria (purple
loosestrife) in North America has experienced demographic
benefits of adaptation estimated to be equivalent to those
that the species enjoys from natural enemy release (Colautti &
Barrett, 2013).

Data and knowledge gaps

A key uncertainty is how much evolution favours or hinders the
outcome of a biological invasion, for example, by making the
difference between invasion success and failure (Bock et al.,
2015). To this end, perspectives from ecology and evolution
could be further integrated by combining genomic tools

with more classical experimental and comparative studies to
test the mechanisms and consequences of evolution during
invasion (Holman et al., 2019; McCartney et al., 2019). Another
critical question is to what extent evolution allows alien species
to colonize environments that are outside of their native-range
ecological niches (Moran & Alexander, 2014; Pearman et al.,
2008). Settling this question is important for commonly used
tools such as species distribution models to forecast potential
distributions of alien species (Pearman et al., 2008). Finally,
studies of invasions have shown that some species can
rapidly adapt to changing environments (Colautti & Lau, 2015;
Hodgins et al., 2018). Alien species may be exceptionally
responsive to interacting global-change drivers (Moran &
Alexander, 2014), such as climate change or land-use change,
a topic warranting further research (Chapter 3, sections 3.5
and 3.6.1).

Linking evolution and molecular tools
to invasive alien species impacts
and management

Just as alien species adapt to their novel environments, so too
have native species evolved in response to the novel selection
pressures posed by alien species. Evolutionary responses to
exposure to alien competitors appear to be widespread in
plants (Oduor, 2013). Thus, evolution may partially mitigate
the negative impacts of invasive alien species on native
communities (Carroll, 2011). This understanding also points to
ways in which genetic tools and evolutionary principles may
help to mitigate some of the impacts of invasive alien species
(Chown et al., 2015; Lankau et al., 2011).

Information about the evolutionary/phylogeographic history
of alien species obtained by using molecular markers and
up-to-date statistical methods can also have several practical
benefits for alien species monitoring and management
(Lankau et al., 2011). Such knowledge can improve the
efficacy of biocontrol programmes by targeting biocontrol
agents from within the source region of a given invasive alien
species (Chown et al., 2015) and provide better delimitation
of source regions and introduction pathways, which can be
obtained using high-resolution genomic tools (Hudson et

al., 2021, 2022). While it is widely recognized that biological
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invasions constitute a natural experimental framework for

the study of contemporary evolution, a good understanding
of source regions and introduction pathways (i.e., routes

of invasion/introduction) is essential. Knowledge of those
routes makes it possible to precisely compare introduced
populations to their original source population(s) and

thus determine whether the invaders have, for example,
undergone an adaptive change that has favoured them in
their new living environment. This change may result from the
selection of genetic variants that are rare in the original source
population(s) but favoured in the new environment. The

2.4 TRENDS AND STATUS
OF ALIEN AND INVASIVE
ALIEN SPECIES BY IPBES
REGIONS

This section reports on the temporal trends and status of
the distribution of alien and invasive alien species across
IPBES regions (section 2.4.1), and for the individual IPBES

reconstruction of routes of invasion/introduction is, therefore,
crucial to define and test different hypotheses concerning
the environmental and evolutionary factors underlying
biological invasions and their success (Estoup & Guillemaud,
2010; S. R. Keller & Taylor, 2008). Bulk screening by using
metabarcoding approaches may be used to flag recognized
invaders at ports of entry and so prevent the introduction

of harmful species (or new genotypes of already introduced
species). The potential for molecular instruments to detect the
spread of invasive alien species is important, although many
challenges remain (Handley, 2015).

regions Africa (section 2.4.2), the Americas (section 2.4.3),
Asia and the Pacific (section 2.4.4), and Europe and Central
Asia (section 2.4.5), and their respective sub-regions. A
description of IPBES regions and sub-regions including a
spatial representation is provided online (IPBES Technical
Support Unit On Knowledge And Data, 2021) and in
Chapter 1, section 1.6.4. For each IPBES region, dynamics
on islands and data and knowledge gaps are provided as
well. A global synthesis on the dynamics on islands and in
protected areas is provided in boxes (Boxes 2.4 and 2.5).
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Figure 2 @ Trends in numbers of established alien species across IPBES regions.

The panels show cumulative numbers of established alien species for different taxonomic groups. Numbers shown underestimate the
actual extent of established alien species occurrences due to a lack of data (section 2.1.4 for further details about data sources and

data processing). Note numbers presented may deviate from those reported in the text due to variation among data sources. A data

management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582
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2.6.1 Overview of trends and
status by IPBES regions

Trends

The number of established alien species records has
increased for all taxonomic groups and for all IPBES regions
since 1500 with particularly steep escalations observed after
1800 (Figure 2.26). Before 1800, the number of records is
particularly low for insects and crustaceans. However, this
is likely because of the lack of data, which is particularly
common for invertebrate groups (section 2.3.1.11).
Likewise, the comparatively high numbers of established
alien species observed for Europe and Central Asia is likely
influenced by the higher availability of records for Europe
and biases in the underlying database. Nonetheless, no
saturation of established alien species is observed for any
region (Seebens, Essl, et al., 2017).
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Status

Across taxonomic groups, vascular plants provide the by
far largest contribution to global established alien species
numbers, followed by insects and fishes (Table 2.19). For
many taxonomic groups, all IPBES regions except Africa
report similar numbers of established alien species (Table
2.19). For instance, the numbers of alien vascular plant
species reported for the Americas, Asia and the Pacific,
Europe and Central Asia are comparable in their range, while
the numbers for Africa are much lower. Similar patterns are
observed for alien bird and fish species. On the other hand,
algae show a different pattern with Europe and Central Asia
harbouring the highest established alien species numbers,
followed by the Americas, Asia and the Pacific, and Africa.
However, this pattern may be influenced by variation in
research intensity around the world. Box 2.6 also presents
an overview of alien and invasive alien species on land
managed by Indigenous Peoples and local communities.

Table 2 ® Numbers of established alien species across IPBES regions.

Numbers of established alien species can vary depending on data sources. For mammals, birds, and vascular plants, ranges of
values indicate variation among databases (section 2.1.4 for further details about data sources and data processing). Note presented
numbers may deviate from those reported in the text due to variation among data sources. A data management report for the data

underlying this table is available at https://doi.org/10.5281/zenodo.7615582
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Box 2 @ Protected areas: A global assessment of trends and status of alien and invasive

alien species.

Protected areas around the world are crucial for preserving
and sustaining biodiversity, ecosystem processes and human
well-being (Gaston et al., 2008; Naughton-Treves et al., 2005).
Increasingly, these areas are being threatened by numerous
drivers of change in nature that are challenging the effective
management of over 200 thousand protected areas globally
(Osipova et al., 2017; UNEP-WCMC et al., 2021). Biological
invasions constitute a major threat to protected areas
(Goodman, 2003; Osipova et al., 2017; Pysek, Hulme, et al.,
2020; Schulze et al., 2018), a concern that dates back to the
1860s (Foxcroft et al., 2017).

Seminal work on invasions in terrestrial protected areas
carried out during the Scientific Committee on Problems of
the Environment (SCOPE) project in the 1980s found that

all 24 studied terrestrial protected areas faced challenges
from invasive alien species and that invasions were not only
an issue within disturbed sites (Mooney et al., 2005; Usher,
1988), but also in relatively undisturbed nature reserves. The
SCOPE report also found that islands faced higher threats
than mainland areas, that there was an inverse relationship
between protected area size and the number of introduced
species in arid land and chaparral biomes, and that there

was positive correlation between number of human visitors
and the presence of invasive alien species (Usher, 1988). In

a study that revisited 21 of the originally studied protected
areas and compared how the status of biological invasions
has changed over the last 30 years, Shackleton et al. (2020)
found that of all the taxa analyzed, invasive plants pose the
greatest continued threat, and their numbers have increased
in 31 per cent of the protected areas. Mammal invasions now
represent a lesser threat due to effective management in many
protected areas, with fewer invasive alien mammals now listed
in 43per cent of protected areas. Invasions by amphibians,
reptiles, and fish have remained fairly stable over the past three
decades (R. T. Shackleton, Foxcroft, et al., 2020). The limited
number of study sites included were biased towards mainland
United States and Africa making regional comparisons and
trends hard to meaningfully assess. More comprehensive
global assessments using similar methods would address a
major knowledge gap and better evaluate status and change
globally providing important information for international policy
(Glossary) mandates.

The subsequent uptake of coordinated global academic
projects on protected areas has been limited, particularly for
marine systems leaving many knowledge gaps on the status of
invasive alien species in protected areas and the broad-scale
status trends. According to Shackelton et al. (2020) there is

a lack of data on freshwater invertebrates, marine species,

and other taxa creating a taxonomic bias in invasion science.
However, some review and synthesis work (e.g., Foxcroft et al.,
2013, 2017; X. Liu et al., 2020; R. T. Shackleton, Bertzky, et
al., 2020; R. T. Shackleton, Foxcroft, et al., 2020; see above)
has strengthened information on the current status and key
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trends of invasive alien species in protected areas globally, but
each effort has limitations and greater coordination on taxa and
management is needed.

In “Plant invasion in Protected Areas”, Foxcroft et al. (2013)
identified and illustrated key impacts of invasive alien species
and outlined some mechanisms of invasion in protected areas
and contributed to assessing management interventions,
helping to synthesize and outline both the status of invasive
alien species in protected areas and key knowledge gaps.
Drawing on 14 case studies from around the world that
included information from over 135 protected areas globally,
the authors detailed assessments and baseline information
and elucidated regional patterns and threats. One surprising
result was that while intentional introductions of invasive alien
species into protected areas have been assumed to be low,
this is not the case. This point is further supported by Foxcroft
et al. (2008) and Toral-Granda et al. (2017). Authors show
that even Arctic regions now face challenges from invasive
alien species (Shaw, 2013). Very few protected areas globally
have good baseline information and only a handful of well-
studied protected areas have robust invasive alien species
lists available. Regionally there are also large differences in
monitoring and information. The United States, Oceania,

and some parts of Europe have more information than other
regions. For example, J. A. Allen et al. (2009) highlight that
there are over 7.3 million ha of invasions in 218 protected
areas in the United States, with over 20,300 distinct invasion
clusters by over 3,750 invasive alien species. In Central and
Western Europe, Braun et al. (2016) collected and collated
data on 53 invasive plant species in 46 large, protected areas
finding that in 86 per cent of protected areas at least one of the
46 target invasive plants was present, and that 80 per cent of
protected areas did conduct some form of management. The
mean number of invasive plants was 11.2 per protected area,
however, most of them only managed a mean 4.3 species
accounting for around 3 per cent of park budgets. Interestingly,
park size and age had no effect on invasive alien species
presence or management.

