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Introduction

Urban vegetation harbors abundant plant species and urban wildlife. This chapter explores the 
ways to manage urban vegetation to preserve and enhance urban biodiversity. Management ac-
tions can be taken to conserve plant biodiversity in natural and semi-natural vegetation and culti-
vated vegetation guided by knowledge of forces driving the vegetation dynamics in urban areas. 
Urban vegetation can also be managed to support urban wildlife biodiversity. A key lesson from 
existing projects is that long-term planning and management consistency are necessary to achieve 
desired results. Furthermore, regular monitoring and assessment should be in place to ensure that 
vegetation management works for urban biodiversity.

The shaping forces of biodiversity in urban vegetation

Urban vegetation is the total assemblage of plants within and on the perimeter of cities and 
towns (Carne 1994). Urban vegetation serves multiple functions, including critical habitats for 
threatened and endangered species (Ives et al. 2016), food and shelter for wildlife species 
(Hostetler et al. 2011), and ecological structure for producing ecosystem functions (Bolund and 
Hunhammar 1999). Active management and monitoring are required to maintain these functions. 
However, urban vegetation management is not a simple task since myriad natural and anthropo-
genic forces influence urban vegetation (Knapp and Zipperer, this volume). These forces include 
regional climate and biogeography, human-mediated biotic interchange, urban form and develop-
ment history, socioeconomic and cultural influences, local human facilitation, and species inter-
actions (Aronson et al. 2014; Williams et al. 2015; Aronson et al. 2016). The interaction effects 
of these forces shape the composition, abundance, and distribution of plants that form urban 
vegetation and wildlife that depend on urban vegetation. Management actions based on a sound 
understanding of those forces can preserve, restore, and increase urban vegetation biodiversity 
and the wildlife that relies on it.
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Managing urban vegetation for biodiversity

The overall goal and strategies

Urban vegetation management should improve the biodiversity of plants and animals as a system 
rather than focusing on a particular species. The concept of “Biodiversity quality” (Jalkanen 
et al. 2020), which evaluates biodiversity comprehensively from the aspects of species richness, 
biomass, population density, evenness, rarity, support for specialist species, and regional repre-
sentativeness of the species assemblages in an area, provides an anchoring point for setting up the 
overall goal. Management strategies include five principal components: (1) implement citywide 
planning; (2) preserve and restore existing natural and semi-natural vegetation; (3) create an eco-
logical network of corridors; (4) reduce degradation of existing vegetation; and (5) be creative in 
finding solutions.

First, citywide plans need to incorporate all types of urban nature, including cultivated, and 
novel habitats that might not be in the focus of classic nature conservation approaches. This 
plan includes biodiversity-friendly and cost-effective vegetation management in cultivated green 
spaces such as yards or parks (Friedman 2021; Aronson et al. 2017), for example, by reducing 
mowing intensity. Beyond, citywide plans should involve various stakeholders and decision-
makers to include public and privately owned lands across the metropolitan area. A comprehen-
sive approach to citywide management reduces risks of piecemeal, uncoordinated, and ineffective 
approaches, particularly for biophysical systems that may occur with local-scale planning (Bush 
et al. 2020). Tools such as the Institutional Analysis and Development Framework (IAD) can be 
used to understand the roles of stakeholders in inhibiting or supporting biodiversity conservation 
in urban vegetation to make better plans (MacKenzie and Gibbons 2019). Nevertheless, it should 
be noted that having a citywide biodiversity conservation plan itself is meaningless if no savvy 
political and governance measures exist to enact funding and policies that support the implemen-
tation of the plan.

Second, preserving natural or semi-natural vegetation needs to be made a top priority (Fried-
man 2021). Natural or semi-natural vegetation has a higher biodiversity value than cultivated 
vegetation (Barrico et al. 2018). They also support a higher diversity of insects, birds, and other 
wildlife (Müller et al. 2018).

Third, areas occupied by urban vegetation needs to be increased in cities. As a first step, cities 
should know the amount of existing urban vegetation. Data on vegetation types and extant at fine 
resolution (<10 m) can be collected through field surveys or interpretation of remotely sensed data. 
Furthermore, urban vegetation should be connected through a network of corridors that spread 
across urban-rural landscapes. This network can help decrease the detrimental effects of the small 
size of many inner-urban vegetation patches on species. It has been found that the impact of patch 
size and corridors on biodiversity is more important than vegetation structure and local manage-
ment. Large areas of habitats (>50 ha) are essential for preventing rapid loss of area-sensitive 
species (Beninde et al. 2015).

Fourth, policies should be created to guide the design and construction of developments to 
reduce the impact on nearby natural vegetation and enhance the biodiversity of vegetation in de-
veloped lands (Hostetler et al. 2011). For example, biodiversity-friendly designing practices such 
as preserving vegetation on the development sites or using native species in planting should be 
encouraged.
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Finally, the complex socio-ecological processes involved in urban vegetation management 
demand creative solutions. New ideas should be encouraged, tested, and duplicated if proved 
effective. Temporary conservation, which aims to maintain a spatiotemporal mosaic of differ-
ent successional stages ranging from pioneer to pre-forest communities, may help cope with the 
highly dynamic urban landscapes (Kattwinkel et al. 2011). Another new idea is passive rewilding, 
that is, to allow for spontaneous ecological processes in urban landscapes, which can potentially 
reduce management intensity and achieve higher biodiversity in urban vegetation (Müller et al. 
2018).

Managing natural and semi-natural vegetation

Natural and semi-natural vegetation include patches of remnant forests and other original vegeta-
tion types unaltered or moderately modified by human activities. They harbor higher shares of 
plant taxa with high conservation and ecological values than vegetation more strongly affected by 
humans (Barrico et al. 2018; Kowarik and von der Lippe 2018). Spontaneous species are the main 
components of natural and semi-natural vegetation. These areas also support a higher diversity 
of invertebrate and bird species than cultivated vegetation (Müller et al. 2018). Consequently, 
maintaining the structural and functional integrity of natural and semi-natural vegetation should 
be prioritized in urban vegetation management.

