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“Nature has introduced great variety into the landscape, but man has displayed a
passion for simplifying it. Thus, he undoes the built-in checks and balances by which

nature holds the species within bounds.”

- Rachel Carson



Abstract

Our cities are expanding at unprecedented rates, growing faster than the human population
itself. This expansion comes at the cost of our ecosystems, where impervious cover destroys
natural habitats and fragments them into smaller patches across cities, consequently leading
to biodiversity declines. However, recent evidence has shown that urban green spaces
(UGSs), such as gardens and parks, can support pollinators by providing suitable areas of
habitat and forage. Yet, the extent to which UGS supports pollinators remains uncertain, with
the positive and negative effects of urbanisation varying across landscapes and cities. As
such, defining these trends at local spatial scales is especially relevant when guiding UGS

management to provide suitable areas of habitat for pollinators.

This thesis aims to contribute to the expanding body of work on urban pollinator diversity and
ecology, focusing on a local case study in Bologna, Italy. Through its four chapters, it
addresses the pollinators (Chapters 1 and 2), the plants (Chapter 3), and the people (Chapter

4), providing a holistic view of the ecological and social drivers of pollinators across the city.

Chapters 1 and 2 assess the local and landscape factors shaping the populations of two
prominent groups of pollinators: hoverflies and wild bees. Sampling was conducted across 15
UGSs, comprising urban farms and parks, through plot observations and pan traps. The
results show that hoverfly and wild bee abundance and richness are positively associated with
local-scale features, including increased floral richness. UGS type also has a significant effect,
with urban farms supporting substantially more wild bees and hoverflies, highlighting the role
of urban agriculture as a valuable form of green infrastructure. Hoverflies are also negatively
associated with increasing surrounding urban fabric, whereas bees are more affected by UGS
configuration. The findings suggest that increasing the extent of UGSs, whilst improving the
local-scale habitat and forage quality, are valuable interventions to support these groups.
While hoverflies can exploit their high dispersal capacities to reach fragmented patches of
habitat, supporting bees will require well-distributed, connected patches to facilitate their

movement across the city.

Using the same data from the first two chapters, Chapter 3 addresses the roles of plants in
plant-pollinator interactions by using centrality and modularity as instruments to uncover the
most important plant species sustaining these networks. Distinct network differences were
found among urban farms and parks. Farms were mainly characterised by intentionally planted
ornamental, herb and crop species that attracted high numbers of pollinators, whereas parks

were dominated by spontaneous forbs and grasses that provided perennial stability to the



network. These findings were translated into a ‘priority plant’ framework for Bologna,

showcasing the valuable role of keystone and connector plant species.

Lastly, in Chapter 4, using a structured questionnaire, the public's perceptions of pollinators
and common UGS management practices are investigated. Moreover, it assesses the
leverage of communication and information in driving public perceptions towards sustainable
management practices. The results were surprising; although most participants value
biodiversity and believe protecting pollinators in cities is important, it was clear that, other than
bees, there is a lack of understanding of who pollinators are (i.e. those they want to protect).
Furthermore, it demonstrates that communication and education can be instrumentalised to

lead public and policy acceptance towards sustainable gardens and parks for pollinators.

Overall, this thesis aims to paint a picture of the drivers of the urban pollinators in Bologna,
Italy. Through the integration of ecological data and social sciences, this thesis could serve as

a guideline to support pollinators across future urban development.
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General Introduction

Urbanisation

The world's human population is growing, and consequently, so are our urban environments.
In fact, cities are growing twice as fast as the urban population itself (Seto et al., 2013).
Unfortunately, this expansion often happens at the expense of natural ecosystems (Simkin et
al., 2022), where urbanisation is linked to habitat alteration and destruction, leading to losses
in biodiversity (Fenoglio et al., 2020; Li et al., 2022). This is because urban land replaces
natural habitat, permanently altering the types of habitats available, along with their spatial
configuration and level of interconnectedness, resulting in severe changes in abundance and
composition of species assemblages (Aronson et al., 2014; McKinney, 2006; Shochat et al.,
2006). As such, urbanisation is labelled as a leading driver of land cover change (Foley et al.,

2005; Grimm et al., 2008), affecting the biophysical and socioeconomic landscape.

The global human population is projected to reach 8.5-9.9 billion by 2050 (Samir and Lutz,
2017), with 55-78% of people residing in urban areas (Jiang and O’Neill, 2017), and this
demands the expansion of urban land (Chen et al., 2020; Huang et al., 2019). Although, as it
stands, urban land only occupies 0.2-2.4% of the global terrestrial surface (Grimm et al.,
2008), cities are projected to expand at an alarming rate. Global urban areas are predicted to
expand by 1.5 million square kilometres (which is roughly the size of Mongolia) by 2030 (Seto
et al., 2012), with forecasts corresponding to a loss of 290,000 km? of natural habitat (Simkin
et al., 2022). Particularly, between 1992 and 2000, urban land expansion resulted in the loss
of around 190,000 km? of habitat, equating to 16% of the total habitat loss during that
timeframe (Simkin et al., 2022). Global assessments have translated this into a loss of local
within-species richness of 50% and total abundance of 38% in intensively used urbanised

areas, as compared to a naturally unimpacted baseline (Newbold et al., 2015).

Beyond the conversion of natural ecosystems into built-up environments and impervious
terrain, and habitat fragmentation (Ge et al., 2019), urbanisation works in tandem with other
stressors. Cities tend to support more invasive species, with their presence often proportional
to the degree of urbanisation (McKinney, 2006). Urban land can also drive phenotypic
adaptations that cause rapid ecoevolutionary changes (Alberti et al., 2017), resulting in
biodiversity declines. The increased surface heat from the urban heat island effect (Cai et al.,
2023; Fenoglio et al., 2020), and pollution (including noise, air, and light) have also adversely

affected many plant and animal species (Kolawole and lyiola, 2023).



Further exacerbating these risks to ecosystems and biodiversity, food production will need to
double to meet the needs of the growing population (Hamad and Tayel, 2025), which will affect
ecosystem integrity, especially in rural habitats, due to ongoing and accelerating agricultural
intensification (Kopittke et al., 2019). Agricultural and urban systems are not mutually
exclusive, and in nature, they form a gradient in which ecosystems and associated biotic

components traverse and coexist (McDonnell et al., 1997).

Today, where biodiversity losses and declines have been widely elucidated, sustainable urban
development is faced with an illustrious challenge. However, urban expansion is partially in
conflict with increasing demands for residential and public green space. These spaces are
vital to public health, the mitigation and adaptation to climate variation, and preserving city
biodiversity and its adjacent ecosystem services (Athokpam et al., 2024; Wolch et al., 2014).
In line with the UN’s Sustainable Development Goals, particularly SDG 11 (sustainable cities)
and SDG 15 (sustainably managing habitat and halting biodiversity loss), it is paramount for
us to better understand how future urban expansion will impact the rate, extent, and spatial
distribution of biodiversity. Such information will assist stakeholders in developing strategies

that maintain sustainable urbanisation and conserve biodiversity.

Pollinator Declines

Insects comprise two-thirds of all terrestrial fauna on Earth (Stork, 2018) and thus are vital and
integral constituents of biodiversity. Their value extends far beyond their sheer abundance;
they are extremely diverse, rendering them essential suppliers of ecosystem services (Losey
and Vaughan, 2006; Noriega et al., 2018). However, over the past decades, the global decline
in entomofauna has been widely elucidated (Fenoglio et al., 2020; Sanchez-Bayo and
Wyckhuys, 2019; Wagner et al., 2021). Anthropogenic land use changes are the principal
drivers of their decline (Jaureguiberry et al., 2022), among which lies urbanisation, contributing

to approximately 10% of their decline (Sanchez-Bayo and Wyckhuys, 2019).

One of the most valuable roles of insects is pollination. Approximately 75% of all crops rely on
pollination services, and around 90% of all wild flowering plants depend on pollinators to at
least some degree (Kremen et al., 2007). In terms of food production, pollination-dependent
plants are worth $235 billion - $577 billion, covering 35% of the global crop production volume.
Beyond their significance in food production (Lautenbach et al., 2012), pollinators are integral
to human well-being (Potts et al., 2016). Pollinator-dependent plants contribute to medicines,
biofuels and fibres (Rehel et al., 2009). Honeybees have been shown to alleviate poverty

among rural communities through beekeeping practices (Gupta et al., 2014). Pollinators and



their products also hold cultural significance; indirectly benefiting society as sources of muses
for art, music, literature, religion, traditions, education and technology (Potts et al., 2016). For
this, market indicators underrepresent the body of benefits that derive from this important

group of insects.

In spite of these benefits, pollinators are declining across the globe, compromising our
agricultural systems and human well-being. Research on global pollinator declines has risen
over the past decade (Dar et al., 2025; Drossart and Geérard, 2020; Potts et al., 2010; Ramos-
Jiliberto et al., 2020; Zattara and Aizen, 2021), yet their full extent, particularly in urban
ecological contexts, has only recently been exposed (Baldock et al., 2019; Hall et al., 2017;
Wenzel et al., 2020). Pollinators are inherently dependent on floral resources as food and
nesting sources, and urbanisation strongly depletes these resources, impairing the
reproductive success of plants and deteriorating ecosystem functions (Thomann et al., 2013).
Moreover, the extension of impervious terrain also depletes viable nesting habitats (Cepukaité
et al., 2025), and increases the distances between green patches, fragmenting the landscape.
The distances between fragments can especially target small-bodied, short flight range
species (Theodorou et al., 2020a). All these factors can cause resident species to depart or
become locally extinct, with the remaining species pool in cities dominated by adaptable,

generalist species (Banaszak-Cibicka and Zmihorski, 2012; Dietzel et al., 2024).

Bees account for a third of all pollinators (Ollerton et al., 2011). In fact, most research on
pollinator declines has focused on bees, particularly the honeybee (Aston, 2010; Neumann
and Carreck, 2010; Pirk et al., 2014). Whilst the honeybee is a symbolic pollinator, and thanks
to beekeepers, the first records of pollinator declines were surfaced (Kortsch et al., 2024), the
damage goes far beyond this single species. Wild, solitary bees (superfamily: Apoidea),
consisting of over 20,000 species worldwide, are also susceptible to declines. Both wild and
managed bee pollinators perform important roles; however, a high diversity of wild pollinators
is critical to pollination even when managed bee presence is high (Garibaldi et al., 2013). Wild
bees alone contribute substantially to cop production, valuing ~$963 per crop hectare per
species (Kleijn et al., 2015). Furthermore, many studies have demonstrated that honeybees
are not always the most effective pollinators, and wild bees can enhance fruit set through more

efficient pollen deposition (Bernauer et al., 2022; Féldesi et al., 2021).

