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Abstract: Biodiversity in the urban setting plays an important role in preserving ecological processes
and social well-being. Urban green spaces such as parks, gardens, hedgerows and road verges also in
densely urbanized environments,, can provide refuge for pollinators, birds, small mammals, and native
plants. These ‘mini-biodiversity hotspots’ not only provide ecosystem services like water management,
air filtration, microclimate regulation, and health benefits for dwellers, but can be essential hubs for
the urban ecological network. However, the biodiversity richness of these spaces can be limited
by their fragmentation and simplification (i.e., low plant species adopted), and in some cases, by
intensive management (i.e., excessive mowing). Therefore, this section analyses the current state of
urban biodiversity to highlight the importance of a strategic planning and management of urban green
spaces. We propose strategies, like habitat diversification, native planting, and lower maintenance
schedules, that can greatly increase biodiversity in alignment with sustainability and public health
goals. Moreover, we show the most widely used indicators for assessing biodiversity, useful tools for
integrating biodiversity into urban development policies. In an era in which environmental sustainability
and ecosystem conservation are global priorities, landscape architects have a crucial responsibility
in embedding biodiversity-focused practices into urban projects.

Keywords: Green Infrastructure, Nature conservation, Plant species diversity, Urban ecosystems,
Urban green spaces.

1. Understanding urban biodiversity

The term «urban biodiversity> has been described in different ways by previous
authors, based on its complexity and ecological significance. For instance, Werner and
Zahner (2010) defined it as the whole aggregation of animals and plants within cities.
While the MAMROT (2013) expanded this concept, highlighting the inclusion of ge-
netic variation among species and habitat heterogeneity in and around urban settings.
Moreover, Puppim de Oliveira et al. (2014) highlighted both the diversity of living
organisms and the ecological systems they inhabit. It must be noted that, contrary to
common assumptions, cities are not just a mix of concrete, asphalt, and steel. Empiri-
cal studies confirmed that urban areas can support many biodiversity hotspots that can
have ecological conservation functions. Consequently, the capability for urban areas to
host a huge amount of biodiversity needs to be acknowledged by city planners so that
management practices that maintain and support such diversity can be pursued (Gen-
tili et al. 2024). In Switzerland, urban tree species richness was found to be up to 17
times greater than that of near forests (Augustinus et al. 2024), illustrating the poten-
tial of urban areas not only to maintain but also to enhance biodiversity so that cities
often exhibit higher species richness than surrounding rural areas (Wania et al. 2006).
Such complexity places cities as potentially emergent hubs of biodiversity. Nevertheless,
urbanization may also drive biotic homogenization and the spread of invasive species
(McKinney 2006; Gentili et al. 2024; Xie et al. 2024), threatening local biodiversity,
highlighting the need for expert planning and management of urban green spaces.
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Plants in urban environments can adapt to a broad range of microhabitats. Urban
vegetation is shaped by silvicultural expertise, nursery availability, and administrative
regulations, and in certain cases, also by the lack of these factors. Different land uses
and habitat types (e.g., street edges, riverbeds, public parks, gardens, private green areas,
abandoned areas, and remnant natural patches) create distinct urban floristic composi-
tions. A proper alignment between plant characteristics, site conditions, and management
goalsis fundamental to ensuring the delivery of ecosystem services. Preserving biodiver-
sity, incorporating biodiversity into urban design, and promoting sustainable building
practices are fundamental to a greener, healthier, and more resilient urban environment.

2. Components and scales of urban biodiversity

Urban biodiversity can be categorized into different levels, each interacting with
the built environment and city dwellers. Understanding the different biodiversity lev-
els and the scale-related factors that influence them is important to creating sustain-
able and resilient cities.

2.1. Levels of urban biodiversity

Urban biodiversity comprises several levels:

Genetic diversity is important for species survival and adaptability in urban envi-
ronments marked by extreme and very variable microclimatic conditions. The genetic
variability within populations allows individuals to respond differently to the urban
environmental constraints such as pollution, heat, and resource scarcity, thus improv-
ing the survival rates. Therefore, the consequent natural selection of urban plants can
result in specific genetic adaptations enhancing tolerance to urban stressors and im-
proving the whole ecosystem resilience (Williams et al. 2009).

