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Abstract Although urban ecosystems are hotspots
for biological invasions, the field of invasion science
has given scant attention to invasion dynamics and the
challenges facing managers in towns and cities. This
paper provides an introduction to the growing chal-
lenges of understanding and managing invasive
species in urban systems, and the context for a special
issue of Biological Invasions, comprising 17 papers,
that arose from a workshop on “Non-native species in
urban environments: patterns, processes, impacts and
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challenges” held in Stellenbosch, South Africa, in
November 2016. Contributions explore the following
key questions: Are patterns and processes of urban
invasions different from invasions in other contexts?
Why is it important to manage non-native species in
urban ecosystems? What are the special management
needs in an urban context? How can we bridge the
gaps between science, management, and policy with
regards to biological invasions in urban ecosystems?
The papers in this special issue show that patterns and
processes of urban invasions differ in many ways from
invasions in other contexts, and that managing inva-
sive species in cities poses unique and increasingly
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complex challenges. Progress in urban invasion
science requires further work to: (1) address key
limitations that hinder our understanding of invasion
dynamics in cities; (2) clarify whether fundamental
concepts in the field of invasion science are appropri-
ate for urban ecosystems; (3) integrate insights from
invasion science with those from the burgeoning
literature on the “Anthropocene biosphere”, novel
ecosystems, social-ecological systems, human—wild-
life conflicts, urban green infrastructure, urban plan-
ning and design, and ecosystem services/disservices.

Keywords Biodiversity - Biological invasions -
Ecosystem services - Homogenisation - Management -
Urban ecosystems - Urban invasions - Urban—rural
gradient

Introduction

Cities are hotspots of biological invasions and many
urban areas around the world share a set of common
invasive species. Urban ecosystems are not only key
points of entry for many non-native species, but are
also foci for secondary release or escape into sur-
rounding landscapes (e.g. Alston and Richardson
2006; von der Lippe and Kowarik 2008; Marco et al.
2010). Land use and other factors such as the amount
of impervious surfaces, distance to city centre, human
population size, affluence, and density have been
shown to be associated with the success of non-native
species in urban areas (PySek 1998; Celesti-Grapow
et al. 2006; Kuhman et al. 2010).

In 2007, the number of people living in cities
exceeded the number living in rural areas for the first
time in human history (United Nations, Department of
Economic and Social Affairs, Population Division
2014). There are unfortunately no neat, globally
applicable, definitions or metrics for distinguishing
between “cities”, “towns”, “suburbs” and “rural”
and “natural” ecosystems (Mclntyre et al. 2000).
Many correlates of the urban—rural gradient are,
however, evident. At one extreme of the continuum
are what most people would call “cities”—relatively
densely populated and heavily transformed areas, that,
by their nature, allow people to be disconnected from
the surrounding environment, or even from their
neighbours. Such social and environmental
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disconnects have profound implications for reaching
consensus about management actions.

Invasions of non-native species in urban areas are
problematic for many reasons. Invasive species can
negatively affect ecosystem services upon which
human societies depend (Charles and Dukes 2007).
They can also create diverse ecosystem disservices,
for example by acting as vectors of human and animal
diseases (Eritja et al. 2005; Juliano and Lounibos
2005), causing toxicity and allergic reactions (Nen-
twig et al. 2017), or by exacerbating problems with fire
at the urban—wildland interface (van Wilgen 2012).
Invasions can also homogenize biotic communities
(Kiihn and Klotz 2006; McKinney 2006; Trentanovi
et al. 2013) when they replace regionally unique native
species with a common set of non-natives (e.g., Wania
et al. 2006; Godefroid 2001; Shochat et al. 2010). On
the other hand, many non-native species enhance local
diversity (especially in irreversibly modified areas),
and can sustain key ecosystem functions (Elmqvist
et al. 2008).