Whilst pollinators in the city are generally underrepresented, some groups are even more so.
For instance, Diptera are the second most important order of insect pollinators after
Hymenoptera (Orford et al., 2015; Ssymank et al., 2008), within which the Syrphidae family
(hoverflies) particularly stand out. With almost 7000 registered species grouped into 302

genera, hoverflies are one of the Earth’s most essential fly families (Doyle et al., 2020; Zeegers
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et al., 2024). Along with the pollination services that the adult flies supply, in some species the
larvae are saprophagous, eating decaying organic matter, whilst the larvae of other species
display zoophagy, playing the role of biological control agents of aphids (Burgio and
Sommaggio, 2007; Jauker et al., 2019; Sommaggio, 1999). For this reason, the
multifunctionality of hoverflies has been highlighted, for the concurrent pest control and
pollination services provided by aphidophagous hoverflies (Pekas et al., 2020). However, in
the last decade, and especially in forests, grasslands and agroecosystems (Barendregt et al.,
2022; Biesmeijer et al., 2006; Hallmann et al., 2021; Zeegers et al., 2024), their declines have
been documented, reporting decreases in abundance of 80%, richness of 44%, with
staggering daily declines of up to 82% (Zeegers et al., 2024). Therefore, a reassessment of
the threats to this vital group is needed to develop or improve conservation strategies that can

mitigate their current downward trend.

Other pollinators include butterflies (Lepidoptera), beetles (Coleoptera), and other
Hymenopterans and Dipterans, which may act as safeguards that protect pollination activities
from bee population declines (Olsson et al.,, 2021). With rising concerns, efforts across
different countries have uncovered trends at various spatial scales in urban environments,
proposing strategies to mitigate pollinator declines. However, Maruyama et al. 2025 show the
distribution of research on pollinators in urban environments, highlighting the strong presence
of the Global North, and attention to wild bees, and to a lesser extent, Dipteran pollinators,

including Muscidae, Calliphoridae, Empididae and even Syrphidae (Figure I).
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Figure I. Distribution of literature on pollinators reported in urban environments across the globe.
Research is concentrated in the Global North, with most focus on Hymenoptera (including wild and
managed bees). To a much lesser degree, Diptera and other sets of pollinators. Source: Maruyama et
al. 2025.
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Acknowledging the diversity of pollinators, along with their diverse roles and contributions to
ecosystems, it is important to create areas of refuge and a protection plan that are suitable for
all. While population growth and urban expansion are inevitable, we have the advantage that
cities, being in our control, can be planned and managed in ways that can potentially mitigate
the negative impacts and support pollinators. After all, the pollination success of insect-
pollinated plants is not solely mediated by single, highly specialised pollinator species, but

rather by a diverse community of pollinators (Garibaldi et al., 2014).

The City as a Refuge

Although much research has conceded attention on the negative impacts of urbanisation, it
may present differential habitat opportunities, where some species benefit from the process,
and others suffer (Banaszak-Cibicka and Zmihorski, 2012; Dietzel et al., 2024; Theodorou et
al., 2020b). There has been growing evidence of urban green spaces (UGSs) supporting an
array of insects and pollinators (Ayers and Rehan, 2021; Baldock et al., 2019; Daniels et al.,
2020). Cities generally harbour a higher floral diversity and density than rural areas (Ayers
and Rehan, 2021; Ranalli et al., 2025a), holding new habitat opportunities and food resources
(Hall et al., 2017). Flower compositions act as food sources, benefiting the abundance and
richness of pollinators (Banaszak-Cibicka et al., 2016). The density of rich flowering patches
in UGSs, coupled with the long blooming periods in cities, attracts a vast number of pollinators
(Scriven et al., 2013).

Stringent pesticide policies employed in many cities may also create favourable environments
that maintain pollinator communities (Kaluza et al., 2016). Accounts of cities supporting
pollinators by providing refuges from agricultural intensification have also been reported (Hall
et al., 2017). Moreover, the urban heat island effect and management practices can
sometimes result in continuous resource production throughout the year for pollinators to

exploit (Harrison and Winfree, 2015).

The abovementioned cases demonstrate the potential of cities to support pollinators and other
invertebrates. However, the influence of urbanisation on bee and non-bee communities is
poorly understood because its impacts are seemingly inconsistent, varying according to the
type of habitat being surveyed (Dylewski et al., 2019). While some studies suggest that
increased floral abundance at local spatial scales positively affects pollinator abundance
(JeSovnik et al., 2025), richness (Banaszak-Cibicka and Zmihorski, 2012; Lanner et al., 2020)
and pollination (Wenzel et al., 2020), others have observed no favourable impacts of increased

floral resources (Hamblin et al., 2018). Butterflies generally respond poorly to urbanisation,
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hoverflies may exhibit neutral responses, whereas wild bees tend to even surpass in
abundance and richness relative to rural and natural counterparts (Theodorou et al., 2020b).
Extending from this, these trends are not always supported across all spatial scales and
geographical settings. Thus, a large contrasting pool of evidence reinforces the notion that a
‘one size fits all approach’ may not be appropriate when addressing pollinator conservation in
cities. Realising this paradox, it is important to delineate pollinator trends at local scales, to

adopt the most suitable measures for each local context.

Social Dimensions of Urban Green Areas

Cities create important locations for arrays of physical, economic, social, political and cultural
capital (Cerisola and Panzera, 2022). UGSs, being vital components of cities, deliver valuable
ecosystem services to their inhabitants (Miguez et al., 2025). These spaces can mitigate risks
related to climate variation by protecting built environments from flooding risks and other
weather-related extremes (Miguez et al., 2025). Additionally, they enhance social well-being,
improving mental and physiological health (Kondo et al., 2018). More notably, they can support
pollinators (Baldock et al., 2019; Baldock et al., 2015). To date, most urban conservation
research has focused on the ecological aspect, exploring local and spatial variables
influencing pollinators in cities, providing valuable contributions towards pollinator
conservation. However, the extent to which people’s interactions and understanding of
biodiversity aid in conservation is unclear. Yet, the sustainable design and management of
UGSs for biodiversity requires the acceptance and involvement of both citizens and

policymakers.

Ranalli et al. 2025a elegantly propose a framework consisting of five fundamental pillars to
enhance pollinators in urban areas. These pillars include trophic resources, society
acceptance and co-planning, management, supplements, and nesting sources (Figure Il). The
authors integrate ecological principles and relevant stakeholders- emphasising the key drivers

of good practice for pollinator conservation, including citizens and policymakers.
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Figure Il. The ‘pollinator galaxy’ framework for pollinator enhancement in urban areas, as proposed
by Ranalli et al. 2025a.

The public perception of ‘nature’ is constantly evolving, and urbanisation notoriously creates
physical, geographical and emotional segregation between city dwellers and their
interpretation and recognition of nature (Shtulman, 2024), threatening biodiversity
conservation. UGSs frequently portray a very manicured and idyllic view of nature, with the
public favouring aesthetically pleasing landscapes (Wartmann and Lorimer, 2024), such as
gardens with ornamental, exotic plants, even when these do not support native biodiversity.
Mown lawns are one of the most common forms of UGS (Paudel and States, 2023; Wartmann
and Lorimer, 2024), and although adapted to recreational activities, they provide very little
support to biodiversity (Del Toro and Ribbons, 2020; Lerman et al., 2018). How people react
to plants and nature-related concepts is vastly uncertain. Understanding their views and
opinions is an important link to bridge the gap between the extensive empirical evidence on

sustainable urban practices and their actual adoption.

Studies have attempted to address this disconnect by investigating the public’s perceptions.
For instance, Southon et al. 2017 proposed biodiverse perennial meadows as an alternative
to lawns, integrating educational approaches and assessing the public acceptance, and found
a positive response and engagement from the public. Similarly, Hoyle et al. 2017 investigated
the public acceptance or rejection of a given landscape. Expectedly, the aesthetically pleasing
appearance was always a popular choice; beautiful flowers are favoured even if they are of

exotic origin. Shwartz et al. 2014 increased plant, bird and pollinator diversity in public
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gardens by introducing a wider variety of plants. While they found that people preferred a rich
diversity of species (except insects) and linked that to social well-being, the respondents did
not notice or perceive this enhancement in biodiversity through the interventions made by the

authors.

These case studies underscore the complex, but precious, social dimension of urban
conservation. Given the persistent disconnect between biodiversity goals and social
preferences in urban landscapes, it is essential to develop strategies that promote ‘win-win’
solutions for both conservation and community well-being. Strengthening education and
awareness and reinforcing nature-based policies form the foundation for building sustainable,

resilient cities.

The Case of Bologna, Italy

Bologna (44°29'38.00" N, 11°20'34.00" E) is the capital of the Emilia-Romagna region and the
seventh most populated city in Italy. It is located on the southern edge of the Po River Valley
(in Northern lItaly), spanning an area of 140 km? with almost 400,000 inhabitants and a
population density of about 2,670 inhabitants per km?. Bologna is affected by known issues
of atmospheric pollution and the Urban Heat Island (Nardino et al., 2022), especially during

summer heatwaves, and experiences an annual rainfall of 800 mm per year.

The public green areas of Bologna make up 8.7 km?, covering 26.5% of the municipal area
and supporting 22.4 m?2 of green area per capita (ISTAT, 2022a). Additionally, Bologna is
composed of many small private and historic gardens and parks, distributed throughout the
municipal territory. The compact city centre hosts mainly residential and tertiary areas; the
outer parts, especially towards the North, are composed of industrial and commercial areas
(Figure lll). Instead, the Northern and Western plains host wide extensions of agricultural land,
whereas the Southern side is composed of forest and semi-natural areas. Interestingly, a large
proportion of urban green is dedicated to urban agriculture, extending over 29 hectares,
including urban gardens (16 ha) and other garden typologies (e.g., private gardens, gardens
in monasteries, schools and informal squatted gardens; 13ha; Sanyé-Mengual et al. 2018).

This makes Bologna an urban agriculture frontrunner in the Italian context.

Recent studies on the vegetation within the UGSs of Bologna have expressed some
interesting insights, attesting to the city’s capacity to support plant biodiversity and ecosystem
services. Salinitro et al. 2018 studied the vertical and horizontal spatial distribution, species
richness and diversity of vascular plants in different urban ecological niches in the historical

centre of Bologna. The authors found an exceptional 477 species, of which 30% were alien
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species. This underscores how even in dense, concrete-packed areas, cities are still able to
support a remarkable diversity of plants. Instead, De Benedictis et al. 2025 conducted a
comprehensive public inventory of trees and shrubs in public and private green spaces within
the city to quantify different ecosystem services. The authors highlight the value of private
green, which was the dominant type containing over 3,000 plants of 154 different species, in
contrast to public areas, with 1,800 trees of only 68 species. Overall, it appears that private
green contributes almost 50% to the total ecosystem services, highlighting that the exemption

of private green areas from censuses underestimates the potent role of urban green around

the city.
Land Use
[ Artificial Surfaces
0 1 2km [ Agricultural Areas
-_— Il Forest and Seminatural Areas
[ water Bodies
Figure lll. Land-use distribution in the province of Bologna following the Corine Land Cover

classification. Source: De Luca et al. 2021.

