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Biodiversity in the City: Fundamental
Questions for Understanding the
Ecology of Urban Green Spaces for
Biodiversity Conservation
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As urban areas expand, understanding how ecological processes function in cities has become increasingly important for conserving biodiversity.
Urban green spaces are critical habitats to support biodiversity, but we still have a limited understanding of their ecology and how they function
to conserve biodiversity at local and landscape scales across multiple taxa. Given this limited view, we discuss five key questions that need to be
addressed to advance the ecology of urban green spaces for biodiversity conservation and restoration. Specifically, we discuss the need for research
to understand how green space size, connectedness, and type influence the community, population, and life-history dynamics of multiple taxa in
cities. A research framework based in landscape and metapopulation ecology will allow for a greater understanding of the ecological function of

green spaces and thus allow for planning and management of green spaces to conserve biodiversity and aid in restoration activities.
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Urban areas house the majority of the world’s
population, and there has been a surge in interest in
researching urban ecosystems. For many, urban areas are
sometimes viewed as concrete jungles, with depauperate
fauna and flora dominated by nonnatives and homogenous
taxa across regions. Although such views are understand-
able, in truth, urban areas house a great deal of species both
native and nonnative to the surrounding region (Aronson
et al. 2014, Ives et al. 2016, Lepczyk et al. 2017). In fact,
urban areas can support endemic native species and others
of conservation concern both at regional and global scales
(Aronson et al. 2014, Ives et al. 2016). These species and the
overall diversity in a city rely on the size, quantity, and qual-
ity of urban green spaces (Beninde et al. 2015), which are
also features vital for human health and well-being (Barton
and Pretty 2010). Urban green spaces provide opportunities
for citizens to connect with nature, witness ecological pro-
cesses in action, and potentially become scientifically literate
citizens who make informed decisions regarding conserva-
tion initiatives and policy.

Urban green spaces are often viewed in different lights
because ecologists and other stakeholders have contrasting
opinions on their role in biodiversity conservation and their

value to society. Urban green spaces comprise a range of
habitat types that cross a continuum from intact remnant
patches of native vegetation, brownfields, gardens, and
yards, to essentially terraformed patches of vegetation that
may or may not be representative of native community asso-
ciations (figure 1; Cilliers et al. 2013, Aronson et al. 2017).
These diverse green spaces found in cities also represent a
gradient of economic and management input. Most urban
green spaces represent novel ecosystems (Pickett et al. 2001,
Tratalos et al. 2007), because the magnitude and type of
selection pressures and resultant assemblages differ from
the historical ones present under reduced human influence
(Kowarik 2011). This variability affects the species interac-
tions within green spaces and the ecological function of
green spaces, as well as how green spaces interact to support
biodiversity.

As cities expand, urban park managers and ecologists
often invest much effort in increasing urban green space
through innovative methods and preserving and restoring
remnant habitats. The motivations for these actions stem
from a perception that all green spaces have biodiversity
value. This perception seems intuitive given the strong
associations between urban green space and the occurrence
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Figure 1. The variety of urban green spaces supports different taxa on the basis of patch size, patch quality, quantity in

the landscape, and heterogeneity both within and among green spaces. Urban green spaces include heavily maintained
terraformed patches, such as plantings in the city core (I, Pocket park, Incheon, South Korea), green roofs (11, Green Roof
at the Mountain Equipment Co-op, Toronto, Canada), bioswales (V1, Private Residence, Hachioji, Tokyo, Japan), and
community gardens (VII, Bloor-Acorn Community Garden, Toronto, Canada); spaces that include both managed and
unmanaged vegetation, such as city parks (111, Taylor Massey Creek, Toronto, Canada) and home gardens (V, Private
Residence, Guelph, Canada); unmanaged vacant lots and brown fields (IV, Abandoned lot, Morelia, Mexico); and remnant
natural areas (VIII, York University, Toronto, Canada). Base map: Toronto, Canada. Urban green spaces throughout the
city could be designed to form a network of interconnected spaces to better support biodiversity. Photo Credits: Myla F.].
Aronson (1), J. Scott Maclvor (II-111, V-VIII), Ian MacGregor Fors (IV).

of wildlife (Aronson etal. 2014). However, evidence drawn
from ecological theory and empirical data suggests that not
all green spaces have equal value. In some cases, urban green
spaces provide only limited biodiversity benefits, although
the evidence base with which to assess the benefits of dif-
ferent forms of urban environmental management is often
limited (Beninde etal. 2015). Thus, designing management
and restoration plans or advocating for habitat features
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in urban green spaces often does not make full use of the
science that is available, even though that science is itself
limited. Identifying the ecological role and conservation
value provided by different types of urban green spaces is of
particular importance given the continued growth of urban
areas, the development of new cities, and the promotion of
certain types of green spaces (e.g., community gardens, bio-
swales, and green roofs; box 1).
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hat is the role of green roofs in conserving urban biodiversity?

Green roofs (figure 2) are an increasingly common form of urban green space in cities and often touted as promoting landscape con-
nectivity. Despite considerable attention paid to the social well-being and economic performance benefits provided by green roofs
(Oberndorfer et al. 2007, Clark et al. 2008), there remain considerable gaps in knowledge as to how green roofs can contribute to urban
biodiversity conservation (Williams NSG et al. 2014). Numerous taxa have been identified from surveys on green roofs (Brenneisen
2006, Maclvor and Lundholm 2011), but few studies have examined the role of landscape complexity and connectivity of green roofs to
other urban green spaces in framing the species diversity observed (Toneitto et al. 2011, Braaker et al. 2014). Because green roofs have
only recently been recognized by ecologists as opportunities to contribute to urban wildlife, no studies have yet assessed population
dynamics or persistence over more than 3 years (Williams et al. 2014). The size, height, and design (e.g., substrate, planting, irrigation,
and maintenance) all contribute to the types and numbers of species frequenting green roofs. However, there remains little evidence of
any general trends other than ground-level habitats supporting more variety of taxa (MacIvor and Lundholm 2011).