A review on plant invasion science research in protected areas
(Foxcroft et al., 2017) yielded some important information

on trends and status highlighting key advances in invasion
science in protected areas, important policies starting with
the Convention Relative to the Preservation of Fauna and
Flora in their Natural State in 1933, the twelfth meeting of

the Conference of the Contracting Parties to the Ramsar
Convention on Wetlands in 2015, and 13 other important
policy support mechanisms in-between. This review also
identified 59 of the most common invasive plants in protected
areas: eight species (Arundo donax (giant reed), Pontederia
crassipes (water hyacinth), Lantana camara (lantana), Melia
azedarach (Chinaberry), Poa annua (annual meadowgrass),
Psidium guajava (Quava), Robinia pseudoacacia (black locust),
and Rumex acetosella (sheep’s sorrel)) occur in more than
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150 protected areas globally. The review showed that North
America and Europe dominate work on plant invasions in
protected areas globally, followed by Africa and Oceania, with
very limited knowledge from other world regions, particularly in
South America and Asia.

More recently, key syntheses have assessed the trends and
status of invasions in terrestrial and inland waters protected
areas globally (e.g., X. Liu et al., 2020; R. T. Shackleton,
Bertzky, et al., 2020). X. Liu et al. (2020) assessed the
establishment of 894 terrestrial alien vertebrates and
invertebrates in almost 200 thousand protected areas globally
and found that very few (over 10 per cent) of protected areas
harbour established alien animals, but the majority (89-99

per cent) have an established population of at least one alien
animal species within 10-100 km from their borders. There are
520 alien animal species in protected areas globally, the most
common being birds (4.7 per cent of the protected areas, 252
species), followed by mammals (3.7 per cent, 91 species),
invertebrates (2.2 per cent, 63 species), amphibians (0.5

per cent, 48 species) and reptiles (0.4 per cent, 66 species)

(X. Liu et al., 2020). X. Liu et al. (2020) highlight that larger
protected areas, those more recently inscribed, and those

with a higher protection status were surprisingly more prone

to a higher richness of alien animals. Furthermore, X. Liu et al.
(2020) found that globally, protected areas in some regions
and biomes are more at risk from alien animals, including birds,
mammals, invertebrates, amphibian and reptiles; particularly

in (sub)tropical Pacific and Caribbean Islands and New
Zealand, as well as temperate mixed forests, savannas, and
grasslands in the United States, western Europe, and Australia.
Additionally, X. Liu et al. (2020) highlight that Africa and Asia are
most often donors of alien animal species with North America
and Europe being key recipient areas (Figure 2.27).

Shackleton, Bertzky, et al. (2020) assessed the status of
biological invasions and their management in 241 natural
and mixed World Heritage Sites globally and found that just
over half (53 per cent) were explicitely or implicitly reported
to be threatened by invasive alien species through formal
IUCN/ United Nations Educational, Scientific, and Cultural
Organization (UNESCO) monitoring initiatives. It is suspected
that this number is much higher. Aimost 300 different invasive
alien species were reported to be invading World Heritage
Sites. However, detailed information through UNESCO and
IUCN monitoring programmes vyielded limited and inconstant
information so broad-scale trends were hard to assess.

To overcome this a seven-step monitoring and reporting
framework was developed to better collate data moving
forward. This includes: (i) evaluating pathways, (i) compiling
inventories of species, (i) identifying current impacts, (iv)
reporting on management, (v) predicting future threats and
management needs, (vi) identifying knowledge gaps, and
(vii) assigning an overall threat level. This framework could
easily be used in all categories of protected areas and

could be a priority moving forward to improve monitoring
and understanding.

CHAPTER 2. TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES

Marine protected areas “... as oases of biodiversity, serve as
the last rampart against these invasive alien species” (Francour
et al., 2010). Alas, this is a wishful premise and biological
invasions are having a large impact on marine protected areas
worldwide. Large-scale global syntheses on the topic of marine
invasions and protected areas are lacking, however, research
on certain areas and species has provided important insights
which are summarized here. Generally, European oceans and
seas, as well as northern Atlantic and Pacific oceans, are most
at threat from marine invasive alien species (M. J. Costello et
al., 2021). More specifically, 53 marine alien species, nearly

all newly reported or newly recognized as introduced, were
recently documented in the Galapagos Marine Reserve, which
is a large, biologically diverse and remote protected area
(Carlton et al., 2019). Surveys of rocky reef fish assemblages
conducted since 2000 in Mediterranean marine protected
areas showed no differences in invasive fish density and
biomass as compared to adjacent unprotected areas. In the
south and eastern Mediterranean Sea invasive alien species
have higher species richness and biomass as compared to
local fish biota (D’Amen & Azzurro, 2020; Galil, 2017; Giakoumi
et al., 2019; Guidetti et al., 2014). Indeed, a recent assessment
in protected areas along the Mediterranean coast of Turkey
identified 289 alien vertebrates, invertebrates and algae
(Bilecenoglu & CGinar, 2021). The reduction of protected areas
to nursery sites for certain invasive alien species is most acute
in the South-eastern Mediterranean but occurs throughout the
sea and in the adjacent Atlantic (Blanco et al., 2020; Cacabelos
et al., 2020; Mazaris & Katsanevakis, 2018; Wangensteen

et al., 2018). From a species point of view, the spread of the
venomous Indo-Pacific lionfish, Pterois volitans (red lionfish)
and Pterois miles (lionfish), across the tropical western Atlantic
and the Caribbean Sea was swift, not sparing marine protected
areas, including large, established, well-cared for and remote
ones (e.g., Florida Keys National Marine Sanctuary, United
States; Flower Garden Banks National Marine Sanctuary,
United States; The Parque Nacional Arrecife Alacranes,
Mexico) (Johnston et al., 2013; Lopez-Gomez et al., 2014;
Ruttenberg et al., 2012), illustrating the threat that invasive
marine species pose to conservation. Poor management and
the lack of effective policies have been nullifying conservation
goals in marine protected areas in regions exposed to
biological invasions (Bilecenoglu & Cinar, 2021; B. Galil, 2017;
Mazaris & Katsanevakis, 2018; Chapters 5 and 6).

Foxcroft et al. (2017) mention three key needs to better
understand the current status of biological invasions and
their management in protected areas globally and to better
assess key trends. These include (i) establish a global
working group to better coordinate research, (ii) develop
standardized protocols and tools for large-scale and long-
term monitoring of invasive alien species in protected areas
globally, and (iii) better account for and respond to different
socioecological contexts in research and management.
Importantly, many regions of the world have limited baseline
and empirical evidence concerning biological invasions and
their management making this fundamental research crucial.
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The collection of baseline data is increasingly being conducted
in data poor areas (e.g., Bhatta et al., 2020; Foxcroft et

al., 2017; Padmanaba et al., 2017), but more is needed.
Furthermore, improved monitoring and assessment globally

is important to answer long-standing and disputed questions
relating to invasions in protected areas. For example, whether
or not protected areas impose biotic resistance (Glossary)
against invasions (Meiners & Pickett, 2013). Some evidence
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suggests protected areas act as a barrier, or refuge, against
invasions (Ackerman et al., 2017; Foxcroft, Jarosik, et al.,
2010; Gallardo et al., 2017), but other studies show the
contrary (Byers, 2005; Holenstein et al., 2021; Klinger et al.,
2006). Further work drawing on a multitude of taxa in different
socioecological systems is needed to fully understand the role
of protected areas in invasions, which is likely to differ by taxa
and environmental settings.
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Figure 2 @ Numbers of established alien vertebrate species per terrestrial protected

area.

Among the top 50 protected areas, 32 per cent are located in New Zealand, 26 per cent in Taiwan, Province of China, 16 per
cent in the United States (mostly on Hawaii), 12 per cent in Great Britain and 6 per cent on Réunion. Adapted from X. Liu et al.
(2020), https://doi.org/10.1038/s41467-020-16719-2, under license CC BY 4.0.

Box 2 @ Islands: A global assessment of trends and status of alien and invasive alien

species.

One-quarter of the countries in the world are islands or
groups of islands, and over two-thirds of all countries include
islands (Russell & Kueffer, 2019). Taken together, the Earth’s
islands represent 5.3 per cent of the total land surface (Global
Islands Network, 2021; Tershy et al., 2015). Because of their
very high rates of endemism (9.5 and 8.1 times higher than
continents for vascular plants and vertebrates, respectively),
and with over 20 per cent of the world’s terrestrial species,
islands are considered centres of biodiversity (Kier et al., 2009).
As a result, 10 of the 35 world’s biodiversity hotspots (i.e.,
regions where biodiversity is both the richest and the most
threatened (Mittermeier et al., 2011) are entirely, or largely
consist of, islands (Bellard et al., 2014). Globally, islands
represent concentrated regions of biodiversity loss in the

past and present, and this trend is predicted to continue in
the future (Russell & Kueffer, 2019; Whittaker & Fernandez-
Palacios, 2006).
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Islands harbour some of the highest numbers of established
alien species (Dawson et al., 2017; Essl et al., 2019),
particularly small and remote tropical and sub-tropical islands
with high numbers of invasive alien plants per unit of surface
(Pysek, Pergl, et al., 2017), a pattern that holds across
taxonomic groups (Moser et al., 2018; Turbelin et al., 2017).
This is especially acute in former European island colonies with
long histories of repeated species introductions (Turbelin et al.,
2017). Furthermore, nearly 50 per cent of all species at risk
(Glossary) of extinction on the IUCN Red List are found on
islands and species on islands are more likely to be threatened
by biological invasions (almost three-quarters of threatened
species; Leclerc et al., 2018). While all threats interact on
islands to cause declines in native species abundance,
biological invasions consistently lead to the extinction of insular
populations, particularly through predation and disease (Russell
& Kueffer, 2019; Chapter 4, section 4.3.1.1). However,
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particularly independent small island developing states (SIDS)
and island territories with dependencies on larger continental
economies (Blackburn et al., 2016; Meyerson & Reaser, 2003;
Reaser & Meyerson, 2003; Russell et al., 2017) have few
resources for invasive alien species research, management,
cooperation, and capacity-building (Reaser & Meyerson, 2003;
Veitch et al., 2019).

