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As urbanisation increases globally and the natural
environment becomes increasingly fragmented, the
importance of urban green spaces for biodiversity con-
servation grows. In many countries, private gardens are
a major component of urban green space and can pro-
vide considerable biodiversity benefits. Gardens and
adjacent habitats form interconnected networks and a
landscape ecology framework is necessary to under-
stand the relationship between the spatial configuration
of garden patches and their constituent biodiversity. A
scale-dependent tension is apparent in garden manage-
ment, whereby the individual garden is much smaller
than the unit of management needed to retain viable
populations. To overcome this, here we suggest mech-
anisms for encouraging ‘wildlife-friendly’ management
of collections of gardens across scales from the neigh-
bourhood to the city.

Urbanisation and its impacts
Urban growth is occurring at an unprecedented scale. In
2008, for the first time, >50% of the global human popu-
lation lived in urban environments [1]. Much of this urban-
isation is occurring in developing countries, which are
predicted to harbour 80% of the urban population of the
world by 2030 [1]. The developed world has already experi-
enced an urban transition, with!80% of people residing in
towns and cities [1]. Although urban areas remain a rela-
tively small fraction of the terrestrial surface (!4% glob-
ally), the urban ecological footprint extends beyond city
boundaries and drives environmental change at local to
global scales [2].

Rapid urban expansion is impacting heavily on ecologi-
cal processes (Table 1). Unsurprisingly, given the scale and
variety of these impacts, urbanisation is a significant factor
in both current and predicted species extinctions [3]. We
are also witnessing an ‘extinction of experience’, whereby
people living in species-poor cities are increasingly discon-
nected from the natural world [4]. Here, we highlight the
valuable role of urban green spaces in mitigating the
detrimental impacts of urbanisation, and draw particular
attention to the significance of private gardens within a
landscape ecology framework.

Although we focus on the biodiversity benefits, urban
green spaces are also important for the provision of eco-
system services and can have a positive impact on quality
of life, human health and wellbeing [5,6]. They provide
opportunities for people to interact with nature and are,

therefore, vital in fostering a wider interest in nature
conservation issues [4]. Private gardens are especially
significant in the development of a personal relationship
with the natural environment [7].

Urban biodiversity: a conservation role for gardens and
green spaces
With the encroachment of urban areas into rural habitats
and the decrease of rural habitat quality owing to agricul-
tural intensification [8], urban green spaces are becoming
an increasingly important refuge for native biodiversity.
Although urbanisation typically results in a reduction in
biodiversity (Table 1), globally declining taxa can attain
high densities in urban habitats. For instance, urban parks
in San Francisco, USA, support higher mean abundances
of bumblebees (Bombus spp.) than do two parks beyond the
city boundary [9]. Populations of common frog Rana tem-
poraria in Britain have experienced declines in rural areas
but increases in urban parks and gardens [10]. Growth of
experimental bumblebee Bombus terrestris nests was
greater in suburban gardens in southern England than
in agricultural habitats [11], and the density of bumblebee
nests recorded in UK suburban gardens (!36 nests ha"1)
was comparable to that found in linear countryside
habitats, such as hedgerows (20–37 nests ha"1) [12].

Estimates of the areas of gardens in the urban environ-
ment vary from 16% (Stockholm, Sweden [13]), through
22–27% in the UK [14], to 36% (Dunedin, New Zealand
[15]). Gardens are a major component of the total green
space inmanyUK cities, ranging from 35% inEdinburgh to
47% in Leicester [14]. Gardens can also be an important
resource in developing countries; for example, private
urban patios comprise 86% of all green space in the city
of León, Nicaragua [16]. The potential value of gardens for
enhancing biodiversity has long been recognised, as evi-
denced bymany popular books, television programmes and
information handouts advising on ‘wildlife-friendly’ gar-
dening. Initiatives to enhance the biodiversity value of
gardens by conservation NGOs and governments are
now commonplace in developed countries (Box 1).

Documenting garden biodiversity
Despite the growing awareness of the conservation poten-
tial of private gardens, information onwildlife gardening is
supported by only limited ecological research. This is
mainly because residential landscapes have long been
viewed as depauperate ecosystems, where access to the
system is difficult owing to fragmented private ownership.
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Early investigations of suburban habitats did not attempt
to gain access to private properties and involved compari-
sons between residential and natural areas (e.g. [17]),
between suburban neighbourhoods differing in age, veg-
etation characteristics and location (e.g. [18]) and along
urban–rural residential gradients (e.g. [19]). The majority
of private garden research has been undertaken in devel-
oped countries and began with long-term studies of single
gardens (e.g. [20,21]). Short-term studies of multiple gar-
dens have now been undertaken in various locations, most
notably the Biodiversity in Urban Gardens in Sheffield

project (BUGS), which involved floral and faunal sampling
of 61 gardens in Sheffield, UK, and was followed by floral
surveys of 276 gardens in five further UK cities (BUGS 2)
(reviewed in [22]). Similar short-term studies of the biodi-
versity of urban gardens have been carried out in North
America [23,24], and are now emerging in tropical devel-
oping cities [25–27]. Long-term studies of multiple gardens
have also been undertaken, focusing on national and con-
tinental trends in garden use by birds (e.g. [28,29]).

Key findings from this range of garden studies are that,
in addition to the high cultivated floral diversity, the three-
dimensional structure (i.e. complexity) of garden veg-
etation is an important predictor of vertebrate [25,30,31]
and invertebrate abundance and diversity [32,33]. Plant-
ing and management by humans is the overwhelming
influence on garden vegetation, as evidenced by the sim-
ilarity in plant species richness and composition in gardens
across five contrasting UK cities [34].