These cases underpin the intricate, diverse setting of the city of Bologna- the case study of
this research. Bologna is also home to several historical parks and gardens, which are
important sources of biodiversity and cultural engagement (Bazzocchi et al., 2018). It has been
involved in several citizen science-led initiatives on urban biodiversity, which have connected
people, plants and pollinators. Some of these projects include Life4Pollinators (Bitonto et al.,
2025), BeeNet (Giovanetti and Bortolotti, 2021), and BEEwatching (Flaminio et al., 2021).
These initiatives have encouraged citizens to collect data on pollinators, identify species, and
co-produce knowledge with researchers. At policy level, Bologna recently instated the
“‘Regolamento del Verde Pubblico e Privato” (2020), which translates to practices on the
management and governance of tree care, pruning, replacement, and protective measures on

both public and private land. This regulation promotes biodiversity-oriented management and
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maintenance, imposing fines for unauthorised interventions, and installing ecological goals

into everyday urban practice.

Recent attention to vegetation inventories and socio-demographic studies, along with
increasing public involvement in urban conservation and biodiversity, highlights a critical gap:
the lack of empirical evidence on how the spatial arrangement and management of green
spaces affect pollinators. Moreover, very few Italian studies have tackled this theme (Fortini et
al., 2024; Geppert et al., 2023). Given the contrasting evidence regarding the impacts and
spatial distribution of UGSs on pollinators, it is imperative to delineate these trends at finer,
local spatial scales. This understanding is directly relevant to urban development and
management strategies that can meaningfully support pollinator populations. Addressing this
gap will require not only robust empirical research to characterise pollinator dynamics but also
active social engagement to ensure that conservation measures are grounded in community

participation and local context.

Motivation and General Research Aim

Despite extensive global conservation efforts during recent decades, pollinators continue to
be lost (Brunet and Fragoso, 2024; Drossart and Gérard, 2020; Ramos-Jiliberto et al., 2020;
Zattara and Aizen, 2021). For continental biomes, land-use changes are established as one
of the primary threats to biodiversity (Davison et al., 2021) as they often result in habitat loss
and degradation, and the decline of wild flora (Maxwell et al., 2020). Urbanisation considerably
strengthens the rates of these environmental disturbances. As our cities continue to expand,
urban development could either contribute to or obstruct pollinator conservation efforts.
Intrinsically, for urban areas to support biodiversity, an understanding of how urban systems

can sustain the natural history requirements of species is necessary.

While a relevant body of literature addresses the negative impacts of urban development and
the vulnerability of insect pollinators, cities seem to present differential habitat opportunities
where some species benefit from the process and others suffer. Moreover, most research on
urban ecology has focused primarily on wild bee pollinators in urban contexts, with far less
attention towards non-bee pollinators like hoverflies. Few studies have addressed these
impacts in Italy (Fortini et al., 2024; Geppert et al., 2023); however, translating empirical
research into sustainable urban management practices requires the understanding of these

effects at local spatial scales.

This research aims to contribute towards the growing body of research on the drivers of

pollinators within the local urban landscape of Bologna, Italy (Figure IV). Specifically, it
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determines the relative importance of local scale (floral availability and urban green space
type) and landscape level (composition and configuration) factors driving the abundance and
richness of hoverflies (Chapter 1) and wild bees (Chapter 2). Chapter 3 focuses on the roles
and importance of plants in shaping pollinator networks across the city. Through network tools
such as centrality and modularity, the keystone plants and connectors identified are translated
into a ‘priority plant’ garden design framework for Bologna. Lastly, Chapter 4 explores the
citizen perceptions regarding pollinators and UGS management practices to support

biodiversity.

Together, these four chapters address the pollinators, plants, and public dimensions of
Bologna’s UGSs. It further distinguishes between two prominent green space types with
distinct vegetation and management routines: urban farms and parks. This research aims to
provide a comprehensive, multifaceted view of the drivers of pollinators within my home city,

Bologna, to establish strategies that may mitigate their downward trend.

Wild Bees

What are the local and
landscape factors affecting
local wild bee communities?

‘&
Hoverflies . 01 /
What are the local and \ \

landscape factors affecting
local hoverfly communities?

A
Plant Roles, | ﬁ' (Publlc Perceptions
. R < )
Which plants should be { S What do citizens think about
prioritised in urban green space & j green space management
management initiatives? 33‘ / :;.\r a2 for biodiversity and
B pollinators?

Figure IV. Conceptual framework of the thesis with main research questions. Chapters 1 and 2 cover

the pollinators, Chapter 3, the plants, and Chapter 4, the social dimensions.
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Chapter 1

Understanding the Local Habitat and Landscape Drivers of

Urban Hoverfly Communities
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ABSTRACT

Urbanisation is a leading driver of global land cover change, causing losses in biodiversity and
ecosystem function. However, urban green spaces have been shown to mediate some of
these losses by providing sources of food and habitat to pollinators. Hoverflies (Diptera:
Syrphidae) are important contributors to pollination and pest control yet remain
underrepresented in urban ecology. The impact of urban development on hoverflies varies
across contexts; therefore, understanding their responses across different settings and spatial
scales will enable conservation efforts to provide meaningful, local support. In light of their
apparent global declines, we investigated how local habitat features, landscape composition
and configuration affect hoverfly richness and abundance across the city of Bologna, Italy. We
sampled across 15 urban green spaces, comprising urban farms and parks, through plot
observations and pan traps. We found 485 hoverflies belonging to 27 species. Hoverfly
richness and abundance were positively influenced by local floral richness but were negatively
associated with surrounding urban cover. Urban farms supported substantially greater hoverfly
richness and abundance than parks, likely due to enhanced floral availability and habitat
heterogeneity. In contrast, landscape configuration factors posed no effect, suggesting that
the highly mobile nature of hoverflies enables them to exploit scattered resources within
fragmented urban mosaics. Overall, our findings show that local habitat and landscape
composition are the main drivers of hoverfly diversity. Increasing floral diversity and expanding
the total area of green space emerge as the primary strategies to safeguard hoverflies in the
city. Urban farms should be recognised as valuable components of green infrastructure,
complementing parks and green spaces in sustaining pollinator communities in urban

landscapes.

Keywords: Syrphidae; urban ecology, pollinator declines, landscape composition and

configuration, urban agriculture
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1.1. Introduction

The global decline in insect biodiversity is a pressing concern (Hallmann et al., 2017; Sanchez-
Bayo and Wyckhuys, 2019), with deep ramifications for ecosystem services. Urbanisation,
through the expansion of cities and increasing human density, is a leading driver of biodiversity
loss via habitat destruction and fragmentation, consequently depleting nesting and food
resources (Grimm et al.,, 2008; Sanderson et al., 2018). However, the impact of urban
development on biodiversity is seemingly inconsistent, with some species benefiting from the
process and others suffering (Banaszak-Cibicka and Zmihorski, 2012; Dietzel et al., 2024).
Urban green spaces (UGSs), including parks, gardens and urban agricultural sites, may act
as refugia, ecological corridors, or food and nesting sources that support diverse plant and
animal communities (Aronson et al., 2017; Collins et al., 2024; Lepczyk et al., 2017). Their
role in supporting pollinators is vital, considering their valuable role in agriculture and human
well-being (Ollerton et al., 2011; Potts et al., 2016).

Pollinators are highly sensitive to urbanisation; their diversity and abundance are sculpted by
local habitat and landscape features (Biella et al., 2022; Fenoglio et al., 2020; Liang et al.,
2023; Tavares-Brancher et al., 2024; Vaz et al., 2023). Research in urban ecosystems has
largely focused on wild and managed bees, leaving other pollinator groups comparatively
overlooked (Barahona-Segovia et al., 2025; Silva et al., 2023). Among these, syrphid flies
(Diptera: Syrphidae) are especially relevant. Globally, Diptera are the second most frequent
flower visitors after Hymenoptera (Larson et al., 2001), with syrphids the dominant dipteran
pollinators due to their adult diet on pollen and nectar (Larson et al., 2001; Rader et al., 2020;
Winfree et al., 2011). Their ecological value extends beyond pollination; syrphid larvae occupy
diverse feeding guilds, including aphid predation, organic matter decomposition, and
phytophagy, thereby contributing to pest control, nutrient cycling, and other ecosystem
services (Dunn et al., 2020; Sommaggio, 1999). Unlike bees, syrphids are not central-place
foragers, enabling them to disperse viable pollen over longer distances, facilitating gene flow

in fragmented landscapes (Doyle et al., 2020).

Despite these functions, syrphids are experiencing pronounced declines, with reductions in
both abundance and richness elucidated across multiple landscapes (Barendregt et al., 2022;
Biesmeijer et al., 2006; Hallmann et al., 2021; Zeegers et al., 2024). Much less is known about
their trends in urban settings, with contrasting literature on how hoverflies respond to
urbanisation. For instance, some research shows that at the landscape level, dense human
populations and the expansion of impervious surfaces reduce hoverfly species richness and
abundance (Bates et al., 2011; Dylewski et al., 2024; Persson et al., 2020; Verboven et al.,

2014). On the other hand, other studies have found a neutral response to surrounding urban
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cover (Meyer et al., 2009; Schirmel et al., 2018; Theodorou et al., 2020b). At the local scale,
floral density, plant diversity, and patch size strongly support hoverfly communities (Bates et
al., 2011; Dunn et al., 2020; Dylewski et al., 2020; Tamara et al., 2023). Emerging studies also
suggest that urban agricultural sites, alongside parks and other green spaces, could provide
key resources for both adults and larval guilds, rendering them valuable components of green
infrastructure (Heiniger et al., 2025; Morelli et al., 2024; Olsson et al., 2021).

Considering the widespread decline of hoverflies across various habitats and the potential of
UGSs as areas of conservation, it is essential to review the threats facing this group and to
explore strategies that may mitigate their decline. As their presence in urban environments
depends on both local features and landscape factors, it is crucial to evaluate their responses
at different spatial scales (Fenoglio et al., 2020). Here, we examine how local and landscape
factors affect hoverfly communities in Bologna, Italy. Specifically, we assessed the influence
of floral richness, bloom cover, and UGS type (urban agriculture vs. parks) together with
landscape composition and configuration on hoverfly richness and abundance. Additionally,
we provide a descriptive assessment of larval functional groups to characterise how key
ecological roles are represented across UGSs. The results aim to guide UGS and urban
agricultural management to better safeguard this functionally diverse and important group of

pollinators.