Trends

Temporal trends of biological invasions on islands can be
classified into three distinct periods with contrasting dynamics;
first contact (Indigenous Peoples and local communities),
modern history (1500), and the contemporary twentieth
century onwards era (Keppel et al., 2014; Russell & Kueffer,
2019; Figure 2.28). In the first period, island syndromes (Wroe
et al., 2006) and the lack of refugia on small islands made
insular species more vulnerable to biological invasions than
continental species (Wroe et al., 2006). The second period
corresponds to the “Age of Discovery”, the timing of which

in different parts of the world coincided with colonization

of islands by Europeans (Russell & Kueffer, 2019). During

this period, unintentional and intentional (and sometimes
repeated) introductions of many animals and plants were
facilitated by the establishment of regular shipping lines
(Seebens et al., 2013). This led to successful invasions

by a large number of species on many islands of various
ecosystem types (Russell & Kueffer, 2019). The third period
is associated with globalization that included a distinct
increase in world trade, migration, and tourism, all of which
affected islands worldwide. The emergence and rise of rapid
international transit increased substantially both the diversity
of introduction vectors and pathways (Hulme, 2009, 2021;
Meyerson & Mooney, 2007), and the associated number of
these introductions (van Kleunen et al., 2015). The number,
frequency, and geographic origin of biological invasions to and
among islands also increased with time, following the growth
of human populations on these islands (both residents and
tourists), as exemplified by the Galapagos (Toral-Granda et
al., 2017). At the same time, awareness was rising, and more
research was underway to detect and report new species.
Other important predictors for established alien species on
islands are the existence of military bases or paved airfields
(Denslow et al., 2009).

Most introduced species on islands today only occupy a
small portion of their final predicted range and are thus likely
to expand further (M. J. B. Dyer et al., 2018; Trueman et al.,
2010). In addition, more species from both the existing pool
of alien species and those species not currently introduced
outside their native range will continue to colonize and
establish on islands in the future (Bellard et al., 2017). Islands
are also disproportionately vulnerable to climate change which
may increase the rate of establishment and spread of many
invasive alien species on islands (X. Li et al., 2020). More
frequent climate-induced disturbances (e.g., flooding, treefall,
and landslides caused by tropical cyclones) and/or droughts
increase the invasibility of native ecosystems affecting, for
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instance, the structure of island forests (Boehmer, 2011;
Ehbrecht et al., 2021; Pouteau & Birnbaum, 2016; Wyse et
al., 2018).

The accumulation rate of established alien species on islands
is not slowing and the future invasive alien species will differ

in type from species that have invaded islands in the past.
These emerging invasive alien species include groups such as
microorganisms and pathogens, as well as reptiles from the
pet trade (Apanius et al., 2000; Russell & Kueffer, 2019), which
will likely lead to new species interactions with both direct and
indirect ecological consequences (Forey et al., 2021; J.-Y.
Meyer et al., 2021). In the future, the vectors and pathways

of biological invasions are predicted to further evolve and to
keep interacting with other drivers of change in nature, such as
climate change (Russell et al., 2017), and will continue to be
of great concern for biodiversity conservation (Lenzner et al.,
2020; S. Taylor & Kumar, 2016). For instance, climate-induced
forest decline is likely to increase the vulnerability of Pacific
Island rainforests to invasive alien plants (Boehmer, 2011;
Mertelmeyer et al., 2019) and facilitate invasional meltdowns
(Minden et al., 2010).

Status

Most islands are affected by biological invasions with

insular ecosystems being the recipients of 80 per cent of
documented bird and mammal introductions (Ebenhard,
1988). At least 65 major island groups have been invaded by
Felis catus (cat) (Atkinson, 1989) and over 80 per cent of all
major island groups have also been invaded by Rattus spp.
(rat) (Atkinson, 1985). If plants and invertebrates are included
in assessments, biodiversity is most severely affected by
biological invasions in the Pacific and Atlantic insular regions
(Leclerc et al., 2018). For plants, 26 per cent (82 islands)

of islands covered in the GloNAF database harbour more
established alien than native species (Essl et al., 2019). The
identity of invasive alien species and their impacts differ by
region, island type, and associated ecosystems, but the
cumulative pattern of impacts is consistent across world
regions (Leclerc et al., 2020).

Across SIDS, 8,668 presence records for 2,034 potential
invasive alien species have been registered, 76 per cent of
which are plants, 23 per cent animals, and 1 per cent fungi,
chromists, viruses, bacteria, and protozoa (Russell et al., 2017).
Over half (53 per cent) of these species were identified as
invasive alien species on at least one SIDS, while information
was often lacking for the remaining species (Lenz et al., 2021).
Long-distance transportation by ship and plane dominates
invasive alien species pathways to islands, distinguishing
islands from continents and natural colonization in rate and
type (Hulme et al., 2008), such as for Anolis spp. (anole lizards)
on Caribbean islands (Helmus et al., 2014). Only one study
has focused on plant invasions in urban environments of SIDS
(Lowry et al., 2020). Given rapid changes expected in Pacific
country urban areas in coming decades, it is a critical to fill this
gap (ADB, 2012).
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Figure 2 € Trends in numbers of established alien species for selected islands.

The panels show numbers of established alien species per five-year intervals for those islands with the highest numbers of
recorded established alien species. Numbers shown underestimate the actual extent of alien species occurrences due to a lack
of data. Smoothed trends (lines) are calculated as running medians (section 2.1.4 for further details about data sources and
data processing). Note numbers presented may deviate from those reported in the text due to variation among data sources. A
data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Box 2 @ Land managed, used or owned by Indigenous Peoples and local communities:
A global assessment of trends and status of alien and invasive alien species.

Indigenous Peoples and local communities (i.e., typically ethnic
groups who are descended from and identify with the original
inhabitants of a given region) manage or have tenure rights
over a large area of land. For Indigenous Peoples only, it is
estimated that they manage or have tenure rights for at least 28
per cent of the total land area worldwide (Garnett et al., 2018).
Their land (hereafter called “Indigenous lands”) intersects with
40 per cent of the world’s protected areas and hosts higher
amounts of natural areas compared to other lands (Garnett et
al., 2018). Although Indigenous lands are often less inhabited
and more remote than other lands, they do not escape
anthropogenic pressures. It is unsurprising to find many alien
and invasive alien species on lands managed by Indigenous
Peoples and local communities and indeed has been frequently
reported from such lands all over the world (Gautam et al.,
2013; Kannan et al., 2016; Ksenofontov et al., 2019; Miranda-
Chumacero et al., 2012; Thorn, 2019). To date, no study has
investigated the distribution of alien and invasive alien species
on Indigenous lands.

The following analysis was conducted to deepen the
understanding about the distribution of alien and invasive alien
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species on Indigenous land. As described in section 2.1.4,
occurrences of populations of more than 17,000 established
alien species worldwide were obtained using occurrence
records provided by GBIF and the Ocean Biodiversity
Information System (OBIS). These point-wise occurrences were
integrated with a spatial layer of land managed, used or owned
by Indigenous Peoples (Garnett et al., 2018) to determine the
total number of established alien and invasive alien species
recorded on Indigenous lands.

This analysis revealed that, in total, 6,351 established alien
species have been recorded on Indigenous lands, which is 34
per cent of all established alien species recorded worldwide in
this data set. The number of invasive alien species according to
the GRIIS database (Pagad et al., 2022) amounts to 2,355 (56
per cent of the total number globally) on these lands, although
it could not be determined whether the invasive alien species
pose any impact on these lands (see Chapter 4, section 4.6
for a detailed assessment of impacts by Indigenous Peoples
and local communities). The number of established alien
species recorded on Indigenous lands is highly correlated

with the total number of established alien species of the same
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country (t-test: t=12.8, df=77, p<0.001, r=0.82). That is, in
countries with high numbers of established alien species, those
numbers are also high on Indigenous lands. However, the
number of established alien species recorded on Indigenous
land is on average consistently lower compared to those
numbers recorded on other lands also after taking area into
account (Figure 2.29). Hotspots of occurrences with high
established alien species numbers on Indigenous lands were
found all over the world but particularly in Australia (2,624 alien
species), United States (1,719), Mexico (746), Sweden (690)
and Russia (650). The same sequence applies to invasive alien
species numbers, although at a lower magnitude: Australia
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(1,172 invasive alien species), United States (691), Mexico
(481), Sweden (441), and Russia (436) (Figure 2.29).

An analysis of the trends of alien and invasive alien species on
Indigenous lands is currently missing due to a lack of data, but
it seems very likely that the number of established alien species
on Indigenous lands increased as observed for other regions
(Figures 2.4 and 2.26) and so are the impacts they cause. A
clear knowledge gap exists for information about the trends
and status of invasive alien species in coastal waters managed
by Indigenous Peoples and local communities.
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Figure 2 é® Invasive alien species on Indigenous People’s land.

(A) Land managed, used or owned by Indigenous Peoples. (B) Species-area relationships for established alien species per
country (circles) and per area of Indigenous lands (IP) lands (dots), showing a consistently lower number of established alien
species on Indigenous lands. (C) Number of alien species on Indigenous lands per country. (D) Number of established alien
species on Indigenous lands per grid cell. A data management report for this figure is available at https://doi.org/10.5281/

zenodo.7615582

2.4.2 Trends and status of alien
and invasive alien species in Africa

This section reports on the trends and status of established
alien species of Africa for animals (section 2.4.2.1), plants
(section 2.4.2.2), microorganisms (section 2.4.2.3), and
islands (section 2.4.2.4), and provides an overview of
data and knowledge gaps (section 2.4.2.5). A description
of IPBES regions and sub-regions including a spatial
representation is provided online (IPBES Technical Support
Unit On Knowledge And Data, 2021) and in Chapter 1,
section 1.6.4.

2.4.2.1 Animals
Trends

The first alien mammal species to arrive in Africa were
probably domesticated bovids, pigs, cats, and dogs

during the spread of agriculture, followed by commensal
rodents, mostly limited at present to anthropized and
densely populated areas (Long, 2003). Other introductions
took place on the western coast of North Africa where
Mustela nivalis (weasel) was likely a rodent biocontrol agent,
Apodemus sylvaticus (long-tailed field mouse), a stowaway,
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and Bubalus bubalis (Asian water buffalo) livestock. More
introductions began in the twelfth century such as Suncus
murinus (Asian house shrew) as a stowaway. A rapid
increase of mammal introductions during the nineteenth and
twentieth centuries was mainly due to hunting, ecotourism,
and the pet trade pathways (Biancolini et al., 2021).
Acclimatization societies were very active in South Africa
and carried out numerous bird and mammal introductions
to “improve” the aesthetic of the South-African landscape
from a European point of view after the mid-1800s (B.

W. van Wilgen et al., 2020). In the last century, increasing
global trade combined with the advent of the game-
farming industry and ecotourism resulted in a striking rise in
introductions of alien vertebrates and invertebrates (Picker &
Griffiths, 2017; B. W. van Wilgen et al., 2020).