Intensive anthropogenic activities in urban landscapes frequently degrade the structure and 
function of natural and semi-natural habitats. Restoration is often required to revive the ecological 
integrity of native habitats (Johnson and Handel 2016). Restoration activities represent a contin-
uum from passive to active management depending on site conditions and management objectives 
(Mostert et al. 2018). Passive restoration activities emphasize the need to facilitate the spontane-
ous natural dynamics of vegetation and are generally faster and less costly than active restora-
tion measures (Capotorti et al. 2017). Active restoration requires extensive human interventions. 
Examples of active restoration methods include ‘close-to-nature’ silviculture techniques, such as 
creating small gaps to simulate gap-dynamics (Teobaldelli et al. 2020), restoration of seed sources, 
ways to enhance functional connectivity for biogeographically representative and ecologically 
coherent trees (Capotorti et al. 2017), and targeted seeding of native grassland species into urban 
wasteland sites (Fischer et al. 2013). In their restoration framework, Mostert et al. (2018) consider 
the extent of invasive species coverage, indigenous vegetation, and other biotic and abiotic factors 
to prioritize sites for different types of restoration.

No matter which restoration approach is taken, a reference condition or state is often the goal 
of restoring a habitat. The reference condition is normally the pristine condition of the habitat, 
a late-successional sere, or some historical condition. However, such conditions are often chal-
lenging to reach in urban landscapes because of the altered biophysical environment, landscape 
configuration, and disturbance regimes (Johnson and Handel 2019). Also, species and communi-
ties consistently recover, reassemble, adapt, and evolve in urban environments due to the complex 
interactions among different influencing factors (Kowarik 2011; McDonald et al. 2016). The ur-
ban landscape requires vegetation restoration to take a more dynamic, multidimensional approach 
than conventional restoration and realize that restored vegetation may not necessarily recover 
its former state (Johnson and Handel 2019). Recognizing the need to have a reference condi-
tion, McNellie et al. (2020) proposed a contemporary reference state framework to set goals and 
benchmarks for restoration activities in human-altered landscapes. The framework identifies the 
contemporary “Best-on-Offer” reference state based on a standardized assessment of the social 
and ecological context, providing a way for policymakers and practitioners to select a reference 
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state that maximizes conservation and restoration outcomes in contemporary ecosystems (McNel-
lie et al. 2020). Moreover, when actively restoring the urban landscape, consistent management is 
necessary to achieve desired long-term outcomes such as maintenance of biodiversity and ensur-
ing the structural and functional integrity of resident plant communities. It is unrealistic to expect 
an urban habitat fragment to quickly reach the original ecological status that took centuries to form 
(Johnson and Handel 2019).

The managing agency should also pay attention to preventing new damage to natural and semi-
natural vegetation in cities. Urban residents frequently use natural and semi-natural vegetation 
sites for recreation, dumping yard waste and garbage, and excavation (Sharpe et al. 1986). Resi-
dents’ unregulated use of informal trails in natural and semi-natural vegetation can degrade the 
vegetation structure (Ballantyne and Pickering 2015). Those activities should be regulated. Resi-
dents can be organized to serve as stewards of natural and semi-natural vegetation.

Management of cultivated vegetation

Cultivated vegetation in gardens, lawns, parks, streetscapes, and similar green spaces composes 
a major component of urban vegetation. Besides generating ecosystem services, which benefit 
people, cultivated vegetation can be managed to enhance biodiversity in cities. Aronson et al. 
(2017) point out that managing cultivated vegetation can significantly affect biodiversity in ur-
ban landscapes both negatively and positively. For instance, a homogeneous structure of veg-
etation dominated by lawns was created by homeowners, which at the same time are similar in 
cities across the globe (Ignatieva et al. 2020). Similarly, many cities focus on managing individual 
units rather than managing lands collectively for publicly owned green spaces. A high degree 
of habitat fragmentation and increased spatial heterogeneity potentially create multiple sinks for 
meta-population dynamics (Aronson et al. 2017). In addition, multiple owners often introduce a 
high number of non-native species for ornamental and horticultural uses. Nonetheless, private and 
public land managers can recognize the benefits of coordinating management efforts. For example, 
coordinated actions have been taken to convert lawns into native gardens (Ignatieva and Hedblom 
2018) and enhance corridors between green spaces (Pirnat and Hladnik 2016). Not only do these 
activities increase native plant species richness in our cities, but they also enhance faunal species 
such as butterflies and bees (Goddard et al. 2010) and human well-being (Frumkin et al. 2017).

Lawns represent a central component of cultivated vegetation (Ignatieva et al. 2020), and their 
management can significantly affect biodiversity. For instance, lawns with low use of biocides and 
limited public access were found to have higher species richness and rarity than intensively man-
aged lawns (Politi Bertoncini et al. 2012). Similarly, reduced mowing frequency could enhance 
biodiversity, aesthetics, and pollination services (O’Sullivan et al. 2017) but often conflict with 
local ordinances. Still, cities are starting to recognize the combined benefits of reduced mowing 
intensity for biodiversity and management costs (e.g. cities cooperating in a national network of 
biodiversity-oriented municipalities “Kommunen für biologische Vielfalt” in Germany). At the 
community and city level, with smart planning, large areas of lawns can be set aside for less frequent 
or no mowing while making the rest of the lawns accessible to the public for recreational use 
(Ignatieva and Hedblom 2018). Another approach to increase lawn biodiversity value is to cre-
ate gaps in existing lawns and planting the gaps with seeds or seedlings of native meadow spe-
cies as applied in Sweden (Mårtensson 2017).

Private gardens also provide considerable opportunities to support urban biodiversity. Private 
gardens often are planted for their aesthetic and utilitarian values (e.g. edible or medicinal plants), 
and many of them are exotic species (Clarke et al. 2014; Klepacki and Kujawska 2018). Planting 
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native species should be encouraged by providing the owners with knowledge of biodiversity and 
sources for buying native seeds and plants of regional provenance. Doody et al. (2010) showed 
that residential gardens in Christchurch, New Zealand, can support the regeneration of native 
woody species from the nearby forest if the owners were given the species’ information and con-
trol over the planting locations. Similarly, Goddard et al. (2010) report the need for a landscape 
approach to enhancing biodiversity with green spaces across the metropolitan area.