For highly mobile insect species such as bees and weevils, the number of green roofs within an area increases their connectedness as a
habitat type (Braaker et al. 2014). Still, with increasing building height, any taxa able to reach the top of a building could have difficulty
getting down. Moreover, green roofs on taller buildings experience increased exposure to wind and solar radiation, further limiting
their value as habitat. For example, bats were shown to use green roofs as foraging areas in London, United Kingdom, preferring low-
rise buildings with “biodiverse” plantings (Pearce and Walters 2012). Thus, green roofs that are small and isolated from ground level
may result in the creation of urban green space devoid of biodiversity, or worse, as ecological traps attracting local taxa to a difficult
environment (Maclvor 2016).

Figure 2. Green roofs are an increasingly prevalent type of urban green spaces within cities throughout the world, but
their ability to support multiple taxa and connect with other green spaces is largely unstudied. Photo Credit: Max R.
Piana of a green roof at Cornell University (Ithaca, NY).

Given the desire of many ecologists and urban managers
to enhance the value of urban green spaces for biodiversity
conservation, our main goal is to identify key questions that
need to be addressed to develop a more robust knowledge
base for understanding what factors are important for sup-
porting biodiversity in urban green spaces. We seek to iden-
tify not all the outstanding questions but rather those that
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are among the most important and for which current knowl-
edge regarding the ecological function of urban green spaces
for biodiversity is particularly limited. We build on earlier
species-specific syntheses (e.g. birds; McKinney 2002, Chace
and Walsh 2006), and our questions are focused on those
most applicable to urban green spaces planning and design.
Although conserving biodiversity is an interdisciplinary

September 2017/ Vol. 67 No. 9 « BioScience 801



Overview Articles

problem, our focus here is only the ecological questions,
with the socioeconomic and management connections con-
sidered in a companion paper (Aronson et al. 2017).

To address the knowledge gaps of the ecology of green
spaces, we use a landscape ecology framework. Because of
the inherent patchiness of cities, which causes urban green
spaces to be often small and isolated, island biogeography
emerged as an early framework for understanding patterns
of urban biodiversity (Davis and Glick 1978, Faeth and
Kane 1978). This island-biogeography perspective has largely
been replaced with metapopulation theory, in which urban
green spaces fall within a landscape patch-matrix framework
(Breuste et al. 2008, Wu 2008), because patch size, quality,
pattern, and connectedness have been shown to be impor-
tant for various taxa (Evans et al. 2009, Goddard et al. 2010,
Williams and Winfree 2013, Beninde et al. 2015). Although
the relative importance of local- versus larger-scale variables
in influencing urban biodiversity remains an area of debate
and will vary with the scale dependencies of different taxa
(Goddard et al. 2010), the weight of evidence suggests that
local factors, especially patch size and quality, are paramount
(Donnelly and Marzluff 2004, Evans et al. 2009, Lerman and
Warren 2011, Shwartz et al. 2013, Williams and Winfree
2013). Nevertheless, the importance of landscape context
in determining species richness has been demonstrated
for multiple taxa as well (Prevedello and Vieira 2010). As a
result, landscape ecology provides the theory and tools of
a multiscale spatially explicit perspective that is needed in
urban green space ecology. Notably, although a landscape
ecology and metapopulation perspective provides a needed
framework, fully addressing the questions posed here also
requires continued studies on species life history and species
responses to both local and landscape factors.

Question 1: How large must an urban green space
be for biodiversity conservation?

Urban green spaces are characterized by highly fragmented,
small, and isolated patches of green space, as has been exem-
plified by the United Kingdom, where only 13% of urban
tree (or woody vegetation) cover occurs in patches larger
than 0.25 hectare (Evans et al. 2009). The positive effect
of urban green space area within a city on species richness
has been well documented for a range of taxa (Goddard
et al. 2010), and it is now well established that the amount
of urban green space in cities is an important determinant
of biodiversity (Aronson et al. 2014, Beninde et al. 2015).
However, much remains unknown about how large individ-
ual patch sizes need to be, and evidence suggests that patch
size and quality are important factors driving both plant and
animal populations in cities (Evans et al. 2009, Shwartz et al.
2013, Williams and Winfree 2013, Matthies et al. 2017). For
example, studies on birds have suggested that 10-35 hect-
ares of continuous green space are required to support most
urbanized species (Fernandez-Juricic and Jokiméki 2001,
Chamberlain et al. 2007; i.e., species that today would be
considered utilizers and dwellers, sensu Fischer et al. 2015),
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with forest bird species (avoiders) requiring larger areas
(Donnelly and Marzluff 2004). However, most city parks fall
considerably below this size range (Jokiméaki 1999), and even
small urban green spaces can support biodiversity depend-
ing on their habitat quality (Holtman et al. 2017, Matthies
et al. 2017). Modeling studies predict that adding just a
small amount of additional green space (150 square meters)
to small neighborhood parks will considerably increase bird
species richness (Strohbach et al. 2013). However, there is
very little understanding of thresholds in patch size for other
animal groups or plants, which makes conserving biodiver-
sity as a whole challenging because different taxa operate at
different scales.