Given the multitude of stakeholders in cities,
conflicts over the management of invasive species
can be particularly intense and complex (e.g., Dickie
et al. 2014 for trees; Crowley et al. 2017 for
vertebrates). Stakeholders in cities often have strongly
divergent views. For example, few non-native species
elicit a more divergent set of opinions than domestic
cats—introduced to cities worldwide, loved by many,
but a major source of mortality for wildlife, particu-
larly birds (van Heezik et al. 2010). Dogs, snakes, and
several other non-native species also elicit strong
divergent opinions in cities. Humans value non-
natives for a wide range of reasons—aesthetic,
culinary, or diverse cultural reasons (e.g. honey bees;
Colla and Maclvor 2017), and many non-natives,
including invasive species, are important components
of a “sense of place” for human urbanites (e.g.
Zengeya et al. 2017). Such attachment to non-native
species is increasingly leading to conflicts over
whether to manage urban ecosystems to enhance
ecosystem service provision (including services pro-
vided by non-native species) or to control certain
(often non-native) species to reduce negative effects
on native biodiversity and human wellbeing.

Most advances in invasion science have come from
work in natural and semi-natural ecosystems (e.g.
Richardson and Pysek 2006 for plants). Although it is
well known that non-native species are abundant in
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cities, our understanding of invasion dynamics, i.e. the
factors that mediate the introduction, establishment,
proliferation and spread, in urban ecosystems is
limited. Resources provided through diverse human
activities, and release from competition due to inter-
mediate levels of disturbance, provide many opportu-
nities for the establishment and proliferation of non-
native species. Networks of roads, railways and other
conduits for the transport of people and commodities
offer abundant opportunities for rapid dissemination
of propagules. Many urban areas are situated along
waterways which provide corridors for dispersal of
non-native species (Sdumel and Kowarik 2010; Meek
et al. 2010). Most urban ecosystems have effective
networks of seed dispersers (Cruz et al. 2013),
pollinators (Winfree et al. 2011; Baldock et al.
2015), and other facilitators for the integration of
many non-native plants. Although these factors have
been well studied in some urban environments,
general principles on how biotic and abiotic factors
interact to mediate invasibility are lacking. Only a
handful of attempts have been made to achieve
objective and transparent integration of different
human perceptions and valuation of non-native
species in urban centres in developing sustainable
management strategies. As elucidated by Salomon
Cavin and Kull (2017), although there has been a long
history of studying invasions in urban settings, the
bulk of work in invasive science has virtually ignored
urban ecosystems.

Cities vary greatly in terms of their shape, size,
human population, and histories. Levels of under-
standing of how and why non-native species arrived,
the conditions that favour their establishment, prolif-
eration and spread, and their potential impacts (both
positive and negative) on biodiversity and human
well-being also vary greatly among cities in different
parts of the world. In the last few years, problems with
invasive non-native species have increased in many
urban areas, raising several intriguing questions,
including: (1) do we need a special set of frame-
works/paradigms to understand and manage biological
invasions in urban ecosystems?; and (2) are radically
different approaches needed for managing problem-
atic species (whether native or non-native) in human-
dominated ecosystems, compared to natural or agri-
cultural settings? Such questions clearly need to be
framed with reference to concepts and narratives that
are being debated in the growing literature on the

“Anthropocene biosphere” (Ellis 2015; Williams
et al. 2015), novel ecosystems (Hobbs et al. 2014),
social-ecological systems (Hui and Richardson 2017),
human-wildlife conflicts (Dickman 2010), urban
green infrastructure (Tzoulas et al. 2007), urban
planning and design (Ahern 2013), and ecosystem
services/disservices (von Dohren and Haase 2015).

To address these and other issues pertaining to
biological invasions in urban settings, the DST-NRF
Centre of Excellence for Invasion Biology (http://
academic.sun.ac.za/cib/) hosted a workshop in Stel-
lenbosch, South Africa, in November 2016 on “Non-
native species in urban environments: Patterns, pro-
cesses, impacts and challenges”. The workshop,
attended by 43 people from eight countries, gave
special attention to the following questions:

e Are patterns and processes of urban invasions
different from invasions in other contexts?

e Why is it important to manage non-native species
in urban ecosystems?

e What are the special management needs in an
urban context?

e How can we bridge the gaps between science,
management, and policy with regards to biological
invasions in urban ecosystems?

Twenty-four papers were presented and discussed at
the workshop and authors were encouraged to submit
manuscripts for consideration for inclusion in a special
issue of Biological Invasions. This paper provides the
context for the collection of 17 papers that were
accepted for publication, following the journal’s
normal peer-review process. These papers present
informative assessments of the questions listed above
and other emerging issues relating to urban invasions.