Species diversity in the urban environment, although often underestimated, can be,
as previously said, considerable. Urban green spaces host both native and newly intro-
duced species. Some non-native species become invasive, replacing native flora and
fauna. Parks and gardens serve as habitats and ecological corridors that facilitate spe-
cies movement between urban and rural areas, enhancing ecological connectivity and
urban ecosystem resilience (Aronson et al. 2014).

Ecosystem diversity refers to the variety of ecosystems within urban areas, including
green roofs, parks, artificial wetlands, tree-lined streets, and spontaneous vegetation.
These ecosystems provide critical services, including climate regulation, water reten-
tion, and air purification (Pickett et al. 2013). Their conservation and especially man-
agement are increasingly essential in rapidly urbanizing contexts.

2.2. Spatial scales influencing urban biodiversity

Urban biodiversity is shaped by factors acting at multiple spatial scales:

Atthe local scale, biodiversity is influenced by habitat heterogeneity, resource avail-
ability,and management practices and planning (Niemeld 1999). For instance, different
plant formations in parks can support a wide range of species. Conversely, monocul-
tures reduce ecological complexity and resilience.

At the neighborhood scale, the connectivity between green spaces and the presence
of ecological corridors are important to species dispersion and new habitat coloniza-
tion. Corridors such as rivers, hedgerows, road verges, or green roofs facilitate move-
ment and genetic flow, enhancing biodiversity (Hostetler et al. 2011).



At the metropolitan scale, factors like land use planning, habitat fragmentation, and
urban sprawl are dominant. Sustainable cities should mitigate fragmentation and bio-
diversity loss through integrated green networks and land-use strategies (McKinney
2008).

Urban planning must recognize that biodiversity is driven by processes across
scales and must involve urban planners, scientists, landscape architects, and local
communities, as an integrated, multi-scale approach is essential for urban biodiver-
sity conservation.

2.3. Beyond a simple tree species selection

Urban forest planning and management must consider age, size, and genetic
diversity:

Species diversity buffers against pest and disease outbreaks and ensures the provi-
sion of different ecosystem services such as carbon sequestration, microclimate regu-
lation, and wildlife habitat.

Age diversity enhances habitat heterogeneity. Older trees often support symbiotic
communities (e.g., fungi, lichens, insects, birds), increasing ecosystem richness and
resilience.

Size diversity reflects structural differences among species. Larger trees offer more
ecological benefits due to greater biomass.

Genetic diversity within tree populations is often ignored. Many urban trees are clon-
ally propagated, reducing the variability and increasing the vulnerability to potential
stressors (i.e., heat and drought). The adoption of different genetic backgrounds within
species by expanding the range of used varieties and provenances can mitigate this risk.

A resilient urban forest should avoid overrepresentation of any single species, ge-
nus, or family. Guidelines from Santamour (1990) and others suggest no single species
should exceed 10% of the total population, no genus more than 20%, and no family
more than 30%. This taxonomic diversification enhances resistance to biotic and abi-
otic threats and ensures continuity of ecological functions across urban landscapes.

3. Urban habitats and ecological dynamics

Cities are increasingly recognized as complex and dynamic ecosystems. An eco-
logical interpretation of the urban environment moves to understand the interactions
between built and natural components, highlighting how urban habitats cannot only
support but also promote arich and evolving biodiversity, as previously mentioned. This
ecological approach perceives the city not merely as an assembly of infrastructures but
as a mosaic of interconnected habitats, including parks, gardens, green roofs, court-
yards, abandoned industrial areas, hedgerows and road verges, each providing unique
characteristics to support different wildlife. Indeed, when adequately managed, these
spaces can serve as refuges for a wide range of plant and animal species, thereby con-
tributing to both local and global biodiversity conservation.