As for other taxa, African regions with the earliest records
of established alien species tend to have higher numbers
of established alien species. For fishes, particularly high
numbers of established alien species were recorded in
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North Africa due to Lessepsian invasion of marine species
through the Suez Canal and to its closer socio-economic
relationship with Europe (Figure 2.30). Indeed, the number
of alien fish in North Africa accelerated markedly after
1869 when the Suez Canal opened (Galil, 2000). In South
Africa an increasing trend in established alien species
detections is indicated as the number of marine alien
species reported has increased from 15 (Griffiths et al.,
1992) to 95 established alien species (T. B. Robinson et
al., 2020). Although there is no doubt that new species are
being introduced, other factors are also contributing to the
increase in introductions, such as deeper historical analyses
of past introductions (Mead et al., 2011), varying levels of
available taxonomic expertise across time (Griffiths et al.,
2009), and increased research efforts on underrepresented
taxa or in under-studied ecosystems (T. B. Robinson et

al., 2020).

With the exception of plants, the introduction of alien
species into freshwater systems in Africa has largely been
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Figure 2 @ Trends in numbers of established alien species for Africa.

Panels show cumulative numbers (left panels) and numbers of established alien species per five-year intervals (right panels). Numbers
here underestimate the actual extent of established alien species occurrences due to a lack of data. Lines in right panels indicate
smoothed trends calculated as running medians (section 2.1.4 for further details about data sources and data processing). Note
presented numbers may deviate from those reported in the text due to variation among data sources. A data management report for
the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

136


https://doi.org/10.5281/zenodo.7615582

intentional to enhance ecosystem services and promote
nutritional, economic, or recreational values (Gherardi,
Britton, et al., 2011; Howard & Chege, 2007; Howard &
Matindi, 2003; Munyaradzi & Mohamed-Katerere, 2006;
Weyl et al., 2020). However, the outcomes of these
introductions were often opposite of the intended purpose,
with losses of ecosystem function and services (B. W. van
Wilgen et al., 2020). For example, in South Africa the overall
rate of alien freshwater animal introductions accelerated
sharply after 1880 and generally increased over time, with
unintentional introductions of invertebrates playing a relevant
role (Weyl et al., 2020). Only freshwater fish introductions
underwent a significant decrease after the 1950s due

to legislation regulating introductions and decreasing
demand for new species for angling (Faulkner et al., 2020).
In general, the number of invertebrate introductions to
South Africa rose over time (Faulkner et al., 2016), this
pattern being reported for freshwater (Weyl et al., 2020),
terrestrial (Janion-Scheepers & Giriffiths, 2020), and marine
invertebrate introductions (T. B. Robinson et al., 2020).

Status

In light of Africa’s colonial history, there have been
surprisingly fewer introductions of alien mammals than

to other regions (Long, 2003). Africa currently harbours

44 established alien mammals from seven orders and 18
families (Biancolini et al., 2021). The most represented
orders are Cetartiodactyla (17 species), Primates (9),
Rodentia (7), and Carnivora (6). These alien species are
mainly concentrated along the western Mediterranean
coast, South Africa, and Madagascar and originate

from within Africa (16), Europe and Central Asia (8), the
Americas (8), and Asia and the Pacific (1). The pathways
most frequently involved in alien mammal establishment
were hunting (15 cases), the pet trade (10), farming (8),
and conservation (8) (Biancolini et al., 2021). Escaped
game species are a growing problem in South Africa
where numerous game-farming estates specialize in alien
mammals (D. Spear & Chown, 2009; B. W. van Wilgen et
al., 2020). The status of these species is often classified as
“within country” instead of alien as they are native to the
geopolitical unit of South Africa. Nevertheless, they have
been translocated outside of their historical native range
(B. W. van Wilgen et al., 2020). For example, Tragelaphus
angasii (nyala), an antelope native to Africa, is now spreading
outside its native range and possibly competing with native
herbivores (Biancolini et al., 2021; Downs & Coates, 2005).
Of the 44 established alien mammal species, 27 (61.4 per
cent) have ecological impacts (Biancolini et al., 2021). For
example, Suncus murinus (Asian house shrew), one of the
“100 of the worst invasive alien species,” has a patchy
distribution from Madagascar to Egypt, and potentially has
overlooked impacts on native plants, invertebrates, and
small vertebrates through predation or competition (GISD,
2019). However, some alien mammal introductions were

CHAPTER 2. TRENDS AND STATUS OF ALIEN AND INVASIVE ALIEN SPECIES

considered benign and carried out for conservation, such as
for four primates threatened by habitat loss and translocated
from their native mainland range to insular protected areas:
Daubentonia madagascariensis (aye-aye), Eulemur albifrons
(white-headed lemur), Varecia variegata (black-and-white
ruffed lemur), and Piliocolobus kKirkii (Zanzibar red colobus)
(Andriaholinirina, Baden, Blanco, Chikhi, Cooke, et al., 2014;
Andriaholinirina, Baden, Blanco, Chikhi, Zaramodly, et al.,
2014a, 2014b; Biancolini et al., 2021; Davenport et al.,
2019).

Most alien bird species in Africa are found in the far south
of the continent, although Corvus splendens (house crow)
is distributed from Sudan to South Africa along the east
coast. Most alien species are a legacy of Africa’s European
colonial past, such as Fringilla coelebs (chaffinch) and
Sturnus vulgaris (common starling) in South Africa. Other
notable alien birds in Africa are Acridotheres tristis (common
myna) and Passer domesticus (house sparrow) (E. E. Dyer,
Redding, et al., 2017).

The number of alien reptile introductions in Southern Africa
has risen in recent decades, but there is limited information
about the trends elsewhere in this IPBES region (Capinha et
al., 2017; Kraus, 2009; Seebens, Blackburn, et al., 2017;
Van Wilgen et al., 2010). For amphibians, many species
have been translocated within Southern Africa (Measey et
al., 2017).

In contrast to most other taxa, the highest numbers of alien
fishes and crustaceans — many marine — are found in North
Africa (Table 2.19). East Africa and its adjacent islands have
the second highest numbers of alien fishes likely because

of introductions in the many lakes of the Rift Valley area,
including the three largest, Lakes Victoria, Tanganyika, and
Malawi, that have high alien fish population densities and
associated fisheries important for subsistence (Pitcher &
Hart, 1995). In these lakes and large artificial reservoirs,
Lates niloticus (Nile perch), Limnothrissa miodon (Tanganyika
sardine), and tilapias are the main introduced fish species
(Craig, 1992; Pitcher & Hart, 1995). Tilapias are tropical
fishes in the family Cichlidae (mainly Oreochromis, Tilapia,
and Sarotherodon spp.) that are native to parts of Africa and
the Middle East but have been introduced globally mostly
for aquaculture and human consumption (Canonico et al.,
2005). A total of 21 alien freshwater fishes have established
in South Africa, and others have been translocated (Ellender
& Weyl, 2014; Weyl et al., 2020). The high number of alien
fishes in Southern Africa is likely influenced by greater
research efforts compared to other African regions. No

alien marine fish have been reported for South Africa yet (T.
B. Robinson et al., 2020). Many freshwater fish have been
intentionally introduced across Africa in order to maintain or
increase fishery yields, enhance sport fisheries, or support
the aquaculture industry (Darwall et al., 2011; Ellender &
Weyl, 2014; Garcia et al., 2010; Maiz-Tomé et al., 2018).
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By 2011, sixteen alien fish species had been introduced

to Central Africa (Brooks et al., 2011). In Madagascar, one
quarter of the freshwater fish fauna consists of alien species,
with 26 alien species present, of which at least 24 were
deliberately introduced during the 1950s (Simkova et al.,
2019). On lle de la Réunion, six species of fish (and one
decapod crustacean, Macrobrachium rosenbergii (giant
freshwater prawn)) were introduced by 2002, but only four
were established by then (Keith, 2002).

Notably, no review on introductions of freshwater alien
species in Africa has been produced so far except for
crayfish (Madzivanzira et al., 2021). In other cases, current
information is available only for specific taxa and has been
only comprehensively and recently assessed for South Africa
(M. P. Hill et al., 2020; Weyl et al., 2020; Zengeya & Wilson,
2020). Available data show that South Africa hosts 51 alien
freshwater invertebrates and 32 alien freshwater fish, while
926 alien plant species are reported, and freshwater and
terrestrial species are not distinguished (Zengeya & Wilson,
2020). Seventy-seven alien freshwater animals, largely
dominated by fishes, molluscs, and crustaceans, are currently
established in South Africa, most of which were intentionally
introduced (Picker & Griffiths, 2017; Weyl et al., 2020).

Among alien freshwater jellyfish, the cnidarian
Craspedacusta sowerbii (peach blossom jellyfish) has been
recorded in South Africa and potentially Morocco (Oualid

et al., 2019; Weyl et al., 2020). Several species of alien
molluscs have been recorded in African freshwaters, with

14 species of gastropods reported by 2011, some of which
were released for the biological control of the intermediate
hosts of schistosomiasis (Appleton, 2003; Appleton &
Brackenbury, 1998). Only one alien freshwater bivalve
Corbicula fluminea (Asian clam) has been recorded in African
waters, an introduction probably related to fish stocking
(Clavero et al., 2012; Darwall et al., 2011). Nine species

of alien crayfish have been introduced to Africa, mostly for
aquaculture. Five have established populations in the wild
and three have spread widely in specific parts of Africa:
Procambarus clarkii (red swamp crayfish) in Eastern Africa,
Cherax quadricarinatus (redclaw crayfish) in Southern Africa,
and Procambarus virginalis (Marmorkrebs) in Madagascar
(Madzivanzira et al., 2021).

Little is known about marine alien species in Africa. The
most studied areas are along the South African coast which
includes two large marine ecosystems, the Agulhas current
in the east and the Benguela current in the west (Mead et
al., 2011; T. B. Robinson et al., 2020). The total number of
introduced marine species reported is 95, with 59 per cent
considered as invasive alien species. A variety of taxa are
represented, from the small protists (e.g., Mirofolliculina
limnoriae) and dinoflagellates (e.g., Alexandrium minutum)
to the most conspicuous macroalgae, molluscs,
crustaceans, bryozoans, and tunicates. Most biological
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invasions were reported along the Benguela current large
marine ecosystem (70 per cent) and alien species inhabit
bays, estuaries, and artificial habitats, while only three

are widespread and abundant on open rocky shores (the
mussels Mytilus galloprovincialis (Mediterranean mussel)
and Semimytilus patagonicus, and the barnacle Balanus
glandula) (T. B. Robinson et al., 2020). Angola harbours 29
introduced marine species, mostly concentrated in Luanda,
the most studied area of the country (Pestana et al., 2017).
The most conspicuous and abundant taxa are bryozoans
and tunicates, such as Schizoporella errata (branching
bryozoan) and Ascidiella aspersa (European sea squirt), both
global invasive alien species.

