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Abstract
Urbanization is a major driver of global change. Profound human-mediated changes to urban environ-
ments have provided increased opportunities for species to invade. The desire to understand and manage 
biological invasions has led to an upsurge in frameworks describing the mechanisms underpinning the 
invasion process and the ecological and socio-economic impacts of invading taxa. This paper assesses the 
applicability of three commonly used invasion frameworks to urban ecosystems. The first framework 
describes the mechanisms leading to invasion; the second and third frameworks assess individual species, 
and their associated environmental and socio-economic impacts, respectively.
In urban areas, the relative effectiveness of the barriers to invasion is diminished (to varying degrees) allow-
ing a greater proportion of species to move through each subsequent invasion stage, i.e. “the urban effect” 
on invasion. Impact classification schemes inadequately circumscribe the full suite of impacts (negative 
and positive) associated with invasions in urban areas. We suggest ways of modifying these frameworks to 
improve their applicability to understanding and managing urban invasions.
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Introduction

Urbanization is now a major agent of change for social, economic, and ecological 
systems (Mumford 1961). In urban areas land transformation, climate alteration, 
and the addition and elimination of species from regional species’ pools have created 
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unprecedented ecosystems that challenge traditional approaches to management and 
conservation (Hobbs et al. 2009; Kowarik 2011). There are an abundance of invasion 
frameworks that variously describe the transport, success, impact, and management of 
alien species* (e.g. Davis et al. 2000; Shea and Chesson 2002; Ruiz and Carlton 2003; 
Catford et al. 2009; Blackburn et al. 2011; Colautti et al. 2013; Blackburn et al. 2014; 
Bacher et al. 2018; Cadotte et al. 2018), and which were developed to guide research 
into the ecology and management of invasions in non-urbanized areas. However, it is 
increasingly recognized that urban areas not only play a significant role in species’ inva-
sion (Rebele 1994; Shochat et al. 2010), but also that managers generally lack both a 
robust understanding of how urban areas influence invasions across taxa, and a concep-
tual and theoretical understanding of how the urban environment and species interact 
to shape invasions (Cadotte et al. 2017). This paper assesses how well frequently used 
and highly cited invasion frameworks fit urban ecosystems. We focus on plant intro-
ductions as they are ubiquitous in the urban landscape and are often actively managed. 
The key to assessing frameworks is to understand how urban-specific drivers like re-
duced competition, nutrient enrichment, pathogen/pest control, gardening/planting, 
importation based on human use/values, and human perception of management pri-
orities, all shape species’ persistence and spread. We assess the ability of frameworks to 
accommodate these urban-specific drivers and further suggest ways to alter frameworks 
to make them pertinent for understanding and managing invasions in urban areas.

Invasion frameworks

Basic understanding of invasion and management frameworks needs to be evalu-
ated in urban ecosystems for several reasons. Firstly, urban areas are directly shaped 
by human activities that can transport and foster alien species. Secondly, the be-
liefs, priorities, and concerns of human populations in urban areas directly impact 
the creation and implementation of management policies for invasive alien spe-
cies. Many frameworks exist to classify biological invasions, for example, by path-
ways of dispersal (Hulme et al. 2008; Wilson et al. 2009), general invasion processes 
(Williamson et al. 1996; Richardson et al. 2000), and impact assessment schemes 
(Kumschick et al. 2012; Nentwig et al. 2016). We do not aim to examine how all these 
frameworks apply to urban areas (though any generalized framework’s applicability to 
urban areas should be assessed) but rather we assess three commonly used frameworks 
that evaluate and explain the invasion process and associated impacts.

We selected three invasion frameworks: the Unified Framework for Biological 
Invasions (Blackburn et al. 2011), the Environmental Impact Classification of Alien 