Urban forestry provides a framework to unify all management activities on cultivated trees and 
shrubs in urban areas. Management options focusing on increasing biodiversity can be incorpo-
rated into all aspects of the urban forest (Alvey 2006). These options include but are not restricted 
to survey the baseline situation of biodiversity of urban forests, increase the use of native species 
in tree planting programs, retention of existing trees, create artificial gaps in the old-growth ur-
ban forest, and preserve the interconnections between urban and suburban forests (Alvey 2006; 
Kowarik and von der Lippe 2018; Massad et al. 2019). Cities worldwide are expanding their urban 
forests, for example, the Million Trees program in New York City had a goal of adding one million 
new trees in a decade (Onaindia and Fisher 2020). Incorporating a biodiversity dimension into 
urban forest planning and management at the very beginning is essential.

Wastelands and vacant lots exist in many cities and provide an opportunity to increase biodi-
versity (Kowarik 2011; Fischer et al. 2013). Both active and passive management options can be 
employed to maintain or enhance biodiversity objectives on these parcels. For instance, passive 
management practices that keep extant soils and resident vegetation and allow the sites to develop 
naturally often lead to novel communities composed of native and non-native species (Kowarik 
2011; Zipperer 2002). Over time, the composition of such novel communities can become similar 
to natural remnants (Kowarik and von der Lippe 2018). Active management may include directly 
seeding and planting native species. For instance, Kövendi-Jakó et al. (2019) introduced prop-
agules of native grassland into degraded sites in Nyírség, Hungary, to grow communities similar to 
those of reference grasslands. They observed that within three years, the restored sites were similar 
to reference sites. Equally important are the social considerations of restoring wastelands and 
vacant lots. Managers must balance the need for biodiversity and people’s perceptions. A vacant 
lot with a mixture of spontaneous vegetation may be viewed as unmaintained and distracting by 
residents of one neighborhood, but valued for its educational and ecological benefits by residents 
in another neighborhood (Ignatieva and Hedblom 2018). An acceptable compromise is not to leave 
spontaneous vegetation in wastelands and vacant lots unattended but to actively manage it for 
biodiversity and ecological benefits.

Invasive species management

Urban landscapes are a source and sink for invasive species, and managing these species requires 
different approaches than used in rural areas (Gaertner et al. 2017). Urban residents may not sup-
port the management measures due to the species’ utilitarian values (Novoa et al. 2017) or do not 
perceive invasive plant management as a high priority relative to other environmental problems 
(Potgieter et al. 2018). A vital element of invasive species management is educating the public 
on the negative impacts of invasive species on natural communities and the types of manage-
ment used to control or eradicate targeted species on public and private lands (Novoa et al. 2017). 
Dearborn and Kark (2010) emphasize that managers must convey the importance of native species 
and the management of invasive species to create habitats (e.g. using wastelands and vacant lots) 
for local biodiversity and human well-being. Successful management plans focus not only on the 
ecological but also the human benefits.
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These concerns suggest that invasive species management in urban areas should be based on 
biological factors, stakeholder views, and the social consequences of management actions (Dear-
born and Kark 2010). Based on the social and ecological context, Gaertner et al. (2017) proposed 
three management approaches: tolerance, active engagement, and control priority. Non-native 
species that have a low potential for negative ecological impact but can benefit people may be 
tolerated. In contrast, active control measures should be applied to species with a relatively high 
potential for negative impact and deliver relatively low benefits. However, rapid actions need to be 
taken to control an invasive species if there is no adequate information on its impacts and benefits, 
preferably at the early invasion stage.

Invasive plant species can be removed from urban vegetation using biological control, mechan-
ical removal, and chemical control. The effect of biological control tends to vary among regions. 
For example, biological control agents, including insects and fungus, have been applied to control 
common ragweed (Ambrosia artemisiifolia L.) in Australia, Russia, China, and some European 
countries with varying success (Igrc et al. 1995; Gerber et al. 2011; Kovalev et al. 2015). The bio-
logical control agents’ effectiveness is determined by many factors such as climate, biology of the 
biological control agents, and interactions between the agents and the host plant species.

The effectiveness of mechanical removal and chemical treatment is more predictable than that 
of biological control. For instance, Bierzychudek (2020) found that treating Hedera spp. on the 
ground with biocides and cutting the plants’ woody stems increased the abundance and the diver-
sity of native herbs and woody seedlings substantially in natural areas in Portland, Oregon. How-
ever, adverse effects on biodiversity across taxa are apparent with repeated application of mixtures 
of biocides (Brittain et al. 2010; Schäfer et al. 2019; Sattler et al. 2020). Weeding was found to 
control the population of Impatiens glandulifera successfully and increased the native species 
richness in a riparian zone in London (Cockel et al. 2014). In New York, the combined use of me-
chanical removal, chemical treatment, and native tree planting has resulted in significantly lower 
invasive species abundance, more complex forest structure, and greater native tree recruitment 
in native forests in urban parks (Johnson and Handel 2016). Johnson and Handel (2016) found 
that active planting of native species after removing invasive species enhanced native species and 
vegetation structure. Consistent management over extended time frames is needed to shape the 
structure and composition of the plant communities. Adverse effects of treatments, especially the 
harmful effects of biocides on biodiversity and ecosystems, need to be weighed against the threats 
posed by invasive species. Those management approaches that have the smallest (or best no) ad-
verse effects on biodiversity should be favored.

Managing urban vegetation for wildlife

Generally, more urban vegetation cover means more habitats for wildlife. Studies have shown 
a positive association between urban vegetation cover and species richness and abundance of 
wildlife such as arthropods and birds (Turrini and Knop 2015; Pena et al. 2017). Increasing 
the overall amount of urban vegetation cover is a viable management objective for biodiversity 
conservation. However, not all vegetation benefits urban biodiversity to the same extent. Urban 
vegetation’s value to wildlife is affected by its size, origin, structure, species composition, and 
surrounding environments. These observations should form the basis for designing management 
actions.

Maintaining natural or semi-natural vegetation should be the priority, and cultivated vegetation 
only used as a second option to increase urban vegetation (Chong et al. 2014). Large areas of intact 
connected urban vegetation need to be conserved. Intensive development should be avoided in 
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adjacent areas to reduce light and noise pollution, or a buffer should be created around the habitat 
to minimize human activities and intrusions (McDonald et al. 2014).