Managing biological invasions in urban areas

Urbanisation is increasing dramatically worldwide
(Grimm et al. 2008), and has multiple contrasting
implications for biodiversity conservation. Many
urban areas have high levels of biodiversity and are
therefore important foci for regional and global
conservation efforts (e.g. Miller and Hobbs 2002;
Kiihn et al. 2004; Croci et al. 2008; Kowarik 2011).
Human population density is often positively corre-
lated with species richness (e.g. Schwartz et al. 2006;
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Vazquez and Gaston 2006). However, urbanisation is
also the main driver of ‘biotic homogenization’
(McKinney 2006; Blair and Johnson 2008; Trentanovi
et al. 2013) and is a key threat to biodiversity (e.g.
Rouget et al. 2003). Motivations for conserving urban
biodiversity are changing rapidly (Dearborn and Kark
2009), as are considerations regarding the manage-
ment of urban ecosystems as part of overall regional
and national strategies for biodiversity and sustainable
development (Savard et al. 2000; Ellis 2013; Hobbs
et al. 2014).

Important arguments for and against managing
invasive species in urban areas increasingly hinge on
their contributions to the delivery of ecosystem
services and disservices (Vaz et al. 2017). Many
non-native plants were introduced specifically to
create, augment or restore ecosystem services (Potgi-
eter et al. 2017). However, some non-native plant
species introduced for such purposes have spread
beyond original planting, causing negative effects on
existing ecosystem services (PySek and Richardson
2010) or creating novel ecosystem disservices (e.g.,
Shackleton et al. 2014; Vaz et al. 2017). Trade-offs
arise when the ecosystem services provided by non-
native plants need to be weighed against the ecosystem
disservices provided by the same species, often
creating conflicts over whether to manage for the
former or the latter (Gaertner et al. 2016).

Another argument for managing non-native species
in urban areas is that they can act as foci and propagule
sources for secondary release or escape into surround-
ing landscapes (e.g. Alston and Richardson 2006; von
der Lippe and Kowarik 2008). McLean et al. (2017)
show, for small urban centres in South Africa, that
many non-native plant species enter towns via the
horticultural ornamental trade and that half of the most
abundant non-native species in towns have established
naturalized populations outside urban areas. Similarly,
Mayer et al. (2017) found that a considerable number
of ornamental plants were naturalized in Radolfzell,
Germany.

Some authors call for new, more objective,
approaches for managing non-native species in cities,
as urban ecosystems are already considered to be
‘degraded’ from a classical ‘biological community’
perspective and have no typical ‘communities’ them-
selves (Francis and Chadwick 2015). Non-native
species increasingly dominate “novel urban ecosys-
tems” (NUEs) as defined by Kowarik (2011). The
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novelty of these NUEs is shaped by new combinations
of conditions that exist in urbanized ecosystems as a
result of diverse human activities (e.g. Meek et al.
2010, 2013). In many cases cities are also not seen as
priority areas for non-native species management
because of their limited ecological/conservation value.
Also, the demand and pressure for recreational green
space (not necessarily comprising only native species)
is increasing in many cities. This means that conser-
vation or restoration of native communities is often not
supported for “purist” biodiversity conservation
goals. Urban ecosystems are clearly presenting a
new suite of challenges relating to the understanding
and management of biological invasions, and there is
an urgent need for greater exploration of invasion
processes and impacts in urban areas.

We hope that the papers in this special issue will
help to define a new research agenda for invasion
science in urban areas. These contributions can be
grouped in various ways, for example according to the
geographical and taxonomic focus, or by the
approaches followed (literature review, field studies,
theoretical and conceptual studies, modelling etc.).
Figure 1 shows how the 17 papers contribute new
insights through assessments of (1) historical perspec-
tives; (2) patterns and processes; (3) impacts; and (4)
management and perceptions. Despite biases in favour
of plants and studies in more affluent parts of the world
(which is in line with the overall literature on invasion
ecology; Pysek et al. 2008), the contributions reflect
the current range of discourses, narratives and per-
ceptions about urban ecosystems, attitudes towards
biodiversity in these ecosystems, and the changing
roles and perceptions of non-native species in general,
and invasive non-natives in particular, in urban
environments. As conceptualized by Salomon Cavin
and Kull (2017), some studies reported in this special
issue present the phenomenon of urban invasions as
‘problems’ (e.g. cities as entry points for invasive
species), whereas others see cities as a ‘victim’ of
biological invasions (e.g. negative impacts on urban
biodiversity or infrastructure). Cities are also pre-
sented as an “actor” and potential solution for
biological invasions (e.g. cities managing urban
invasions) (see Table 1 in Salomon Cavin and Kull
2017).