*	 A note about terminology. There are a variety of terms used to identify and describe imported species, 
some of which are less emotive than others (Colautti and MacIsaac 2004), but to better align with 
frameworks, we will use ‘alien’ to describe species introduced into new regions due to human activities. 
We recognize that native species can become invasive, but for this paper, ‘invasive’ refers only to alien 
species. Invasive alien plants refer to alien plant taxa which are invasive.
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Taxa scheme (EICAT, Blackburn et al. 2014; modified by Hawkins et al. 2015); and 
the closely-related Socio-Economic Impact Classification of Alien Taxa (SEICAT, 
Bacher et al. 2018). The first framework provides a terminology and categorization 
for alien species’ populations at different points in the invasion process. The second 
and third frameworks assess individual species and their associated environmental and 
socio-economic impacts, respectively. We selected these frameworks as they are among 
the most widely adopted (Wilson et al. 2020). For example, the Unified Framework 
by Blackburn and colleagues (2011) has been proposed for use in international biodi-
versity standards (i.e. Darwin Core, Groom et al. 2019). EICAT is receiving increasing 
international support and has recently been adopted by the International Union for 
the Conservation of Nature (IUCN) (IUCN 2020). Here, we assess how these apply 
to urban areas and whether additional considerations are required.

The frequently employed and commonly cited Unified Framework for Biological 
Invasions proposed by Blackburn et al. (2011) combines previous stage-based and bar-
rier models into a single conceptual framework, employing an effective terminology 
to describe the underlying elements and processes involved in invasions (see Fig. 1). 
They divide the invasion process into a series of stages, and for a species or population 
to move onto the next stage, it must overcome a series of barriers, e.g. geographical 
(transport), survival (establishment), and dispersal (spread). This framework not only 
focusses attention on these discrete stages, but also on the bottlenecks where policy and 
management actions can reduce invasions.

Figure 1. The unified framework for biological invasions by Blackburn et al. (2011) on the left showing 
how alien species must pass through a series of barriers to establish and invade a new area. At each stage, 
the pool of species passing through decreases. However, in urban ecosystems, the invasion barriers are 
changed, resulting in different species crossing each barrier and, in general, more species moving through 
each of the invasion stages, i.e. the “urban effect” on invasion. The magnitude of an alien species’ impact 
is likely to increase along the invasion framework (introduction – naturalization – invasion continuum) in 
both natural and urban ecosystems. However, in urban areas, this impact will manifest in different ways 
(e.g. greater socio-economic impact).
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The EICAT scheme classifies alien taxa in terms of the magnitude of their im-
pacts on the environment. It relies on published evidence of impacts via an exhaus-
tive literature search to identify all published literature on the impacts of each alien 
taxon under assessment. Each impact record for an alien taxon is classified into one 
of five sequential categories in ascending order of impact, from “Minimal Concern” 
to “Massive” depending on the level of biological organization (individual, popula-
tion, community or ecosystem) impacted. This includes the mechanisms (and mag-
nitude) of impact for each taxon, a confidence score for each record, and additional 
information including the spatial location at which the impact is realized, and which 
native species are impacted.

Based on the capability approach from welfare economics, the SEICAT scheme 
presents a system for ranking and comparing the negative impacts of alien taxa on 
human well-being. The process also relies on published evidence to classify alien taxa 
based on changes in human activities that result from their impacts. By focusing on 
changes in people’s activities, SEICAT captures impacts of introduced species on hu-
man well-being that systems based on monetary values cannot. The scheme defines 
eight categories into which alien taxa can be classified according to the magnitude of 
changes in people’s realized activities. This classification is analogous to the EICAT and 
IUCN Red List schemes (Mace et al. 2008).

Invasibility of urban ecosystems

Urban environments result in novel ecological patterns and processes, and dynamics 
(Faeth et al. 2005; Wilby and Perry 2006; Pickett et al. 2008; Ricotta et al. 2009; 
Williams et al. 2009; Kowarik 2011; Alberti 2015), which can benefit taxa that are 
generalist, fast-growing, rapid at reproducing, and resilient to stress and disturbance 
(Cadotte et al. 2017). The pool of species in any city will be a filtered subset of the re-
gional pool of native species along with other species from the global species’ pool, in-
troduced directly through human activities (Aronson et al. 2016). These introductions 
can be intentional or accidental. Alien species are more likely to benefit from, or at 
least be less impacted by, urbanization compared to native species simply because they 
represent a non-random subset of species with appropriate behavioural or life-history 
traits and strategies (Ariori 2014). Human activities associated with urbanization pre-
sent improved invasion opportunities for alien plant species by, for example, removing 
the negative effects of competition or control from enemies (Faeth et al. 2005; Alberti 
2015). This, coupled with the novel environmental conditions in cities (e.g. novel hab-
itats, high spatial heterogeneity, increased resource availability, high disturbance levels, 
and altered climatic conditions), provides opportunities for alien species with appro-
priate life-history attributes to flourish. Additionally, cities are highly interconnected 
through transport routes and trade activities. Culture, language, shared history, indus-
trial products and transcontinental trade agreements could be as important for directed 
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movement between cities as geographical distance (di Castri 1990; Maluck and Don-
ner 2015; Khanna 2016), thus explaining the movement of alien plants (Chapman et 
al. 2017). As a result, cities are often the first entry point for new alien species (Pyšek 
et al. 2010). High levels of propagule pressure (e.g. through repeated introductions of 
alien plant species for the horticultural trade) also increases the likelihood of successful 
establishment.