Gardens and their management create considerable
habitat; in UK gardens, there are estimated to be a total
of 28.7 million trees, at least 4.7 million nest boxes and up
to 3.5million ponds [35]. Although the effectiveness of such
habitat creation for increasing biodiversity was found to be
variable when tested experimentally [36], the wide pro-
vision of resources displays the public enthusiasm towards
wildlife gardening. Indeed, a questionnaire survey across
fiveUK cities found that significant numbers of households
participate in some form of wildlife gardening and/or man-
agement, with bird feeding the most popular activity [37].
A total of 12.6 million (48%) of UK households feed wild
birds [35], and such levels of supplementary feeding can
influence avian abundance at regional scales [38].

Negative impacts of urban biodiversity
The presence of a diverse biota in private gardens, coupled
with considerable enthusiasm for ‘wildlife-friendly’ man-
agement, means that urban green spaces could be viewed
as a panacea for biodiversity conservation in human-modi-
fiedenvironments.Yet the converse is often true,withurban
areas providing a real threat to native biodiversity. Urban-
isation can accelerate the transmission of wildlife diseases
[39], and gardens are also the source of amajor predator: the
domestic cat. The density of cats in urban areas of Britain
has been estimated to be at least 132 cats km"2 [40], and the
meanpredationrate calculatedat21prey cat"1 y"1 [41].The

Table 1. Impacts of urbanisation on habitat and the resulting biological effects
Impact of urbanisation on habitat Biological effects Refs

Habitat loss, fragmentation and disturbance Reduced species richness and evenness resulting in biotic homogenisation [92]
Peaked species richness at intermediate levels of urbanisation, particularly
for birds and plants

Import of species for human landscaping Domination of floras by exotic species, causing increased species richness relative
to rural areas, but decreased native plant diversity
Invasion of species to surrounding semi-natural habitats [48,93]

Increased air temperatures and altered
atmospheric chemistry (i.e. elevated
CO2, NOx, aerosols, metals and ozone)

Altered nutrient cycling, primary production and plant growth [94,95]

Increase in impervious surfaces alters
hydrology of urban watersheds

Decreased biodiversity, high nutrient loadings and elevated primary production produce
an ‘urban stream syndrome’

[2]

Altered productivity, competition and
predation

Shifts in trophic structure and food-web dynamics [96]

Altered environmental conditions
(e.g. increased ambient sound)

Local adaptation and evolution caused by behavioural, morphological and genetic
responses to novel selective pressures (e.g. noise necessitating changes in bird song)

[97–99]

Box 1. Existing garden conservation strategies

The management of private gardens lies largely outside direct
government control and, therefore, various strategies exist for
incentivising homeowners into ‘wildlife-friendly’ gardening activ-
ities. Initiatives by conservation NGOs are now commonplace in
developed countries; for instance, the USA National Audubon
Society’s ‘Audubon at Home’ project offers participants the chance
to take the ‘Healthy Yard Pledge’ and commit to several manage-
ment principles (http://www.audubon.org/bird/at_home/). In the UK,
the Royal Society for the Protection of Birds’ (RSPB) ‘Homes for
Wildlife’ scheme encouraged >25 000 people to undertake >300 000
tailored management actions in their homes and gardens in its first
year of operation (http://www.rspb.org.uk/hfw/). Several conserva-
tion charities provide advice and incentives for individuals or
communities to ‘certify’ their gardens or neighbourhoods as wildlife
habitats. The USA National Wildlife Federation Backyard Habitat
Certification Scheme is particularly popular and currently includes
>100 000 certified backyards (http://www.nwf.org/backyard/).

The recognition of gardens within government nature conserva-
tion strategies is also growing. An increasing number of cities are
producing documents aimed at protecting garden biodiversity,
particularly in the UK (e.g. the London private gardens action plan;
http://www.lbp.org.uk/londonhabspp.html#gardens), but also else-
where, (e.g. Adelaide, South Australia; http://www.backyards4wil-
dlife.com.au/).

Homeowners now provide a valuable source of fieldworkers for
research organisations by collecting scientific data in their own
backyards. The popularity of public ‘gardenwatch’ initiatives, such
as the RSPB Big Garden Birdwatch (http://www.rspb.org.uk/bird-
watch/) and the British Trust for Ornithology Garden BirdWatch
(http://www.bto.org/gbw/) in the UK, and Project FeederWatch in the
USA and Canada (http://www.birds.cornell.edu/pfw/), underlines the
importance of gardens for raising awareness about biodiversity and
the public understanding of science. Not only have these garden
data revealed important population trends (e.g. [28]), but this ‘citizen
science’ movement also has huge potential for enhancing urban
environments by coordinating public management actions to
produce cumulative positive impacts on biodiversity [81].
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impact of cat predation and associated sub-lethal, indirect
effects onurbanbird populations gives, therefore, particular
cause for concern [40,42].

The total plant-species richness recorded in 267 gardens
in five UK cities (1056 species) exceeded that recorded in
other urban and semi-natural habitats [34]. However,
much of this increased diversity is the result of landscaping
and gardening practices that import and maintain exotic
species at artificially high densities. For example, !70% of
the UK garden flora is exotic in origin [34]. The impact of
exotic vegetation on higher trophic levels within the resi-
dential ecosystem remains an area of debate. A study of six
pairs of gardens within a suburban area of Pennsylvania,
USA, found that native planting significantly increased the
bird and butterfly diversity as compared to conventionally
managed non-native gardens [43], matching findings of
earlier studies from Australia [30,44]. These results are
supported by research in experimental gardens showing
that exotic plants are little utilised by native pollinating
insects [45]. By contrast, the abundance and diversity of
various invertebrate species captured in gardens in Shef-
field, UK, was rarely related to native plant species rich-
ness, indicating that ‘wildlife-friendly’ gardens need not be
dominated by native planting.

The impact of exotic plants on other garden organisms
notwithstanding, private gardens are a focal point for the
spread of exotic or non-local plants to surrounding natural
communities [46,47], especially in a warming climate [48].
Invasive exotic species that have already escaped from
gardens have caused major economic and conservation
impacts throughout the world. For example, dense stands
of exotic knotweeds Fallopia spp. have replaced natural
vegetation in riparian habitats in Europe, resulting in
decreased plant and invertebrate diversity [49].