2.4.2.2 Plants

Trends

The number of established alien plant species in Africa has
continually increased for centuries as reported for multiple
African countries (Brundu & Camarda, 2013; L. Henderson,
2006; Maroyi, 2012; Senan et al., 2012; Shaltout et al.,
2016). Southern Africa has experienced a steady increase
in plant alien species numbers during the entire twentieth
century, the most rapid rise of all African regions, and
appeared to slow down only towards the end of the century
(Figure 2.30). In contrast, alien plant numbers in East Africa
showed a marked acceleration starting in the final quarter
of the twentieth century and have not yet slowed. In North
Africa, alien plant numbers increased slowly but steadily
towards the end of the nineteenth century. No readily
apparent dynamics were detected for West Africa. However,
this detected pattern is, to some extent, likely due to more
intensive research and better data collected for the Republic
of South Africa relative to the rest of the continent (PySek et
al., 2008; Pysek, Pergl, van Kleunen, et al., 2020).

Status

Southern Africa has the highest established alien species
richness for all taxa (1,139) among all the subregions of
Africa (Table 2.19). Seven other countries harbour over 300
established alien plant species: Congo (522), Ethiopia (421),
Morocco (410), Mozambique (396), Benin (333), Algeria
(328), and Eswatini (315) (D. M. Richardson et al., 2020).
Expressed as the proportional contribution of established
alien species to the national flora, countries that rank highest
in this respect are Chad (12 per cent), Benin (11 per cent),
and Eswatini (10 per cent); in South Africa, because of its
extremely rich native flora, the contribution of established
alien species to the total floristic richness of the country is
only 5 per cent. South Africa also has the highest number
of invasive alien species (374, D. M. Richardson et al.,
2020). Bidens pilosa (blackjack, occurring in 61 per cent

of all African regions as defined by GloNAF corresponding
mostly to countries), Ricinus communis (castor bean, 60 per



cent), Senna occidentalis (coffee senna, 60 per cent),
Catharanthus roseus (Madagascar periwinkle, 56 per cent),
and Euphorbia hirta (garden spurge, 54 per cent) occur

in more than half of the regions in Southern Africa. The
following are the most widely distributed invasive alien plants
in Southern Africa: Lantana camara (lantana, invasive in 46
per cent of regions), Tithonia diversifolia (Mexican sunflower),
Pontederia crassipes (water hyacinth), Chromolaena odorata
(Siam weed), Leucaena leucocephala (leucaena), Prosopis
juliflora (mesquite, all invasive in more than 20 per cent of
regions), and Parthenium hysterophorus (parthenium weed)
(D. M. Richardson et al., 2020). Concerning the donor
regions of established alien plant species in Africa, the
highest numbers were introduced from temperate Asia (19
per cent of all introductions to individual countries), Europe
(13.9 per cent), tropical Asia (13.7 per cent), Southern
America (13.4 per cent), and Northern America (10.9 per
cent). However, 21 per cent of species that are established
in African countries were introduced from another country
on that same continent (van Kleunen et al., 2015).

Alien tree species have had the greatest impact throughout
Africa on biodiversity, water regimes, fire regimes, and
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ecosystem functioning (D. M. Richardson et al., 2021). Many
tree species used in forestry and agroforestry, especially
Eucalyptus and Pinus (Pine), have been introduced
throughout Africa, and some shrubs and trees such

as Acacia colei (parta), Acacia melanoxylon (Australian
blackwood), Broussonetia papyrifera (paper mulberry),
Calliandra houstoniana (calliandra), Calotropis gigantea
(yercum fibre), Dahlia imperialis (bell tree dahlia), lpomoea
carnea (pink morning glory), Montanoa hibiscifolia (tree
daisy), and Tecoma stans (yellow bells) are well established
in many parts of the continent (D. M. Richardson et al.,
2021). However, relative to Pinus and Acacia, Eucalyptus
appears to have had a lower impact. South Africa’s
Mediterranean shrublands have been severely invaded by
numerous alien trees and shrubs, especially species in the
genera Acacia, Hakea, Leptospermum and Pinus (B. W. van
Wilgen et al., 2016). Australian Acacia species are actively
promoted for agroforestry in other parts of the continent
(D. M. Richardson et al., 2004) and higher-lying areas have
been heavily invaded by Acacia melanoxylon and Acacia
mearnsii (black wattle), Pinus patula (Mexican weeping
pine) and Pinus radiata (radiata pine). Pines and acacias
are extremely invasive in the mountains of southwestern

Table 2 @) Numbers of established alien species for subregions of Africa.

For mammals, birds, and vascular plants ranges of values indicate variation among databases (section 2.1.4 for further details about
data sources and data processing). Note numbers presented may deviate from those reported in the text due to variation among data
sources. A data management report for the data underlying this table is available at https://doi.org/10.5281/zenodo.7615582

East Africa

Central Africa | and adjacent

islands

Mammals
Birds

Fishes
Reptiles
Amphibians
Insects
Arachnids
Molluscs
Crustaceans

Vascular plants

Algae

Bryophytes
Fungi
Oomycetes

Bacteria and protozoans

North Africa

Southern

West Africa Total

Africa

Total 1,045-1,252 2,274-3,126

1,115-1,807

802-992

2,773-3,359 4,510-5,961
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South Africa and in riparian habitats and other biomes the coastline of much of Africa, preferring hot and humid
(Holmes et al., 2005). Other tree and shrub invaders with conditions. Chromolaena odorata (Siam weed) is now
impacts include Acacia dealbata (acacia bernier), Acacia common in many countries in Central and Southern Africa,
decurrens (green wattle), several Rubus (bramble) species, being abundant in open savanna grasslands, woodlands,
and Biancaea decapetala (Mysore thorn). Azadirachta indica  riparian zones, forest gaps, and edges (D. M. Richardson
(neem tree), Prosopis juliflora (mesquite), and Leucaena et al., 2021). Table 2.20 lists the most widespread invasive
leucocephala (leucaena) are abundant invaders along alien species in Africa according to GRIIS.

Table 2 @) Top most widespread invasive alien species for Africa.

The number of regions where the respective species has been recorded and classified as being invasive based on GRIIS (Pagad et al.,
2022). Note this table only refers to the distribution of invasive alien species rather than their impacts, which is covered in Chapter 4.
A maximum of three species is shown for each group (see section 2.1.4 for further details about data sources and data processing).
A data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Species name No. of regions | Species name No. of regions

Rattus rattus (black rat) 7 Lissachatina fulica (giant African land snail) 4
Musmuscmus(housemouse)“6 ................. pseudosuccmeacolume”a(mlmchmnaea) ......................... 3 ..............
Fehscatus(cat)“s ................. Bursate”a,each,,(b|uespottedseahare) .............................. 2 ..............
o Jowmens |

Corvus splendens (house crow) 9 Penaeus monodon (giant tiger prawn) 4
Ac,,dotheresmst,s(commonmyna)“4 ................. Cheraxquad,,ca,matus(reddawcrayf,sh) ............................. 3 ..............
Passe,domest,cus(housesparrow)“3 ................. Pe,c,,o,,g,bbes,(n,muespraycrab) ..................................... 2 ..............
P fvewepes

Poecilia reticulata (guppy) 9 Lantana camara (lantana) 31

Oreochromis niloticus (Nile tilapia) 6 Chromolaena odorata (Siam weed) 23
Trachemys scripta elegans (red-eared slider) 3 Caulerpa cylindracea (green algae) 2

Gehyra mutilata (mutilating gecko) 1 Caulerpa chemnitzia (green algae) 1
Amphibians Bryophytes
Rhinella marina (cane toad) 2

Bactrocera cucurbitae (melon fly) 9 Pseudocercospora fijiensis (black Sigatoka) 1

Mononychellus tanajoa (cassava green mite) 1 Bacteria and protozoans

Rhipicephalus microplus (cattle tick) 1 Vibrio cholerae (cholera) 9

Yersinia pestis (black death) 1
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By 2006, a total of 27 major invasive alien aquatic plants
had been recorded in African waters, 16 alien to Africa,
and 11 native to other parts of the continent (Howard

& Chege, 2007). A recent review records the existence

of 19 established alien freshwater plants only in South
Africa, mainly introduced through trade and hitchhiking via
boating and angling (M. P. Hill et al., 2020). In South Africa,
the most important invasive alien freshwater macrophyte
remains Pontederia crassipes (water hyacinth), first
recorded as established in KwaZulu-Natal in 1910. Four
other species are also highly invasive, collectively referred
to along with water hyacinth as the “Big Bad Five”: Pistia
stratiotes (water lettuce), Salvinia x molesta (kariba weed),
Myriophyllum aquaticum (parrot’s feather), and Azolla
filiculoides (water fern) (M. P. Hill et al., 2020; Chapter 4,
section 4.3.2.2).

2.4.2.3 Microorganisms

In general, microbial biological invasions are more readily
detected in well-surveyed regions, such as Europe, than

in less well-surveyed regions, such as Africa, highlighting
the importance of monitoring programmes at continental
and inter-continental scale (Waage et al., 2008). Fungi,
oomycetes, and other microorganisms are poorly studied in
most areas of the African continent. While Africa has been

a source for several plant, animal, and human diseases
(Bryant et al., 2007; Costard et al., 2009; Pretorius et al.,
2010), reports of biological invasions across most of Africa
have declined over the years, except for South Africa
(Zengeya et al., 2020), most likely due to a lack of resources
dedicated to this research. Thus, reliable data are scarce
and mostly limited to a few well-researched regions, such as
the Cape region (Crous et al., 2006) where the introduction
and impact of alien fungal species are best documented
(Wood, 2017). In South Africa, nine alien pathogenic species
are known to attack native plants, while 23 host-specific
pathogens of alien plant species have likely been introduced
together with their hosts (Wood, 2017). In addition, one fish
pathogen, 11 alien saprotrophic species, and 61 species

of alien fungi forming ectomycorrhizae have been reported
(Wood, 2017). Furthermore, seven host-specific alien
pathogens have been introduced for the biological control of
invasive alien species (Wood, 2017).

Compared to other IPBES regions, Africa has the lowest
number of known alien macrofungi, with 107 species
(Monteiro et al., 2020). Of these, 40 per cent belong to
Agaricales, 29 per cent to Boletales and 13 per cent

to Russulales. The most widespread macrofungi are
Pyrrhoderma noxium, Amanita muscaria (fly agaric),
Pisolithus albus (white dye-ball fungus), Rhizopogon
luteolus (yellow false truffle), and Suillus granulatus
(weeping bolete mushroom), having been recorded for 8 or
more countries. The highest numbers of alien macrofungi
are reported for South Africa (65), Tanzania (25), Morocco
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(10), and Kenya (10). A number of countries, mainly from
the Central African region, have between 1 to 5 known
alien species.