Creating multiple strata and adding a greater diversity of native plants will increase habitats for 
a broader range of flora and fauna species in cultivated vegetation (Burgin 2016). For instance, 
lawns can be mowed less frequently, creating vertical strata, and native meadow species can be 
added to enhance species richness. Studies have shown that these practices increased diversity for 
plants, invertebrates, and soil microbes (Norton et al. 2019; Mata et al. 2017). Similarly, in pri-
vate gardens and vacant lots, non-native ornamental plants that attract pollinators and sustenance-
oriented food crops can be planted to support pollinator populations (Lowenstein et al. 2019; 
O’Connell et al. 2020). Non-native species can serve as essential food sources for pollinators (e.g. 
white clover, Trifolium repens) in private gardens and vacant lots when native species are una-
vailable. As long as these species are not invasive, they can be crucial for pollinator conservation 
(Turo et al. 2020; Lowenstein et al. 2019).

Urban forest structure can be improved by increasing species richness through planting native 
tree species, preserving large-diameter trees, and increasing the complexity of understory veg-
etation structures (Johnson and Handel 2019). Also, adding features such as standing water and 
watercourses increase spatial complexity of the urban forest. These practices have been shown to 
positively impact birds, bats, and invertebrates (Ferenc et al. 2014; Ikin et al. 2015; Archibald et al. 
2017; Pena et al. 2017; Threlfall et al. 2017).

Although threatened and endangered species may require special management attention, 
management, in general, should focus on the overall biodiversity of the urban landscape rather 
than on a small range of species. The focus on a single species may have unintended conse-
quences, such as the decline in amenities for humans and threatened endemic species (Burgin 
2016). For instance, Grevillea and Callistemon spp. have been widely planted in Australian 
cities to respond to Birds Australia’s call for providing food plants for birds. Although the in-
tended outcome was to enhance bird diversity by providing food, the actions led to establishing 
honeyeaters in Australian cities, creating an ongoing pest management problem for managers. 
Smaller-bodied birds were absent when the more aggressive honeyeaters were present (Burgin 
2016). A solution to minimizing unintended consequences is to construct ecological species 
profiles, which enable land managers to manage a wide range of species according to their 
habitat requirements and disturbance responses simultaneously (Opdam et al. 2001; Garden 
et al. 2007).

Monitoring and assessment

Survey biodiversity of urban vegetation

Continuous monitoring is essential for managing urban vegetation for biodiversity. While all 
methods developed for monitoring biodiversity in natural environments can be adapted for use 
in urban areas, methods considering social and biophysical aspects of urban areas should be pre-
ferred. One of these methods is urban biotope mapping, which classifies urban areas into homo-
geneous habitats based on land use types and biotic and abiotic conditions (Sukopp and Weiler 
1988). Urban biotope mapping is conceptually well-structured to meet the demand for maintaining 
biodiversity in urban areas (Qiu et al. 2010). A similar method, urban habitats biodiversity assess-
ment (UrHBA), provides a standardized way to incorporate habitat information into a spatial data 
framework. The method includes three steps: interpreting drawings of the main habitat patches, 
recording the characteristics of those patches, and constructing maps to link with all recorded data 
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(Farinha-Marques et al. 2017). Detailed information on urban biodiversity can be obtained using 
the cited approaches. However, applications of those approaches are time-consuming and require 
considerable resources.

Rapid biodiversity assessment tools such as the one developed by Tzoulas and James (2010) 
can be deployed to get a quick overview of biodiversity in urban vegetation. These tools are simple 
to use, and the results are easy to interpret. They are suitable for aiding managers to develop man-
agement strategies and to reach out to the public. Nevertheless, they are not suitable for generating 
data that cover biodiversity in the studied area completely.

Some emerging methods can be adopted to supplement monitoring works based on conven-
tional field surveys. The use of unmanned aerial vehicles (UAV) in urban vegetation monitoring is 
especially promising. UAV can capture high-resolution optical images of urban vegetation using 
cameras. The images can be used alone or together with point data captured using airborne LIDAR 
boarding UAV to extract information on the size, shape, distribution, species composition, and 
structure of urban vegetation in urban areas (Feng et al. 2015; Egerer et al. 2020; Schiefer et al. 
2020). Besides the images captured using UAV, freely available satellite images can also be used 
in urban vegetation monitoring to increase data availability and efficiency. For example, the Weed 
Aerial Surveillance Program framework developed in Australia takes a structured approach to in-
tegrate multiple remote sensing technologies into urban and peri-urban weed management efforts 
(Sheffield and Dugdale 2020).

Using apps based on smartphones and tablets to enlist citizen scientists to assist in biodiversity 
monitoring work is another promising method. Citizen science projects based on apps have been 
successfully implemented in many cities to monitoring invasive plant species, urban tree popula-
tions, and wildlife living in urban vegetation patches (Hawthorne et al. 2015; Roman et al. 2017; 
Prudic et al. 2018). These projects are a cost-effective way to supplement the monitoring works 
and an excellent way to engage residents in biodiversity conservation works.

Assess the effectiveness of management measures

Continuous monitoring of an urban management plan provides the data needed for assessing the 
effectiveness of managing urban vegetation for biodiversity. An assessment program typically 
contains four major steps: (1) determine the purpose and scale of the assessment, (2) develop an 
indicator system, (3) conduct the assessment, (4) communicate the result to policymakers and the 
public. Defining the setting and scales at which urban vegetation is being assessed is the first step. 
Due to a wide range of social and ecological factors that affect urban vegetation, it is crucial to 
assess urban management at multiple scales and include the urban residents’ perception of biodi-
versity associated with urban vegetation (Nilon 2011).