Another challenge regarding assessment of the impacts
of patch size on biodiversity relates to defining green space
patches with reference to their borders with hard surfaces
and the composition of the urban matrix. The ability of
green space to support biodiversity can be moderated by
urban intensity and structure (Matthies et al. 2017, Melliger
et al. 2017). For instance, green spaces in the city core may
not support the same species numbers as comparable green
spaces in a suburban matrix (Carbé-Ramirez and Zuria
2011). Clearly, a better understanding of patch size and of
the extent of the overall network of patches of multiple taxa
is required to better inform conservation initiatives.

Question 2: How are animal population sizes limited
by green spaces during their life cycle?

Animal species often require a variety of habitat types that
provide the full spectrum of resource requirements for their
life cycle. A variety of green spaces may provide an impor-
tant component of these requirements. As a result, under-
standing how green spaces serve as habitat and, in turn,
how such habitat influences population size is of particular
importance. But we have a limited understanding of how
green spaces are used for such important activities as forag-
ing and reproduction. Therefore, although it is clear that
many species require access to multiple resources in urban
ecosystems, we have a poor understanding of which factors
limit population size.

One of the first considerations of how green spaces may
limit population size is the degree to which a species requires
different habitat types within an urban area and whether
these can be met within a single green space or not. For
instance, a less mobile species might acquire all required
resources within a single patch, whereas others must move
across larger areas, such as some bee species that forage for
food and nesting resources within and around a fixed nest-
ing site that may include several independent urban green
space patches (McFrederick and Lebuhn 2006). Whether or
not a species requires a variety of different habitats within or
beyond the green spaces, it is critical to identify such factors
in terms of how they regulate the urban population size of
species, because they may well change spatially and tempo-
rally depending on both environmental and anthropogenic
conditions.
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In addition to size and proximity, it is vital to understand
how the specific habitat features present within green spaces
support individuals during different life stages, highlighting
the need for model validations and experimental work in
cities. For example, most urban pollinator studies have con-
cluded that rich floral resources exist in urban green spaces
and are linked to diverse bee communities (Lowenstein
et al. 2014). Although research exists on the factors limit-
ing populations for many migratory species, such as the
combination of loss of wintering habitat and the destruction
of larval plants for monarch butterflies (Vidal et al. 2014),
understanding which life stages limit urban populations is
far from complete.

Question 3: How does heterogeneity within and
across green spaces affect plant and animal
assemblages?

On one hand, because many species require access to dif-
ferent habitats either simultaneously or in different seasons
or stages of their life cycle, a positive relationship between
urban habitat heterogeneity and diverse assemblages can
occur. On the other hand, habitat heterogeneity can enable
a diverse assemblage of habitat specialists to coexist, but
only if the patch size of each individual habitat is sufficiently
large to support viable populations of habitat specialists.
Consequently, the beneficial impact of habitat heterogeneity
on assemblage diversity is likely to be a nonlinear function
of total patch size. However, empirical assessments of such
relationships are lacking and needed.

To maximize ecological functioning in urban landscapes,
we need to consider how the networks of different green-
space types interact with each other at multiple spatial
scales (Borgstrom et al. 2006, Colding 2007). At the land-
scape scale, the heterogeneity of green spaces within urban
areas increases plant species diversity (Kowarik 2011), and
the presence of diverse resources across green space types
explains the presence of diverse animal communities (e.g.,
pollinators; Baldock et al. 2015). At the local scale, habitat
heterogeneity within green spaces increases the species rich-
ness of multiple taxa (Nielsen et al. 2014), whereas vegeta-
tion structure and complexity enhance the diversity of urban
forest bird communities (Kang et al. 2015). However, more
research is required regarding how species richness, popula-
tion size, and viability respond to heterogeneity across green
spaces. In reality, most species, especially the more special-
ized ones that are rare in urban environments, cannot use
all the habitats present within a single block of green space.

Question 4: How connected should green spaces be
to support biodiversity?

Wildlife corridors are now a prominent feature of urban
planning and appear to be a useful tool for enhancing biodi-
versity in urban green spaces (Vergnes et al. 2013). However,
the question still remains whether or not corridors provide
functional landscape connectivity and, ultimately, improve
population viability (Douglas and Sadler 2011). The patchy
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nature of urban green spaces makes them ideally suited for
understanding population dynamics from a metapopulation
perspective (e.g., Bastin and Thomas 1999, Dornier et al.
2011). A growing body of evidence has shown that landscape
connectivity enhances biodiversity in fragmented urban
habitats (e.g., Shanahan et al. 2011). Landscape genetic
techniques have confirmed that connectivity can increase
gene flow between urban green spaces (Munshi-South
2012, Saarikivi et al. 2013) and that fragmentation reduces
genetic connectivity between isolated urban habitat patches
(Delaney et al. 2010, Jha and Kremen 2013). Thus, networks
of urban green spaces may provide corridors through the
urban matrix, and when plentiful and within close proxim-
ity to each other, they have the potential to lessen the risk of
sink habitats in urban areas. In fact, models of networks sug-
gest that even small patches within a city have the potential
to connect populations of highly mobile and small animals
(e.g., butterflies) with source habitat in the periurban area
(Rudd et al. 2002, Snep et al. 2006). However, empirical
studies within urban green spaces that validate these models
are lacking.

One key unknown regarding how to enhance connectiv-
ity is the relative merits of corridors, which form continuous
connections between habitats, versus the role of stepping
stones that may enhance connectivity using less land than
corridors use. Recent evidence suggests that corridors may
be more effective than stepping-stone habitats for multiple
taxa (Beninde et al. 2015), but these results were based on
only two cities. Proponents of maintaining and adding small
green spaces to the urban landscape state that they help to
maintain the connectivity of isolated populations. Network
analyses have confirmed this potential (e.g., Rudd et al.
2002), but the magnitude of small fragments’ contribution
to connectivity will depend on the characteristics of the
patch and focal biota. Furthermore, stepping-stone habitats
offer an opportunity to increase connectivity if they offer
additional pathways (path redundancy) through the matrix,
which are important for mobile organisms such as birds and
insects.