1.2. Materials and Methods

1.2.1. Study Site

The study was conducted between April and September/October 2023 across 15 sites in the
metropolitan city of Bologna, Northern Italy. The sampling network included 8 urban farms and
7 urban parks (Figure 1.1). Urban farms included community gardens- characterised by clearly
demarcated plots cultivated by individual citizens- as well as urban agricultural areas and
gardens classified as farms due to their high density of crop plants grown for personal
consumption or market sale. These sites typically hosted a mixture of vegetables, herbs, fruits,
and ornamental flowers. In contrast, parks were primarily managed for aesthetic and
recreational purposes and were dominated by lawns, ornamental flower beds, and
spontaneous meadow and forb species. One of the seven ‘park’ sites was a roundabout
dominated by spontaneous wild vegetation structurally similar to most parks, but not
accessible for recreational use. Full site descriptions are provided in the supplementary
material (Table S1.1).
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To capture the effects of urbanisation, sites were distributed along a gradient extending from
the historical city centre to a radius of approximately 10km, within the municipal boundaries.
Bologna has a temperate continental climate, with a mean annual temperature of 14.2°C and

average annual rainfall of 708.4mm.
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Bologna
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+ Park
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[

Figure 1.1. Distribution of the 15 urban green spaces surveyed within the municipal area of Bologna,

Italy. Yellow dots indicate the 7 urban parks; blue dots represent the 8 urban farms.

1.2.2. Floral Resources Surveys

At each site, a fixed 20 x 5m plot was established in an area representative of the surrounding
vegetation and containing the majority of flowering species. These plots were maintained
throughout the entire sampling season. During each sampling round, we recorded (i) floral
richness, defined as the number of plant species in bloom within each fixed plot, and (ii)
estimated bloom cover. Flowering plants were identified to species level in situ whenever
possible; otherwise, photographs were taken and cross-checked using the ‘PlantNet’

application to assign the lowest reliable taxonomic level (Goéau et al., 2013; Joly et al., 2014).

Bloom cover was visually estimated by assigning the percentage that each plant species

occupied within the plot. The percentages were then added together and proportionally
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rescaled so that the total bloom cover remained within 100%. This approach provides an
estimate of plot-level floral cover that considers potential spatial overlap among species. The
resulting value was used as a relative index to compare sites differing in flowering intensity

rather than as an absolute measure of bloom cover.

1.2.3. Hoverfly Sampling

Each 20 x 5 m plot was sampled once per month from early spring (April) to late summer
(September) 2023, resulting in six sampling rounds per site. To minimise sampling bias and
standardise effort, two complementary approaches were employed: pan traps and plot-based

observations with hand netting.
Pan Traps

At each site, six pan-trap triplets were deployed for 24 hours during each sampling round.
Each triplet consisted of three plastic bowls (16.5 cm diameter; 650 mL) painted white, yellow,
and blue (AREXONS S.p.A.), and filled with 3-5 cm of soapy water. Within a triplet, bowls were
spaced 10 cm apart, while triplets were positioned at least 1 m apart and placed on the ground
near flowering patches. All sites were flat with low-rising vegetation, allowing for the ground
placement of the traps. Captured insects were collected and preserved in 70% ethanol for

later identification.
Plot-based Observations with Hand Netting

During each sampling round, all flowering plant species present within the plot were surveyed
sequentially. Each flowering species was observed individually for 10 minutes, during which
all pollinators visiting its flowers were captured using a hand net. Individuals identifiable to
species level in the field were recorded and released at the end of each observation period,
whereas specimens requiring further identification were retained for later identification.
Collected individuals were stored in cooler bags with ice during fieldwork and transferred to a

freezer immediately after sampling.
Environmental Conditions and Field Logistics

Surveys were conducted under suitable standard weather conditions: ambient temperatures
greater than 13 °C, minimal to no wind, and continuous sunlight sufficient to cast a shadow
(Tonietto et al., 2017). Sampling occurred between 08:00 and 15:00 to minimise diurnal and
weather-related variation. To reduce systematic bias, the order of site visits was randomised
across sampling rounds. The same group of researchers conducted the sampling, with at least

two researchers per site per round.
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Specimen Preservation and Identification

All insects collected from both pan traps and plot-based surveys were either pinned or
preserved in ethanol. Specimens were sorted and identified to the lowest possible taxonomic
level (using van Veen 2010 and Speight 2020, and the aid of taxonomic experts), typically to
species, with a minority assigned to genus-level morphospecies. Hoverfly species or genera
were subsequently classified into larval functional groups based on feeding type (predatory,
decomposer, or phytophagous) and primary habitat (terrestrial or aquatic). Functional group
assignments followed the ‘Syrph the Net’ database (Speight and Sarthou, 2014) and regional
classifications by Burgio et al. 2015a. All identified material was deposited as voucher
specimens in the Entomological Collection of the Department of Agricultural and Food

Sciences (DISTAL), University of Bologna.

1.2.4. Landscape Factors

Landscape factors were retrieved using QGIS version 3.34 (QGIS Development Team, 2016).
Circular buffers with radii of 300 m and 500 m were generated around each site. These
distances represent common flight ranges of urban pollinating insects, including hoverflies and
wild bees (Kirk et al., 2023; Persson et al., 2020; Steffan-Dewenter et al., 2002; Theodorou et
al., 2020b). They also correspond to the maximum buffer sizes feasible within the study area,
as larger radii would have resulted in substantial overlap among sites due to the relatively

small spatial extent of the city of Bologna.

Buffers were intersected with the Bologna Urban Atlas 2018 shapefile, obtained from the
Copernicus Land Monitoring Service (Copernicus, 2020). The Urban Atlas provides detailed
land cover and land use data classified into 17 urban categories (Figure 1.2), with a minimum
mapping unit (MMU) of 0.25 ha. This spatial resolution is suitable for assessing the landscape

context of sites located within urban and peri-urban areas.

Following the overlay, buffers were manually refined based on field validations made during
the sampling year to ensure accurate correspondence with actual land cover. The final
classification aggregated Urban Atlas categories into three major land-cover classes: urban
areas, green areas, and water bodies (Table S1.2). From these, the percentage of urban fabric

(% Urban Fabric) was extracted as the primary landscape composition metric.

To calculate other landscape composition and configuration metrics, the vector shapefile was
converted into a 1 x 1 m raster (Figure 1.2). Landscape metrics were computed using

FragStats version 4.3 (McGarigal et al., 2002), applying the 8-neighbour rule, which provides
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a more realistic representation of spatial connectivity for highly mobile taxa such as flying

insects. The metrics extracted were the following:

e Landscape level: Shannon’s Diversity Index (SHDI)
e Green-class level: Largest Patch Index (LPI), Shape Index (SHAPE), Proximity Index
(PROX), Edge Density (ED), Patch Density (PD), and Number of Patches (NP)

Full descriptions and definitions of all metrics are provided in Supplementary Table S1.3. Both
% Urban Fabric and landscape metrics extracted from FragStats were subsequently used as

explanatory variables in statistical analyses.

Urban Atlas Land Cover/Land Use 2018 - Manually-edited Landscape Features ‘ Raster Conversion (pixel Tm x 1m)

[osTA¥EpementalGardens]

e B Urban area
e I Green area Il Urban area

21000 [ Green area

Fragstats version 4.3 metrics selection:

» Urban Fabric % (= PLAND)]

« SHDI Composition
* LPI

+ PD/NP

: ﬁ;g’; Configuration
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Figure 1.2. Workflow from Urban Atlas land cover/land use classes to raster conversion and Fragstats
landscape variable extraction. The middle step highlights an example of manually edited sections where

Urban Atlas classifications were outdated or inaccurate.

1.2.5. Data Analyses

All analyses were conducted in RStudio (version 4.5.1; R Core Team 2024). As only a small
number of specimens were collected using pan traps, all subsequent statistical analyses were
performed using plot-based observation data only. Sampling completeness was evaluated

using sample-based rarefaction (species accumulation) curves and incidence-based richness
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estimators with sites treated as sampling units and calculated separately for green space type
(i.e. urban farms and parks). Species accumulation curves were generated from incidence
data using 999 permutations, and richness estimation (Chao2) and sample coverage were

calculated using the vegan and iINEXT packages (Hsieh et al., 2016; Oksanen et al., 2022).

To identify and reduce collinearity among landscape predictors, we computed a Spearman
correlation test (corr function) and excluded variable pairs with |r| > 0.7 (Dormann et al. 2013;
Figure S1.1). Three landscape predictors were retained: % Urban Fabric as the landscape
composition metric (selected over the highly correlated LPI and SHDI), and two configuration
metrics- Patch Density (PD) and Shape Index (Shape). Multicollinearity was further evaluated
using Variance Inflation Factors (VIF) using the performance package, confirming all retained
predictors had VIF < 2.

Hoverfly abundance and species richness were modelled using generalised linear mixed
models (GLMMs) fitted in gimmTMB. A negative binomial distribution was used due to
overdispersion. Fixed effects included UGS (urban farm vs. park), floral richness, bloom cover,
% Urban Fabric, Shape, and PD. Competing random-effect structures (sampling round, site,
both, or none) were compared using the corrected Akaike Information Criterion (AlCc) with the
MuMin package. A random intercept for sampling round provided the best model fit, and the

inclusion of site did not improve model performance (Table S1.4).

To assess landscape effects across spatial scales, models were fitted at both 300 m and 500
m buffer radii, with AAICc and Akaike weights used to identify the better-supported scale. All
model assumptions were validated using simulation-based residual diagnostics from the
DHARMa package (Hartig, 2022).

1.3. Results

1.3.1. General Findings

A total of 485 hoverflies representing 27 species or morphospecies were recorded across the
sampling season (Figure 1.3), including both widespread urban-tolerant taxa and several
species typically associated with structurally complex or semi-natural habitats. Only 28
individuals (5.8%) were recorded from the pan traps. The most abundant species were
Sphaerophoria scripta (Linnaeus, 1758), Syritta pipiens (L, 1758), Myathropa florea (L, 1758)
and Melanostoma mellinum (L, 1758). These species are well-known and commonly found in
urban settings. Together, these species accounted for approximately 66% of all recordings.

The median abundance per site was 34 individuals, and the median richness was 8 species.
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Urban farms supported a greater number of individuals (341) and greater mean site-level
richness (9.75 % 4.20) than parks (144 individuals; 6.86 + 3.39 SD). Captures peaked during

the second sampling round (May), which constituted 26.2% of the total seasonal abundance.