A set of suitable indicators are the core of an assessment. Biophysical indicators and indicators 
of the social-economic systems, such as measures of attitudes and ecosystem benefit indicators, 
should be included in that indicator system (Bastian et al. 2020). Frameworks are available to 
guide the cities to select indicators suitable to local conditions. An example is the City biodiver-
sity index (CBI), which was released by the Convention on Biological Diversity in 2010. The 23 
indicators of the CBI measure three aspects of urban biodiversity: (1) native biodiversity in the 
city (e.g. % of natural areas in the city), (2) ecosystem services provided by biodiversity in the 
city (e.g. regulation of the quantity of water), and (3) governance and management of biodiversity 
in the city (e.g. budget allocated to biodiversity). CBI serves as a basis for local governments to 
build their indicator systems and has been successfully applied in cities worldwide (Kohsaka et al. 
2013; Uchiyama and Kohsaka this volume). Two indicators worth being included in every set of 
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indicators are connectivity among vegetation patches (Pirnat and Hladnik 2016) and naturalness 
(Bastian et al. 2020). They offer critical information on habitat network integrity and the difference 
between actual vegetation and potential natural vegetation.

After completing the assessment, reporting findings to policymakers and the public is essential. 
Five principles of reporting should be followed. First, to tailor the results to the target audience. 
Second, the result must be presented in a clear, transparent, and easy-to-understand manner. Third, 
confidence in indicator assessments must be clearly communicated. Fourth, to state the progress 
towards predetermined targets and goals. Finally, co-develop indicators with policymakers can 
ensure the usefulness of the assessment products (McQuatters-Gollop et al. 2019). Through the 
assessment and feedback from both the public and decision-makers, managers can adapt their 
management objectives to address concerns and improve strategies to meet those concerns and 
potentially new objectives.

Key companion papers
Aronson, M.F.J., et al. 2017. Biodiversity in the city: Key challenges for urban green space management. 

Frontiers in Ecology and the Environment 15:189–196.
Beninde, J., M. Veith, A. Hochkirch. 2015. Biodiversity in cities needs space: A meta-analysis of factors de-

termining intra-urban biodiversity variation. Ecology Letters 18(6):581–592.
Chong, K.Y., et al. 2014. Not all green is as good: Different effects of the natural and cultivated components 

of urban vegetation on bird and butterfly diversity. Biological Conservation 171:299–309.
Goddard, M.A., A.J. Dougill, T.G. Benton. 2010. Scaling up from gardens: Biodiversity conservation in urban 

environments. Trends in Ecology & Evolution 25(2):90–98.
Ignatieva, M., M. Hedblom. 2018. An alternative urban green carpet. Science 362(6411):148–149.

References
Alvey, A.A. 2006. Promoting and preserving biodiversity in the urban forest. Urban Forestry & Urban 

Greening 5(4):195–201.
Archibald, C.L., M. McKinney, K. Mustin, D.F. Shanahan, H.P. Possingham. 2017. Assessing the impact of 

revegetation and weed control on urban sensitive bird species. Ecology and Evolution 7(12):4200–4208.
Aronson, M.F.J., F.A. La Sorte, C.H. Nilon, M. Katti, M.A. Goddard, C.A. Lepczyk, P.S. Warren, N.S.G. 

Williams, S. Cilliers, B. Clarkson, C. Dobbs, R. Dolan, M. Hedblom, S. Klotz, J.L. Kooijmans, I. Kühn, 
I. MacGregor-Fors, M. McDonnell, U. Mörtberg, P. Pyšek, S. Siebert, J. Sushinsky, P. Werner, M. Winter. 
2014. A global analysis of the impacts of urbanization on bird and plant diversity reveals key anthropo-
genic drivers. Proceedings of the Royal Society B: Biological Sciences 281(1780):20133330.

Aronson, M.F., C.H. Nilon, C.A. Lepczyk, T.S. Parker, P.S. Warren, S.S. Cilliers, M.A. Goddard, A.K. Hahs, 
C. Herzog, M. Katti. 2016. Hierarchical filters determine community assembly of urban species pools. 
Ecology 97:2952–2963.

Aronson, M.F.J., C.A. Lepczyk, K.L. Evans, M.A. Goddard, S.B. Lerman, J.S. MacIvor, C.H. Nilon, T. Vargo. 
2017. Biodiversity in the city: Key challenges for urban green space management. Frontiers in Ecology 
and the Environment 15(4):189–196.

Ballantyne, M., C.M. Pickering. 2015. Differences in the impacts of formal and informal recreational trails on 
urban forest loss and tree structure. Journal of Environmental Management 159:94–105.

Barrico, L., H. Castro, A.P. Coutinho, M.T. Gonçalves, H. Freitas, P. Castro. 2018. Plant and microbial bio-
diversity in urban forests and public gardens: Insights for cities’ sustainable development. Urban 
Forestry & Urban Greening 29:19–27.

Bastian, O., P. Cudlín, V. Pechanec, P. Brzoska, L. Štěrbová, R. Včeláková, J. Purkyt, K. Grunewald. 2020. 
Assessments of biodiversity and habitat services in cities – Exemplified by Dresden (Germany) and 
Liberec (Czech Republic). Ekologia(Bratislava) 39(2):174–189.

Beninde, J., M. Veith, A. Hochkirch. 2015. Biodiversity in cities needs space: A meta-analysis of factors de-
termining intra-urban biodiversity variation. Ecology Letters 18(6):581–592.



Managing vegetation for urban biodiversity

329

Bierzychudek, P. 2020. Passive recovery of an urban forest in the Pacific Northwest after removal of invasive 
plants. Urban Ecosystems 23(5):1023–1038.

Bolund, P., S. Hunhammar. 1999. Ecosystem services in urban areas. Ecological Economics 29(2):293–301.
Brittain, C.A., M. Vighi, R. Bommarco, J. Settele, S.G. Potts. 2010. Impacts of a pesticide on pollinator spe-

cies richness at different spatial scales. Basic and Applied Ecology 11(2):106–115.
Burgin, S. 2016. What about biodiversity? Redefining urban sustainable management to incorporate endemic 

fauna with particular reference to Australia. Urban Ecosystems 19:669–678.
Bush, J., B. Coffey, S. Fastenrath. 2020. Governing urban greening at a metropolitan scale: An analysis of the 

Living Melbourne strategy. Australian Planner 56(2):95–102.
Capotorti, G., E.D. Vico, I. Anzellotti, L. Celesti-Grapow. 2017. Combining the conservation of biodiversity 

with the provision of ecosystem services in urban green infrastructure planning: Critical features arising 
from a case study in the metropolitan area of Rome. Sustainability 9(1):10.