2.4.2.4 Islands

Invasive alien species on islands are a major concern in

the western Indian Ocean islands, including Comoros,
Mauritius, Seychelles, fle de la Réunion, and smaller nearby
islands where mammal predators such as cats and rats
and plants negatively affect the increasingly disturbed
ecosystems (Bonnaud et al., 2011; Kueffer et al., 2004;
Russell et al., 2016; Russell & Le Corre, 2009; Tassin

& Laizé, 2015). Tle de la Réunion is estimated to have

over 2,000 alien plant species, with more than 100 of
these classified as invasive (e.g., Leucaena leucocephala
(leucaena), Hiptage benghalensis (hiptage), Ulex europaeus
(gorse, Baret et al., 2006; Soubeyran et al., 2015). Of the
28 island groups, including 68 archipelagos present in the
Western Indian Ocean, alien mammals can be found on
each group with an average richness of five species per
island group (Russell et al., 2016). There are 12 invasive
alien mammal species on le de la Réunion and various
combinations of six of them on the nearby lles Eparses
(Russell & Le Corre, 2009). The islands of East Africa

are major hubs of alien reptiles and amphibians globally:
Mauritius and lle de la Réunion are inhabited by 17 and 15
alien species, respectively (Capinha et al., 2017; Kraus,
2009; Telford et al., 2019). On Socotra, 88 alien plants have
been recorded (Senan et al., 2012). The recent invasion

of Madagascar by Duttaphrynus melanostictus (Asian
common toad) and some alien marine biota poses a severe
threat to the native biodiversity of this island (Licata et al.,
2019; B. M. Marshall et al., 2018). Similarly, the islands off
the Western coast of Africa have repeatedly experienced
animal invasions. In Sdo Tomé and Principe, invasions
began in the 1470s and by the end of the twentieth century,
14 alien mammal species were established on Sdo Tomé
and 12 on Principe (Dutton, 1994). Currently, 25 alien

and invasive alien animal species are reported for both
islands, of that 5 are birds, 2 ray-finned fish, 13 mammals,
4 insects, and 1 gastropod (De Menezes & Pagad, 2020).
In Cabo Verde harbour there are 448 introduced plant taxa,
equivalent to 60 per cent of the native flora, according to
the Cabo Verde Biodiversity Database (Medina et al., 2015).
In addition, there are 38 alien and invasive alien animal
species, including 4 ray-finned fishes, 2 gastropods and

2 marine invertebrates, 4 reptile species, 6 bird species,

10 mammal species, and 9 insect species (Martinez et

al., 2021).

2.4.2.5 Data and knowledge gaps

Although impacts of invasive alien species on Africa’s
biodiversity and ecosystem services are well known,
there are still large gaps in scientific information (Egoh et
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al., 2020; Faulkner et al., 2015). With the exception of
South Africa (B. W. van Wilgen et al., 2020), these gaps
are apparent in many subregions, particularly in East
Africa and adjacent islands, both for units of analysis and
many taxonomic groups. The number of documented
alien species in many countries may be significantly
underestimated as this is a function of information
availability, research intensity, and country development
status (McGeoch et al., 2010).

For alien mammals, gaps exist for most of the African
continent except for areas such as the western
Mediterranean coast, South Africa, Madagascar, and
adjacent islands. Knowledge of alien amphibians and
reptiles is incomplete due to a lack of data (Capinha et al.,
2017; Garcia-Diaz et al., 2015; Kraus, 2009; Seebens,
Blackburn, et al., 2017; N. J. van Wilgen et al., 2018). These
gaps broadly match the distribution of data-deficient native
reptile and amphibian species, which suggests a general
scarcity of information about the status of reptiles and
amphibians in the region (Béhm et al., 2013; Stuart et al.,
2008). Further survey efforts in these data-poor areas can
be expected to uncover established populations of alien
amphibians and reptiles.

One of the main data gaps regarding freshwater invasions
in Africa relates to the understanding of their geographical
scope, given that most comprehensive reviews have

been produced for South Africa only. A large taxonomic
bias was also found, with reviews on faunal invasions,
particularly fish invasions, or on specific species such as
the highly invasive Pontederia crassipes (water hyacinth),
dominating the literature, and many fewer studies on other
taxonomic groups (Coetzee et al., 2019). Thus, the status
of alien and invasive alien species presented here certainly
underestimates the true number of freshwater invasive alien
species present in the region. Increased research could help
to better inform the trends and status of freshwater invasive
alien species in Africa.

For vascular plants, Africa is geographically covered
completely by the GIoNAF database (Pysek, Pergl, et al.,
2017; van Kleunen et al., 2015, 2019), providing data on
alien plant species in individual countries, but of varying
quality (PySek, Pergl, et al., 2017) so that information
remains scarce in some regions.

Information on the occurrence of alien fungi is missing for
many African countries, mainly in North Africa, East Africa,
and adjacent islands. The most complete information is
available for South Africa, but even here knowledge is
considered incomplete (Wood, 2017). The low number

of alien macrofungi reported in most countries is likely a
consequence of low research intensity and numbers are
certainly underestimated.
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2.4.3 Trends and status of alien
and invasive alien species in the
Americas

This section reports on the trends and status of alien
species of the Americas (Figure 2.31, Table 2.21) for
animals (section 2.4.3.1), plants (section 2.4.3.2),
microorganisms (section 2.4.3.3), and islands (section
2.4.3.4), and provides an overview of data and knowledge
gaps (section 2.4.3.5). A description of IPBES regions and
sub-regions including a spatial representation is provided
online (IPBES Technical Support Unit On Knowledge And
Data, 2021) and in Chapter 1, section 1.6.4.

2.4.3.1 Animals

Trends

The number of alien animals in the Americas has increased
across all taxonomic groups, especially post-1850, and
across all subregions (Figure 2.31). Particularly steep
increases are observed for North America, followed by
South America, with the exception of alien birds which also
showed steep increases in the Caribbean. Since 1900 the
rates of increase have remained stable (e.g., mammals),
declining (fishes in North America), or distinctly increasing
(arthropods). Increases in numbers of alien arthropods in
North America have been shown in several studies (Aukema
et al., 2010; Mattson et al., 1994; Nealis et al., 2016) as well
as in South America (Fuentes et al., 2020), for freshwater
(Ricciardi, 2001, 2006) and for marine animals (Carlton &
Eldredge, 2009; Cohen & Carlton, 1998; Ruiz, Fofonoff, et
al., 2000). Transfers of species within a continent contribute
to the spread and new incidences of alien species
occurrences. Within the United States, for example, over
580 freshwater species have been introduced from one
watershed to another outside their historical ranges; these
introductions are nearly as numerous as those originating
from outside the country, and they have increased over time,
more than doubling in number since 1950 (USGS, 2021).

Alien mammal introductions in the Americas date to pre-
Columbian times in the Caribbean islands for hunting (e.g.,
Didelphis marsupialis (common opossum), Dasyprocta
leporina (agouti), Dasypus novemcinctus (nine-banded
armadillo)) (Biancolini et al., 2021; Giovas et al., 2012;
Long, 2003). European colonialism caused a surge in
introductions of alien species beginning in the fifteenth
century and peaking during the twentieth century, with a
strong focus on game species and, more recently, on pets
(Biancolini et al., 2021; Long, 2003).Considered collectively,
the number of alien amphibians and reptiles in the Americas
has been increasing since the 1950s and the introduction
of new alien species through the pet trade is predicted

to either accelerate or remain steady (Kraus, 2009;
Lockwood et al., 2019; Perella & Behm, 2020; Powell et
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Figure 2 € Trends in numbers of established alien species for the Americas.

The cumulative numbers (left panels) and number of established alien species per five-year intervals (right panels). Numbers shown
here underestimate the real extent of alien species occurrences due to a lack of data. Lines in right panels indicate smoothed trends
calculated as running medians (section 2.1.4 for further details about data sources and data processing). Note numbers presented
may deviate from those reported in the text due to variation among data sources. A data management report for the data underlying
this figure is available at https://doi.org/10.5281/zenodo.7615582

al., 2011; Seebens, Blackburn, et al., 2017; Stringham &
Lockwood, 2018).

The first introductions of alien aquatic species in South
America occurred in the 1500s in conjunction with European
colonization, but remained relatively low until the1800s

and 1900s, when they moderately increased. Alien aquatic
introductions began increasing distinctly in the mid 1900s,
both in South and North America, as shown in Figure 3.6
in the IPBES Regional Assessment Report on Biodiversity
and Ecosystem Services for the Americas (IPBES, 2018b).
Through the 2000s there has been a large increase in the
number of records and studies of alien organisms (e.g.,
Frehse et al., 2016; Vitule et al., 2021). Current data trends
show no signs of slowing, either in terms of the number

of alien species or in new spatiotemporal records (e.g.,
Vitule et al., 2021). Aquaculture and the aquarium trade
(including e-commerce) are the most important pathways
for the introduction of new alien species (e.g., Bezerra et al.,

2019; Magalhaes et al., 2020; Vitule et al., 2019). Habitat
alteration, the elimination of biogeographic barriers (e.g., D.
A. dos Santos et al., 2019; Vitule et al., 2012), ballast water,
hull fouling (Frehse et al., 2016), and introducing fish for
angling are other important mechanisms for introduction that
have direct effects on both biodiversity and socio-economic
aspects (e.g., Doria et al., 2020; Vitule et al., 2014).

For marine alien species in American waters, seminal
studies have highlighted the rising numbers of marine

alien species (Cohen & Carlton, 1998; Coles et al., 1999).
Recent updates for regions such as for the coastal waters
of the American temperate zones found an increase in

the total number of detected alien species, while the rate
of newly recorded alien species has remained stable in
recent decades (Bailey et al., 2020). Teixeira & Creed (2020)
reported that the number of introduced species increased
by 160 per cent for Brazil between 2009 and 2019. A rise
in the number of detected alien species was also found for
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Argentina and Uruguay (Schwindt et al., 2020), where the
number of detections increased by a factor of 4.5 between
2001 and 2019, with an estimated arrival of one new
species every 178 days.