Through sustained human facilitation in cities, intensive cultivation and repeated 
introductions of many alien species, biotic and abiotic manipulation, humanity’s pref-
erence for traits associated with high reproductivity (e.g. large showy flowers, colour-
ful fruits), greater number and diversity of pathways and vectors that can facilitate 
the movement of alien plants, and increased levels of human-mediated habitat distur-
bance, collectively increase the likelihood of establishment and spread of alien plant 
species in urban areas.

Applying invasion frameworks to urban systems

Introduced alien species must pass through a series of barriers before naturalizing 
in their new environment (Blackburn et al. 2011; Fig. 1). Specifically, urban areas 
reduce the effectiveness of barriers thereby increasing the number of species that 
could potentially establish and increase the range of dispersal compared to neigh-
bouring natural areas (Table 1). The Unified Framework will only classify an alien 
species’ population as invasive in an urban setting if the invasion is one among 
several other invasion foci. The previous invasion stage categories explicitly require 
alien populations to be self-sustaining outside of captivity or cultivation, termed “in 
the wild”. This is not always applicable in urban contexts and highlights an impor-
tant shortcoming of the framework. During the invasion process, species will cause 
a range of ecological and socio-economic impacts (either negative and/or positive), 
and in urban areas these impacts can be more complex and felt more acutely. Box 1 
provides a case study of a successful urban invader and describes the mechanisms 
facilitating the invasion process. Below we discuss how the barriers to invasion 
defined by Blackburn et al. (2011), as well as two impact classification schemes 
(EICAT and SEICAT), differ in urban systems.

Unified Framework for Biological Invasions

Urban areas as hotspots of globalization provide significant opportunities for al-
ien species’ introduction

Human activities are progressively weakening biogeographical barriers to dispersal 
(di Castri 1990; Helmus et al. 2014), resulting in the establishment and spread 
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Box 1. The vine that strangled a city.

The perennial herbaceous vine Vincetoxicum rossicum (Kleopow) Barbar. 
(Asclepiadaceae; syn. Cynanchum rossicum), also known as dog-strangling vine, is a 
prolific invader in the city of Toronto, Canada. Below we describe how V. rossicum 
overcame the barriers to invasion defined by Blackburn et al. (2011) to become one 
of the most impactful invaders in the city.

Geographic barrier

Vincetoxicum rossicum was directly imported into the city of Toronto in the late 1800s 
from the Ukraine and planted as an ornamental and for erosion stabilization in sev-
eral locations in the city (Kricsfalusy and Miller 2008).

Captivity barrier

There was a significant lag period before V. rossicum became a species of concern, but 
by the 1980s, it had become widespread and abundant in Toronto, especially in urban 
woodlots and meadows. Its ornamental use, likely facilitated by the nursery trade, pro-
vided opportunities for its escape from captivity (Kricsfalusy and Miller 2008).

Survival barrier

Gardeners allowed V. rossicum to escape its natural enemies, resulting in much im-
proved fitness. It demonstrates wide environmental tolerance to variations in light 
intensity and soil moisture (DiTommaso et al. 2005; Douglass et al. 2009).

Reproduction barrier

Seeds of V. rossicum are often polyembryonic, giving rise to two, three and (rarely) 
four seedlings (Ladd and Cappuccino 2005). Unpalatable to herbivores and occupy-
ing ample, low-competition habitat resulting from urban disturbances, V. rossicum 
has extremely high fecundity in Toronto.

Dispersal barrier

Vincetoxicum rossicum possesses feathery pappus-covered seeds that are easily carried 
by wind, and with cars and trains creating air currents, seeds can travel long distances 
along linear corridors (Ladd and Cappuccino 2005).