Total abundance by species

Sphaerophoria scripta
Syritta pipiens
Myathropa florea
Melanostoma mellinum
Paragus sp.1

Eristalis tenax
Episyrphus balteatus
Eristalis arbustorum
Eumerus strigatus
Eristalinus taeniops
NC

Cheilosia sp. 1
Paragus sp.2
Syrphidae sp. 1
Sphaerophoria reuppelli
Merodon equestris
Chrysotoxum cautum
Merodon avidus
Helophilus trivittatus
Eupeodes corrollae
Syrphus ribesii
Syrphidae sp.3
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Platycheirus albimanus
Pipizella sp.1
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Figure 1.3. Total abundance of hoverfly species across all sites and sampling methods. “NC” indicates
individuals observed but not captured and could not be reliably identified to species level; these
individuals were therefore included only in total abundance estimates. Paragus sp.1 and sp.2 likely

correspond to Paragus bicolor and Paragus quadrifasciatus, respectively.

The sample-based rarefaction (species accumulation) curve increased steadily with the
addition of sites (Figure 1.4). Incidence-based richness estimators suggested that additional
hoverfly taxa remain undetected, particularly when urban farms and parks were analysed
separately. Sample coverage was highest when all sites were pooled (0.92), and lower for
urban farms (0.84) and parks (0.79), reflecting the smaller number of sites sampled within
each habitat type.

29



25

20
1

\

Cumulative Hoverfly Species Richness

—— Urban farms
Parks

T T T T T T T T
1 2 3 4 5 6 7 8

Number of Sites

Figure 1.4. Sample-based rarefaction (species accumulation) curves of hoverfly species richness
across sites, generated from 999 random permutations from plot observations. Curves show the
cumulative number of species as a function of the number of sites sampled, calculated separately for
urban farms (purple) and parks (orange); shaded areas indicate 95% confidence intervals. Curves are

based on plot-based observations only.

1.3.2. GLMMs for Hoverfly Richness and Abundance

Model selection supported the 500m landscape buffer as the most representative scale for
hoverfly abundance and richness. Model fit improved at 500 m compared to 300 m, with
stronger support for abundance (AAICc = -3.15) and a slight improvement for richness (AAICc
= -0.52; Figure S1.2). An AICc threshold of >2 units is considered meaningful support.
Although the richness models are essentially equal in weight, both buffers presented the same
results for hoverfly richness, and therefore, we retain the 500 m model for consistency and

note that 300 m buffers could also be representative of hoverfly richness trends.

For hoverfly richness (R%marginat = 0.085; RZcongitional = 0.099; Table 1.1), floral richness had a
significant positive effect (Estimate = 0.059, z = 2.343, p = 0.019), whereas % urban fabric
was negatively associated with hoverfly richness (Estimate = -0.011, z = -2.661, p = 0.008;
Figure 1.6). Urban farms demonstrated a significantly greater richness than parks (Estimate =
0.619, z = 3.333, p = 0.001; Figure 1.5). Configuration metrics (patch density and shape) and

bloom cover showed no significant effects (p > 0.05).
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Table 1.1. GLMMs for hoverfly richness and abundance. Effects of local factors (site type, floral

richness, and bloom cover) and landscape context (composition: % urban, configuration: patch density,

shape index within 500 m). SE = Standard Error. Statistically significant effects (p < 0.05) are bolded.

Richness Abundance
Predictors Estimate SE z Pr(>/z[) | Estimate SE z Pr(>[z|)
(Intercept) 0.107 0.932 0.114 0.909 0.592 1.140 0.519 0.604
Urban Green Space (Farm vs Park) 0.619 0.186 3.333 0.001 0.581 0.224 2.591 0.010
Floral richness 0.059 0.025 2.343 0.019 0.064 0.029 2.228 0.026
Bloom cover -0.001 0.004 -0.184 0.854 0.000 0.005 0.063 0.949
% Urban Fabric (500 m) -0.011 0.004 -2.661 0.008 -0.012 0.005 -2.457 0.014
Patch Density (500 m) -0.005 0.013 -0.338 0.735 0.003 0.016 0.218 0.828
Shape (500 m) 0.348 0.376 0.924 0.356 0.498 0.458 1.089 0.276

Hoverfly abundance reacted the same as richness (R%marginal = 0.386; R%conditiona = 0.505; Table
1). Floral richness showed a significantly positive effect (Estimate = 0.064, z = 2.228, p =
0.026), and % urban fabric shows a significant negative effect on hoverfly abundance
(Estimate = -0.012, z = -2.457, p = 0.014; Figure 1.6). Urban farms supported significantly
more hoverflies than parks (Estimate = -0.012, z = -2.457, p = 0.014; Figure 1.5). Similarly,

configuration metrics (patch density and shape) and bloom cover had no significant effects (p

> 0.05).
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Figure 1.5. Difference between urban farms and parks in hoverfly species richness (left; purple) and
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Figure 1.6. Effects of floral richness and % urban fabric (500 m buffer) on hoverflies. A) Hoverfly
richness (purple) and B) abundance (orange) for plot observation data. Solid lines are model fits with
95% confidence bands (shaded); points are observed values. Top row: floral richness with positive

relationships for both responses. Bottom row: % urban with negative associations for both responses.

1.3.3. Hoverfly Functional Groups

The hoverfly community was composed primarily of predators (62%) and, to a lesser extent,
saprophagous (32.6%) and phytophagous species (5.5%). These groups corresponded to 14,
7 and 5 species, respectively. Taxa with terrestrial larvae accounted for ~80% of all individuals,
the remainder belonging to semi-aquatic larvae species. Functional group composition was
very similar between UGSs (Figure 1.7). However, slightly more predators were found in parks,
and more saprophagous individuals were present in urban farms. Phytophagous species

remained low in both contexts.
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Figure 1.7. Relative composition of syrphid functional groups by site type. (A) Larval diet and (B) larval
habitat, based on plot observation data. Bars represent the percentage of individuals in each functional
group.

Seasonally, functional composition varied across sampling rounds (Figure 1.8). Predatory
larvae were consistently dominant, peaking in May (88.1%), whereas decomposers were more
abundant at the start and end of the season (April: 55.1%; September: 61.4%). Phytophagous
taxa remained low but stable (< 10% across rounds). Similarly, terrestrial taxa remained stable
across all months (63.8-95.2%), while aquatic taxa increased toward late summer, peaking in
September (43.9%).

Across all sites, the most abundant predator was Sphaerophoria scripta (57.3% of all
predatory individuals), followed by Melanostoma mellinum (13.9%) and Paragus spp. (11.5%).
Among saprophagous, Syritta pipiens (38.1%) and Myathropa florea (31.6%) dominated, while
Eumerus strigatus (Fallen, 1817) (34.6%) and Cheilosia spp. (30.8%) were the most frequent
phytophagous taxa.
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Figure 1.8. Seasonal variation in syrphid functional groups across the six sampling rounds (April-
September 2023) based on plot observation data. Each panel shows relative composition by (left) larval
diet and (right) larval habitat.

1.4. Discussion

Given the important role of hoverflies as pollinators and biological control agents, their recent
declines across various land use types are of growing concern (Barendregt et al., 2022;
Hallmann et al., 2021; Zeegers et al., 2024). This study contributes to the limited but expanding
body of literature on the impacts of urbanisation on hoverfly diversity, focusing on Bologna,

Italy- one of the first evaluations in this city.

Although the hoverfly assemblage was dominated by widespread species commonly found in
urban environments, several taxa typically associated with structurally complex or less
intensively managed habitats were also recorded. These included Pipiza austriaca Meigen,
1822, a species primarily associated with forests and woodland habitats (Burgio et al., 2015;
Van Veen, 2004). Merodon equestris (Fabricius, 1794), Merodon avidus (Rossi, 1790), and
Chrysotoxum cautum (Harris, 1778) are generally linked to woodlands or semi-natural
grasslands, while Pipizella sp. Rondani, 1856, and Syrphus ribesii (Linnaeus, 1758) are most
frequently encountered in woodland habitats (Speight, 2020; Van Veen, 2004). Eupeodes
luniger (Meigen, 1822) is more characteristic of open countryside than urban areas (Burgio et
al., 2015; Speight, 2020). Although these species are not necessarily rare, their presence
suggests that some parks and urban farms in Bologna retain heterogeneous microhabitats
capable of supporting hoverfly assemblages that extend beyond a core group of urban

generalists.
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Granted that a consistent number of hoverfly individuals were recorded, the assemblage
comprised a relatively low number of species. Pan traps proved unreliable for sampling
hoverflies in our context, a similar outcome to other studies reporting low abundance and
species richness using this method (Bevk, 2021; Griffiths-Lee et al., 2022; Passaseo et al.,
2021). Nevertheless, pan traps remain an appropriate and widely used method for sampling
flower-visiting insects, and their use here contributes to comparability with other urban
pollinator studies. Across Europe, comparable studies have often reported similar hoverfly
abundances and species richness (Dylewski et al., 2020; Olsson et al., 2021; Persson et al.,
2020; Rocha et al., 2018). However, they reported higher abundances, likely due to the use of
more efficient trapping techniques such as malaise traps (Heiniger et al., 2025), or saturating
spaces with up to 45 pan trap triplets per site (McCune et al., 2023). While we considered
these methods, practical limitations associated with deploying them in public parks and
community gardens prevented their use. As a result, the species recorded in this study likely
represent a subset of the hoverfly community present at the study sites, rather than an

exhaustive inventory.

Interestingly, one of our sites, the Eta Beta urban farm, had been previously surveyed by
Morelli et al. 2024. Despite their longer sampling period (two years, one site), they recorded
similar overall richness and a high abundance but also detected several rare species. In
contrast, our broader 15-site sampling (including Eta Beta) revealed a lower proportional
richness, dominated by generalist anthropophilic species, potentially indicating habitat
deterioration or a general decline in local hoverfly communities. This observation underscores
the need for continued monitoring over multiple years using more extensive sampling

techniques.
Local Scale Effects

Our findings found that hoverfly richness and abundance were positively associated with local-
scale factors, particularly floral richness. This aligns with several studies indicating that a wide
variety of floral resources and extended herb cover support more diverse and abundant
hoverfly assemblages (Burgio et al., 2015b; JeSovnik et al., 2025; Lucas et al., 2017; Tamara
et al., 2023; Wojciechowicz-Zytko and Dobinska-Graczyk, 2025). However, the strength and
consistency of such relationships vary by scale and context. Some studies have reported no
important effect of floral diversity on hoverfly diversity (Raghuraman and Tseng, 2025),
highlighting that other landscape factors may constrain local effects. Unlike wild bees, in urban
settings, hoverflies often exhibit neutral or weak responses to floral enhancements. For
instance, along urban-rural gradients, hoverfly richness frequently remains low, and

communities become subsets of peri-urban or rural counterparts, even in flower-rich gardens
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and parks (Bates et al., 2011; Persson et al., 2020; Theodorou et al., 2020b). Similarly, within
cities, increased plant species richness in green spaces has not consistently translated into
higher hoverfly abundance or diversity (Dylewski et al., 2019). These studies suggest that
hoverflies may be more limited by broader landscape context, such as landscape composition
and larval habitat availability, rather than by local flower diversity alone. Nevertheless, our
results show that enhanced floral richness is a valuable strategy to counterbalance some of

the negative effects imposed by urban development.