Status

The Americas host a significant number of established
alien mammals (96 species) from nine orders and 29
families. Most are from the orders Cetartiodactyla (30
species), Rodentia (28 species), Primates (14 species)

and Carnivora (11 species) (Biancolini et al., 2021). Within
the Americas, alien mammal richness is high on the east
coast of North America, Alaskan islands, Newfoundland
Island, central-southern United States, the Caribbean
Archipelago, and Patagonia (Malvinas) (Biancolini et al.,
2021). Many mammals native to the Americas have been
translocated inside the region and are thus classified as
being alien (53 species), while the major outside donors
were Europe and Central Asia (8 species), followed by Asia
and the Pacific (7 species) and Africa (2 species). Alien
mammal introductions mainly occurred for sport hunting,
the pet trade, so called “faunal improvement” (e.g., releases
carried out to aesthetically modify the landscape), farming,
and zoos (Biancolini et al., 2021). A well-established
hunting industry in North America fuels the introduction of
ungulates, frequently contained in large enclosures in the
southern United States and Mexico or directly released
into the wild (Long, 2003). For example, Ammotragus lervia
(aoudad), a bovid native to the Northern African savanna
and desert areas, is now established in a large range north
of Mexico (establishment not reported for Mexico) (Texas
Invasive Species Institute, 2021). One of the most invasive
alien mammals in the Americas is Herpestes javanicus
auropunctatus (small Indian mongoose) established on
many islands in the Caribbean (Biancolini et al., 2021;
Hays & Conant, 2007; Louppe et al., 2020). This species
was widely introduced during the nineteenth century as a
biological control agent for rodents, and it is considered
one of the “100 worst invasive alien species in the world”
because of its generalist diet and high predatory efficiency.
Another high-profile example of mammal invasion is the
ongoing spread of Hippopotamus amphibius (so-called
“Escobar’s hippos”; hippopotamus) in the Magdalena River
of Colombia (Biancolini et al., 2021; Jari¢ et al., 2020). Four
individuals of this large African mammal were introduced by
Pablo Escobar in the 1980s for his amusement and they
escaped captivity in 1993 after his death (Dembitzer, 2017);
in 2020, about 80-120 alien hippos were found to occur
over 2000 km?.

Alien bird species are particularly rich in North America,
notably Florida and California, where several alien parrot
species have established populations (E. E. Dyer, Cassey,
et al., 2017). Alien parrots are also widespread in South
America. Attempts to establish all the bird species
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mentioned in Shakespeare’s works into North America have
a legacy in the distribution of Sturnus vulgaris (common
starling) across the continents.

In South America, the number of reported alien aquatic
organisms (ranging from microscopic fungi, invertebrates,
and plants to large mammals (Schwindt et al., 2018) is
increasing rapidly (e.g., Fuentes et al., 2020; Vitule et al.,
2021), with fish and molluscs (26.8 per cent and 25.2 per
cent of studied invasive alien marine species respectively;
see Schwindt & Bortolus, 2017, Figure 2.31) having the
largest number of studies, species, and spatiotemporal
occurrence records (e.g., (Bezerra et al., 2019; Frehse et
al., 2016; Vitule et al., 2021). The most recent records of
fishes in South America indicate that over 75 alien species
have been translocated between different basins within
South America (Bezerra et al., 2019; Vitule et al., 2019) and
more than 80 alien fish species have been introduced from
other regions of the world (Doria et al., 2021; Vitule et al.,
2019, 2021). Most of the alien aquatic species studied in
South America belong to the salmonid and cichlid families,
but Limnoperna fortunei (golden mussel) is the alien species
included in the most publications within the region (Schwindt
& Bortolus, 2017).

North America has a long and very well-studied history

of aquatic species introductions, particularly for fish (e.g.,
Courtenay & Meffe, 1989; Fuller et al., 1999; Moyle,

1986). Introductions of European and Asian species that
have also been introduced worldwide are noteworthy,

such as Salmo trutta (brown trout) or Cyprinus carpio
(common carp), species of tropical or subtropical origin
introduced to Florida, and species from elsewhere in the
United States introduced to California, and more recently
Cyprinus carpio in the Mississippi Basin. The Laurentian
Great Lakes have many invasive alien animals of Ponto-
Caspian origin (Box 2.9), mostly introduced through ballast
water (Ricciardi & Maclsaac, 2000; Vanderploeg et al.,
2002). Pterois species (lionfishes) have spread through

the western Atlantic, including parts of North America and
the Caribbean. The introduction of Oreochromis niloticus
(Nile tilapia), Salmo trutta, Cyprinus carpio, and many other
fish species is widespread throughout the Americas (e.g.,
Agostinho et al., 2005; Contreras-Balderas et al., 2008;
Habit et al., 2010, 2015). Similarly, many species native to
small parts of the American continent (e.g., Gambusia spp.
(Gambusias), Oncorhynchus mykiss (rainbow trout), Poecilia
reticulata (Quppy)) have been widely introduced throughout
the Americas and elsewhere (Marr et al., 2013).

The Americas is the IPBES region with the highest number
of alien reptiles and amphibians (Table 2.22). Within this
region, the United States is home to several hotspots

of alien amphibians and reptiles (Capinha et al., 2017;
Kraus, 2009; Krysko et al., 2011, 2016). Florida (58
species established), California (25 species), and Puerto
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Table 2 @ Numbers of established alien species for subregions of the Americas.

Numbers of alien species can vary depending on data sources. For mammals, birds and vascular plants, ranges of values indicate
variation among databases (section 2.1.4 for further details about data sources and data processing). Note presented numbers may
deviate from those reported in the text due to variation among data sources. A data management report for the data underlying this

table is available at https://doi.org/10.5281/zenodo.7615582

Mammals 35-62 8-

- 110-113 .......................... 29-41 ......
fee [ 91 .............................. 226 .....
reties [N 60 ............................... 60 .....
amonbans [ EM 20 ................................. 8 .....
_ 153163 .....
naohmge (S 33 ............................... 36 .....
voiues 26 ............................... 60 .....
et 10 ............................... 64 .....
vascuarpamts [N 1402_1761 .................. 1600-2242 .....
nome [N 4105 .....
oopmyes M 0 ................................. 0 .....
Fne 1715 .....
oomycetes NN 2 ................................. 2 .....
Bacteria and protozoans NS 1 .................................. 4 .....

34

South America Total
49-95 25-77 83-164
210211 ......................... 53114249237 ..........
........................ 619144303
121 ................................ 56 .............................. 1 92 ..........
.......................... 411662
2116 ............................. .6:26. ........................... 2 636 ..........
153 ............................... 75207 ..........
........................ 21263255
173 ............................... 79243 ..........
............ 657174242492309930059325
.......................... 5550193
.......................... 342148
174 ............................. 219363 ..........
............................ 7512
............................ 6514

Total

2,036-2,425 2,612-3,292

Rico (11 species) stand out as global hotspots of alien
amphibians and reptiles (Capinha et al., 2017; Kraus,

2009; Krysko et al., 2011, 2016; Meshaka, 2011; Perella

& Behm, 2020; Powell et al., 2011). Besides Puerto Rico,
other Caribbean islands such as Cuba and the Bahamas are
also important global hotspots (Borroto-Paez et al., 2015;
Capinha et al., 2017; C. R. Knapp et al., 2011; Kraus, 2009;
Powell et al., 2011). In South America, Brazil is the country
with the highest number of alien amphibians and reptiles,
with a total of 136 species recorded, of which at least seven
have established wild populations (Capinha et al., 2017; E.
Fonseca et al., 2019; Kraus, 2009).

Marine alien species across the Americas are unequally
studied geographically and taxonomically, and compilations
are scarce over time and space. Comprehensive
assessments are lacking even in well-studied regions, such
as the United States, making it difficult to draw general
conclusions (Bailey et al., 2020). The first comprehensive
assessment was made for the United States for continental
coasts finding 298 marine alien species (Ruiz, Fofonoff, et
al., 2000). However, this assessment needs updating, that

11,587-12,487 4,353-5,073 13,370-14,809

is, as of 2006 there are 257 introduced species in California
alone (Ruiz et al., 2011). The reports in the rest of North
America and mesoamerica are spatially or taxonomically
focused and no comprehensive compilations have been
published. The Southwestern Atlantic is the best-known
region in South America for marine invasive alien species,
yet, unequally studied among countries and sub-regions
(Schwindt & Bortolus, 2017). Brazil has the highest number
of marine alien species with 138 species (Teixeira & Creed,
2020), followed by Argentina and Uruguay with 129 species
(Schwindt et al., 2020). On the Pacific coast, Chile reported
51 alien species (Castilla & Neill, 2009; Villasefor-Parada et
al., 2017), and Colombia 4 (Gracia et al., 2011), but this may
be due to lack of research (Schwindt & Bortolus, 2017).

2.4.3.2 Plants

Trends

Over the last two centuries the cumulative rate of increase
in established alien plant species was most rapid in North
America, quickly accelerating at the end of the nineteenth
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century (Figure 2.31; Lavoie et al., 2012; PySek et al., al., 2016; Schwindt et al., 2020; Schwindt & Bortolus,
2019). South America exhibited a slower cumulative 2017).(Fuentes et al., 2008; Rojas-Sandoval & Acevedo-
increase, likely due to fewer experts and lower research Rodriguez, 2015; Ugarte et al., 2010). Numbers of alien
intensity when compared to North America (Frehse et plant species are expected to increase over the next

Table 2 & Top most widespread invasive alien species for the Americas.

The number of regions where the species has been recorded and classified as being invasive based on GRIIS (Pagad et al., 2022).
Note this table only refers to the distributions of invasive alien species rather than their impacts which are covered in Chapter 4. A
maximum of three species is shown for each group (see section 2.1.4 for further details about data sources and data processing).
“No. of regions” denotes the number of regions with confirmed occurrences of that species according to the chapter database. A
data management report for the data underlying this figure is available at https://doi.org/10.5281/zenodo.7615582

Species name No. of regions | Species nhame No. of regions
I

Rattus rattus (black rat) 21 Lissachatina fulica (giant African land snail) 12
Musmuscums(housemouse).19 ................ M e/ano,destubercu/ata(,—ed_nmmedme|an,a)‘9 ..............
Rattusnorveglcus(bmwnrat).19 ................ Corb,cu/aﬂum,nea(As,andam)‘g ..............
N

Passer domesticus (house sparrow) 11 Macrobrachium rosenbergii (giant freshwater 6

prawn)

Co/umba/,v,a(mgeons)‘m ................ Che,axquad,-,ca,-,natus(reddawcrayﬁsh)‘5 ..............
Bubu/cus,b,s(cameegret)‘5 ................. Cammusmaenas(EumpeanShorecrab).2 ..............
N

Cyprinus carpio (common carp) 9 Calotropis procera (apple of sodom) 13
Oreocmomlsmloﬂcus(N”emapla).9 ................. L eucaena/eucocepha/a(|eucaena)‘13 .............
Oncorhynchusmyk,ss(ra,nbowtrout)‘3 ................. R ,cmuscommun,s(castorbean)‘13 .............

Hemidactylus mabouia (tropical house gecko) 7 Undaria pinnatifida (Asian kelp) 4

Anolis sagrei (brown anole) 4 Didymosphenia geminata (didymo) 2

Lithobates catesbeianus (American bullfrog) 11 Campylopus introflexus (heath star moss) 1
Rhme ”a m arma ( Cane to a d) ................................................... 6 ............. _
Xenopus Iaews(AfrlcancIawed frog) .................................... 4 ............ Batrachochytrium dendrobatidis (chytrid fungus) 6
_Amamaphaﬂo ,des (d e ath Cap) ............................................. 1 ...............

