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We quantiﬁed the availability of key habitat structures across an urban landscape.
Urban habitat structures were signiﬁcantly reduced compared with semi-natural reserves.
Reductions in habitat structures jeopardises urban ecological sustainability.
Improvements to urban management policies and practices are urgently needed.
We recommend conservation reserves, spatial zoning and community engagement.
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a b s t r a c t
Over half the world’s population resides in cities, with increasing trends towards urbanisation expected
to continue globally over the next 50 years. Urban landscapes will be more ecologically sustainable where
key habitat structures (e.g. trees, shrubs and woody debris) that support multiple taxa are maintained.
Yet, there is little empirical data on the extent to which habitat structures have been modiﬁed in urban
landscapes. Obtaining these data is a necessary ﬁrst step towards reducing the ecological impacts of
urbanisation. This is because urban practitioners can use this information to formulate more targeted
management policies and conservation strategies that seek to better maintain and perpetuate habitat
structures in urban landscapes. We compared the availability of multiple habitat structures in urban
greenspace, agricultural land, and semi-natural reserves in Canberra, southeastern Australia. In urban
greenspace, the density and/or probability of occurrence of trees, seedlings, dead trees, hollow-bearing
trees, hollows, logs and native ground and mid-storey vegetation were signiﬁcantly lower compared with
reserves, but comparable with agricultural land. Our results highlight an urgent need for improved habitat
protection policies, management strategies, and on-the-ground conservation actions that aim to retain
and restore key habitat structures in urban landscapes. To achieve this requires innovative strategies that
balance socio-economic priorities and biodiversity conservation. We propose three strategies that can
be practically implemented in cities worldwide including: (1) establishing dedicated conservation areas;
(2) spatially zoning habitat structures hazardous to humans within existing urban greenspaces, and (3)
educating key stakeholders about the importance of habitat structures within urban environments.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Habitat loss through land-use change is the biggest driver of
terrestrial biodiversity decline globally (Foley et al., 2005; Pimm
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& Raven, 2000). Land conversion is driven by agricultural and
urban expansion, the latter now occurring at unprecedented rates
(United Nations, 2011). Urbanisation is a complex process of
land conversion, densiﬁcation and hard-scaping that has been
identiﬁed as one of the most rapid and destructive forms of landscape alteration (e.g. Grimm et al., 2008). Over half the world’s
population now resides in cities, with the global shift to urban
living expected to continue over the next half century (United
Nations Development Program, 2011). A major concern is that
many urban areas around the world are disproportionately located
in biodiversity-rich regions (e.g. McDonald, Kareiva, & Forman,
2008). Therefore, it is increasingly important that biodiversity
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conservation be integrated into urban planning and development
strategies to establish more ecologically sustainable urban landscapes (e.g. Rookwood, 1995). An important step towards achieving
ecologically sustainable urban landscapes involves strategically
managing and maintaining crucial habitat structures in urban contexts.
Trees, shrubs and associated structures, including hollows and
woody debris, represent critical habitat for many species (e.g.
Gibbons & Lindenmayer, 2002; Lindenmayer, Laurance, & Franklin,
2012). These structures provide important sources of food, shelter, nesting sites, and structural complexity that a diverse range
of taxa depend on for survival worldwide, including microbes
(Hendrickson, 1991), plants (e.g. Kruys & Jonsson, 1999), invertebrates (e.g. Kaila, Martikainen, & Punttila, 1997), and vertebrates
(e.g. Webb & Shine, 1997). The loss of habitat structures from modiﬁed landscapes is of increasing concern because of the negative
consequences for both biodiversity and underpinning ecological processes such as nutrient cycling and carbon sequestration
(e.g. Fischer, Stott, & Law, 2010; Stagoll, Lindenmayer, Knight,
Fischer, & Manning, 2012). Ultimately, this also may have implications for human well-being (e.g. Díaz, Fargione, Chapin, & Tilman,
2006).