Interestingly, in our study, urban farms supported significantly higher hoverfly species richness
and abundance than public parks. This suggests that urban farming, an increasingly prominent
UGS in cities (Orsini et al., 2024), may provide favourable foraging and breeding habitats for
pollinators. Previous work has reported mixed findings, some showing no significant difference
between urban farms and parks (Heiniger et al., 2025), and others finding greater hoverfly
abundance in farmed areas with richer floral resources (Hall et al., 2017; Olsson et al., 2021).
Although hoverfly richness and abundance were higher in farms, the composition of functional
guilds (larval feeding and habitat types) was vastly similar between the two green space types.
This suggests that both habitats support comparable subsets of functionally similar species,
with differences in the total abundance and richness likely driven by greater floral resource
availability in farms. This can be explained by the idea that urbanisation filters hoverfly
communities, thereby reducing overall diversity but maintaining similar assemblages
composed of adaptable, generalist species across urban habitat types (Gathof et al., 2022;
Luder et al.,, 2018; Udy et al.,, 2020). Given these patterns, exploring the role of urban
agriculture in supporting hoverflies is especially relevant, considering the dual role in

pollination and biological control, which directly enhances agricultural productivity.
Landscape Level Effects

At the landscape scale, we found that increasing urban cover around each site negatively
affected both hoverfly richness and abundance, underscoring the sensitivity of these insects
to compositional changes in the surrounding environment. This pattern aligns with multiple
studies reporting lower hoverfly diversity and abundance in landscapes dominated by
impervious surfaces or urban land uses (Bates et al., 2011; Hall et al., 2017; Tamara et al.,
2023; Theodorou et al., 2020b). By contrast, configuration metrics, such as patch density and
shape (which were correlated to connectivity variables such as edge density and the proximity
index), showed no significant effect on hoverflies. This likely reflects the general high dispersal
capacity of many adult hoverflies, which enables them to also traverse fragmented
environments and access scattered floral resources (Doyle et al., 2020; Heiniger et al., 2025;
Jauker et al., 2019).
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The stronger effects of landscape composition in our results support a growing body of
evidence that the amount and quality of habitat outweigh spatial configuration in driving
hoverfly communities. Although we did not directly measure site size, other studies have
shown that larger or more heterogeneous green areas tend to support greater hoverfly
richness and abundance (Burgio and Sommaggio, 2007; Jauker et al., 2019; Meyer et al.,
2009). Ensuring sufficient habitat quantity and resource diversity across the urban landscape
may thus be more effective for hoverfly conservation than focusing solely on connectivity or

patch adjacency.
Limitations and Future Directions

We acknowledge that the relatively low number of species recorded may be partly due to
methodological constraints and the single-season sampling window. Using malaise traps
instead of pan traps, or extending the sampling period to include cooler seasons, when
hoverflies often remain active (Lequerica Tamara et al., 2025; Tamara et al., 2023), could
improve data resolution and detect rarer species. The observed increase in saprophagous
species at the start and end of the season further supports this notion. Additionally, multi-year
monitoring would help detect temporal trends and longer-term fluctuations in hoverfly

populations across Bologna'’s urban landscape.

Overall, our findings reinforce that enhancing floral diversity and habitat size are crucial to
supporting hoverflies in cities. Composition, rather than configuration, surfaced as the stronger
spatial driver. This suggests that urban conservation strategies should prioritise increasing the
total area and quality of green spaces over the creation of small, isolated patches. Urban farms
appear to offer more suitable habitat conditions for hoverflies than parks and should be

recognised as distinct and valuable components of urban green infrastructure.
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Chapter 2

Understanding the Local Habitat and Landscape Drivers of

Urban Wild Bee Communities
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ABSTRACT

Urbanisation, through the increase of impervious cover and the fragmentation of habitats, is
causing the decline of wild bees globally. Nonetheless, urban parks and gardens can serve as
reservoirs that support these insects across urban development. Over the past decade, a
growing body of research has emerged on the impacts of urbanisation on wild bee abundance
and diversity; however, its full effects remain unclear, as they vary across geographical regions
and cities. Moreover, these drivers and trends need to be defined at refined spatial scales to
adopt area-specific conservation efforts. Here, we examined how local- and landscape-level
factors influence wild bee abundance and richness across Bologna, Italy. We sampled across
15 urban green spaces, consisting of parks and urban farms, applying two complementary
methods: pan traps and plot observations. Plot observation surveys revealed strong positive
effects of local floral richness, bloom cover, and habitat type, with urban farms supporting
greater bee abundance and richness than parks. Patch density was also positively related to
wild bee abundance. In contrast, pan trap data showed no response to local floral variables
but reflected broader landscape effects, with bee abundance negatively associated with
greater urban cover and patch shape complexity. Overall, these findings suggest that many,
well-distributed green spaces can improve resource accessibility and facilitate the movement
of wild bees across the city, while increased patch complexity, likely reflecting greater edge
exposure to roads and other urban disturbances, has negative effects on wild bees. In line
with the EU Pollinators Initiative and the Nature Restoration Law, understanding how floral
availability and landscape composition and configuration interact to sustain wild bee

populations is vital for designing cities that support pollinators.

Keywords: wild bees; urban ecology; pollinator declines; landscape composition and

configuration
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2.1. Introduction

Wild bees provide essential pollination services that sustain agricultural productivity, wild plant
reproduction, and overall ecosystem function (Kremen et al., 2007; Murthy et al., 2025).
Beyond their ecological and economic value, they hold significant cultural importance and are
increasingly recognised as indicators of environmental health (Dar et al., 2025; Drossart and
Gérard, 2020). However, in recent decades, global wild bee populations have declined
markedly primarily due to land use change, habitat loss, pesticide exposure, and climate
change (Drossart and Gérard, 2020; Ollerton, 2021; Potts et al., 2010). Among these threats,
urbanisation, through the rapid expansion and densification of built environments, has become

a major contributor to pollinator decline (Wenzel et al., 2020).

Nevertheless, cities can harbour surprisingly rich and diverse wild bee communities (Hall et
al., 2017; Ranalli et al., 2025a; Theodorou et al., 2020b). In some cases, wild bee diversity
and abundance in cities equals or even exceeds that in surrounding rural landscapes
(Birdshire et al., 2020; Persson et al., 2020; Verboven et al., 2014). This is because urban
green spaces such as parks, gardens, allotments, and urban farms offer great floral richness,
nesting sources, and favourable microclimate conditions that bees can exploit throughout the
year (Baldock et al., 2019; Felderhoff et al., 2023; JeSovnik et al., 2025; Poole et al., 2025).
Still, at the local scale, intensive management practices, including frequent mowing or

pesticide use, reduce habitat quality (Del Toro and Ribbons, 2020; Morrison et al., 2020).

Instead, at the landscape scale, composition and connectivity have been reported to shape
bee community structure and impact their abundance (Cohen et al., 2022; Graffigna et al.,
2024; Ranalli et al., 2025b). Urban studies frequently use impervious surface as a proxy for
urbanisation, but results are inconsistent, showing negative, positive, or unimodal effects on
wild bee diversity (Cohen et al., 2022; Herrmann et al., 2023; Wenzel et al., 2020). Pollinator
diversity often increases with urbanisation up to moderate levels of impervious surface cover,
typically around 50-60%, before declining (Wenzel et al., 2020), reflecting both the positive
and negative effects of urbanisation. This urban filtering tends to favour generalist, cavity-
nesting, and thermophilic species while excluding species with specialised foraging and
nesting requirements (Balzan et al., 2025; Banaszak-Cibicka and Zmihorski, 2012; Buchholz
et al., 2020; Dietzel et al., 2024; Ferrari and Polidori, 2022).

The increased awareness of global pollinator declines has triggered international and regional
policy responses, notably including the European Union’s Pollinator Initiative and Nature
Restoration Law (European Commission, 2023; Potts et al., 2024). These initiatives aim to

pause and reverse pollinator losses by 2030, yet their success depends on improved
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understanding of how pollinators respond to environmental change in human-dominated

landscapes, such as cities.

While landscape-level and spatial drivers of wild bee communities are well-established in
agroecological landscapes (Ammann et al., 2024; Balzan et al., 2025), much less is known
about urban systems, with research only surfacing over the past decade. Moreover, provided
that all cities host different sets of green spaces, managed, arranged and distributed in unique
ways, determining these impacts in different geographical contexts can lead conservation
efforts towards more lasting, local interventions. Urban farms are also becoming increasingly
recognised as vital components of green infrastructure in cities that can potentially support
pollinators (Hall et al., 2017; Olsson et al., 2021; Zhao et al., 2019). As such, determining how
local green habitats with distinct management and vegetative structures affect wild bees can

further guide green space management.

In this study, we assessed how local and landscape factors affect wild bees in the city of
Bologna, Italy. Specifically, we evaluated the effects of floral richness, bloom cover, and green
space type (urban farm vs park), along with landscape composition and configuration
variables, on wild bee abundance and richness. We conducted these adopting two different
sampling techniques across two spatial scales (300 m and 500 m). Clarifying these
relationships is essential for identifying effective spatial scales for conservation interventions
and for guiding evidence-based strategies to sustain pollination services in rapidly urbanising

environments.

2.2. Materials and Methods

2.2.1. Study Site and Wild Bee Sampling

This study was conducted within the municipal area of Bologna, Italy, from April to
September/October 2023. Pollinators were sampled across 15 sites, consisting of 8 urban
farms and 7 public parks. The sampling design and procedures followed the general

framework described in Chapter 1; a summary of the relevant protocols is provided here.

At each site, a fixed 20 x 5 m plot was established. During each sampling round, all flowering
plant species within the plot were recorded to quantify floral richness. Bloom cover was
estimated as the sum of the percentage cover of each flowering species, subsequently scaled
to a 0—100 value. Each flowering species was then observed individually for 10 minutes, during

which all flower-visiting wild bees were collected using an entomological net. In parallel, pan
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traps were deployed for 24 hours during each sampling round. Both sampling methods were

conducted once per month throughout the study period.