An important aspect of urban ecological analysis lies in the understanding of the
different types of habitats and their specific roles in maintaining biodiversity:

Public green spaces, such as parks and gardens, represent key habitats by providing
refuges and food resources. Vegetation diversity within these areas is critical for at-
tracting a wide range of fauna, including pollinating insects, birds, and small mammals
(Gill et al. 2007; Kaiser and Resasco 2024). For instance, Kaiser and Resasco (2024)
demonstrated that pollinator abundance is significantly reduced in gardens surround-
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ed by large impervious surfaces, suggesting that decreasing such surfaces in the urban
matrix may enhance bee abundance and then pollination.

Semi-natural areas, including urban woodlands, artificial wetlands, and riparian
margins, are crucial for species that require more natural conditions. The presence of
native vegetation and an ecologically oriented management significantly increases the
biodiversity of these areas.

Green roofs and Living walls represent innovative solutions to increase the avail-
ability of habitats in densely built environments. When designed with different plant
species, these architectural elements create microhabitats suitable for insects, birds,
and even rare plant species. Beyond supporting urban wildlife, they also contribute
to urban ecosystem resilience (Oberndorfer et al. 2007; Francis and Lorimer 2011).

Vacant and unmanaged spaces such as abandoned fields and spontaneously vege-
tated areas, though often ignored in urban planning, can serve as biodiversity refuges
(Gandy 2013). These unmanaged areas allow pioneer species to establish and thrive,
offering significant ecological benefits, including native species conservation, urban
climate mitigation, and ecological enrichment of highly anthropized environments.
However, the uncontrolled nature of these green areas can pose some risks. Indeed,
without proper management, they may degrade, increasing the spread of potential in-
vasive alien species such as Ailanthus altissima, Robinia pseudoacacia, Paulownia tomen-
tosa, and Broussonetia papyrifera. These opportunistic plants are characterized by rapid
growth and high adaptability; they may dominate native habitats, transforming them
into poor and homogeneous landscapes.

4. Ecosystem services and the integration of biodiversity into urban planning
4.1. The impact of biodiversity on the ecosystem services provided by urban forests

Urban forests provide a range of ecosystem services, including regulatory, habitat,
and provisioning functions (Dobbs et al. 2011; Nowak et al. 2016). Regulatory services
sustain ecological processes and support life through biogeochemical cycles, contrib-
uting to ecosystem stability and human well-being via air, water, and soil purification
and biological control. Urban forests also serve as essential habitats, promoting the
conservation of genetic and biological diversity and enhancing resilience against po-
tential biotic and abiotic stressors.

The role of tree species diversity in ecosystem services delivery is particularly rele-
vant in urban contexts. However, not all species contribute equally, as services depend
on species-specific morphological traits and temporal dynamics (Clapp et al. 2014). The
presence of different tree species can affect rainfall interception (Xiao et al. 2000), tem-
perature regulation (Bowler et al. 2010; Rendon et al. 2024), pollution removal (Vige-
vani et al. 2022), and the biological richness (Nielsen et al. 2014; Scherber et al. 2014).
For example, Rendon et al. (2024) linked species diversity to lower peak summer tem-
peratures, suggesting that the enhanced diurnal cooling effect was favoured by tree struc-
tural diversity. While single species can be effective in providing unique specific services,
studies show that multifunctionality is best achieved through the use of a mix of species
(Zavaleta etal. 2010; Lundholm et al. 2010). Thus, diversity is critical to create a resilient
urban green infrastructure. However, as already stated in previous paragraphs, increasing
species diversity does not always improve ecosystem performance. Some species may be
undesirable due to invasiveness, allergenic pollen, volatile emissions, or damage to infra-
structure (Potgieter et al. 2017). Therefore, a strategic selection is required to balance
service optimization with minimization of ecological disservices.



Biodiversity can also be linked to human health. Indeed, exposure to nature can
enhance mental and physical well-being. Healthy, diverse ecosystems can help regu-
late the spread of pathogens, reducing the prevalence of some infectious diseases (the
so-called “dilution effect”)(Civitello et al. 2015; Robinson et al. 2024). When ecosys-
tems are disrupted, animals and humans may come into closer contact, increasing the
risk of diseases jumping from animals to humans (zoonotic diseases). Also, access to
natural environments rich in biodiversity supports mental health through calming ef-
fects and provides spaces for physical activity. A healthy human microbiome, which
influences our immune systems, also benefits from exposure to diverse natural envi-
ronments. However, while many studies support this, results are not always consistent,
highlighting the need for interdisciplinary research. Integrating ecological, psychologi-
cal, and public health perspectives may yield a more complete understanding of biodi-
versity role in promoting human well-being.