Carne, R.J. 1994. Urban vegetation: Ecological and social value. Pages 211–25 in M.A. Scheltema, editor. 
National Greening Australia Conference. Greening Australia Ltd, Canberra, Australia.

Chong, K.Y., S. Teo, B. Kurukulasuriya, Y.F. Chung, S. Rajathurai, H.T.W. Tan. 2014. Not all green is as 
good: Different effects of the natural and cultivated components of urban vegetation on bird and butterfly 
diversity. Biological Conservation 171:299–309.

Clarke, L.W., L. Li, G.D. Jenerette, Z. Yu. 2014. Drivers of plant biodiversity and ecosystem service produc-
tion in home gardens across the Beijing Municipality of China. Urban Ecosystems 17:741–760.

Cockel, C.P., A.M. Gurnell, J. Gurnell. 2014. Consequences of the physical management of an invasive alien 
plant for riparian plant species richness and diversity. River Research and Applications 30(2):217–229.

Dearborn, D.C., S. Kark. 2010. Motivations for conserving urban biodiversity. Conservation Biology 
24(2):432–440.

Doody, B.J., J.J. Sullivan, C.D. Meurk, G.H. Stewart, H.C. Perkins. 2010. Urban realities: The contribu-
tion of residential gardens to the conservation of urban forest remnants. Biodiversity and Conservation 
19:1385–400.

Egerer, M.H., B. Wagner, B.B. Lin, D. Kendal, K. Zhu. 2020. New methods of spatial analysis in urban gar-
dens inform future vegetation surveying. Landscape Ecology 35:761–778.

Farinha-Marques, P., C. Fernandes, F. Guilherme, J.M. Lameiras, P. Alves, R.G.H. Bunce. 2017. Urban Habi-
tats Biodiversity Assessment (UrHBA): A standardized procedure for recording biodiversity and its spatial 
distribution in urban environments. Landscape Ecology 32:1753–1770.

Feng, Q., J. Liu, J. Gong. 2015. UAV Remote sensing for urban vegetation mapping using random forest and 
texture analysis. Remote Sensing 7(1):1074–1094.

Ferenc, M., O. Sedláček, R. Fuchs. 2014. How to improve urban greenspace for woodland birds: Site and 
local-scale determinants of bird species richness. Urban Ecosystems 17(2):625–640.

Fischer, L.K., M. von der Lippe, M.C. Rillig, I. Kowarik. 2013. Creating novel urban grasslands by reintro-
ducing native species in wasteland vegetation. Biological Conservation 159:119–126.

Friedman, A. 2021. Urban design for biodiversity. Pages 245–255 in A. Friedman, editor. Fundamentals of 
Sustainable Urban Design. Springer, Cham, Switzerland.

Frumkin, H., G.N. Bratman, S.J. Breslow, B. Cochran, P.H. Kahn Jr., J.J. Lawler, P.S. Levin, P.S. Tandon, U. 
Varanasi, K.L. Wolf, S.A. Wood. 2017. Nature contact and human health: A research agenda. Environmen-
tal Health Perspectives 125:075001.

Gaertner, M., J.R.U. Wilson, M.W. Cadotte, J.S. MacIvor, R.D. Zenni, D.M. Richardson. 2017. Non-native spe-
cies in urban environments: Patterns, processes, impacts and challenges. Biological Invasions 19:3461–3469.

Garden, J.G., C.A. McAlpine, H.P. Possingham, D.N. Jones. 2007. Habitat structure is more important than 
vegetation composition for local-level management of native terrestrial reptile and small mammal species 
living in urban remnants: A case study from Brisbane, Australia. Austral Ecology 32(6):669–685.

Gerber, E., U. Schaffner, A. Gassmann, H.L. Hinz, M. Seier, H. Müller-Schärer. 2011. Prospects for biologi-
cal control of Ambrosia artemisiifolia in Europe: Learning from the past. Weed Research 51(6):559–573.

Goddard, M.A., A.J. Dougill, T.G. Benton. 2010. Scaling up from gardens: Biodiversity conservation in urban 
environments. Trends in Ecology & Evolution 25(2):90–98.

Hawthorne, T.L., V. Elmore, A. Strong, P. Bennett-Martin, J. Finnie, J. Parkman, T. Harris, J. Singh, L. Ed-
wards, J. Reed. 2015. Mapping non-native invasive species and accessibility in an urban forest: A case 
study of participatory mapping and citizen science in Atlanta, Georgia. Applied Geography 56:187–198.

Hostetler, M., W. Allen, C. Meurk. 2011. Conserving urban biodiversity? Creating green infrastructure is only 
the first step. Landscape and Urban Planning 100(4):369–371.



Jun Yang, Sonja Knapp, and Wayne Zipperer

330

Ignatieva, M., F. Eriksson, T. Eriksson, T. Kätterer, P. Tidåker, J. Wissman, K. Ahrné, J. Bengtsson, M. Hed-
blom. 2020. Pros and cons of transdisciplinary research: A case study of Swedish lawns and their sustain-
able alternatives. Urban Forestry & Urban Greening 56:126799.

Ignatieva, M., M. Hedblom. 2018. An alternative urban green carpet. Science 362(6411):148–149.
Igrc, J., C.J. Deloach, V. Zlof. 1995. Release and establishment of Zygogramma suturalis F. (coleoptera: 

Chrysomelidae) in Croatia for control of common ragweed (Ambrosia artemisiifolia L). Biological Con-
trol 5:203–208.

Ikin, K., D.S. Le Roux, L. Rayner, N.R. Villaseñor, K. Eyles, P. Gibbons, A.D. Manning, D.B. Lindenmayer. 
2015. Key lessons for achieving biodiversity-sensitive cities and towns. Ecological Management & Res-
toration 16(3):206–214.

Ives, C.D., P.E. Lentini, C.G. Threlfall, K. Ikin, D.F. Shanahan, G.E. Garrard, S.A. Bekessy, R.A. Fuller, L. 
Mumaw, L. Rayner, R. Rowe, L.E. Valentine, D. Kendal. 2016. Cities are hotspots for threatened species. 
Global Ecology and Biogeography 25(1):117–126.