Corridors may enhance plant and animal biodiversity,
as has been shown in forest ecosystems (Tewksbury et al.
2002). Narrow linear patches of green space can enhance
connectivity; for example, the 40-meter-wide Long Island
Motor Parkway increases gene flow between white-footed
mouse (Peromyscus leucopus) populations in New York City,
although other apparently similar corridors do not (Munshi-
South 2012). Translocation experiments demonstrate that
habitat type and the number of gaps influences the ability
of forest birds to cross gaps in urban areas, but there is con-
siderable variation within and between species to dispersal
barriers (Tremblay and St. Clair 2011).

Directly measuring species dispersal in ecological net-
works (e.g., using mark-recapture methods) remains a
challenge (Jacobson and Peres-Neto 2010), but radio track-
ing and translocation studies are now emerging that quan-
tify species movement in urban landscapes (Gaughan and
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Destefano 2005, Tremblay and St. Clair 2011, Caryl et al.
2013). It is increasingly apparent that the permeability of
urban landscapes is taxon dependent, and more research
is required into how different types of urban green space
influence dispersal across a wide range of taxa. Moreover,
to assess accurately whether habitat connectivity improves
population viability in urban green spaces, we need more
experimental studies that collect data on demographic
parameters (Beier and Noss 1998).

Question 5: When are green spaces more likely to
act as ecological traps or population sinks?

An ecological trap exists when an animal selects low-quality
habitat over other available higher-quality habitat such that
their resulting reproduction and survival rates are unable
to sustain a population (Donovan and Thompson 2001). In
other words, an ecological trap is a sink habitat that is pre-
ferred rather than avoided (Battin 2004), which is why they
are sometimes called an attractive sink (Delibes et al. 2001).
Within urban ecosystems and human-dominated land-
scapes, ecological traps arise when anthropogenic change
means that previously adaptive cues used in habitat-selec-
tion results in individuals selecting habitats in which fitness
is reduced relative to alternative habitat-selection decisions.
Modeling ecological traps in an evolutionary genetic frame-
work indicates that they are more likely to lead to popula-
tion extinction when traps arise through degradation of
existing habitat (Fletcher et al. 2012). Such degradation,
rather than the creation of entirely new habitats, frequently
occurs in urban areas. Novel features that dominate urban
areas, such as buildings, roads, and light pollution, create
ecological traps for a wide variety of taxa (Robertson et al.
2013). Ecological traps are thus likely to be contributors to
the local extirpation of urban populations of fauna and flora,
but evidence concerning how and when urban green space
generates ecological traps—and whether or not they are
just simply sinks—is limited and contrasting. One notable
example of this concerns the role of urban habitats in gen-
erating ecological traps for breeding songbirds by increasing
nest predation rates (Bonnington et al. 2015).

Similar to ecological traps, sink habitats are those that
have negative population growth (i.e., A < 1) but differ in that
they are avoided by animals until all higher-quality habitats
have been filled first (Pulliam 1988, Battin 2004). Claims
that traps and sinks occur in urban areas across a wide range
of taxonomic groups strongly contradict the perception
that all urban green spaces have conservation value. Rather,
urban green spaces may have a suite of conservation values,
which can include both traps and sinks. Although popula-
tion growth is negative within traps and sinks, they still
have some reproductive output and could be the only place
in an urban area that less-fit individuals are able to breed,
thereby providing conservation value. However, distinguish-
ing whether specific types of urban green spaces are being
chosen (trap) or avoided (sink) is of critical importance
for determining their conservation value. Ultimately, the
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probability of such traps and sinks occurring depends on the
focal species’ dispersal mechanism, its population density, its
life history, and qualities of the urban green space, including
spatial configuration.

Urban source-sink dynamics are perhaps most frequently
discussed with regard to birds. Only a minority of avian
species have population densities in urban areas that are
higher than or equivalent to those in less-developed regions
(Evans et al. 2011), although this does not by itself pro-
vide evidence for an urban-sink population. Some species
also have poorer reproductive success in highly urbanized
areas (Mennechez and Clergeau 2006, Chamberlain et al.
2009), and in some cases, their populations are sustained
by dispersal from distant nonurban regions (Withey and
Marzluff 2005). These data strongly suggest that urban green
spaces could act as sinks, although data on survival rates
are rarely available to facilitate a robust assessment (Stracey
and Robinson 2012, Shipley et al. 2013). Turning to other
taxa, storm-water basins designed to reduce the impacts
of urban runoff almost invariably contain fish and thus act
as a sink for numerous amphibian species in their larval
stages (McCarthy and Lathrop 2011). Likewise, artificial
light in urban areas can act as ecological traps for urban
moth species (Bates et al. 2014). There is clearly evidence
that urban green spaces can generate ecological traps and
sinks, but well-documented empirical examples are surpris-
ingly rare—although see Crooks and Soulés (1999) work
on mesopredator release. Insufficient evidence exists to
enable firm conclusions to be made regarding when traps
and sinks arise, although they seem more likely to do so
in degraded and highly fragmented patches surrounded by
an intensely urbanized matrix. Furthermore, attempts to
increase the attractiveness of such sites to wildlife may draw
individuals to relatively low-quality habitats, thus creating
ecological traps. Indeed, ecological restoration appears to
be one of the three most frequent causes of ecological traps
(Robertson et al. 2013). More work is needed to understand
the mechanisms that lead to ecological traps and sinks and
the interventions necessary to make these green spaces more
biodiversity friendly.