Environmental barrier

Vincetoxicum rossicum successfully establishes and survives across a range of distur-
bance regimes, and improved growth has been shown in more disturbed habitats 
(Averill et al. 2010). In its native range, this vine largely grows in forest understories, 
but in Toronto it grows across several habitat types including gardens, lawns, hedge-
rows, forest understories, and fully open meadows.
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Box 1. Continued.

Impacts

Having successfully overcome these barriers, V. rossicum negatively impacts native 
biodiversity – it reduces the diversity of plant and other trophic levels by excluding 
species with certain traits (DiTommaso et al. 2005; Ernst and Cappuccino 2005; 
Sodhi et al. 2019; Livingstone et al. 2020). It produces chemicals (Douglass et 
al. 2009) which can inhibit growth of other plants (allelopathy), alter soil biota, and 
make foliage unpalatable to native herbivores. It is considered the most impactful and 
difficult-to-manage plant invader in the city.

Figure B1. An urban site in Toronto, Canada, where the invasive Vincetoxicum rossicum forms a 
monoculture in open and understory habitats (photo credit: LJ Potgieter).

of an increasing number of alien plant species (Ricotta et al. 2014), especially as 
increasing globalization of trade connects more places with greater movement fre-
quency (Hulme 2009). New international air, land, and sea trade links open novel 
pathways for the spread of alien species. As hubs of human activity, urban areas are 
often the first entry point for newly introduced alien species (Pyšek et al. 2010), and 
so result in a greater proportion of alien species (relative to native species) in urban 
than in rural or natural areas (Rebele 1994).
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Urban areas have more alien taxa in captivity and cultivation, and so greater 
propagule pressure.

Invasibility is strongly influenced by propagule pressure (Colautti et al. 2006). In ad-
dition to neighbourhood propagule pressure that originates with propagules dispersing 
from naturalized populations within invaded habitats (spread stage) (Davis et al. 2016), 
urban areas are exposed to large numbers of alien plant propagules through repeated local 
introductions and high numbers of propagules in each introduction (e.g. gardens serve as 
regular sources of plant propagules). This increases the likelihood of their establishment 
and persistence even in suboptimal microsites (overcoming abiotic barriers and biotic 

Table 1. The barriers to invasion proposed by Blackburn and colleagues (2011) in the context of urban 
areas, and the underlying mechanisms driving invasion in urban areas. *Indicates potential mechanisms 
strengthening the barriers to successful establishment of alien plants in urban areas.

Barriers to 
invasion

Urban effect on 
barriers

Facilitating mechanisms References

Geographic Significant 
opportunities 

for alien species 
introduction

•	 Urban areas are often the first entry point for newly introduced alien species. Pyšek et al. (2010)
•	 Cities serve as transportation and trade hubs, and are highly interconnected, 

thus increasing the movement of species globally.

Captivity or 
cultivation

Significant 
opportunities to 
escape captivity / 

not relevant

•	 Horticultural activities result in a major pathway for the repeated importation 
of many alien plants into urban areas (e.g. gardens which serve as regular 

sources of alien plant propagules).

Dehnen-Schmutz 
et al. (2007); 

Bigirimana et al. 
(2012); McLean et al. 
(2017); Padayachee 

et al. (2019)

•	 Small urban settlements act as launching sites for plant invasions into natural areas.
•	 Alien species introduced unintentionally by humans directly into the new 

environment.
Survival Significant 

potential 
for survival 

opportunities, 
unlike 

neighbouring, 
less disturbed 

areas

•	 Humans manipulate abiotic and biotic conditions to improve the survivorship 
of alien plant species. For example, reducing competition, increasing nutrient 

and water input, and altering soil pH.

Gilbert (1989); 
Ellstrand and 

Schierenbeck (2000); 
Kowarik (2005), 
Kowarik (2011)

•	 Urban heat island effect can provide suitable conditions for more heat-
tolerant alien plants.

•	 Selective breeding and dissemination of ‘urban suitable’ genotypes.
•	 Intra- and inter-specific hybridization can create novel, potentially invasive 

genotypes.
•	 *Repeated introductions of the same species at a location (propagule pressure) 

can increase the likelihood of successful establishment.
Reproduction Potential 

opportunities 
for reproductive 
success for some 

alien plants

•	 Habitat fragmentation selects for species with high seed production. Cunningham (2000); 
Kitajima et al. 