Maintaining habitat structures for biodiversity in cities can conﬂict with underlying political and socio-economic drivers (e.g.
population growth) of urban expansion, including policies that promote public safety and ‘sustainable’ urban growth (e.g. Grimm et al.,
2008; Stagoll et al., 2012). For example, wood decay and canopy
senescence in mature trees are key processes that form hollows
and woody debris important for wildlife (Gibbons & Lindenmayer,
2002). However, these processes also may increase the risk of
falling limbs in existing urban greenspace, which may harm people and property and result in managed tree removal (e.g. habitat
tree removal in Rome, Italy; Carpaneto, Mazziotta, Coletti, Luiselli,
& Audisio, 2010). Similarly, compact residential living is encouraged to reduce urban sprawl (Burgess, 2000), but this can lead
to the in-ﬁll of greenspace that might otherwise serve as wildlife
corridors and refuges within built-up environments (e.g. parkland values to birds in Pachuca, Mexico; Carbó-Ramírez & Zuria,
2011). Given that these challenges occur in cities throughout
the world, knowledge of current resource gaps in urban environments is urgently needed to better focus conservation efforts
and improve methods of managing important habitat structures
that cater to human interests while maintaining biodiversity values.
In this study we asked: What is the availability of habitat
structures in urban landscapes and how does this compare with
agricultural land and semi-natural reserves? A better understanding of current resource limitations in urban landscapes is a crucial
ﬁrst step in formulating more targeted land management policies, urban design strategies, and on-the-ground conservation
actions (e.g. McDonnell & Hahs, 2013). This baseline information
from primary data is typically unavailable to urban practitioners worldwide because few studies have empirically quantiﬁed
the availability of habitat structures in urban environments at a
landscape scale. We hypothesised that land management practices
have led to signiﬁcant reductions in the availability of habitat structures in urban landscapes compared with semi-natural
reserves that are managed for conservation purposes. We also
predicted that urban resource limitations would be comparable with agricultural land where the impacts of human-induced
land modiﬁcation on habitat resources has already been well
demonstrated (e.g. Fischer et al., 2009; Gibbons, Lindenmayer, &
Fischer, 2008). Our study has global policy relevance and practical conservation implications for the current management of
habitat structures in urban landscapes and for biodiversity conservation.

2. Methods
2.1. Study area
We conducted our study in and around the city of Canberra,
Australian Capital Territory (ACT), southeastern Australia. Canberra
covers an area of 810 km2 and supports a population of 375,000
people, which is projected to double by 2056 (ACT Government,
2011). The city is highly planned and described as the “Bush Capital” due to the extensive suburban tree cover and 34 nature reserves
ﬂanking the urban boundary. The Canberra region was once dominated by box-gum Eucalyptus woodlands. However, land clearance
for farming and urban development has led to approximately 95%
decline in intact box-gum woodland, resulting in the listing of this
ecological community as critically endangered in State and Federal
legislation (Department of Environment and Heritage, 2006).
2.2. Sampling design
We conﬁned our sampling to a single vegetation type: the
predicted pre-European (pre-1750) extent of box-gum woodland
within our study landscape. Within this vegetation type, we stratiﬁed our sampling according to three dominant land-use types and
ﬁve geographical zones (Fig. 1).

Fig. 1. Map of Australia with pre-1750 extent of box-gum grassy woodland (shaded
area) and the Australian Capital Territory (ACT), highlighted to show Canberra broken into ﬁve geographical survey zones (a). Detailed perspective of zone 1 shows the
stratiﬁcation of the landscape into current dominant land-use types with random
allocations of 20 plots to reserves, pasture and the urban greenspace (b).