The following section summarises the main find-
ings emerging from the special issue by returning to
the key questions. Many of the studies address more
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Fig. 1 Schematic representation of the contributions of 17
papers in this special issue of Biological Invasions towards the
elucidation of invasion science in the context of urban
ecosystems. Contributions are categorized by their major

than one question, but we focus on the central aims and
message of each paper.

Are patterns and processes of urban invasions
different from invasions in other contexts?

Patterns and processes of urban invasions differ in
important ways from invasions in other contexts.
Cities contain high densities of people and are hubs of
human-mediated movement of commodities. Trans-
port linkages (e.g., airports, harbours, and road and rail
networks) facilitate the introduction and dissemina-
tion of non-native species through dispersal pathways
and vectors. Padayachee et al. (2017) show that
invasive species are being introduced into cities and
moved around within cities; they identify urban-
specific pathways of introduction and vectors of
spread. Cadotte et al. (2017) found that invasive
species occur at higher abundances and in greater
diversity in cities because of high levels of disturbance
and lower competition. Their work suggests that
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invasive species are more successful in cities than in
rural or natural areas because the novelty of environ-
mental conditions (i.e. habitats that have been pro-
foundly modified by human activities) promotes their
spread. Similarly, Kiihn et al. (2017) found that
invasive plant species richness and the relative con-
tribution of non-native species to total plant species
richness increases along a rural-urban gradient.
Importantly, they found that invasive species in cities
and rural areas show similar responses to environ-
mental conditions. The main reason for the higher
species richness of non-native plants in cities seems to
be that relevant environmental and human-driven
conditions are more abundant in cities than in rural
areas, but no effect was specific to cities. Ricotta et al.
(2017) specity this pattern: they found that beta
diversity among urban floras can be attributed to a
combination of residence time and of pre-adaptation to
environmental conditions found in urban habitats that
evolved or were filtered in association with human
activities before the species were introduced into the
invaded range.

@ Springer



3466

M. Gaertner et al.

Why is it important to manage non-native species
in urban ecosystems?

As discussed previously, there are several arguments
for and against the management of invasive species in
cities. Salomon Cavin and Kull (2017) contribute to
this discussion by describing how (despite some
notable exceptions) perceptions have changed over
time, from viewing cities as a problem, to cities being
a victim of invasions, to cities being an actor and a
solution for invasions. A strong argument for the
management of invasive species in urban areas is
provided by McLean et al. (2017) who show that small
urban centres can act as launching sites for invasions
into peri-urban and natural/rural areas. A novel and
important contribution towards this discussion in
support of management, is the realisation that urban
trees can act as bridgeheads and sentinels for forestry
pests and pathogens (Paap et al. 2017). The study by
Potgieter et al. (2017) on the positive and negative
impacts of invasive plant species on ecosystem
services in urban systems provides arguments for
and against the management of invasive species,
highlighting the conflicts of interest that arise with
certain species that provide both ecosystem services
and disservices.

What are the special management needs
in an urban context?

Urban areas present several challenges which call for
city-specific management approaches. Special man-
agement needs comprise specific areas/habitats and/or
taxa that need to be prioritized. Aronson et al. (2017)
highlight the importance of rivers as corridors in urban
systems and the fact that their functioning as networks
is threatened by plant invasions. Hulbert et al. (2017)
emphasize a special management need for plant
pathogens in urban areas. Urban areas in most regions
are a complex mix of public and private land. Control
of certain species can be very difficult because private
landowners may choose to retain certain species on
their land, either due to lack of awareness of its
negative impacts or because of the species’ perceived
value. Vimercati et al. (2017) describe a context-
dependent approach for managing invasive frogs in
urban areas, specifically emphasizing the issue of
restricted access to private land. An additional
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challenge in managing invasive species in urban areas
is the phenomenon of ‘invasional meltdown’ where
the many non-native and invasive species that are
present improve conditions for other non-natives.
Lechuga-Lago et al. (2017) found that urbanisation
assisted an urban invader which also increased the
impact of urbanisation.