Landscape ecology in the urban environment
During recent decades, research in urban environments
has embraced the ecology-of-cities paradigm: an interdis-
ciplinary approach that views urban landscapes as socio-
ecological systems within which humans and their social
institutions are integrated with the environment [50].
Implicit in the ecology-of-cities framework is that the
provision of ecosystem services relies on the spatial
arrangement of habitat patches at the city scale (particu-
larly the patch size, connectivity and heterogeneity, Box 2)
[51]. Understanding urban environments, therefore,
requires a landscape ecology perspective [52].

Cities are characterised by habitat patches that are
small, fragmented and isolated. Consequently, the stan-
dard positive relationships between species richness,
area and connectivity are especially pertinent in urban
ecosystems. For instance, Evans et al. [53] reviewed 72
studies of the habitat influences on urban avifaunas, and
concluded that larger habitat patches support larger and
more stable bird populations. Similar results apply for a
range of other taxa occupying urban environments, such
as amphibians [54], mammals [55] and carabid beetles
[56]. The importance of habitat connectivity has also been
demonstrated in the urban landscape; for example, for
birds in wooded streets [57] and mammals in habitat
fragments [55].

An area of debate in urban ecosystems (as in agricul-
tural systems) is the relative importance of local (i.e.
garden)-scale versus landscape (i.e. city)-scale factors in
determining biodiversity. The consensus from avian
research is that local factors are more important than
regional ones in explaining avian species richness in urban
landscapes ([53] and references therein). However, most
existing avian studies have been undertaken within large
urban habitat patches, such as parks, which are larger
than a typical garden. Furthermore, research from other
taxa suggests that the heterogeneity of the surrounding
landscape is significant. For example, the retention of
butterfly and burnet species in grassland reserves within
the city of Prague, Czech Republic, was attributed, in part,
to the diverse mosaic of gardens, parks and green spaces in
the urban landscape surrounding the reserves [58].

A useful parallel exists between urban and agricultural
ecosystems. Both cities and farmed landscapes are highly
modified by human activities and are comprised of nested
subsets of patches spanning several spatial scales. Early
conservation management in farmland ecology was

Box 2. Urban landscape ecology tools

Inherent in landscape ecology are concepts such as patch size, scale
(Box 3), fragmentation (the breaking up of patches into smaller
parcels), connectivity (the degree to which habitat is spatially
continuous or functionally connected), and spatial heterogeneity
(the uneven distribution of patches across a landscape). The
importance of these concepts vary among taxa as a function of
body size, resource requirements and dispersal abilities. The heart
of the methodology of landscape ecology is classification and
pattern analysis, and the unique application of these methods in the
urban environment is summarised below.

Urban classification systems
Urban classification is undertaken at different spatial scales. At

fine spatial scales, cities comprise a complex mosaic of built and
vegetated patches, and land-cover classification systems have been
developed that capture this fine-grained landscape heterogeneity
(e.g. [100]). These classification systems benefit from advances in
remote-sensing technology (i.e. satellite imagery and digital aerial
photography), which enable analysis at increasingly fine resolu-
tions. For example, Mathieu et al. [15] used automated techniques to
identify >90% of gardens from other land covers in Dunedin, New
Zealand, based on high-resolution Ikonos satellite imagery. These
remote-sensing approaches are now being used to help predict
patterns of species richness in urban environments (e.g. [101]).

Pattern analysis
Quantifying patterns is a prerequisite to understanding the link

between patch structure and ecological processes. An array of
landscape metrics, or indices, has been developed for this purpose
and their application has been facilitated by the use of Geographic
Information System technology. The effects of urban development
patterns on ecosystem function are increasingly well documented
(e.g. [51]). A popular framework for exploring variation in urban
landscape patterns is the gradient paradigm, whereby the effects of
biophysical changes along a gradient from rural hinterland to urban
centre are examined. Combining the gradient approach with the
computation of landscape metrics has revealed that, along a
gradient of increasing urbanisation, patch density generally in-
creases whereas patch size and landscape connectivity decrease
(e.g. [102]). Over 200 empirical studies have used gradient analysis
as a tool for assessing the impacts of urbanisation on the
distribution of organisms (reviewed in [103]). However, the devel-
opment of landscape metrics offers a new and unexplored
opportunity for explicitly quantifying the effects of urban landscape
structure on ecosystem function and biodiversity.
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directed at the field scale, but it is nowwidely accepted that
farmland biodiversity depends on the creation and main-
tenance of habitat heterogeneity at multiple spatial scales
[8]. Given that individual gardens are much smaller than
individual fields, it follows that there is an even larger
disparity in residential landscapes between the existing
scale of management and the scale necessary to retain
viable populations of most taxa (Box 3). Maximising
habitat heterogeneity at the correct scale, such that indi-
vidual gardens complement the resources available in the
surrounding landscape, should likewise maximise the bio-
diversity of urban ecosystems.

Prospectus for the future
The small, but growing, body of research on garden biodi-
versity has focused largely on individual gardens. A fruit-
ful next step would be to extend a landscape ecology
framework to the study and management of gardens, in
effect by treating groups of gardens not as independent
units but instead as patches of interconnected habitat
within the residential ecosystem. To make this work
requires collaboration between ecologists and social scien-
tists, urban planners and householders.

Scaling up from gardens
Previous research shows that the species–area relationship
is applicable at the scale of the individual garden. Garden
size is positively related to land-cover heterogeneity (in-
cluding the number of trees and ponds) [59], plant species
richness [34] and avian species richness [29,30]. Garden size
does not consistently correlate with invertebrate species
richness or abundance, although other garden-scale factors,
such as vegetation structure, are important [32,33]. These
findings have led to conclusions that the design and man-
agement of individual gardens are paramount, at least for
the conservation of native avian species (e.g. [30]).