Jalkanen, J., K. Vierikko, A. Moilanen. 2020. Spatial prioritization for urban biodiversity quality using bio-
tope maps and expert opinion. Urban Forestry & Urban Greening 49:126586.

Johnson, L.R., S.N. Handel. 2016. Restoration treatments in urban park forests drive long-term changes in 
vegetation trajectories. Ecological Applications 26(3):940–956.

Johnson, L.R., S.N. Handel. 2019. Management intensity steers the long-term fate of ecological restoration in 
urban woodlands. Urban Forestry & Urban Greening 41:85–92.

Kattwinkel, M., R. Biedermann, M. Kleyer. 2011. Temporary conservation for urban biodiversity. Biological 
Conservation 144(9):2335–2343.

Klepacki, P., M. Kujawska. 2018. Urban allotment gardens in Poland: Implications for botanical and land-
scape diversity. Journal of Ethnobiology 38(1):123–137.

Kohsaka, R., H.M. Pereira, T. Elmqvist, L. Chan, R. Moreno-Peñaranda, Y. Morimoto, T. Inoue, M. Iwata, 
M. Nishi, M. Da Luz Mathias, C. Souto Cruz, M. Cabral, M. Brunfeldt, A. Parkkinen, J. Niemelä, Y. 
Kulkarni-Kawli, G. Pearsell. 2013. Indicators for management of urban biodiversity and ecosystem ser-
vices: City Biodiversity Index. Pages 699–718 in T. Elmqvist, M. Fragkias, J. Goodness, B. Guneralp, P.J. 
Marcotullio, R.I. McDonald, S. Parnell, M. Schewenius, M. Sendstad, K.C. Seto, C. Wilkinson, editors. 
Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities: A Global Assessment. 
Springer, Dordrecht, Netherlands.

Kovalev, O.V., Y.V. Tyutyunov, O.E. Arkhipova, N.A. Kachalina, L.P. Iljina, L.I. Titova. 2015. On assessment 
of the large-scale effect of introduction of the ragweed leaf beetle Zygogramma suturalis F. (Coleoptera, 
Chrysomelidae) on the phytocenoses of South Russia. Entomological Review 95:1–14.

Kövendi-Jakó, A., M. Halassy, A. Csecserits, K. Hülber, K. Szitár, T. Wrbka, K. Török. 2019. Three years of 
vegetation development worth 30 years of secondary succession in urban-industrial grassland restoration. 
Applied Vegetation Science 22(1):138–149.

Kowarik, I. 2011. Novel urban ecosystems, biodiversity, and conservation. Environmental Pollution 
159(8–9):1974–1983.

Kowarik, I., M. von der Lippe. 2018. Plant population success across urban ecosystems: A framework to 
inform biodiversity conservation in cities. Journal of Applied Ecology 55(5):2354–2361.

Lowenstein, D.M., K.C. Matteson, E.S. Minor. 2019. Evaluating the dependence of urban pollinators on or-
namental, non-native, and ‘weedy’ floral resources. Urban Ecosystems 22:293–302.

MacKenzie, A., P. Gibbons. 2019. Enhancing biodiversity in urban green space: An exploration of the IAD 
framework applied to ecologically mature trees. Urban Science 3(4):103.

Mårtensson, L.M. 2017. Methods of establishing species-rich meadow biotopes in urban areas. Ecological 
Engineering 103(A):134–140.

Massad, T.J., G.L. Williams, M. Wilson, C.E. Hulsey, E. Deery, L.E. Bridges. 2019. Regeneration dynamics 
in old-growth urban forest gaps. Urban Forestry & Urban Greening 43:126364.

Mata, L., C.G. Threlfall, N.S.G. Williams, A.K. Hahs, M. Malipatil, N.E. Stork, S.J. Livesley. 2017. Conserv-
ing herbivorous and predatory insects in urban green spaces. Scientific Reports 7:40790.

McDonald, R., B. Guneralp, W. Zipperer, P. Marcotullio. 2014, November–December. The future of global 
urbanization and the environment. Solutions:60–69.

McDonald, T., G.D. Gann, J. Jonson, K.W. Dixon. 2016. International Standards for the Practice of Ecological 
Restoration-Including Principles and Key Concepts. Society for Ecological Restoration, Washington, DC.



Managing vegetation for urban biodiversity

331

McNellie, M.J., I. Oliver, J. Dorrough, S. Ferrier, G. Newell, P. Gibbons. 2020. Reference state and bench-
mark concepts for better biodiversity conservation in contemporary ecosystems. Global Change Biology 
26(12):6702–6714.

McQuatters-Gollop, A., I. Mitchell, C. Vina-Herbon, J. Bedford, P.F.E. Addison, C.P. Lynam, P.N. Geetha, 
E.A. Vermeulan, K. Smit, D.T.I. Bayley, E. Morris-Webb, H.J. Niner, S.A. Otto. 2019. From science to 
evidence – How biodiversity indicators can be used for effective marine conservation policy and manage-
ment. Frontiers in Marine Science 6:109.

Mostert, E., M. Gaertner, P.M. Holmes, P.J. O’Farrell, D.M. Richardson. 2018. A multi-criterion approach for 
prioritizing areas in urban ecosystems for active restoration following invasive plant control. Environmen-
tal Management 62(6):1150–1167.

Müller, A., P.K. Bøcher, C. Fischer, J.-C. Svenning. 2018. ‘Wild’ in the city context: Do relative wild areas 
offer opportunities for urban biodiversity? Landscape and Urban Planning 170:256–265.

Nilon, C.H. 2011. Urban biodiversity and the importance of management and conservation. Landscape and 
Ecological Engineering 7:45–52.

Norton, B.A., G.D. Bending, R. Clark, R. Corstanje, N. Dunnett, K.L. Evans, D.R. Grafius, E. Gravestock, 
S.M. Grice, J.A. Harris, S. Hilton, H. Hoyle, E. Lim, T.G. Mercer, M. Pawlett, O.L. Pescott, J.P. Richards, 
G.E. Southon, P.H. Warren. 2019. Urban meadows as an alternative to short mown grassland: Effects of 
composition and height on biodiversity. Ecological Applications 29(6):e01946.