Implications for conservation, management, and
restoration
The five questions posed here all have direct links to con-
servation, management, and restoration. Answering these
questions can aid in how urban green spaces are managed,
planned, and designed. Furthermore, by drilling down into
each question we can seek more nuanced answers. For exam-
ple, how does habitat quality of a green space vary depend-
ing on the composition of native, nonnative, and invasive
species? Given that nonnative species can play important
roles in green spaces, distinguishing their roles relative to
native and invasive species can be important.

Although the five questions relate to biodiversity, it is
important to keep in mind the various definitions of bio-
diversity and how they are used in a given context. For
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instance, in many biodiversity assessments, only overall
species richness is considered. However, considering only
species richness can lead to areas with a large number of
nonnative and invasive species achieving a greater biodi-
versity value than an equally representative area devoid of
such species. Therefore, what type of biodiversity and how
it is being measured must be considered when addressing
them—and, ultimately, when those assessments are then
applied.

As we have discussed elsewhere (Aronson et al. 2017),
conserving, designing, and managing urban green spaces
require balancing human perceptions, needs, and use with
ecological requirements for preserving and enhancing biodi-
versity. Thus, within a full socioecological-systems perspec-
tive, it is important to consider both the ecological questions
presented here and what they mean for society concomi-
tantly. Furthermore, there are many additional sociologically
based questions that dovetail with our ecological questions
that are in need of addressing, such as how biodiversity
benefits human health and well-being and what the relation-
ships are between biodiversity and ecosystem services.

Conclusions

The principles of landscape ecology are a central tenet of
the urban green infrastructure movement to establish net-
works of interconnected urban green spaces. Urban green
infrastructure is rising on the agenda for policymakers at
national (POST 2013) and continental scales (European
Commission 2013), despite the fact that the effectiveness of
green infrastructure projects is rarely evaluated (Felson et al.
2013). Furthermore, the geographic bias in the Northern
Hemisphere and the taxonomic bias primarily on birds and
some mammals limit the successful application of ecologi-
cal research to urban green space planning. We suggest that
research on the ecology of urban green spaces should focus
in particular on the response of multiple taxa to landscape
and local-scale factors. In addition, globally comparative
analyses are necessary to aid in conservation, restoration,
and urban planning.

As we decide how best to expand growing cities, rede-
velop those experiencing population redistributions (e.g.,
gentrification), and rethink those declining in size, ecolo-
gists are increasingly urging urban planners to gauge the
impacts of development and vacant land conversion on
biodiversity at the city or regional scales (Sushinsky et al.
2013, Gardiner et al. 2014). The relationship between urban
form and ecological processes is not straightforward (Alberti
2005), and the consensus from spatial simulation models is
that there is often no single optimal solution when examin-
ing how different taxa respond to alternative urban land-
scape configuration scenarios (Tannier et al. 2012). Here, we
have identified five key questions for a research framework
in urban green space ecology that need to be considered as
we move forward. By no means are these the only questions
in need of attention, given that green spaces are critical and
many other questions need to be addressed. However, we
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hope that these questions foster a broader discussion of the
value of urban green spaces and ecology as a whole, as well
as to provide managers with more useful information.

Acknowledgments

We thank the participants and speakers of the 26th
International Congress for Conservation Biology sym-
posium, entitled “The Role of Urban Green Spaces in
Maintaining Biodiversity and Ecosystem,” for shaping the
ideas that led to the development of the main questions
presented here. In addition, we would like to thank Roarke
Donnelly, the two anonymous reviewers, and the han-
dling editor, who all provided valuable critiques on the
draft manuscript. This work was supported in part by the
National Science Foundation (NSF; Research Coordination
Networks, Division of Environmental Biology [DEB] no.
1354676 and no. 1355151; NSF Science, Engineering, and
Education for Sustainability, DEB no. 1215859). KLE was
funded by grant NE/J015369/1 from the Biodiversity and
Ecosystem Service Sustainability (BESS) programme. BESS
is a six year program (2011- 2017) funded by the UK
Natural Environment Research Council (NERC) and the
Biotechnology and Biological Research Council (BBSRC) as
part of the UK’s Living with Environmental Change (LWEC)
programme.

References cited

Alberti M. 2005. The effects of urban patterns on ecosystem function.
International Regional Science Review 28: 168-192.

Aronson MF]J, et al. 2014. A global analysis of the impacts of urbaniza-
tion on bird and plant diversity reveals key anthropogenic drivers.
Proceedings of Royal Society B 281 (art. 20133330).

Aronson MFJ, Lepczyk CA, Evans KL, Goddard MA, Lerman SB, Maclvor
JS, Nilon CH, Vargo T. 2017. Biodiversity in the city: Key challenges
for urban green space management. Frontiers in Ecology and the
Environment 15: 189-196.

Baldock KCR, et al. 2015. Where is the UK’s pollinator biodiversity? The
importance of urban areas for flower-visiting insects. Proceedings of
Royal Society B 282 (art. 20142849). doi:10.1098/rspb.2014.2849

Barton J, Pretty J. 2010. What is the best dose of nature and green exercise
for improving mental health? A multi-study analysis. Environmental
Science and Technology 44: 3947-3955.

Bastin L, Thomas CD. 1999. The distribution of plant species in urban
vegetation fragments. Landscape Ecology 14: 493-507.

Bates AJ, et al. 2014. Garden and landscape-scale correlates of moths of
differing conservation status: Significant effects of urbanization and
habitat diversity. PLOS ONE 9 (art. e86925).