4.2. Biodiversity is about the planning, design, and management of cities and open spaces

The relationship between biodiversity and urban planning has been recently ex-
plored in depth by Lazzarini et al. (2024). Authors highlighted a critical role that bi-
odiversity can play in promoting human well-being, planetary health, and economic
prosperity.

Urban areas have the potential to conserve and promote biodiversity through ac-
tions such as habitat preservation, improving landscape connectivity, incorporating
green infrastructure into planning processes, and promoting management strategies
that draw attention to biodiversity. Despite this potential, the practical implementa-
tion of biodiversity in urban contexts still encounters significant challenges, includ-
ing political inertia, limited competencies, and insufficient stakeholder engagement.
Conventional urban planning often fails to address the complexity required to sustain
biodiversity, and thus, radical transformations are necessary. Indeed, Lazzarini et al.
(2024) suggest key issues that should be addressed, including i) the consistent imple-
mentation of biodiversity-enhancing measures across spatial scales; ii) the development
of effective monitoring and evaluation systems; iii) the establishment of governance
frameworks and political will to promote the biodiversity benefits; iv) the long-term
engagement of citizens in urban regeneration processes.

Landscape ecology offers key tools to understand and preserve urban biodiversity
(Norton et al. 2016). This field of study has significantly contributed to the scientific
knowledge about urban landscapes and ecological communities. Factors such as city
size, total green space area, settlement age, and regional context are fundamental for
planning urban plant communities. Nevertheless, these variables have often been ne-
glected in urban research. Traditional principles of landscape ecology, such as patch
size, shape, and composition, continue to influence biodiversity in urban environ-
ments. However, the spatial fragmentation and altered temporal dynamics of urban
areas necessitate the use of hierarchical, multiscale models specifically adapted to
these settings. A major challenge lies in translating these scientific insights into con-
crete planning practices.

Historically, the spatial distribution and accessibility of green spaces have been
evaluated primarily in terms of their proximity to human activity, often ignoring the
mobility ranges of other biological species. Nowadays, green infrastructure and sus-
tainable construction approaches are redefining urban development, generating spaces
that not only offer aesthetic and recreational value but also protect habitats and con-
tribute to the survival of urban wildlife. To enhance biodiversity outcomes in the urban
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environment, green spaces should be spatially arranged to remain within the disper-
sal range of various species, thus reducing barriers to movement and enabling genetic
exchange. This can be achieved by creating stepping-stones at multiple scales, linking
large green spaces with medium and small patches such as roadside vegetation. These
ecological corridors serve as temporary stations that facilitate species migration and
reproduction. For example, design solutions such as green roofs, vertical gardens, and
elevated migration pathways that connect rooftops to ground-level vegetation can cre-
ate a three-dimensional ecological network that can be essential for different species.
The integration of strategies that prioritise biodiversity into urban projects is a critical
duty of landscape architects.