(2006); Culley and 
Hardimann (2008); 

Huebner et al. 
(2012); Dubois and 

Cheptou (2017)

•	 Selective breeding or intraspecific hybridization of cultivars can increase 
reproductive success.

•	 Longer growing season and earlier flowering and seeding for alien plants in 
response to urban climates.

•	 Cultivar selection for desirable traits can inadvertently result in greater 
fecundity.

•	 *Habitat fragmentation reduces the size and increases the isolation of urban 
plant populations, increasing extinction risk and reducing pollination.

Dispersal Potential 
for dispersal 

opportunities 
unlike 

neighbouring less 
disturbed areas

•	 Alien plants which possess traits conducive to effective dispersal through 
prominent urban dispersal pathways are more likely to proliferate, such as wind 

dispersal by vehicle traffic.

Aronson et al. 
(2007); von der 

Lippe and Kowarik 
(2007)•	 *Many alien plants do not possess the appropriate suite of traits required for 

efficient dispersal in urban areas.
•	 *Increased propagule pressure can enable alien species to overcome urban 

dispersal barriers despite poor dispersal abilities.
Environmental Environmental 

conditions 
provide potential 

opportunities 
for alien plant 

spread

•	 High level of heterogeneity and disturbance results in frequent colonization 
opportunities for alien plants.

Kowarik (1995); 
Donaldson et al. 

(2014)•	 *Habitat fragmentation can limit the spread from established alien plant 
populations.

•	 *High levels of disturbance can also act as a barrier to the establishment of some 
plant species.
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resistance) (Rejmánek et al. 2005; Kowarik et al. 2013). The horticultural industry has 
been a particularly important pathway around the world (Dehnen-Schmutz et al. 2007), 
and the escape of ornamental plants from cultivation in gardens has resulted in some 
of the most extensive biological invasions (Bigirimana et al. 2018; Holmes et al. 2018).

The effect of propagule pressure on invasibility is also apparent in smaller ur-
ban settlements which can act as launching sites for plant invasions into rural 
(Cilliers et al. 2008) and natural areas (McLean et al. 2017) as they can be more 
numerous in the landscape and share proportionally greater boundaries with their sur-
roundings compared to large cities. Life-history traits such as flower size, fruit size, 
and growth rates have driven the importation of many alien plants into urban areas 
(Aronson et al. 2007). These traits are usually associated with reproductive success and 
allow species to establish and spread into new environments (Moodley et al. 2013).

The captivity and cultivation barrier might also be skipped entirely by alien spe-
cies which are introduced unintentionally by humans (e.g. as a contaminant (stowa-
way) of a commodity) (Blackburn et al. 2011). Owing to an increased number and 
variety of entry methods, urban areas experience multiple accidental introductions 
(Padayachee et al. 2019).

Human intervention improves the survivorship of alien species

Inherent features of the urban landscape could serve to select for species that are able 
to persist under more stressful conditions or rapidly take advantage of the resource-rich 
conditions. For example, higher temperatures associated with urban areas (i.e. urban 
heat island effect) might select for the establishment of alien plants preadapted to 
warmer conditions than the natural environment provides (Sukopp 2004). An intro-
duced population can fail to establish because individuals in the population either fail 
to survive or survive but fail to reproduce (Blackburn et al. 2011). However, human 
intervention can improve the survivorship of alien species by, for example, reducing 
competition by purposefully removing undesirable individuals (lowering biotic resist-
ance), increasing nutrient and water input, or altering soil pH (Gilbert 1989). The 
net result is that a wide range of species experience positive fitness in urban areas that 
would otherwise be unable to complete their life cycles and successfully reproduce.

Below the species’ level, genotypes proving successful in urban areas are selectively 
bred (e.g. for flowering, architecture, foliage and for disease-resistance traits) and are 
widely disseminated through plant exchanges and the horticultural trade (regulated 
and unregulated) (Kowarik 2005; Sæbø et al. 2005; Dehnen-Schmutz et al. 2007), 
the fertile taxa of which have the opportunity to naturalize. Intraspecific hybridization 
and selection can also act to create novel, potentially successful genotypes (Ellstrand 
and Schierenbeck 2000) adapted to the selection pressures of the urban environment.