However, we suggest that treating the single garden as
an independent patch (and thus prioritising management

initiatives at the individual garden scale) is problematic.
Problems arise as ecological processes depend on spatial
scale (Box 3) and, therefore, the appropriate scale of man-
agement will be taxon dependent. Given that birds are
capable of foraging across large scales, management at a
local scale can create good foraging conditions and give rise
to the finding that local-scale factors are most significant.
However, birds utilise resources from the wider landscape.
For instance, Hostetler and Holling [60] showed that most
birds in US cities are able to exploit urban tree patches at
broad scales from 0.2–85 km2. Likewise, Chamberlain et al.
[61] concluded that the likelihood of many bird species
occurring in UK gardens is related to the surrounding
habitat, rather than on within-garden habitat features.
Similarly,mobile invertebrate taxawill utilise urban green
space at broader scales than the individual garden. For
example, Smith et al. [32,33] examined the influence of
landscape factors on invertebrate diversity and abundance
by quantifying the land use in a 1-ha area surrounding 61
study gardens in Sheffield, UK and found correlations
between landscape variables and the species richness
and abundance of mobile invertebrate taxa including bee-
tles, bees and wasps.

To test explicitly for the influence of local and landscape
effects, it is necessary to sample at multiple spatial scales
[62]. This will involve simultaneously sampling several
gardens that are located within the same landscape but
that differ in local characteristics such as size and veg-
etation structure. In other words, the patch comprising of a
group of adjacent gardens becomes the sampling unit, with
individual gardens the sampling points within the patch.
Although such a sampling design is constrained by access
to multiple gardens, it remains the only adequate way of
assessing the relative influence of garden versus landscape
factors.

The emerging literature on the role of gardens for
enhancing native biodiversity has somewhat overlooked
the need to coordinate garden management within the
surrounding landscape. Recent work has begun to recog-
nise the importance of considering groups of gardens at a
coarser scale, especially for supporting avian diversity. An
interconnected network of mature and structurally diverse
gardens has been recommended for supporting bird popu-
lations in Madrid, Spain [63] and Melbourne, Australia
[64]. Sympathetically managed garden networks are also
significant in the provision of ecological connectivity. For
instance, planting native vegetation has been advocated in
gardens adjacent to creeks in New SouthWales, Australia,
to enhance habitat connectivity by extending the width of
riparian corridors [65]. Similarly, a connectivity analysis
by Rudd et al. [66] demonstrated that garden habitats are
vital in providing functional connectivity between urban
green spaces in Greater Vancouver, Canada.

The relationship between private gardens and urban
green space is further evident in the concept of ‘ecological
land-use complementation’, which outlines how urban
habitats could interact synergistically to support biodiver-
sity when clustered together [67]. Indeed, the presence of
adjacent gardens can increase the species richness of urban
parks [68]. These results suggest a role for urban planning
whereby if private gardens and other green spaces can be

Box 3. Why does scale matter?

Different taxa will perceive and respond to landscape structure at
many spatial scales, depending on a range of parameters, such as
body size and life-history characteristics [60], life stage (e.g. sessile
versus mobile life-stages; dispersing young) and season (e.g. birds
defend a smaller home range when breeding than when foraging
more widely in winter).

The scale of sampling can confound ecological patterns. For
example, there might be negative or positive relationships between
human population density and biodiversity depending on the study
extent considered: negative at fine scales (where high building
density precludes natural habitats) and positive at large scales
(where both humans and wildlife tend to occupy productive areas
and not live in deserts) [104].

Borgstrom et al. [105] contend that ‘scale mismatches’ are
prevalent in urban ecosystems, whereby the scale of management
does not match the scale of ecological patterns and processes. For
some taxa (e.g. soil organisms), a viable population can exist within
a garden. Yet many of the large and/or mobile taxa, that provide
important ecosystem services, such as pollination and seed
dispersal, operate at broader scales than the individual garden (i.e.
groups of gardens and adjacent urban green spaces). To take into
account the scale dependencies of many taxa properly, it is likely
that research and management at multiple spatial scales is needed
[106,107].
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spatially arranged to maximise total habitat patch area
and minimise isolation, this will result in benefits to urban
biodiversity. This is particularly relevant to new develop-
ments, but planning consent for the conversion of gardens
to new buildings and driveways (‘land grabbing’) will also
influence patch size and spatial patterns.

Gardens as socio-ecological constructs
A suite of socio-economic characteristics have been shown to
influence garden management directly and, hence, the
heterogeneity of urban landscapes [69–74] (Figure 1). Given
that these socio-economic factors drive vegetation complex-
ity, which underpins species richness and abundance, we
can expect cultural and social factors to influencepatterns of
urban biodiversity [75]. Indeed, several studies have found
correlations between human socio-economic status and
urban bird populations (e.g. [38,76,77]). It is therefore
apparent that just asmanygardenorganismsdonot operate
at the scale of the individual garden, many socio-economic
processesoperateat scalesbeyond the individualhousehold.
For example, Zmyslony and Gagnon [78] describe a neigh-

bour ‘mimicry’ effect in theplantingand landscaping of front
gardens in Vancouver, Canada, whereby gardens in a given
vicinity are more likely to be similar to each other than to
those in a different street or neighbourhood (but see [79]).
A key challenge is to maximise vegetation complexity
throughout the residential ecosystem in the face of prevail-
ing social norms or across areas where social resources are
lacking for ‘wildlife-friendly’ gardenmanagement (e.g. time,
money, information, etc).

Beyond the neighbourhood scale, there is also a need to
better integrate the design and management of private
gardens into city-wide biodiversity strategies. This
approach is complicated by the hierarchical structure of
residential landscapes: the individual garden is the scale at
which householders manage their land, but the size and
configuration of interconnected garden patches is under
the control of urban planners and housing developers.
To ensure coordinated management at multiple scales
throughout the garden hierarchy, collaboration and com-
munication between a range of stakeholders across all
sectors of society and academia is required (Figure 1).