Battin J. 2004. When good animals love bad habitats: Ecological traps and
the conservation of animal populations. Conservation Biology 18:
1482-1491.

Beier P, Noss RE 1998. Do habitat corridors provide connectivity?
Conservation Biology 12: 1241-1252.

Beninde J, Veith M, Hochkirch A. 2015. Biodiversity in cities needs space: A
meta-analysis of factors determining intra-urban biodiversity variation.
Ecology Letters 18: 581-592.

Bonnington C, Gaston KJ, Evans KL. 2015. Ecological traps and behavioural
adjustments of urban songbirds to fine-scale spatial variation in preda-
tor activity. Animal Conservation 18: 529-538.

Borgstrom ST, Elmqvist T, Angelstam P, Alfsen-Norodom C. 2006. Scale
mismatches in management of urban landscapes. Ecology and Society
11 (art. 16).

September 2017 / Vol. 67 No. 9 « BioScience 805



Overview Articles c—

Braaker S, Ghazoul J, Obrist MK, Moretti M. 2014. Habitat connectivity
shapes urban arthropod communities: The key role of green roofs.
Ecology 95: 1010-1021.

Brenneisen S. 2006. Space for urban wildlife: Designing green roofs as habi-
tats in Switzerland. Urban Habitats 4: 27-36.

Breuste J, Niemeld J, Snep R. 2008. Applying landscape ecological principles
in urban environments. Landscape Ecology 23: 1139-1142.

Carbo-Ramirez P, Zuria I. 2011. The value of small urban greenspaces for
birds in a Mexican city. Landscape and Urban Planning 100: 213-222.

Caryl FM, Thomson K, Ree R. 2013. Permeability of the urban matrix
to arboreal gliding mammals: Sugar gliders in Melbourne, Australia.
Austral Ecology 38: 609-616.

Chace JE Walsh JJ. 2006. Urban effects on native avifauna: A review.
Landscape and Urban Planning 74: 46-69.

Chamberlain DE, Gough S, Vaughan H, Vickery JA, Appleton GF. 2007.
Determinants of bird species richness in public green spaces. Bird Study
54: 87-97.

Chamberlain DE, Cannon AR, Toms MP, Leech DI, Hatchwell BJ, Gaston
KJ. 2009. Avian productivity in urban landscapes: A review and meta-
analysis. Ibis 151: 1-18.

Cilliers S, Cilliers ], Lubbe R, Siebert S. 2013. Ecosystem services of urban
green spaces in African countries: Perspectives and challenges. Urban
Ecosystems 16: 681-702.

Clark C, Adriaens P, Talbot FB. 2008. Green roof valuation: A probabilistic
economic analysis of environmental benefits. Environmental Science
and Technology 42: 2155-2161.

Colding J. 2007. “Ecological land-use complementation” for building resil-
ience in urban ecosystems. Landscape and Urban Planning 81: 46-55.

Crooks KR, Soulé ME. 1999. Mesopredator release and avifaunal extinc-
tions in a fragmented system. Nature 400: 563-566.

Davis AM, Glick TFE. 1978. Urban ecosystems and island biogeography.
Environmental Conservation 5: 299-304.

Delaney KS, Riley SPD, Fisher RN. 2010. A rapid, strong, and convergent
genetic response to urban habitat fragmentation in four divergent and
widespread vertebrates. PLOS ONE 5 (art. €12767). doi:10.1371/journal.
pone.0012767

Delibes M, Gaona P, Ferreras P. 2001. Effects of an attractive sink leading
into maladaptive habitat selection. American Naturalist 158: 277-285.

Donnelly R, Marzluff JM. 2004. Importance of reserve size and landscape
context to urban bird conservation. Conservation Biology 18: 733-745.

Donovan TM, Thompson FR III. 2001. Modeling the ecological trap
hypothesis: A habitat and demographic analysis for migrant songbirds.
Ecological Applications 11: 871-882.

Dornier A, Pons V, Cheptou P-O. 2011. Colonization and extinction
dynamics of an annual plant metapopulation in an urban environment.
Oikos 120: 1240-1246.

Douglas I, Sadler JP. 2011. Urban wildlife corridors: Conduits for move-
ment or linear habitat? Pages 274-288 in Douglas I, Goode D, Houck
M, Wang R, eds. Routledge Handbook of Urban Ecology. Routledge.

European Commission. 2013. Communication from the Commission
to the European Parliament, the Council, the European Economic
and Social Committee and Committee of the Regions: Green
Infratructure (GI); Enhancing Europe’s Natural Capital. European
Commission. (20 July 2015; http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=celex%3A52013DC0249)

Evans KL, Newson SE, Gaston KJ. 2009. Habitat influences on urban avian
assemblages. Ibis 151: 19-39.

Evans KL, Chamberlain DE, Hatchwell BJ, Gregory RD, Gaston KJ. 2011.
What makes an urban bird? Global Change Biology 17: 32-44.

Faeth SH and Kane TC. 1978. Urban biogeography: City parks as islands for
Diptera and Coleoptera. Oecologia 32: 127-133.

Felson, AJ, Oldfield, EE, Bradford MA. 2013. Involving ecologists in shaping
large-scale green infrastructure projects. BioScience 63: 882-890.

Fernandez-Juricic E, Jokimaki J. 2001. A habitat island approach to conserv-
ing birds in urban landscapes: Case studies from southern and northern
Europe. Biodiversity Conservation 10: 2023-2043.

806 BioScience « September 2017/ Vol. 67 No. 9

Fischer JD, Schneider SC, Ahlers AA, Miller JR. 2015. Categorizing wildlife
responses to urbanization and conservation implications of terminol-
ogy. Conservation Biology 29: 1246-1248.