While the survival barrier in urban areas might be high for some species, the failure 
of individuals or populations to survive is not just a consequence of the environment, 
for subsequent human-mediated introductions of the same species at that location 
could succeed (Blackburn et al. 2011). Thus, propagule pressure can reduce the effec-
tiveness of the survival barrier.
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Urbanization can enhance reproductive success of some alien plants

Urban habitats are highly fragmented, thus reducing the size and increasing the isola-
tion of urban plant populations, resulting in a decline in pollinator services and ul-
timately lowering reproductive success of plants (Dubois and Cheptou 2017). How-
ever, the process of habitat fragmentation generally selects for species with high seed 
production (Cunningham 2000), seed banking capabilities, high dispersal capacity, 
and independence from mutualisms, such as specific pollinators and specialized my-
corrhizae (Huebner et al. 2012). A small proportion of the urban flora will possess 
traits which satisfy these requirements (Aronson et al. 2007; Knapp et al. 2008). 
Together with high levels of propagule pressure and human intervention aimed at 
increasing alien plant survivorship, these species can proliferate within and around 
urban areas (e.g. Alston and Richardson 2006). For example, survivorship can be 
increased by reducing competition and increasing nutrient and water input, enabling 
alien plants to direct more energy to reproduction, greatly increasing the probability 
of forming self-sustaining populations.

While selective breeding or intraspecific hybridization of cultivars can reduce 
invasive potential (Anderson et al. 2006), such domestication efforts can also in-
crease reproductive success (Culley and Hardimann 2008). Selection for desirable 
traits (such as showy appearance) can also inadvertently result in greater fecundity 
(Kitajima et al. 2006). Phenological changes associated with warmer urban conditions 
can result in earlier flowering and seeding and an expansion of the growing season, 
potentially placing alien plants at a reproductive advantage (Huebner et al. 2012).

The complex network of dispersal pathways and vectors in urban areas facilitates 
the movement of some alien plants.

Urban areas comprise a complex network of pathways and vectors that can facilitate plant 
movement within the urban matrix and into surrounding natural areas (Padayachee 
et al. 2017). Alien plants which possess traits suited to effective dispersal either along 
dispersal pathways such as roads and railways (e.g. wind-dispersed Pennisetum seta-
ceum, Rahlao et al. (2010), and Vincetoxicum rossicum, DiTommaso  et  al.  (2018)), 
or via movement of topsoil or garden waste (Hodkinson and Thompson 1997) are 
more likely to proliferate in urban areas. For example, long-distance dispersal by vehi-
cles occurred more frequently for seeds of invasive alien plants than for native species 
(von der Lippe and Kowarik 2007). Moreover, rivers passing through urban areas can 
also promote alien species’ spread (Planty-Tabacchi et al. 2001; Burton et al. 2005).

Alien plant species with fleshy fruits are more likely to expand their range in urban 
environments because of their ability to utilize bird dispersal (Aronson et al. 2007). 
Many alien plants do not possess the appropriate suite of traits required for efficient 
dispersal in urban areas. However, increased propagule pressure in urban areas can en-
able alien species with poor dispersal abilities to overcome urban dispersal barriers (e.g. 
by increasing the likelihood of seed dispersal).
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Urban areas provide environmental conditions favourable for the spread of some 
alien plants

In urban areas, abiotic conditions such as climate, land use, pollution, and nutrient 
loads are dramatically altered through human intervention (Kowarik 2011). Cities pro-
vide a much greater array of diverse habitats and environmental conditions compared 
to natural areas of the same size (Sukopp and Starfinger 1999; Schmidt et al. 2014). 
This high level of heterogeneity means that there are many habitat patches (at differ-
ent levels of disturbance) which can be exploited by alien plant species with different 
ecological demands. For example, roadsides serve as disturbance corridors that provide 
environmental conditions favourable for the establishment of alien plants (von der 
Lippe and Kowarik 2008; El-Barougy et al. 2018).