Ioerya purchasi (cottony cushion scale) 1 " Bipolaris maydlis (southem com leaf blighty 1
Macone//,coccush,,sutus(pmkh,b,scus‘11 .............

mealybug)

" Aedes albopictus (Asian figer mosauito) 10 Phytophthora cinnamomi (Phytophthora dieback) 1
_Phytophthora[atera[,s(Port_orford_cedarroot‘1 ..............
disease)

Raoiela indica (red palm rite) 7 " Phytophthora ramorum (sudden oak death) 1
Acena”mhu(mcmga"mlte).1 ..............
 Avicularia aviculeria rantula spiders) 1 Vibrio cholerae (cholera) 5
.Yersmlapestls(bladeeath) ................................................. 2 ..............
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20 years in emerging South American economies such
as Brazil, Mexico, and Argentina based on global trade
dynamics and climate change (Seebens et al., 2015) which
could reverse the current status of North America as more
invaded by plants than South America (PySek et al., 2019).

Status

With 5,958 established alien vascular plant species, North
America has the highest recorded alien plant richness in the
world (Pysek, Pergl, et al., 2017; van Kleunen et al., 2015).
South America harbours 2,667 established alien plants
(Pysek et al., 2019); note that the numbers differ from those
presented in Table 2.21, because of different data sources
and deviating data integration steps (section 2.1.4 for
further details). In the United States, California is the world’s
richest region in terms of established alien vascular plants
with 1,753 established alien plant species, and Florida is a
world regional hotspot with 1,473 established alien plants
(Kartesz, 2014). Sonchus oleraceus (common sowthistle),
Plantago major (broad-leaved plantain), Taraxacum officinale
(dandelion), and Poa annua (annual meadowgrass) are
among the most widely distributed established species

in North America (each in more than 85 regions), while

for South America the analogous list includes Eleusine
indica (goose grass), Sonchus oleraceus, Plantago major,
Polygonum aviculare (prostrate knotweed), and Brassica
rapa (field mustard) (PySek, Pergl, et al., 2017; Table

2.23). According to Pysek, Pergl, et al. (2017), countries in
Mesoamerica also harbour many established alien plants
(Nicaragua 671, Mexico 519, Costa Rica 280, Panama 263),
but due to their high native diversity, alien plants make up
only 2.0-2.8 per cent of the total floras, the exception being
Nicaragua with 10.4 per cent (e.g., Correa A. et al., 2004;
Pysek, Pergl, et al., 2017; Chacén & Saborio, 2012). Some
regions in the Caribbean are heavily invaded by established
alien plants, both in terms of actual species numbers

(Cuba 542, Bahamas 356) or the proportion of established
alien plants in the national floras (Bahamas 24 per cent,
Barbados 14 per cent). Other countries in the Caribbean
harbour 20 to 110 established alien plant species and their
contributions to national floras do not exceed 8 per cent
(Acevedo-Rodriguez & Strong, 2008; Kartesz, 2014; Pysek,
Perg|, et al., 2017).

2.4.3.3 Microorganisms

Trends

The introduction of microorganisms has a long history in
the Americas but is poorly documented as is the case
worldwide. Where available, studies on the trends in alien
microorganisms usually cover only fungi. For example, first
records of alien fungi in Chile have been documented from
the early twentieth century and show a continuous increase
in numbers until the present (Fuentes et al., 2020).
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Status

The Americas harbour at least 199 alien macrofungi
species, with approximately 36 per cent belonging to

the group Agaricales, 32 per cent to Boletales and 11

per cent to Russulales (Monteiro et al., 2020). Species
most widely distributed within the region are Suillus luteus
(ectomycorrhizal fungus of pine), Amanita muscaria (fly
agaric), Rhizopogon roseolus (ectomycorrhizal fungus),
and Suillus granulatus (weeping bolete mushroom).
Countries with high numbers of known established species
occur mainly in South America, and include Brazil (75),
Argentina (60), and Chile (40) (Monteiro et al., 2020). In the
remaining IPBES sub-regions, higher numbers of known
alien macrofungi were found in the United States (including
Hawaii) (50), Canada, and Mexico (7 each).

2.4.3.4 Islands

Alien and invasive alien species are widespread on islands
of both sides of the Americas: in the Pacific Ocean (notably
the Galapagos islands) and the Atlantic Ocean (notably the
Caribbean islands; e.g., (Kairo et al., 2003; Rojas-Sandoval
& Acevedo-Rodriguez, 2015; Van der Burg et al., 2012).
As an example, Caribbean Island forests are extensively
dominated by alien tree species (Brandeis et al., 2009;
Chinea & Helmer, 2003; Helmer et al., 2012), some of
which are shade-tolerant and could permanently change
forest species composition (C. J. Brown et al., 2006). In
addition, several alien species grow in forest plantations,
livestock pastures, and abandoned agricultural fields
creating both economic and environmental impacts. Such
is the case for Dichrostachys cinerea (sickle bush), an alien
species that occurs across almost 800,000 hectares in
Cuba (Hernandez et al., 2002). The Hawaiian Islands are

a global hotspot of plant invasions with 1,488 total alien
plant species, and numbers for individual islands within

the archipelago ranging from 386 to 913 alien species
(Imada, 2012).

On the other side of the Americas, the Galapagos
Archipelago harbours an estimated 1700 alien species with
Capra sp. (goat) and Rubus niveus (Mysore raspberry) being
among the most common until recently (Toral-Granda et
al., 2017). Between the 1980s and 1990s, the number of
introduced plants has nearly doubled on the Galapagos
Islands, reaching nearly 900 species (De Lourdes Torres

& Mena, 2018). In addition, a study of the residence

time and human-mediated propagule pressure of plants
suggested that this archipelago is still in an early stage of
plant invasions, due to the booming tourism industry and
increasing human population size (Trueman et al., 2010).

2.4.3.5 Data and knowledge gaps

Data availability for the Americas is dominated by studies
from North America. Across taxonomic groups, the
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Caribbean, Mesoamerica, and South America have
considerably less data available relative to North America
(Pysek et al., 2008). Studies on the temporal accumulation
of alien species are almost exclusively available for this
region except for a few studies for islands in the Caribbean
and South America (Fuentes et al., 2008; Rojas-Sandoval
& Acevedo-Rodriguez, 2015; Toral-Granda et al., 2017).
Only a few studies on temporal trends exist for mainland
South America or Mesoamerica (e.g., Fuentes et al., 2020).
Temporal information is scarce for most taxonomic groups
in North America, including well-investigated groups such
as vascular plants, birds, and mammals. For some groups,
that are generally less studied globally, such as many
invertebrates, fungi, and microorganisms, information is
lacking for vast areas of this region.

In South America, regions often considered pristine and
less impacted, such as the Amazon basin, lack studies

on alien species and could be more thoroughly explored,
particularly given recent levels of deforestation which could
facilitate biological invasions (e.g., Frehse et al., 2016; Vitule
et al., 2021; Chapter 3, section 3.3.1). In addition, there is
a high degree of uncertainty on the status of alien species
or populations and due to uncertainties about the native
range of many species, the challenge of cryptic invasive
alien species may be even greater for South America than
the rest of the world (Bortolus et al., 2015; Essl et al., 2018;
Jari¢ et al., 2019).

A notable exception represents alien amphibians and
reptiles which are relatively well-known in most of the
Americas as a consequence of ongoing surveys and
research (Capinha et al., 2017; E. Fonseca et al., 2019;
Garcia-Diaz et al., 2015; Gonzalez-Sanchez et al., 2021;
Kraus, 2009; Krysko et al., 2016; Perella & Behm, 2020; N.
J. van Wilgen et al., 2018). Nevertheless, clarification of the
status (i.e., being alien or native to a certain region) of some
species in Mesoamerica and South America is needed
(Garcia-Diaz et al., 2015; Gonzalez-Sanchez et al., 2021),
and further work will improve the understanding of the
ecology and impacts of the alien amphibians and reptiles
present in this region (E. Fonseca et al., 2019; N. J. van
Wilgen et al., 2018).

An important data gap exists for countries along the North
Atlantic coast of South America (from French Guiana

to Guiana; Schwindt & Bortolus, 2017). For example, in
Venezuela the number of marine alien species originally
reported by Pérez et al. (2007) was 22 but was later lowered
to 11 alien species by Figueroa Lépez and Brante (2020)
due to uncertainty in the provided records. However, the
number of marine alien species is likely higher even than
the number reported by Pérez et al. (2007). No extensive
compilations of alien species in general are available for
continental Ecuador and for Peru (but see Calder et al.,
2021; Cardenas-Calle et al., 2019).

148

The availability of records on alien macrofungi for the
Americas is dominated by a few countries, notably those
for which higher numbers of alien species are reported
here, including Argentina, Brazil, Chile and the United
States. Important data gaps on established alien species
exist for many other countries of the Americas, particularly
in the Caribbean and Mesoamerica (Monteiro et al.,
2020). In general, information about alien microorganisms
is lacking for all of the Americas as is the case for other
IPBES regions.

2.4.4 Trends and status of alien
and invasive alien species in Asia
and the Pacific

This section reports on the trends and status of alien
species of Asia and the Pacific for animals (section 2.4.4.1),
plants (section 2.4.4.2), microorganisms (section 2.4.4.3),
and islands (section 2.4.4.4), and provides an overview of
data and knowledge gaps (section 2.4.4.5). A description
of IPBES regions and sub-regions including a spatial
representation is provided online (IPBES Technical Support
Unit On Knowledge And Data, 2021) and in Chapter 1,
section 1.6.4.

2.4.6.1 Animals

Trends

The numbers of alien animal species increased continuously
for all taxonomic groups and all subregions of the Asia-
Pacific regions (Figure 2.32). The steepest increases were
observed in Oceania for all animal groups considered in
Figure 2.32, except for fishes. In Oceania, the number

of alien animals rose distinctly already in the nineteenth
century, much earlier relative to other subregions where
steep increases were mostly observed after 1950.
Northeast Asia experienced strong increases during that
time for birds, fishes, and crustaceans. Likewise, increasing
alien species numbers have been reported in various
countries for insects (Huang et al., 2011; Yamanaka et

al., 2015), gastropods (Barker, 1999; Roll et al., 2009),
amphibians and reptiles (Lee et al., 2019), and marine alien
species of different groups (Bailey et al., 2020; Hewitt et
al., 2004).

Before colonization by Europeans, alien mammals in South-
East Asia were introduced via ancient exchanges between
the Indonesian Archipelago, Papua New Guinea, and
Australia with numerous prehistoric introductions of game,
fur, pet, and stowaway species (e.g., Phalanger orientalis
(northern common cuscus), Sus celebensis (Sulawesi

pig), Dendrolagus matschiei (Matschie’s tree-kangaroo))
(Biancolini et al., 2021; Heinsohn, 2003; Long, 2003).
Introductions surged during the nineteenth century following
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