Fletcher R], Orrock JL, Robertson BA. 2012. How the type of anthropogenic
change alters the consequences of ecological traps. Proceedings of the
Royal Society B 279: 2546-2552.

Gardiner MM, Prajzner SP, Burkman CE, Albro S, Grewal PS. 2014. Vacant
land conversion to community gardens: Influences on generalist arthro-
pod predators and biocontrol services in urban greenspaces. Urban
Ecosystems 17: 101-122.

Gaughan C, Destefano S. 2005. Movement patterns of rural and sub-
urban white-tailed deer in Massachusetts. Urban Ecosystems 8:
191-202.

Goddard MA, Dougill AJ, Benton TG. 2010. Scaling up from gardens:
Biodiversity conservation in urban environments. Trends in Ecology
and Evolution 25: 90-98.

Holtmann L, Philipp K, Becke C, Fartmann T. 2017. Effects of habitat and
landscape quality on amphibian assemblages of urban stormwater
ponds. Urban Ecosystems. doi:10.1007/s11252-017-0677-y

Ives CD, et al. 2016. Cities are hotspots for threatened species. Global
Ecology and Biogeography 25: 117-126.

Jacobson B, Peres-Neto P. 2010. Quantifying and disentangling dispersal in
metacommunities: How close have we come? How far is there to go?
Landscape Ecology 25: 495-507.

Jha S, Kremen C. 2013. Urban land use limits regional bumble bee gene
flow. Molecular Ecology 22: 2483-2495.

Jokimaki J. 1999. Occurrence of breeding bird species in urban parks:
Effects of park structure and broad-scale variables. Urban Ecosystems
3:21-34.

Kang W, Minor ES, Park CR, Lee D. 2015. Effects of habitat structure,
human disturbance, and habitat connectivity on urban forest bird com-
munities. Urban Ecosystems 18: 857-870.

Kowarik I. 2011. Novel urban ecosystems, biodiversity, and conservation.
Environmental Pollution 159: 1974-1983.

Lepczyk CA, La Sorte F, Aronson M, Goddard M, MacGregor-Fors I, Nilon
C, Warren P. 2017. Global patterns and drivers of urban birds. Pages
13-33 in Murgui E, Hedblom M, eds. Ecology and Conservation of
Birds in Urban Environments. Springer.

Lerman SB, Warren PS. 2011. The conservation value of residential yards:
Linking birds and people. Ecological Applications 21: 1327-1339.

Lowenstein DM, Matteson KC, Xiao I, Silva AM, Minor ES. 2014. Humans,
bees, and pollination services in the city: The case of Chicago, IL (USA).
Biodiversity Conservation 23: 2857-2874.

Maclvor JS. 2016. Building height matters: Nesting activity of bees and
wasps on vegetated roofs. Israel Journal of Ecology and Evolution 1-2:
88-96.

Maclvor JS, Lundholm J. 2011. Insect species composition and diversity
on intensive green roofs and adjacent level-ground habitats. Urban
Ecosystems 14: 225-241.

Matthies SA, Riiter S, Schaarschmidt F, Prasse R. 2017. Determinants of
species richness within and across taxonomic groups in urban green
spaces. Urban Ecosystems. doi:10.1007/s11252-017-0642-9

McCarthy K, Lathrop RG. 2011. Stormwater basins of the New Jersey
coastal plain: Subsidies or sinks for frogs and toads? Urban Ecosystems
14: 395-413.

McFrederick QS, LeBuhn, G. 2006. Are urban parks refuges for bumble
bees Bombus spp. (Hymenoptera: Apidae)? Biological Conservation
129: 372-382.

McKinney ML. 2002. Urbanization, biodiversity, and conservation.
BioScience 52: 883-890.

Melliger RL, Rusterholz HP, Baur, B. 2017. Habitat- and matrix-related
differences in species diversity and trait richness of vascular plants,
Orthoptera and Lepidoptera in an urban landscape. Urban Ecosystems.
doi:10.1007/s11252-017-0662-5

Mennechez G, Clergeau P. 2006. Effect of urbanisation on habitat general-
ists: Starlings not so flexible? Acta Oecologica 30: 182-191.

https://academic.oup.com/bioscience



Munshi-South J. 2012. Urban landscape genetics: Canopy cover predicts
gene flow between white-footed mouse (Peromyscus leucopus) popula-
tions in New York City. Molecular Ecology 21: 1360-1378.

Nielsen AB, van den Bosch M, Maruthaveeran S, van den Bosch CK. 2014.
Species richness in urban parks and its drivers: A review of empirical
evidence. Urban Ecosystems 17: 305-327.

Oberndorfer E, Lundholm J, Bass B, Coffman RR, Doshi H, Dunnett N,
Gaffin S, Koéhler M, Liu KKY, Rowe B. 2007. Green roofs as urban
ecosystems: Ecological structures, functions, and services. BioScience
57:823-833.

Pearce H, Walters CL. 2012. Do green roofs provide habitat for bats in urban
areas? Acta Chiropterologica 14: 469-478.

Pickett STA, et al. 2001. Ecological, physical, and socioeconomic components of
metropolitan areas. Annual Review of Ecology and Systematics 32: 127-157.

[POST] UK Parliamentary Office of Science and Technology. 2013.
Urban Green Infrastructure: POST. POSTnote no. 448. (20 June 2015;
www.parliament.uk/business/publications/research/briefing-papers/
POST-PN-448/urban-green-infrastructure)

Prevedello JA, Vieira MV. 2010. Does the type of matrix matter? A quan-
titative review of the evidence. Biodiversity and Conservation 19:
1205-1223.