Captured specimens were either pinned or preserved in 70% ethanol for identification. Wild
bees were identified to the lowest possible taxonomic level with the aid of experts and keys
(e.g. Michez et al. 2019). We typically reached species or morphospecies resolution for
individuals collected through pot observations. However, due to the high number of small-
bodied taxa captured by pan traps- particularly Lasioglossum spp.- identifications from pan
trap samples were reliable only to the genus level. This limitation, commonly reported in similar
studies (Eeraerts and Meeus, 2025; Hudson et al., 2020), led to the use of pan trap data solely
for abundance analyses, while species richness calculations were restricted to those recorded
through plot observation surveys. To descriptively assess differences in wild bee assemblages
between habitat types, nesting behaviour and functional group classifications were assigned

at the genus level for plot observations.

2.2.2. Data Analysis

All analyses were conducted in RStudio (version 4.5.1; R Core Team 2024). We used the
same set of landscape predictors used in Chapter 1: % Urban Fabric, Patch Density (PD), and
Shape Index (Shape). The % urban fabric metric was derived from the Urban Atlas shapefile
of Bologna in QGIS (Copernicus, 2020; QGIS Development Team, 2016), while PD and
SHAPE were calculated from raster data using FragStats (McGarigal et al., 2002). Urban
cover was the landscape candidate representative of composition, whereas PD and SHAPE
represented other configuration variables, which were screened for collinearity and were
excluded due to high correlations (|r| > 0.7; Dormann et al. 2013; Figure S.1.1). Landscape
metrics were quantified within 300m and 500m buffers around each site to represent
alternative spatial scales. These radii were chosen to capture relevant wild bee foraging

ranges while avoiding buffer overlap among neighbouring sites (Graffigna et al., 2024).

To evaluate local and landscape-scale drivers of wild bee abundance and richness, we
incorporated these predictors alongside local habitat variables in subsequent analyses. Given
the known sampling bias between methods, where net observations and pan traps tend to
target different wild bee guilds, we analysed data from the two methods separately (Eeraerts
and Meeus, 2025; Hudson et al., 2020).

Wild bee abundance (for both plot observations and pan trap data) and species richness (plot
observation data only) were modelled using Generalised Linear Mixed Models (GLMMs)

implemented in gimmTMB, with a negative binomial distribution and log link function to
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account for overdispersed data. Fixed effects included site type (urban farm vs. park), floral
richness, bloom cover, % urban, SHAPE, and PD. Multicollinearity among predictors was
evaluated using the Variance Inflation Factor (VIF) from the performance package, confirming
all retained predictors had VIF < 2.5. Competing random-effect models (sampling round, site,
both, or none) were evaluated using the corrected Akaike Information Criterion (AICc) from
the MuMin package (Table S2.1). Site random intercepts were singular (variance = 0),
whereas sampling round accounted for substantial temporal variability. Therefore, we retained

a random intercept for sampling round as the best-supported structure across all GLMMs.

Landscape effects were examined at 300 m and 500 m buffer scales, with model performance
compared using AAICc and Akaike weights to identify the most supported spatial scale. All
model assumptions were verified using simulation-based residual diagnostics from the
DHARMa package (Hartig, 2022).

2.3. Results

2.3.1. General Findings

We recorded a total of 3,052 wild bee individuals across the sampling year. Plot observations
accounted for 2,398 individuals representing 96 species or morphospecies (Table S2.2), while

pan traps captured 654 individuals from 13 genera.

The most abundant species sampled with plot observations included Halictus scabiosae
(Rossi, 1790) (16.5% of all recordings), Anthidium florentinum (Fabricius, 1775) (9.7%),
Bombus pascuorum (Scopoli, 1763) (7.7%), and Megachile pilidens Alfken, 1924 (5.9%),
which together comprised about 40% of all bees observed. In contrast, pan trap samples were
heavily biased toward the Lasioglossum genus (69.6%) and other small-bodied genera such

as Halictus, Megachile, and Andrena, which collectively represented 89% of individuals.

Median site-level abundance in plot surveys was 121 individuals, with a median richness of
28 species. Urban farms supported a higher number of individuals (1,865) and greater mean
site-level richness (36.7 + 10.4 SD) than parks (n = 533; 23.0 + 14.3 SD). Pan traps reflected
a similar pattern, with 360 individuals captured in urban farms compared to 294 in parks
(Figure 2.1). Captures in both methods peaked during Round 4 (July), contributing 28.9% and

38.5% of total seasonal abundance in plots and pan traps, respectively.
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Wild bee genus composition by habitat type (%) across methods
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Figure 2.1. Relative composition of wild bee genera collected by (left) plot observations and (right) pan

traps across parks and urban farms.

Based on plot observation data, nesting functional composition differed between habitat types.
Across all plots, ground-nesting bees were the most abundant functional group (1,424
individuals), followed by above-ground nesting (811) and cleptoparasitic bees (97). Parks were
strongly dominated by ground-nesting bees, which accounted for 75.0% of individuals,
whereas above-ground nesting and cleptoparasitic bees represented 20.5% and 1.9%,
respectively (Figure 2.2). In contrast, urban farms supported a more even functional
distribution, with a lower relative abundance of ground-nesting bees (54.9%) and higher

contributions of above-ground nesting (37.6%) and cleptoparasitic taxa (4.7%).
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Figure 2.2. Nesting functional composition of wild bees in parks and urban farms based on plot

observations.

2.3.2. GLMMs - Plot Observations

Model selection indicated that a 500 m landscape buffer was the most representative scale
for both wild bee richness and abundance. Model fit improved at 500 m relative to 300 m for
abundance (AAICc = -10.29), while for richness the AlCc difference was < 2 (AAICc = -1.13;
Figure S2.1), indicating comparable support at both scales. We therefore retain the 500 m
models for consistency with the rest of the analyses, and note that 300 m buffers could also

be representative of wild bee richness.

For wild bee richness, the negative-binomial GLMM explained modest variance (R%marginal =
0.243; R2onditional = 0.257) with a random intercept for round (Table 2.1). Wild bee richness
increased significantly in urban farms compared with parks (Estimate = 0.369, z = 2.752, p =
0.006; Figure 2.1) and was also positively associated with floral richness (Estimate = 0.088, z
=5.165, p < 0.001) and bloom cover (Estimate = 0.007, z = 2.553, p = 0.011; Figure 2.3). The
landscape composition and configuration variables (% urban fabric, shape index, and patch

density) at 500 m showed no significant effect on wild bee richness (p > 0.05).

Regarding wild bee abundance, greater variance (R%marginai = 0.696; RZconditonal =0.857) was
explained (Table 2.1). Urban farms supported significantly higher wild bee abundance than
parks (Estimate = 0.566, z = 3.291, p = 0.001; Figure 2.3). Floral richness (Estimate = 0.089,
z=4.062, p < 0.001), bloom cover (Estimate = 0.010, z=2.313, p = 0.021), and patch density
(Estimate = 0.047, z = 3.523, p < 0.001) all had significant positive effects on wild bee

45



abundance (Figure 2.4). The shape index and % urban fabric at 500 m were not significant (p
> 0.05).

Table 2.1: Negative-binomial GLMMs for wild bee richness and abundance for plot surveys. Effects of
local factors (site type, floral richness, bloom cover) and landscape context (composition: % urban
fabric; configuration: patch density, shape index within 500 m). Estimates are on the log scale; SE =

Standard Error. Statistically significant effects (p < 0.05) are bolded.

Richness Abundance
Predictors Estimate SE z Pr(>[z[) Estimate SE z Pr(>/z[)
(Intercept) 0.676 0.702 0.962 0.336 2.602 0.930 2.796 0.005
Type: Urban farm (vs Park) 0.369 0.134 2.752 0.006 0.566 0.172 3.291 0.001
Floral richness 0.088 0.017 5.165 0.000 0.089 0.022 4.062 0.000
Bloom cover 0.007 0.003 2.553 0.011 0.010 0.004 2.313 0.021
% Urban Fabric (500 m) -0.005 0.003 -1.727 0.084 -0.005 0.004 -1.216 0.224
Patch Density (500 m) 0.000 0.010 -0.006 0.995 0.047 0.013 3.523 0.000
Shape (500 m) 0.289 0.285 1.015 0.310 -0.522 0.410 -1.275 0.202
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Figure 2.3. Site-type effects on wild bees. Estimated marginal means (negative-binomial GLMMs;
response scale) + 95% Cls for (left) richness and (right) abundance by UGS type (park vs. urban farm).

Urban farms supported significantly higher richness and abundance than parks (p < 0.05).
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Figure 2.4. Main effects (500 m buffer) on wild bees. A) Wild bee abundance and B) richness from
negative-binomial GLMMSs from plot observations. Solid lines are model fits with 95% confidence bands

(shaded); points are observed values. All trends were significant (p < 0.05).

2.3.3. GLMMs - Pan Traps

Models at 300 m and 500 m had similar support (AAICc = -0.74; Figure S2.2). We report the
500 m model in the main text for consistency; the 300 m results are provided in Table S2.3.
For wild bee abundance at 500 m, a negative-binomial GLMM indicated modest variance
(R%marginal = 0.258; RZongitional = 0.589) with a random intercept for round (Table 2.2). A
significant negative effect of % urban (Estimate = -0.012, z = -2.163, p = 0.031) and shape
complexity (Estimate = -1.134, z = -2.317, p = 0.021; Figure 2.5) was found on wild bee
abundance. Type, floral richness, bloom cover and patch density showed no significant effect
(p < 0.05). At 300 m, floral richness and shape showed positive and negative significant

effects, respectively (p < 0.05; Table S2.3). All other effects were non-significant.
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Table 2.2. Negative-binomial GLMMs for wild bee abundance for pan traps. Effects of local factors (site
type, floral richness, bloom cover) and landscape context (composition: % urban fabric; configuration:
patch density, shape index within 500 m). Estimates are on the log scale; SE = Standard Error.

Statistically significant effects (p < 0.05) are bolded.

500m

Predictors Estimate SE z Pr(>/z])
(Intercept) 4.809 1.274 3.777 0.000
UGS (Urban Farm vs Park) -0.159 0.229 -0.693 0.488
Floral richness 0.053 0.031 1.705 0.088
Bloom cover -0.001 0.006 -0.153 0.878
% Urban Fabric (500 m) -0.012 0.006 2.163 0.031
Patch Density (500 m) 0.011 0.018 0.610 0.542
Shape (500 m) -1.134 0.489 -2.317 0.021
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Figure 2.5. Main effects (500 m buffer) on wild bee abundance from negative-binomial GLMMs from
pan traps. Solid lines are model fits with 95% confidence bands (shaded); points are observed values.

Both trends show significant effects (p < 0.05).