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Fig. 2. The average density (±standard error) of each measured habitat structure when detected (bars; left y-axes) with super-imposed probabilities of occurrence (solid
lines; right y-axes) for reserves, pasture and urban greenspace. Habitat structures include (a) all trees (native and exotic), (b) seedlings, (c) dead trees, (d) mature trees
(hollow-bearing and no hollows), (e) hollows, and (f) logs, as well as the (g) percentage groundcover, and (h) percentage mid-storey cover. Symbols above ﬁgures a-f show
the degree of signiﬁcant difference between the urban greenspace and semi-natural reserves and agricultural land. Statistical differences are based on zero-inﬂated count
(i.e. density of habitat structures when detected; denoted by symbol *) and binary models (i.e. probability of habitat structure occurrence; denoted by symbol +).

The three land-use types selected are broadly represented
in other human-modiﬁed landscapes globally (e.g. Foley et al.,
2005) and included: (1) reserves (semi-natural conservation areas);
(2) pasture (grazed agricultural land); and (3) urban greenspace,
deﬁned as publicly accessible areas constituting parklands (60%),
roadside margins (24%), remnant vegetation (9%), and sports
grounds (7%). Urban greenspace accounted for 11% of the total
urban environment in our study area. To ensure that we captured
variability across the landscape and to avoid biasing sampling effort
to areas with speciﬁc local or historical attributes (e.g. ﬁre history,
grazing intensity), we also divided Canberra into ﬁve geographical
survey zones.
We randomly allocated an equal number (n = 20) of ﬁxed area
plots (50 m × 20 m; 0.1 ha) to each of the 15 strata. We had an
equal number of plots per geographic zone (n = 60) and land-use
type (n = 100), resulting in a total of 300 plots or 30 ha of sampled land from 28 reserves, 20 agricultural holdings, and 100 urban

greenspaces. Plots were >250 m apart to minimise spatial dependence and allocated to habitats ≥0.2 ha in size.
In each plot, the following habitat structures were measured:
trees (native and exotic species with stems >10 cm diameter at
breast height over bark (DBH)), seedlings (trees with stems ≤10 cm
DBH), dead trees, mature trees (trees with stems ≥50 cm DBH),
hollow-bearing trees, hollows, logs, and ground and mid-storey
cover (see Table S1 for the sampling methods associated with each
habitat structure).
2.3. Statistical analyses
To assess the effect of land-use on the availability of each
habitat structure, we used zero-inﬂated conditional regression
models in GenStat (14th edition; VSN International Ltd). Count
data had over-dispersed distributions with extra zeros resulting
in possible extra-Poisson variation (Welsh, Cunningham, Donnelly,
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& Lindenmayer, 1996). Zero-inﬂated conditional regression deals
with over-dispersion by modelling response variables in two separate states: a binary state, where the presence of habitat structures
is modelled (referred to here as probability of occurrence); and a
count state, where the number of habitat structures occur with
varying levels of abundance when encountered (i.e. conditional
density, referred to here as density). Binomial models with a
logit-link function were ﬁtted for the binary state and truncated
Poisson and negative binomial distributions with log-link functions ﬁtted for the count state. By assessing residual deviances from
Poisson models, we determined model distributions (i.e. Poisson
or negative binomial) of best ﬁt for each variable. Land-use and
geographical zone were ﬁtted as ﬁxed effects. Geographical zone
served as a proxy for other nested covariates (e.g. geology, tree
planting history) that likely drive local difference in the availability
of habitat structures. The effect of land-use was assessed via a likelihood ratio test statistic for the binary and count models (Table S2).
For differences between urban greenspace (i.e. the model constant)
and reserves and pasture, we derived Z-statistics and two-tailed
probabilities from parameter estimates and standard errors for
both the binary and count model states. For ground and mid-storey
categorical data, we ﬁtted logistic regression models with binomial
distributions and logit-link functions for each category. Land-use
and geographical zone were ﬁtted as ﬁxed effects.
3. Results
The availability of all habitat structures differed signiﬁcantly
(P < 0.0001) between land-use types (see Table S2 for summary
statistics). However, the extent and nature of this difference was
variable for individual structures (Fig. 2).