Pulliam HR. 1988. Sources, sinks, and population regulation. American
Naturalist 132: 652-661.

Robertson BA, Rehage JS, Sih A. 2013. Ecological novelty and the emer-
gence of evolutionary traps. Trends in Ecology and Evolution 28:
552-560.

Rudd H, Vala ], Schaefer V. 2002. Importance of backyard habitat in a com-
prehensive biodiversity conservation strategy: A connectivity analysis of
urban green spaces. Restoration Ecology 10: 368-375.

Saarikivi J, Knopp T, Granroth A, Merild J. 2013. The role of golf courses
in maintaining genetic connectivity between common frog (Rana tem-
poraria) populations in an urban setting. Conservation Genetics 14:
1057-1064.

Shanahan DE, Miller C, Possingham HP, Fuller RA. 2011. The influence of
patch area and connectivity on avian communities in urban revegeta-
tion. Biological Conservation 144: 722-729.

Shipley AA, Murphy MT, Elzinga AH. 2013. Residential edges as ecological
traps: Postfledging survival of a ground-nesting passerine in a forested
urban park. Auk 130: 501-511.

Shwartz A, Muratet A, Simon, L, Julliard L. 2013. Local and management
variables outweigh landscape effects in enhancing the diversity of dif-
ferent taxa in a big metropolis. Biological Conservation 157: 285-292.

Snep RPH, Opdam PFM, Baveco JM, WallisDeVries ME, Timmermans W,
Kwak RGM, Kuypers V. 2006. How peri-urban areas can strengthen
animal populations within cities: A modeling approach. Biological
Conservation 127: 345-355.

Stracey CM, Robinson SK. 2012. Are urban habitats ecological traps for a
native songbird? Season-long productivity, apparent survival, and site
fidelity in urban and rural habitats. Journal of Avian Biology 43: 50-60.

Strohbach MW, Lerman SB, Warren PS. 2013. Are small greening areas
enhancing bird diversity? Insights from community-driven greening
projects in Boston. Landscape and Urban Planning 114: 69-79.

https://academic.oup.com/bioscience

e Overview Articles

Sushinsky JR, Rhodes JR, Possingham HP, Gill TK, Fuller RA. 2013. How
should we grow cities to minimise their biodiversity impacts? Global
Change Biology 19: 401-410.

Tannier C, Foltéte JC, Girardet X. 2012. Assessing the capacity of differ-
ent urban forms to preserve the connectivity of ecological habitats.
Landscape and Urban Planning 105: 128-139.

Tewksbury JJ, Levey DJ, Haddad NM, Sargent S, Orrock JL, Weldon A,
Danielson BJ, Brinkerhoff J, Damschen EI, Townsend P. 2002. Corridors
affect plants, animals, and their interactions in fragmented landscapes.
Proceedings of the National Academy of Sciences 99: 12923-12926.

Tonietto R, Fant ], Ascher J, Ellis K, Larkin D. 2011. A comparison of bee
communities of Chicago green roofs, parks and prairies. Landscape and
Urban Planning 103: 102-108.

Tratalos J, Fuller RA, Warren PH, Davies RG, Gaston KJ. 2007. Urban form,
biodiversity potential and ecosystem services. Landscape and Urban
Planning 83: 308-317.

Tremblay MA, St. Clair CC. 2011. Permeability of a heterogeneous urban
landscape to the movements of forest songbirds. Journal of Applied
Ecology 48: 679-688.

Vergnes A, Kerbiriou C, Clergeau P. 2013. Ecological corridors also operate
in an urban matrix: A test case with garden shrews. Urban Ecosystems
16: 511-525.

Vidal O, Lopez-Garcia ], Rendon-Salinas E. 2014. Trends in deforestation
and forest degradation after a decade of monitoring in the Monarch
Butterfly Biosphere Reserve in Mexico. Conservation Biology 28:
177-186.

Williams NM, Winfree R. 2013. Local habitat characteristics but not land-
scape urbanization drive pollinator visitation and native plant pollina-
tion in forest remnants. Biological Conservation 160: 10-18.

Williams NSG, Lundholm J, Maclvor JS. 2014. Can green roofs sup-
port biodiversity conservation goals? Journal of Applied Ecology 51:
1643-1649.

Withey JC, Marzluff JM. 2005. Dispersal by juvenile American Crows
(Corvus brachyrhynchos) influences population dynamics across a gra-
dient of urbanization. Auk 122: 205-221.

Wu J. 2008. Making the case for landscape ecology: An effective approach
to urban sustainability. Landscape Journal 27: 41-50.

Christopher A. Lepczyk (lepczyk@auburn.edu) is an ecologist and conser-
vation biologist in the School of Forestry and Wildlife Sciences at Auburn
University, in Alabama. Myla F. J. Aronson is an urban ecologist in the
Department of Ecology, Evolution, and Natural Resources at Rutgers, The
State University of New Jersey, in New Brunswick. Karl L. Evans is an ecologist
in the Department of Animal and Plant Sciences at the University of Sheffield,
in the United Kingdom. Mark A. Goddard is an ecologist in the School of
Natural and Environmental Sciences at Newcastle University, in Newcastle
upon Tyne, United Kingdom. Susannah B. Lerman is a research ecologist at
the Northern Research Station, US Department of Agriculture Forest Service,
in Amherst, Massachusetts, also in Amherst. J. Scott Maclvor is an urban
ecologist in the Department of Biological Sciences at the University of Toronto
Scarborough, in Toronto, Ontario, Canada.

September 2017/ Vol. 67 No. 9 « BioScience 807