Figure 1. Gardens as socio-ecological constructs. A conceptual framework showing the key ecological and socio-economic components impacting on private gardens at
multiple spatial scales. We identify a nested hierarchy in garden management that spans three scales: (a) the individual garden or household; (b) the neighbourhood or
garden ‘patch’; and (c) the city or landscape scale. In reality, many of the ecological and socio-economic factors can act at more than one scale along this continuum (e.g.
vegetation structure or social status) and interactions exist between scales to illustrate feedbacks within the garden ecosystem (black arrows). Ecological factors influence
socio-economic factors through the provision of ecosystem services and economic and health benefits (red arrows). Socio-economic factors influence ecological conditions
via human decision-making and subsequent management (blue arrows). Research and management is necessary at multiple scales to maximise the utility of private
gardens for native biodiversity conservation.
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Incentivising householders into ‘wildlife-friendly’
gardening
To target conservation resources at a meaningful scale, we
must explore mechanisms for encouraging multi-scale,
complementary ‘wildlife-friendly’ management of gardens
and adjacent green spaces. We are currently witnessing a
paradigm shift in biodiversity conservation, away from
the establishment and maintenance of protected nature
reserves towards community-based conservation [80]. Yet,
the general public remains inexperienced in biodiversity
management and the resulting lack of coordination among
private householders can result in the ‘tyranny of small
decisions’, whereby the cumulative outcome of many gar-
den-scale management decisions is detrimental to native
biodiversity in residential landscapes [81].

Options for incentivising householders into wildlife-
friendly gardening fall into two broad categories: (i) top-
down, financial incentives or regulation; and (ii) bottom-
up, community-lead initiatives. Top-down incentives
might include tax reductions or government grants for
sympathetic management (e.g. for building a pond or
creating a compost heap), as per financial incentives
offered successfully to households for the installation of
renewable energy technologies [82]. Top-down approaches
can also be implemented for wildlife conservation pur-
poses, with tax incentives and subsidies an increasingly
popular tool for imposing the US Endangered Species Act
on private land [83]. Planning regulation can also be a top-
down approach, such as declining applications for new
development on existing gardens, or enabling protection
of hedgerows or trees. Indeed, the absence of front garden
uniformity in Hobart, Tasmania, lead Kirkpatrick et al.
[79] to suggest that voluntary mechanisms for improving
the conservation value of private gardens are unlikely to
spread by social diffusion. Instead they argue that top-
down regulation and economic penalties will be required.

Although top-down incentives can produce pro-environ-
mental behaviour, they often fail to change underlying
values and attitudes [84] and fail to understand the motiv-
ations of gardeners [85]. The garden evokes strong feelings
of ownership and sense of place [7], and is the perfect
setting for generating meaningful connections with nature
that will increase emotional involvement and uphold long-
term pro-environmental behaviour. Moreover, gardeners
tend to have a greater ecological knowledge than do man-
agers of urban green spaces [86]. At the neighbourhood
scale, householders often form organisations, such as resi-
dents’ associations or horticultural societies. These com-
munity organisations have been viewed as local ‘stewards’
and can be targeted for participatory techniques that
engage groups of gardeners in managing their land more
sympathetically and synergistically for wildlife [13].

Tailoring wildlife gardening advice to the landscape
context
Several successful garden-scale NGO projects and more
research-focused biodiversity recording schemes are testa-
ment to the potential for bottom-up community participa-
tion projects (Box 1). However, maximising the
conservation benefit or ecosystem function of a particular
garden requires tailoring ‘wildlife-friendly’ gardening

practice to the context as the ecology of any small area
depends on the wider landscape. The idea that entire
gardens, or groups thereof, could be managed collectively
as ‘habitat gardens’ has been posited before (e.g. [22,87]),
but there has been little exploration of how such schemes
would work in practice.

As a simplistic example, many cities will already have
planning documents or green space strategies that
promote the creation and maintenance of green infrastruc-
ture, such as habitat corridors or stepping stones. Such
plans could be structured according to the creation of
‘habitat zones’, within which the management of urban
green spaces encourages the coverage of a specific habitat
type, such as woodland or wetland. The mosaic of different
habitat zones within a city and its rural hinterland will
ensure that habitat heterogeneity is provided at the land-
scape scale. Householders, community groups, NGOs and
housing developers operating within each habitat zone
could then be given tailored wildlife-gardening advice.
Such integration of biodiversity conservation with urban
planning is exemplified by the ‘Zonation’ conservation
planning tool implemented inMelbourne, Australia, which
incorporates landscape context and species-specific con-
nectivity requirements to identify priority areas for the
protection of threatened species [88].

The gardens and green spaces of new housing develop-
ments offer particularly fruitful opportunities for the
creation of tailored habitat gardens comprised of native
planting of local provenance. Given appropriate education
and support (e.g. from a local ecologist), residents are likely
to take pride in being involved in such a scheme, and might
even be supportive of more radical proposals, such as the
‘Cats Indoors!’ campaign sponsored by the American Bird
Conservancy (http://www.abcbirds.org/abcprograms/policy/
cats/). Such pride in one’s own patch is apparent in existing
social norms, whereby the desire to conform to a suburban
ideal (known as the ‘ecology of prestige’ [69]) results in
strong similarities in garden structure within a neighbour-
hood. Warren et al. [89] imagine that if the same social
processes can be harnessed to develop a conservation ethos,
then neighboursmight compete over the creation of wildlife
habitat rather than themaintenance of weed-free biological
deserts (i.e. lawns).