3.1. Living trees
We measured 5602 stems belonging to 37 species (see Table S3
for a list of all recorded tree species in each land-use type). These
constituted 3935 (70%) seedlings (trees with stems ≤10 cm DBH)
and 1667 (30%) trees (stems >10 cm DBH). Exotic species accounted
for 30% of all recorded trees > 10 cm DBH in urban greenspace, but
were not recorded in pasture and reserves. The density and probability of occurrence of trees in urban greenspace, for all species
and native species only, was signiﬁcantly lower (P < 0.0001) than in
reserves (Fig. 2a). The density of trees in urban greenspace was signiﬁcantly higher (P < 0.05) than in pasture, but the probabilities of
tree occurrence did not differ signiﬁcantly between these land-use
types (P = 0.406).

reserves compared with urban greenspace and pasture. The probability of dead tree occurrence in urban greenspace was signiﬁcantly
lower (P < 0.0001) than in reserves. There was no difference in the
density (P = 1.000) or the probability of occurrence (P = 0.672) of
dead trees between urban greenspace and pasture. Five dead trees
were recorded in pasture and urban greenspace compared with
105 dead trees in reserves. The proportion of trees >10 cm DBH
that were dead was higher for pasture (5%) compared with urban
greenspace (1%).
3.4. Mature trees
The density (P = 0.278) and the probability of occurrence
(P = 0.461) of mature trees did not differ signiﬁcantly between
urban greenspace and reserves (Fig. 2d). There also was no signiﬁcant difference (P = 0.08) between the probability of occurrence of
mature tree in urban greenspace and pasture. However, the density of mature trees was signiﬁcantly higher (P < 0.001) in urban
greenspace than in pasture.
3.5. Hollow-bearing trees
There was no signiﬁcant difference (P = 0.185) in the density
of hollow-bearing trees between urban greenspace and reserves.
However, the probability of occurrence of hollow-bearing trees
was signiﬁcantly lower (P < 0.001) in urban greenspace than in
reserves. In contrast, the density of hollow-bearing trees was signiﬁcantly higher (P < 0.001) in urban greenspace than in pasture,
but the probability of occurrence of hollow-bearing trees was not
signiﬁcantly different (P = 0.536) between these land-use types. The
percentage of mature trees that were hollow-bearing was high for
reserves (72%) and pasture (63%), but not for mature trees in urban
greenspace (33%). We recorded no exotic trees with hollows.
3.6. Hollows
The density and probability of occurrence of hollows was signiﬁcantly lower (P < 0.001) in urban greenspace compared with
reserves (Fig. 2e). However, there was no signiﬁcant difference in
the density (P = 0.062) or probability of occurrence (P = 0.441) of
hollows between urban greenspace and pasture. When separated
by entrance size, large hollows (>10 cm) were approximately 3.5
times more abundant in reserves than in urban greenspace and pasture. On average, each hollow-bearing tree supported 3.2, 3.8, and
4.4 hollows in urban greenspace, pasture and reserves, respectively.
3.7. Logs

3.2. Tree regeneration
The density of seedlings in urban greenspace was signiﬁcantly
lower (P < 0.0001) than in reserves and pasture (P < 0.001; Fig. 2b).
Urban greenspace and pasture supported 18% of all seedlings
recorded in our study landscape. Urban regeneration was dominated by native seedlings (72%) with 15% and 20% of plots having
re-planted and naturally regenerating native trees, respectively.
Twelve per cent of plots with seedlings in urban greenspace had
evidence of protection measures for young trees (e.g. supporting
posts or stem sheaths). This is compared to 3% of plots in pasture.

The density and probability of occurrence of logs was significantly lower (P < 0. 0001) in urban greenspace than in reserves
(Fig. 2f). Similarly, the probability of occurrence of logs was signiﬁcantly lower (P < 0.0001) in urban greenspace than in pasture.