Novoa, A., K. Dehnen-Schmutz, J. Fried, G. Vimercati. 2017. Does public awareness increase support for 
invasive species management? Promising evidence across taxa and landscape types. Biological Invasions 
19(12):3691–3705.

O’Connell, M., Z. Jordan, E. McGilvray, H. Cohen, H. Liere, B.B. Lin, S.M. Philpott, S. Jha. 2020. Reap what 
you sow: Local plant composition mediates bumblebee foraging patterns within urban garden landscapes. 
Urban Ecosystems 24(2):391–404.

Onaindia, M., J. Fisher. 2020. Urban growth and biodiversity conservation. Pages 1069–1079 in W.L. Filho, 
A.M. Azul, L. Brandli, A. Lange Salvia, T. Wall, editors. Life on Land: Encyclopedia of the UN Sustain-
able Development Goals. Springer, Cham, Switzerland.

Opdam, P., R. Foppen, C. Vos. 2001. Bridging the gap between ecology and spatial planning in landscape 
ecology. Landscape Ecology 16:767–779.

O’Sullivan, O.S., A.R. Holt, P.H. Warren, K.L. Evans. 2017. Optimising UK urban road verge contributions to 
biodiversity and ecosystem services with cost-effective management. Journal of Environmental Manage-
ment 191:162–171.

Pena, J.C.D.C., F. Martello, M.C. Ribeiro, R.A. Armitage, R.J. Young, M. Rodrigues. 2017. Street trees re-
duce the negative effects of urbanization on birds. PLoS ONE 12(3):e0174484.

Pirnat, J., D. Hladnik. 2016. Connectivity as a tool in the prioritization and protection of sub-urban forest 
patches in landscape conservation planning. Landscape and Urban Planning 153:129–139.

Politi Bertoncini, A., N. Machon, S. Pavoine, A. Muratet. 2012. Local gardening practices shape urban lawn 
floristic communities. Landscape and Urban Planning 105(1–2):53–61.

Potgieter, L.J., M. Gaertner, U.M. Irlich, P.J. O’Farrell, L. Stafford, H. Vogt, D.M. Richardson. 2018. 
Managing urban plant invasions: A multi-criteria prioritization approach. Environmental Management 
62(6):1168–1185.

Prudic, K.L., J.C. Oliver, B.V. Brown, E.C. Long. 2018. Comparisons of citizen science data-gathering ap-
proaches to evaluate urban butterfly diversity. Insects 9(4):186.

Qiu, L., T. Gao, A. Gunnarsson, M. Hammer, R. von Bothmer. 2010. A methodological study of biotope map-
ping in nature conservation. Urban Forestry & Urban Greening 9(2):161–166.

Roman, L.A., B.C. Scharenbroch, J.P.A. Östberg, L.S. Mueller, J.G. Henning, A.K. Koeser, J.R. Sanders, 
D.R. Betz, R.C. Jordan. 2017. Data quality in citizen science urban tree inventories. Urban Forestry & 
Urban Greening 22:124–135.

Sattler, C., A.T. Gianuca, O. Schweiger, M. Franzen, J. Settele. 2020. Pesticides and land cover heterogeneity 
affect functional group and taxonomic diversity of arthropods in rice agroecosystems. Agriculture, Eco-
systems & Environment 297:106927.

Schäfer, R.B., M. Liess, R. Altenburger, J. Filser, H. Hollert, M. Roß-Nickoll, A. Schäfer, M. Scheringer. 
2019. Future pesticide risk assessment: Narrowing the gap between intention and reality. Environmental 
Sciences Europe 31:21.



Jun Yang, Sonja Knapp, and Wayne Zipperer

332

Schiefer, F., T. Kattenborn, A. Frick, J. Frey, P. Schall, B. Koch, S. Schmidtlein. 2020. Mapping forest tree 
species in high resolution UAV-based RGB-imagery by means of convolutional neural networks. ISPRS 
Journal of Photogrammetry and Remote Sensing 170:205–215.

Sharpe, D.M., F. Stearns., L.A. Leitner, J.R. Dorney. 1986. Fate of natural vegetation during urban develop-
ment of rural landscapes in southeastern Wisconsin. Urban Ecology 9(3–4):267–287.

Sheffield, K., T. Dugdale. 2020. Supporting urban weed biosecurity programs with remote sensing. Remote 
Sensing 12:2007.

Sukopp, H., S. Weiler. 1988. Biotope mapping and nature conservation strategies in urban areas of the Federal 
Republic of Germany. Landscape and Urban Planning 15(1–2):39–58.

Teobaldelli, M., F. Cona, A. Stinca, L. Saulino, E. Anzano, D. Giordano, A. Migliozzi, G. Bonanomi, G. 
D’Urso, S. Mazzoleni, A. Saracino. 2020. Improving resilience of an old-growth urban forest in Southern 
Italy: Lesson(s) from a stand-replacing windstorm. Urban Forestry & Urban Greening 47:126521.

Threlfall, C.G., L. Mata, J.A. Mackie, A.K. Hahs, N.E. Stork, N.S.G. Williams, S.J. Livesley. 2017. Increas-
ing biodiversity in urban green spaces through simple vegetation interventions. Journal of Applied Ecol-
ogy 54(6):1874–1883.

Turo, K.J., M.R. Spring, F.S. Sivakoff, Y.A. Delgado de la flor, M.M. Gardiner. 2020. Conservation in post-
industrial cities: How does vacant land management and landscape configuration influence urban bees? 
Journal of Applied Ecology 58(1):58–69.

Turrini, T., E. Knop. 2015. A landscape ecology approach identifies important drivers of urban biodiversity. 
Global Change Biology 21(4):1652–1667.

Tzoulas, K., P. James. 2010. Making biodiversity measures accessible to non-specialists: An innovative 
method for rapid assessment of urban biodiversity. Urban Ecosystems 13(1):113–127.

Williams, N.S.G., A.K. Hahs, P.A. Vesk. 2015. Urbanisation, plant traits and the composition of urban floras. 
Perspectives in Plant Ecology Evolution and Systematics 17:78–86.

Zipperer, W.C. 2002. Species composition and structure of regenerated and remnant forest patches within an 
urban landscape. Urban Ecosystems 6:271–290.