Concluding remarks
In a context of rapid urbanisation, biodiversity conserva-
tion within towns and cities has a significant role in mini-
mising both the extinction of species and the extinction of
the human experience of wildlife. Although parks and
reserves remain the focus of urban nature conservation,
private gardens offer an extensive, unique and underva-
lued resource for enhancing urban biodiversity. Gardens
are significant habitats in their own right, and improve
connectivity by functioning as corridors or by enlarging the
size of other urban habitats. It is therefore imperative that
gardens are not viewed as separate entities at the indi-
vidual scale, but instead managed collectively as intercon-
nected patches or networks of green space acting at
multiple spatial scales across the urban landscape. Yet
little is known on the ideal size or configuration of these
garden patches, and quantifying the patch structure
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through the application of landscape ecology tools will
further our understanding of residential ecosystems. Sev-
eral key research questions emerge:
(i) What is the optimal garden patch size and configur-

ation for different taxa in the residential landscape?
Given the different scale dependencies of different
taxa, could the patch size and configuration optimal
for one taxon (e.g. birds) also accommodate other taxa
whose requirements occur at a finer scale? Howmuch
does the optimal patch size and configuration differ
across suburbs depending on the management of
individual gardens (e.g. vegetation structure, bird
feeding, application of chemicals, etc.)?

(ii) Given that the optimal garden patch will comprise a
group of adjacent gardens, what mechanisms exist for
the creation and maintenance of ‘habitat gardens’
that transcend the boundaries of the individual plot?
What are the social drivers behind garden man-
agement decisions and how do we reverse social
norms that reinforce the detrimental management of
private gardens?

(iii) Given that most urban residents live in developing
countries where private green spaces within cities are
often lacking, how can we best design cityscapes and
engage communities in the developing world to
maximise urban biodiversity globally? Can urban
agriculture provide both increased food security and
biodiversity conservation benefits in cities worldwide?

Answering such questions will inform the planning of
residential developments and reveal the optimal scale at
which to focus conservation initiatives that seek to harmo-
nise the cumulative management actions of householders
and communities. This will involve new trans-disciplinary
partnerships [90] that are increasingly being successfully
implemented in rural settings [91]. If the bigger ecological
question is how to enhance native urban biodiversity
through green space management, then the solutions lie
in realigning the scale at which land-use decisions are
made and ecological processes occur. Undertaking private
garden research and management at the appropriate scale
would be an instructive next step in finding such a solution.
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25 González-Garcı́a, A. et al. (2009) The role of urban greenspaces in
fauna conservation: the case of the iguana Ctenosaura similis in the
‘patios’ of León city, Nicaragua. Biodiv. Conserv. 18, 1909–1920

26 Akinnifesi, F. et al. (2009) Biodiversity of the urban homegardens of
São Luı́s city, Northeastern Brazil. Urban Ecosyst., doi:10.1007/
s11252-009-0108-9

27 Bernholt, H. et al. (2009) Plant species richness and diversity in urban
and peri-urban gardens of Niamey, Niger. Agroforesty Syst. 77, 159–
179

28 Cannon, A.R. et al. (2005) Trends in the use of private gardens by wild
birds in Great Britain 1995-2002. J. Appl. Ecol. 42, 659–671

29 Thompson, P.S. et al. (1993) Birds in European gardens in the winter
and spring of 1988-89. Bird Study 40, 120–134

30 Daniels, G.D. and Kirkpatrick, J.B. (2006) Does variation in garden
characteristics influence the conservation of birds in suburbia? Biol.
Conserv. 133, 326–335

31 van Heezik, Y. et al. (2008) Diversity of native and exotic birds across
an urban gradient in a New Zealand city. Landsc. Urban Plan. 87,
223–232

32 Smith, R.M. et al. (2006) Urban domestic gardens (VIII):
environmental correlates of invertebrate abundance. Biodiv.
Conserv. 15, 2515–2545

33 Smith, R.M. et al. (2006) Urban domestic gardens (VI): environmental
correlates of invertebrate species richness. Biodiv. Conserv. 15, 2415–
2438

Review Trends in Ecology and Evolution Vol.25 No.2

96

http://dx.doi.org/10.1007/s11252-009-0114-y
http://dx.doi.org/10.1007/s11252-009-0114-y
http://dx.doi.org/10.1007/s11252-009-0108-9
http://dx.doi.org/10.1007/s11252-009-0108-9


34 Loram, A. et al. (2008) Urban domestic gardens (XII): The richness
and composition of the flora in five UK cities. J. Veg. Sci. 19, 321–330

35 Davies, Z.G. et al. (2009) A national scale inventory of resource
provision for biodiversity within domestic gardens. Biol. Conserv.
142, 761–771

36 Gaston, K.J. et al. (2005) Urban domestic gardens (II): experimental
tests of methods for increasing biodiversity. Biodiv. Conserv. 14, 395–
413

37 Gaston, K.J. et al. (2007) Urban domestic gardens (XI): variation in
urban wildlife gardening in the United Kingdom. Biodiv. Conserv. 16,
3227–3238

38 Fuller, R.A. et al. (2008) Garden bird feeding predicts the structure of
urban avian assemblages. Div. Distrib. 14, 131–137

39 Bradley, C.A. and Altizer, S. (2007) Urbanization and the ecology of
wildlife diseases. Trends Ecol. Evol. 22, 95–102

40 Sims, V. et al. (2008) Avian assemblage structure and domestic cat
densities in urban environments. Div. Distrib. 14, 387–399

41 Baker, P.J. et al. (2005) Impact of predation by domestic cats Felis
catus in an urban area. Mammal Rev. 35, 302–312

42 Beckerman, A.P. et al. (2007) Urban bird declines and the fear of cats.
Anim. Conserv. 10, 320–325

43 Burghardt, K.T. et al. (2009) Impact of Native Plants on Bird and
Butterfly Biodiversity in Suburban Landscapes. Conserv. Biol. 23,
219–224

44 French, K. et al. (2005) Use of native and exotic garden plants by
suburban nectarivorous birds. Biol. Conserv. 121, 545–559