However, we recorded no signiﬁcant difference (P = 0.149) in the
density of logs between urban greenspace and pasture. On average,
the volume of wood calculated from logs in urban greenspace was
0.3 m3 ha−1 compared with 1.8 m3 ha−1 and 4.8 m3 ha−1 in pasture
and reserves, respectively.
3.8. Ground and mid-storey cover

3.3. Dead trees
The density of dead trees, when encountered, in urban
greenspace and pasture was not signiﬁcantly different (P = 0.671)
from the density recorded in reserves (Fig. 2c). However, on average, the density of dead trees per hectare was 21 times higher in

Exotic groundcover was signiﬁcantly (P < 0.001) higher in urban
greenspace (63%) and pasture (72%) compared with reserves (13%;
Fig. 2g). Conversely, groundcover in reserves was dominated by
native vegetation (51%) and litter (24%), which were signiﬁcantly
lower (P < 0.001) in urban greenspace and pasture. Native shrub
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species were prevalent (42%) in the mid-storey of reserves but signiﬁcantly lacking (P < 0.001) in urban greenspace (8%) and pasture
(10%; Fig. 2h).
4. Discussion
In this study we asked: what is the availability of habitat
structures in urban landscapes and how does this compare with
agricultural land and semi-natural reserves? To the best of our
collective knowledge, ours is one of the ﬁrst studies to explicitly
quantify the relative availability of multiple habitat structures in
urban landscapes and directly compare this with other dominant
land-use types. Overall, our ﬁndings conﬁrm that urban landscapes
support greatly diminished habitat structures important for biodiversity. Assuming that this problem is replicated in cities around
the world, our study has worldwide implications for the current
management of habitat structures in urban landscapes. Reductions
in the availability of critical, life-supporting habitat structures jeopardises the ecological sustainability of urban landscapes (e.g. Di
Giulio, Holderegger, & Tobias, 2009). In contrast, a multitude of
species groups stand to beneﬁt from improvements to the management of habitat structures in urban landscapes, including plants,
mammals, birds, reptiles, amphibians, invertebrates and microorganisms (e.g. McDonald et al., 2008; McKinney, 2008; Stagoll et al.,
2012).
4.1. Reduced availability of habitat structures
The density and/or probability of occurrence of habitat structures (except mature trees) in our study area were signiﬁcantly
lower in urban greenspace compared with reserves. Urban resource
limitations in our study area were comparable with agricultural
land, where declines in habitat structures (e.g. young trees and
logs) have profound consequences for biodiversity (e.g. Gibbons
et al., 2008; Hanspach, Fischer, Ikin, Stott, & Law, 2012). Addressing
this problem in urban environments warrants immediate attention
given the unprecedented rate of global urban expansion (UNDP,
2011). This requires a re-think of how habitat structures are currently managed in urban settings.
We found that although signiﬁcantly fewer trees occur in urban
greenspace compared with reserves, the availability of mature trees
did not differ between these land-use types. The availability of
mature trees also was higher in urban greenspace than in pasture.
These results indicate that there are potentially better outcomes
for mature tree-dependant fauna in urban landscapes compared
with pasture (e.g. Stagoll et al., 2012). However, fragmented urban
landscapes may pose other threats to tree-dependant species (e.g.
road mortality; Dique et al., 2003). Legislation protecting mature
trees in Canberra’s urban environment (Tree Protection Act, 2005)
is likely responsible for reserve-like mature tree densities, which, in
turn, underscores the importance of implementing targeted protection policies for individual habitat structures in cities. Nevertheless,
structures typically associated with mature trees, including hollows and large quantities of logs and litter, are signiﬁcantly reduced
in urban greenspace. Compared with reserves, we observed a
reduced proportion of hollow-bearing trees, hollows per tree, and
hollows with larger entrance sizes in urban greenspace. This suggests that hollow-dependant fauna, especially species that require
large hollows for nesting (e.g. large birds, marsupials), may be particularly disadvantaged in urban landscapes.