Habitat fragmentation greatly increases the amount of edge habitat, which can in-
crease the susceptibility of vegetation patches to disturbances (Bar-Massada et al. 2014). 
Increased levels of human-mediated disturbance can increase the number of alien plant 
species in urban areas through the colonization of disturbed or newly created habitats 
(Kowarik 1995). However, high levels of disturbance can also act as a barrier to the 
establishment of some plant species not well adapted to the altered environmental 
conditions. Consequently, some alien taxa might be widespread along roadsides and 
other disturbed areas but struggle to invade natural ecosystems (e.g. Centranthus ruber, 
Holmes et al. 2018), and vice versa.

The influence of management

While the relative importance of the barriers to reproduction, dispersal, and environ-
ment for determining invasion success can be greater in urban areas compared to natu-
ral areas (Table 1), management interventions aimed at strengthening the geographic, 
cultivation and survival barriers can reduce the pool of potentially invasive plant spe-
cies. As an example, the geographic barrier can be strengthened by policies that limit 
the importation of species and increase biosecurity measures. The cultivation barrier 
can be increased by policies that prohibit sale of some species. Finally, the survival bar-
rier can be increased by municipal programs that promote the use of native over alien 
species to reduce the active support of less desirable species through gardening.

Impact classification schemes (EICAT and SEICAT)

A taxon with a high ecological impact in a rural or natural environment will not neces-
sarily have the same impact in an urban environment, or impact at the same spatial 
and temporal scales. Generally, the magnitude of an alien species’ impact (which can 
be highly variable and context-dependent, Ricciardi et al. 2013) is likely to increase 
from population and species to community and ecosystem effects along the invasion 
framework (Pyšek and Richardson 2010). This can occur in both natural and urban 
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ecosystems (Fig. 1), however in urban areas, these impacts can be more complex and 
manifest in different ways (e.g. greater socio-economic impacts). Aside from general 
shortcomings (for example, EICAT does not directly assess how many native species 
are affected; see Kumschick et al. 2020 for further details), the application of the ICAT 
Schemes in urban areas presents additional challenges.

Combining the ICAT Schemes might achieve a more comprehensive assessment of 
the negative ecological and socio-economic impacts from an invasion. Both schemes ex-
plicitly focus on deleterious impacts and do not set out to weigh deleterious against 
beneficial impacts to determine the net value of an introduction of an alien taxon 
(cf. Vimercati et al. 2020). However, an assessment of the positive impacts (benefits) pro-
vided by alien taxa is particularly important in urban areas where many species have been 
deliberately introduced to provide ecosystem services (e.g. for ornamental, horticultural, 
or land reclamation purposes with corresponding social, economic and environmental 
benefits) (Boland and Hanhammer 1999; Salisbury et al. 2015; Potgieter et al. 2017; 
Vaz et al. 2017), and where people have formed close connections with these species over 
time. For example, the invasive Norway maple, Acer platanoides, was commonly planted 
in large Canadian cities, such as Toronto, and is often seen as an iconic Canadian species 
by urban dwellers. So much so that the image of its leaf was mistakenly used on Canada’s 
$20 bill, instead of the native sugar maple, Acer saccharum, that adorns the Canadian flag.

Robust and comparable data on the impacts of most alien species are still lacking, 
and in many cases, uncertainties in impact assessments remain significant (Simberloff 
et al. 2013; Probert et al. 2020). The higher number and diversity of stakeholders in 
urban areas means there is a greater chance of strongly divergent perceptions and opin-
ions regarding the impacts of alien species (Potgieter et al. 2019) – the perception of the 
impact of our example invader in Toronto (Box 1) depends on the degree of ecological 
engagement of the respondent (Livingstone et al. 2018). Complex socio-cultural and 
economic connections to human residents confound impact assessments and subse-
quent management thresholds (Gaertner et al. 2016). As the ICAT Schemes’ classifica-
tions are governed by the best available data, achieving accurate impact classifications 
for specific alien taxa in urban areas can be difficult and expensive (Measey et al. 2020). 
It is also challenging to relate a change in human activity to a specific species because of 
the diversity of alien taxa and high levels of habitat heterogeneity in urban areas.

With ongoing dissemination of alien plant propagules, there are likely to be sig-
nificant time-lags before any impact is realized (Mack et al. 2000). This has knock-on 
effects for impact classification as only published evidence is considered by the ICAT 
Schemes’ assessors, resulting in a potentially lower impact and therefore a lower man-
agement priority being assigned to a species. Additionally, an in-depth review of the 
literature is not likely to comprehensively address all possible impacts (especially so-
cial impacts), which can be highly context-specific and dependent on the stakeholder 
group assessed, for example, wealthy landowners versus marginalized inner-city com-
munities. Effective engagement with all relevant stakeholders is required to ensure a 
comprehensive assessment of all impact scenarios (Novoa et al. 2018).