45 Corbet, S.A. et al. (2001) Native or exotic? Double or single?
Evaluating plants for pollinator-friendly gardens. Ann. Bot. 87,
219–232

46 Marco, A. et al. (2008) Gardens in urbanizing rural areas reveal an
unexpected floral diversity related to housing density. Comp. Rend.
Biol. 331, 452–465

47 Whelan, R.J. et al. (2006) The potential for genetic contamination vs.
augmentation by native plants in urban gardens. Biol. Conserv. 128,
493–500

48 Niinemets, U. and Penuelas, J. (2008) Gardening and urban
landscaping: Significant players in global change. Trends Plant Sci.
13, 60–65

49 Gerber, E. et al. (2008) Exotic invasive knotweeds (Fallopia spp.)
negatively affect native plant and invertebrate assemblages in
European riparian habitats. Biol. Conserv. 141, 646–654

50 Alberti, M. et al. (2003) Integrating humans into ecology:
Opportunities and challenges for studying urban ecosystems.
Bioscience 53, 1169–1179

51 Alberti, M. (2005) The effects of urban patterns on ecosystem function.
Int. Reg. Sci. Rev. 28, 168–192

52 Breuste, J. et al. (2008) Applying landscape ecological principles in
urban environments. Landsc. Ecol. 23, 1139–1142

53 Evans, K.L. et al. (2009) Habitat influences on urban avian
assemblages. Ibis 151, 19–39

54 Parris, K.M. (2006) Urban amphibian assemblages as
metacommunities. J. Anim. Ecol. 75, 757–764

55 Magle, S.B. et al. (2009) A comparison of metrics predicting landscape
connectivity for a highly interactive species along an urban gradient
in Colorado, USA. Landsc. Ecol. 24, 267–280

56 Sadler, J.P. et al. (2006) Investigating environmental variation and
landscape characteristics of an urban–rural gradient using woodland
carabid assemblages. J. Biogeogr. 33, 1126–1138

57 Fernandez-Juricic, E. (2000) Avifaunal use of wooded streets in an
urban landscape. Conserv. Biol. 14, 513–521

58 Kadlec, T. et al. (2008) Revisiting urban refuges: Changes of butterfly
and burnet fauna in Prague reserves over three decades. Landsc.
Urban Plan. 85, 1–11

59 Loram, A. et al. (2008) Urban domestic gardens (XIV): the
characteristics of gardens in five cities. Environ. Manage. 42, 361–376

60 Hostetler, M. and Holling, C.S. (2000) Detecting the scales at which
birds respond to structure in urban landscapes. Urban Ecosyst. 4, 25–
54

61 Chamberlain, D.E. et al. (2004) Associations of garden birds with
gradients in garden habitat and local habitat. Ecography 27, 589–600

62 Bellehumeur, C. and Legendre, P. (1998) Multiscale sources of
variation in ecological variables: modeling spatial dispersion,
elaborating sampling designs. Landsc. Ecol. 13, 15–25

63 Palomino, D. and Carrascal, L.M. (2006) Urban influence on birds at a
regional scale: A case study with the avifauna of northern Madrid
province. Landsc. Urban Plan. 77, 276–290

64 White, J.G. et al. (2005) Non-uniform bird assemblages in urban
environments: the influence of streetscape vegetation. Landsc.
Urban Plan. 71, 123–135

65 Parker, K. et al. (2008) A conceptualmodel of ecological connectivity in
the Shellharbour Local Government Area, New South Wales,
Australia. Landsc. Urban Plan. 86, 47–59

66 Rudd, H. et al. (2002) Importance of backyard habitat in a
comprehensive biodiversity conservation strategy: a connectivity
analysis of urban green spaces. Rest. Ecol. 10, 368–375

67 Colding, J. (2007) ‘Ecological land-use complementation’ for building
resilience in urban ecosystems. Landsc. Urban Plan. 81, 46–55

68 Chamberlain, D.E. et al. (2007) Determinants of bird species richness
in public green spaces. Bird Study 54, 87–97

69 Grove, J.M. et al. (2006) Characterization of households and its
implications for the vegetation of urban ecosystems. Ecosystems 9,
578–597

70 Mennis, J. (2006) Socioeconomic–vegetation relationships in urban,
residential land: The case of Denver, Colorado. Photogram. Eng.
Remote Sens. 72, 911–921

71 Troy, A.R. et al. (2007) Predicting opportunities for greening and
patterns of vegetation on private urban lands. Environ. Manage.
40, 394–412

72 Martin, C.A. et al. (2004) Neighborhood socioeconomic status is a
useful predictor of perennial landscape vegetation in residential
neighborhoods and embedded small parks of Phoenix, AZ. Landsc.
Urban Plan. 69, 355–368

73 Luck, G.W. et al. (2009) Socio-economics and vegetation change in
urban ecosystems: Patterns in space and time. Ecosystems 12, 604–
620

74 Zhou, W.Q. et al. (2009) Can money buy green? Demographic and
socioeconomic predictors of lawn-care expenditures and lawn
greenness in urban residential areas. Soc. Nat. Res. 22, 744–760

75 Kinzig, A.P. et al. (2005) The effects of human socioeconomic status
and cultural characteristics on urban patterns of biodiversity. Ecol.
Soc. 10 (http://www.ecologyandsociety.org/vol10/iss1/art23/)

76 Melles, S. (2005) Urban Bird Diversity as an Indicator of Social
Diversity and Economic Inequality in Vancouver, British
Columbia. Urban Hab. 1, 25–48

77 Loss, S.R. et al. (2009) Relationships between avian diversity,
neighborhood age, income, and environmental characteristics of an
urban landscape. Biol. Conserv. 142, 2578–2585

78 Zmyslony, J. andGagnon, D. (1998) Residentialmanagement of urban
front-yard landscape: A random process? Landsc. Urban Plan. 40,
295–307

79 Kirkpatrick, J. et al. (2009) An antipodean test of spatial contagion in
front garden character. Landsc. Urban Plan. 93, 103–110