Tree regeneration is especially limited in the urban landscape we studied. This is likely because: (1) signiﬁcantly fewer
seedlings were recorded in the urban greenspace compared with
both reserves and pasture; and (2) efforts to protect young trees
were rarely observed. This result is consistent with other cities
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globally (e.g. Bangalore, India; Nagendra & Gopal, 2010). Natural
tree regeneration is especially hindered in urban greenspace due
to impervious surfaces and the spread of weeds that dominate
the ground layer (e.g. Stinson et al., 2006). This means that active
management strategies that encourage tree regeneration and the
maintenance of healthy tree age structures are needed, including widespread re-plantings and installing protective structures to
aid tree growth or regrowth. For example, in Hong Kong, China
using tree guards and weed mats to protect seedlings can increase
the establishment, survivorship and growth of trees (Lai & Wong,
2005). These strategies are vital if habitat structures that form over
extended time periods such as mature trees, hollows and logs are to
be retained in perpetuity for future generations (e.g. Lindenmayer
et al., 2013; Vesk, Nolan, Thomson, Dorrough, & Mac Nally, 2008).
4.2. Conﬂicts between public safety and retention of urban
habitat structures
Conﬂicts between public safety and retention of certain habitat
structures in urban greenspace likely explains why hollows, dead
trees, fallen debris and mid-storey vegetation are reduced and in
some cases (e.g. logs) almost entirely absent from the urban landscape. In cities, human interests and safety concerns tend to take
precedent over concerns for biodiversity and this is reﬂected in
policies that underpin the intentional removal of habitat structures
perceived as hazardous to humans. For example, tree maintenance
policies on public land in Canberra aim to remove dead trees and
prune hollow branches as these structures pose safety risks to
people and property (ACT Government, 2013). However, tidy-up
practices that reduce structures considered hazardous to humans
occur to the detriment of biodiversity that is supported by these
same structures (McDonnell, 2007). For example, Carpaneto et al.
(2010) found that hollow-bearing trees in parks in Rome support
threatened saproxylic beetles, yet 41% of habitat trees were listed
as dangerous and identiﬁed for removal.
Our results indicate that logs and mid-storey vegetation are
especially limited in urban greenspace. The removal of woody
debris and shrubs from urban areas is likely driven by public
perceptions that these structures are fuel for wildﬁres. However,
evidence suggests that house loss from wildﬁres occurs almost
exclusively within close proximity to the wildland-urban interface
(e.g. Chen & McAneney, 2004). There is also evidence that intensive
local-scale fuel reduction close to properties most at risk to wildﬁre (e.g. houses along urban fringes) are likely to be more effective
at mitigating the impacts of wildﬁre than widespread fuel reduction strategies (e.g. Gibbons et al., 2012). This means that retaining
logs, litter and mid-storey vegetation within the majority of urban
greenspace, which is away from the urban fringe, is unlikely to
increase the risk to built assets or people from wildﬁre. Overgrown
vegetation also may appear unkept and increase people’s fear of
crime and wildlife perceived as dangerous (e.g. snakes). Collectively, these factors have resulted in highly manicured greenspaces
with reduced complexity dominating urban landscapes (e.g. Bjerke,
Østdahl, Thrane, & Strumse, 2006). Yet, complexity in vegetation
structure and groundcover is vital for wildlife as it provides shelter, connectivity and foraging opportunities (e.g. Brearley, Bradley,
Bell, & McAlpine, 2010).
4.3. Towards improved management of urban habitat structures
Urban landscapes must be managed in a holistic manner to
achieve conservation and socio-economic goals. This requires collaboration between conservationists, practitioners (e.g. architects,
developers, arborists) and urban residents so that multi-functional
urban greenspaces can be established. We encourage policymakers
to consider the important biodiversity values of habitat structures
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Fig. 3. Example management strategies for habitat structures: (a) mature native tree retained along a roadside margin adjacent to residential housing; (b) dead hollowbearing tree retained by establishing a ‘safe zone’ with wooden posts and native understorey shrubs; (c) fallen log retained in an urban park; (d) simple signage to raise
community awareness of the biodiversity value of retained woody debris in public areas.