5. Indicators for urban biodiversity

The most widely used indicator for assessing biodiversity is the Shannon-Wiener
Index, also known simply as the Shannon Index (Fedor and Zvarikové 2019). This is
an ecological measure that allows the quantification of the diversity of species within
a community, considering both the richness and the evenness of the species present. A
higher value of the Shannon Index indicates greater biodiversity, as it reflects not only
agreater number of species but also a more balanced distribution of individuals among
the species. Conversely, alower value of the Shannon Index suggests lower biodiversity,
characterized by a dominance of one or a few species. This makes the index particu-
larly useful for comparing biodiversity between different ecosystems or for monitoring
changes over time within the same ecosystem. Despite its widespread use, the Shannon
Indexhasreceived various criticisms over time. One of the most frequently mentioned
limitations is the difficulty of interpretation: the index uses logarithmic calculations
that may not be intuitive for users unfamiliar with this type of mathematical function.
Unlike more straightforward measures such as species richness, the Shannon Index
requires more complex interpretation. Another limitation relates to the influence of
sample size. In some cases, if the sample is too small or not representative, the index
may overestimate or underestimate biodiversity. This is particularly problematic when
notall species presentin the ecosystem are adequately sampled. Some researchers also
argue that the indexlacks a strong biological or ecological foundation, as it is essential-
ly a mathematical abstraction. This makes it difficult to use the index to infer the eco-
logical functioning of a system. Moreover, comparing Shannon Index values among
very different ecosystems may have limited usefulness due to their differing ecologi-
cal characteristics and structural complexity. A further point of criticism concerns the
index limited sensitivity to dominance. In ecological systems, the dominance of one
or a few species can significantly affect ecological functioning, but the Shannon Index
does not fully capture this aspect. Nevertheless, despite its limitations, the Shannon-
Wiener Index remains one of the most widely used tools in ecological and biodiversity
studies due to its ability to combine richness and evenness into a single value. For this
reason, it is often used alongside other indices to provide a more comprehensive and
detailed picture of biodiversity.

Other biodiversity indices (Fedor and Zvarikova 2019), commonly used include:

Simpson’s Index (Simpson 1949), measures the probability that two individuals ran-
domly selected from a community belong to the same species. There are two main vari-
ants: the original Simpson’s Index (D) and its complement (1-D), known as Simpson’s
Diversity Index. While the Shannon-Wiener Index is sensitive to the presence of rare
species, Simpson’s Index is more influenced by dominant species, making it particu-
larly useful in contexts where species dominance is a key feature.



Pielou’s Evenness Index (Pielou 1966), quantifies the evenness of species distribu-
tion, showing how evenly individuals are spread across species in a community. It is
calculated as the ratio between the Shannon-Wiener Index and the natural logarithm
of the number of species (S), providing a measure of uniformity in species abundances.

Fisher’s Alpha Index (Fisher et al. 1943), is a statistical model that assumes a logarithmic
species distribution and estimates diversity based on species richness and relative abun-
dance. It is especially useful when comparing ecological communities of different sizes.

The Top Diversity Index (TD-50) (Love et al. 2022), describes the cumulative num-
ber of species accounting for 50% of tree abundance in an urban forest. It is a robust
diversity metric and a reliable predictor of more comprehensive measures such as the
Shannon Index.

Each of these indices offers a peculiar perspective on biodiversity and is often used
together to obtain a multidimensional analysis of species diversity.

In addition to quantitative indices, it is also essential to identify specific biodiver-
sity indicators for urban ecosystems, especially given the rapid growth of cities and the
increasing pressure on biodiversity caused by urbanization. Such indicators help moni-
tor the state of biodiversity, allowing timely interventions and guiding urban planning
and management toward sustainable solutions.

Examples of useful urban biodiversity indicators include:

i) 'The proportion of natural or semi-natural areas within the city.

ii) The ratio of native to non-native species.

iii) The degree of permeability of surfaces.

iv) The abundance and diversity of fauna species, particularly birds, are often used as
bioindicators.

One of the most structured and widely adopted tools in the international context
is the City Biodiversity Index (CBI), also known as the Singapore Index, developed
within the framework of the 2010 Conference of the Parties (COP) of the Conven-
tion on Biological Diversity (Kohsaka et al. 2013). The index includes 23 indicators
grouped into three main areas: native biodiversity, ecosystem services, and govern-
ance and management. This tool allows municipalities to self-assess the state of urban
biodiversity and monitor changes over time. The CBI promotes awareness of biodiver-
sity among policymakers and urban planners, encouraging the development of local
strategies to conserve and enhance biodiversity. It also facilitates comparison between
different cities and the sharing of best practices. Thanks to its flexibility, the index can
be adapted to different local contexts and levels of data availability, making it a highly
useful instrument for integrating biodiversity into urban development policies. Cities
that adopt the CBI are better equipped to respond to the challenges of urbanization
and contribute to the global goals of biodiversity conservation.
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