How can we bridge the gaps between science,
management, and policy with regards to biological
invasions in urban ecosystems?

The diversity of opinions of positive and negative
impacts of invasive species in urban areas and the
range of different stakeholder perceptions call for
complex and adaptable management frameworks.
Gaertner et al. (2017) test a scheme for guiding
management decisions that can give divergent stake-
holder perceptions explicit and transparent
consideration.

Conflicts of interest can hamper proposed manage-
ment actions. Managers, decision makers and
researchers are increasingly recognizing the need to
consider the human dimensions of invasive species
management. Novoa et al. (2017) assessed the poten-
tial of public awareness to increase public support for
invasive species management and found that increased
public awareness will increase public support for
management.

The trade in ornamental plants and other enterprises
that rely on non-native taxa continue to introduce new
species into the cities. Once a valuable non-native
species is well established and found to pose a risk,
eradication is likely to be extremely costly or impos-
sible. Proactive management at an early stage of
invasion is required to minimize public costs. Mayer
etal. (2017) determine factors that lead to horticultural
plants naturalizing and provide a framework to
determine future threats. Hui et al. (2017) emphasize
the need to focus action on urban green areas as
launching sites for invasions and provide a system for
ranking cities.

Reflections

The papers in this special issue show that patterns and
processes of urban invasions differ in many ways from
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invasions in other contexts, and that managing inva-
sive species in cities poses unique and increasingly
complex challenges.

Many facets of biological invasions require elabo-
ration in an urban context. These include a clarifica-
tion of whether the fundamental underpinnings of
the “introduction-naturalization-invasion continuum”
(Blackburn et al. 2011), key assumptions regarding
impacts (Jeschke et al. 2014; Kumschick et al. 2015)
and many other concepts in invasion science are fit for
purpose in urban environments.

The role of cities as launching sites for non-native
species introduction and spread into natural areas and
as recipients of a range of socio-ecological impacts
highlights the need for research to address key
limitations that hinder our understanding of invasion
dynamics in urban settings. Limitations include the
dearth of metrics for defining urban—wildland/rural
gradients (Cadotte et al. 2017) and a shortage of
insights on many aspects of urban invasions in less
affluent regions (e.g., Potgieter et al. 2017).

Species distribution models (SDMs) are widely
used in invasion science to determine the potential
ranges of non-native species. Using SDMs for this
purpose is more complicated in human-dominated
ecosystems than in more natural systems. This is
because human influences provide a complex mixture
of enhanced opportunities and barriers for species that
are not well captured by the environmental factors that
are typically used in SDMs. Walker et al. (2017)
demonstrate the value of including both broad-scale
environmental factors and various indices of human
influence. More work is needed to develop robust
guidelines to improve the capacity of SDMs for
application in urban ecosystems.

The dominant role of humans in urban ecosystems
calls for the integration of insights from invasion
science with those from the burgeoning literature on
social-ecological systems (Hui and Richardson 2017).
Non-native species, including many highly damaging
invasive taxa, are often valued for diverse aesthetic
and cultural reasons by some sectors of society. Over
time, “novel urban ecosystems” are increasingly
being seen as the “new normal”. Research is needed
to elucidate ideas, social representations and imagi-
naries about cities, urbanity, nature, nativeness, and
invasiveness held by different people (including home
owners with gardens, park users, urban planners, city
parks authorities and ecologists). Such perceptions

shape the conceptual action-space, and the concrete
management options for particular urban invasions
(Novoa et al. 2018). New frameworks for the objective
and transparent evaluation of impacts of non-native
species in an urban context are urgently needed, as are
new protocols for effective engagement with stake-
holders (such as the one proposed by Novoa et al.
2018).

Packer et al. (2017) highlighted the need for
“global networks for invasion science” to achieve
solutions for the increasingly complex problems
associated with invasive species. The issues deliber-
ated in this paper and in the special issue of Biological
Invasions suggest that a “global network on urban
invasions” is needed to elucidate concepts at the
interface between invasion science and urban ecology
to pave the way for achieving more effective man-
agement of biological invasions in urban systems.
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