in urban landscapes by formulating protection policies that enable
authorities to mandate on-the-ground conservation actions (see
also Lindenmayer et al., 2013; Stagoll et al., 2012). We anticipate
that strategies that encourage the maintenance and perpetuation
of urban habitat structures will not only beneﬁt biodiversity but
also improve key ecological processes (e.g. nutrients turnover, and
groundwater saturation) and provide ﬁnancial and community
rewards. For example, using logs, woodchips and native shrubs as
part of urban design features can reduce the costs of lawn maintenance (e.g. mowing, weeding; Henderson, Perkins, & Nelischer,
1998). Similarly, large trees are important to wildlife but they also
have aesthetic, cultural and functional roles (e.g. providing shade,
improving air quality, increasing real estate value; e.g. Ishii et al.,
2010; Thaiutsa, Puangchit, Kjelgren, & Arunpraparut, 2008).
We propose three guiding strategies that integrate socioeconomic priorities and biodiversity conservation, which can be
incorporated into the design, landscaping and management of
urban landscapes to better maintain habitat structures.
4.3.1. Establish conservation reserves
The availability of all habitat structures measured in our study
was greatest in reserves. Retrospectively or prospectively setting
aside conservation-speciﬁc land within and adjacent to cities is an
important step towards conserving biodiversity because reserves
can ‘bridge’ urban resource gaps at a landscape scale by providing
an alternative source of habitat to built-up urban areas. Reserves
also offer refuge to urban-sensitive species (e.g. Catterall, Kingston,
Park, & Sewell, 1998) and opportunities for the public to experience
nature (e.g. Chiesura, 2004).
4.3.2. Spatial zoning of habitat structures within urban areas to
reduce risk
Conﬂicts between biodiversity conservation and public interest
or safety can be addressed through strategic zoning of hazardous

habitat structures so that these are retained instead of removed
(Fig. 3a–c). Landscaping techniques can separate public facilities
like playgrounds and walkways from structures that pose a risk
(e.g. dead trees; Stagoll et al., 2012). Segregating the public from
areas of re-growth/re-planting is also a useful technique to protect
young trees and limit the spread of weeds. In urban landscapes,
habitat structures need to be managed even at the level of the stem,
log and hollow-bearing branch because of the reduced availability
of these structures and the situation-speciﬁc ways of overcoming
conﬂicts of interest (Lindenmayer et al., 2013).
4.3.3. Engage residents in conservation practice
Implementation of the two above-mentioned strategies
requires education and participation of urban residents (Fig. 3d).
The composition of urban greenspace and the persistence of
certain habitat structures will depend on people’s perceived values
of these structures (Groves et al., 2002). For example, changes in
public attitudes towards the important value of native habitat are
largely responsible for an increase in the percentage of indigenous
trees planted in Christchurch, New Zealand (Stewart, Ignatieva,
& Meurk, 2004). Overall, a deeper understanding of biodiversity
and sustainability issues is needed to raise awareness, encourage
tolerance, and dispel misconceptions related to certain habitat
structures (McDonnell, 2007; McKinney, 2002).
5. Conclusion
Habitat structures important for biodiversity are signiﬁcantly
reduced in urban greenspace compared with semi-natural reserves.
Urban resource limitations are comparable with highly altered
agricultural land, which is a concern demanding attention as
global urbanisation intensiﬁes. Improved protection policies, management strategies, and on-the-ground conservation actions are
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needed to address current urban resource deﬁciencies. Establishing
conservation reserves, spatial zoning of habitat structures deemed
hazardous to humans in existing urban greenspace, and engaging
city residents in local conservation efforts are three practical strategies that can be implemented at multiple spatial scales to maintain
and perpetuate habitat structures in urban landscapes worldwide.
This is vital for biodiversity and the well-being of human populations in urban areas.
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