80 Berkes, F. (2004) Rethinking community-based conservation.
Conserv. Biol. 18, 621–630

81 Cooper, C.B. et al. (2007) Citizen science as a tool for conservation in
residential ecosystems. Ecol. Soc. 12 (http://www.ecologyandsociety.
org/vol12/iss2/art11/)

82 Campoccia, A. et al. (2009) Comparative analysis of different
supporting measures for the production of electrical energy by
solar PV and wind systems: four representative European cases.
Solar En. 83, 287–297

83 Raymond, L. and Olive, A. (2008) Landowner beliefs regarding
biodiversity protection on private property: An Indiana case study.
Soc. Nat. Res. 21, 483–497

84 Maiteny, P. (2002) Mind in the gap: summary of research exploring
‘inner’ influences on pro-sustainability learning and behaviour.
Environ. Edu. Res. 8, 299–306

85 Clayton, S. (2007) Domesticated nature: Motivations for gardening
and perceptions of environmental impact. J. Environ. Psychol. 27,
215–224

86 Andersson, E. et al. (2007) Measuring social–ecological dynamics
behind the generation of ecosystem services. Ecol. Appl. 17, 1267–
1278

87 Hostetler, M. and Knowles-Yanez, K. (2003) Land use, scale, and bird
distributions in the Phoenix metropolitan area. Landsc. Urban Plan.
62, 55–68

Review Trends in Ecology and Evolution Vol.25 No.2

97

http://www.ecologyandsociety.org/vol10/iss1/art23/
http://www.ecologyandsociety.org/vol12/iss2/art11/
http://www.ecologyandsociety.org/vol12/iss2/art11/


88 Gordon, A. et al. (2009) Integrating conservation planning and
landuse planning in urban landscapes. Landsc. Urban Plan. 91,
183–194

89 Warren, P.S. et al. (2008) Plants of a feather: Spatial autocorrelation of
gardening practices in suburbanneighborhoods.Biol. Conserv. 141, 3–4

90 Robinson, J. (2008) Being undisciplined: Transgressions and
intersections in academia and beyond. Futures 40, 70–86

91 Dougill, A.J. et al. (2006) Learning from doing participatory rural
research: Lessons from the Peak District National Park. J. Agricult.
Econ 57, 259–275

92 McKinney, M. (2008) Effects of urbanization on species richness: A
review of plants and animals. Urban Ecosyst. 11, 161–176

93 Wania, A. et al. (2006) Plant richness patterns in agricultural and
urban landscapes in Central Germany - spatial gradients of species
richness. Landsc. Urban Plan. 75, 97–110

94 Kaye, J.P. et al. (2006) A distinct urban biogeochemistry? Trends Ecol.
Evol. 21, 192–199

95 Shen, W.J. et al. (2008) Effects of urbanization-induced
environmental changes on ecosystem functioning in the Phoenix
metropolitan region, USA. Ecosystems 11, 138–155

96 Shochat, E. et al. (2006) From patterns to emerging processes in
mechanistic urban ecology. Trends Ecol. Evol. 21, 186–191

97 Partecke, J. and Gwinner, E. (2007) Increased sedentariness in
European blackbirds following urbanization: A consequence of local
adaptation? Ecology 88, 882–890

98 Slabbekoorn, H. and Ripmeester, E.A.P. (2008) Birdsong and
anthropogenic noise: implications and applications for conservation.
Mol. Ecol. 17, 72–83

99 Mockford, E.J. and Marshall, R.C. (2009) Effects of urban noise on
song and response behaviour in great tits. Proc. R. Soc. B 276, 2979–
2985

100 Cadenasso, M.L. et al. (2007) Spatial heterogeneity in urban
ecosystems: reconceptualizing land cover and a framework for
classification. Front. Ecol. Environ. 5, 80–88

101 Bino, G. et al. (2008) Accurate prediction of bird species richness
patterns in an urban environment using Landsat-derived NDVI and
spectral unmixing. Int. J. Remote Sens. 29, 3675–3700

102 Weng, Y.C. (2007) Spatiotemporal changes of landscape pattern in
response to urbanization. Landsc. Urban Plan. 81, 341–353

103 McDonnell, M. and Hahs, A. (2008) The use of gradient analysis
studies in advancing our understanding of the ecology of
urbanizing landscapes: current status and future directions.
Landsc. Ecol. 23, 1143–1155

104 Pautasso, M. (2007) Scale dependence of the correlation between
human population presence and vertebrate and plant species
richness. Ecol. Lett. 10, 16–24

105 Borgstrom, S.T. et al. (2006) Scale mismatches in management of
urban landscapes. Ecol. Soc. 11 (http://www.ecologyandsociety.org/
vol11/iss2/art16/)

106 Clergeau, P. et al. (2006) Using hierarchical levels for urban ecology.
Trends Ecol. Evol. 21, 660–661

107 Hostetler, M. (2001) The importance of multi-scale analyses in avian
habitat selection studies in urban environments. In Avian Ecology
and Conservation in an Urbanizing World (Marzluff, J.M. et al., eds),
pp. 139–154, Kluwer Academic

Review Trends in Ecology and Evolution Vol.25 No.2

98

http://www.ecologyandsociety.org/vol11/iss2/art16/
http://www.ecologyandsociety.org/vol11/iss2/art16/

	Scaling up from gardens: biodiversity conservation in urban environments
	Urbanisation and its impacts
	Urban biodiversity: a conservation role for gardens and green spaces
	Documenting garden biodiversity
	Negative impacts of urban biodiversity

	Landscape ecology in the urban environment
	Prospectus for the future
	Scaling up from gardens
	Gardens as socio-ecological constructs
	Incentivising householders into ‘wildlife-friendly’ gardening
	Tailoring wildlife gardening advice to the landscape context

	Concluding remarks
	Acknowledgements
	References