Urban areas present increased economic and social opportunities for people compared 
to rural or natural areas (Elmqvist et al. 2013). As a result, people’s capabilities and the 
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activities in which they can engage, are enhanced. There is therefore a greater likelihood 
for invasive alien plants to influence people’s capabilities and realized activities, which ulti-
mately affects their well-being. A clear understanding of the ways in which alien (and inva-
sive) species affect biodiversity and ecosystem functioning, and the subsequent changes to 
the provision of ecosystem services (and disservices) is needed if the effects on human well-
being are to be comprehensively assessed (de Groot et al. 2002; Kremen 2005; Haines-
Young and Potschin 2010; Vaz et al. 2017; Vimercati et al. 2020). For example, in Cape 
Town, South Africa, invasion by Australian acacias, Eucalyptus and Pinus species displaces 
native vegetation, increasing the frequency and severity of wildfires, and reducing surface 
water flows (van Wilgen et al. 2012). The resulting loss in biodiversity, risk of damage to 
infrastructure, and decreasing water sources, all significantly impact the safety and well-
being of the city's residents. Invasive alien plants can also sustain or enhance ecosystem 
functioning in their adventive range, for example, by increasing net primary production, 
pollinator support, decomposition rates, and nitrogen cycling (Ehrenfeld 2003; Corbin 
and D’Antonio 2004; Liao et al. 2008; Salisbury et al. 2015). This can lead to the main-
tenance or augmentation of ecosystem services or disservices with implications for human 
well-being (Charles and Dukes 2007; Eviner et al. 2012; Vaz et al. 2017). Empirical evi-
dence evaluating this nexus is emerging but remains scarce in urban areas.

The way forward

With an abundance of invasion frameworks and a growing body of literature exploring 
the many facets of invasions in urban areas, it is important to consider whether current 
invasion frameworks apply to urban systems.

Biological invasions represent a complex societal issue. Consequently, impact assessments 
and subsequent management decisions should include input from a wide range of stake-
holders to elucidate the positive and negative effects of invasive alien plants in urban areas 
(e.g. Potgieter et al. 2019; Vimercati et al. 2020). Transparent and replicable approaches are 
needed to document the different consequences of invasive alien plants for different groups 
of stakeholders. For example, Kumschick et al. (2012) provide a framework for the prioritiza-
tion of invasive alien plants for management according to their impact. It includes both a sci-
entific impact assessment and the evaluation of impact importance by affected stakeholders, 
and accounts for both positive and negative impacts of invasive alien plants (thereby accom-
modating potential conflicts of interest). Potgieter et al. (2018) use multi-criteria decision 
tools to develop a prioritization approach for managing invaded areas across an urban land-
scape. However, more work is needed to test the applicability of such frameworks to urban 
systems around the world and how suitable frameworks will need to be modified accordingly. 
For example, Kumschick et al.’s (2012) proposed ‘impact categories’ will need to be modified 
to address the full spectrum of potential impacts of invasive alien plants in urban areas.

Urban areas have a complex network of dispersal pathways and vectors that 
can facilitate the movement of alien plants. Existing pathway frameworks (e.g. 
Hulme et al. 2008; Wilson et al. 2009) are likely to effectively accommodate urban 
dispersal pathways, though a shift in emphasis on certain dispersal categories will be re-
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quired. For example, horticulture (categorized as ‘cultivation’ sensu Wilson et al. 2009) 
is a prominent urban dispersal mechanism. Yet, more quantitative evidence is needed 
to elucidate the full suite of urban dispersal pathways and vectors.

Urbanization provides insights into how species will respond and interact under 
future global change scenarios (Lahr et al. 2018). So, future frameworks circumscribing 
the invasion process would benefit by including the urban dimension. Viewing invasive 
species’ success and impact as complex and variable in human-dominated landscapes 
will provide managers and policy makers with the necessarily complex frameworks to 
address alien species’ prioritization and control in an increasingly altered world.
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