2.4. Discussion

Across the sampling season, we recorded over 3,000 wild bee specimens pertaining to circa
96 morphospecies, attesting to the remarkable diversity present in this relatively small Italian
city. Moreover, we reveal distinct community trends between the sampling methods. While
research on urban pollinators has gained substantial momentum globally, relatively few recent

studies have examined these drivers in Italian cities (Fortini et al., 2024; Geppert et al., 2023).
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To our knowledge, this is the first assessment of both local and landscape drivers in Bologna.
Given that not all communities of wild bees respond the same to urbanisation (Ayers and
Rehan, 2021; Theodorou et al., 2020b), it is essential to delineate these patterns at local

geographical scales to inform sustainable and effective conservation interventions.
Pollinator Monitoring Methods

Our comparison of plot observation (net) surveys and pan traps revealed methodological
contrasts in the effects of local and landscape factors on wild bee communities. Plot
observation surveys, detected strong responses of bee abundance and richness to local floral
variables such as bloom cover and species richness, aligning with evidence that netting
captures bees directly engaged in foraging and is therefore more sensitive to resource
availability (Eeraerts and Meeus, 2025; Mathis et al., 2024; Prendergast et al., 2020).
Conversely, pan traps, which passively attract bees, showed no relationship with local floral
metrics but responded instead to landscape-scale composition and configuration, particularly
urban cover and the shape index. This divergence reflects well-documented biases of pan
traps, whose attractiveness may depend on the floral resources, resulting in overestimated
bee activity in resource-poor environments and underrepresenting local effects where flowers
are abundant (Grab et al., 2019; Larson et al., 2024; Mathis et al., 2024). Moreover, pan traps
typically favour small-bodied, ground-nesting halictids, while netting better captures large-
bodied and active taxa such as bumble bees (Eeraerts and Meeus, 2025; Prendergast et al.,
2020). Our data acknowledge these fundamental differences between sampling approaches,
and how to analyse them remains unresolved in the literature: some studies pool datasets
from multiple methods, while others treat them separately (e.g. Krahner et al. 2024; Tronstad
et al. 2022). In the context of emerging EU-wide pollinator monitoring programs (Potts et al.,
2024), robust detection of trends in wild bee populations will require clearer guidelines and
harmonised protocols, not only for field sampling but also for data integration and analysis
(Krahner et al., 2024).

Overall, these contrasts highlight the value of combining multiple sampling methods to capture
broader trends. Plot observations reveal local interactions, while pan traps complement them
by detecting landscape-level patterns and smaller, discrete taxa such as Lasioglossum sp.
Yet, pan traps are more appropriate for faunistic overviews than for quantitative analyses of

ecological effects on bees.
Local-level Factors

Our plot observation surveys revealed that local-scale variables, particularly floral richness,

bloom cover, and green space type, were the strongest predictors of wild bee abundance and

49



richness. This aligns with evidence that diverse and abundant floral resources with high flower
densities enhance pollinator communities by providing continuous foraging opportunities
(Ayers and Rehan, 2021; Dylewski et al., 2020; Ranalli et al., 2025a; Zaninotto et al., 2023a).
Still, contrasts in urban ecological literature remain: some studies emphasise that plant
richness alone may not predict bee diversity if floral resources are dominated by exotic or
ornamental species (Buchholz and Egerer, 2020; Matteson and Langellotto, 2011; Zaninotto
et al., 2023b). Instead, other studies suggest that non-native plants can complement native
species, particularly by supporting generalist pollinators in urban environments (Seitz et al.,
2020). Some even highlight the benefits of non-native flowers along road verges in attracting
pollinators (Martini et al., 2025).

However, the benefits of enhanced floral and vegetation richness were especially perceived
within our urban farms, supporting more bees in terms of numbers and richness. Few studies
have addressed the role of urban agriculture on pollinators (Morelli et al., 2024; Olsson et al.,
2021; Zhao et al., 2019), yet across these few studies, it is always evident that urban
agriculture creates suitable habitats for pollinators. By extension, other studies conducted in
community gardens and allotments also highlight this trend (Baldock et al., 2015; Hall et al.,
2017). By distinguishing between urban green land-use types, our results underscore urban
farming as an underassessed but critical habitat type that supports both wild bee abundance
and richness. These findings suggest that integrating pollinator-friendly management within
urban food production systems could yield dual benefits for biodiversity and ecosystem service

provision in cities.
Landscape-level Factors

At the landscape scale, our results revealed contrasting patterns between sampling methods
in relation to landscape composition and configuration. Notably, pan traps collected a
significantly smaller population of wild bees, suggesting they may be less appropriate for
quantitative analyses. The plot observations detected a positive relationship between wild bee
abundance and patch density, indicating that a greater number of small, well-distributed green
spaces enhanced local bee activity. This supports the idea that landscape configuration,
particularly high patch density and connectivity, creates stepping-stones that, especially for
small species with limited flight ranges, facilitate pollinator movement and access to floral
resources across fragmented urban habitats (Ayers and Rehan, 2021; Buchholz et al., 2020;
Graffigna et al., 2024; Weber et al., 2023). Conversely, the pan traps highlighted the influence
of landscape composition, showing a negative effect of urban cover and patch shape
complexity. This pattern was particularly evident for small-bodied bees, which were the

predominant group captured by this sampling method, indicating that these trends are

50



especially representative for such wild bee species. Highly irregular or edge-dominated
patches- often narrow, disturbed, and adjacent to roads or paved surfaces- may expose bees
to greater heat, pollution, and management pressures, thereby reducing habitat quality
(Meinzen et al., 2024; Phillips et al., 2021; Xu et al., 2024). This pattern suggests that while
bees benefit from many small, compact patches, convoluted or excessively fragmented ones
may act as ecological barriers. Together, these findings underline the dual importance of both
configuration and composition: maintaining a high density of well-connected green patches,
while minimising structural irregularity and impervious cover, may best support urban bee

populations across the city.
Limitations and Prospective Research

While our study provides valuable insight into how local and landscape factors drive wild bee
communities in urban environments, we acknowledge a few limitations. Firstly, urban bee
assemblages are influenced by complex interactions of variables beyond those examined
here, including habitat size, nesting resource availability, microclimate, and temporal dynamics
(Ayers & Rehan, 2021; Gathof et al., 2022). Factors such as the urban heat island effect
(Geppert et al., 2023; McCune et al., 2023), and management intensity (Del Toro and Ribbons,
2020; Lerman et al., 2018) can alter flowering phenology, and bee physiology and behaviour,
influencing species’ persistence across urban gradients (Luder et al., 2018; Wenzel et al.,
2020; Zaninotto et al., 2020). In addition, our analysis was limited to a single sampling season,
preventing the detection of temporal fluctuations. Nonetheless, the large number of sampling
sites and the use of two complementary sampling methods provided sufficient data and

sampling effort to draw reliable conclusions.

A further constraint was the limited taxonomic resolution of our pan trap specimens and the
reliance on morphospecies in the plot observation surveys, which prevented functional trait-
based analyses. This restricted our ability to examine whether particular guilds, such as
ground-nesting, oligolectic, or thermally sensitive species, respond differently to urbanisation
pressures. Previous studies indicate that urbanisation filters bee communities, favouring
social, generalist, and cavity-nesting species while reducing the prevalence of specialists and
ground-nesting taxa (Buchholz and Egerer, 2020; Fortel et al., 2014; Gathof et al., 2022).
Understanding these functional shifts will further uncover which species are most resilient or

vulnerable in light of urban expansion.

Overall, our study underscores that both local and landscape factors drive urban wild bee
communities. Since these trends are not always consistent across spatial scales, sampling
methodologies, and geography, assessments at local and regional scales ensure that future

management actions are ecologically grounded and tailored to specific urban contexts. In
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Europe, this aligns directly with the objectives of the EU Pollinators Initiative and the
forthcoming Nature Restoration Law (European Commission, 2023), both of which emphasise

the restoration of habitats conducive to supporting pollinators.
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Chapter 3

Linking Plants, Pollinators, and Urban Habitats: Network
Connectivity and Design Insights from Bologna’s Urban

Farms and Parks
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ABSTRACT

Urban green spaces (UGSs) are increasingly playing a role in pollinator conservation, with
enhanced floral diversity in parks and gardens mitigating some of the negative effects of urban
development. However, UGS design has often supported the quantity over the quality of
flowers. Knowing which plant species to introduce in these spaces presents a challenge,
particularly in urban areas where plants are often prioritised for their ornamental value. Yet,
network analyses can identify priority or key species based on empirical grounding for
conservation initiatives. This study assessed plant-pollinator interactions across 15 UGSs in
Bologna, ltaly, comparing the networks of two land use types- urban farms and parks. To
identify key plant species within these systems, we applied two complementary network
approaches: centrality indices and modularity analysis. The modularity analysis identified a
limited number of plant species with non-peripheral topological roles, including a small subset
of connectors and module hubs, while no network hubs were detected. Conversely, the
centrality index revealed a broader suite of keystone species across urban farms and parks,
highlighting plants that enhance interaction redundancy without necessarily occupying critical
structural positions. The two UGS types also exhibited distinct, yet complementary differences.
Urban farms were characterised by intentionally planted ornamentals, herbs, and crop species
that attracted high pollinator visitation rates. Instead, parks were dominated by spontaneous
forbs and grasses that provided perennial stability within the network. Building on these
results, we propose a “priority plant” framework for Bologna’s UGSs that integrates connector
and module hub species identified through modularity with the keystone species identified by
centrality, emphasising plants with diverse morphologies and blooming periods. Together,
these two approaches offer a guided foundation for UGS design, supporting the inclusion of
locally important species that strengthen pollinator conservation and reduce risks of network

collapse.

Keywords: urban ecological networks; plant-pollinator interactions; plant roles; green space

design
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3.1. Introduction

Global pollinator declines represent one of the most concerning dimensions of biodiversity
loss, induced by habitat destruction, agricultural intensification, and climate change (Brunet
and Fragoso, 2024; Potts et al., 2010). These losses extend beyond individual species. They
disrupt the intricate plant-pollinator networks that support ecosystem stability and pollination
services (Bascompte and Scheffer, 2023; Kaiser-Bunbury et al., 2017; Ramos-Jiliberto et al.,
2020). Understanding and conserving these networks is essential, as they mediate vital
ecological processes and reflect ecosystem health (Borchardt et al.,, 2021; Ranalli et al.,
2025a). In this context, urban green spaces (UGSs) can play a pivotal role in mitigating
pollinator declines, providing feeding and nesting resources within these intensively managed
landscapes (Ayers and Rehan, 2021; Baldock et al., 2019; Hall et al., 2017; Ranalli et al.,
2025a). Carefully designed green spaces with abundant, phenologically continuous, and
morphologically diverse flowers can support diverse pollinator assemblages and plant-

pollinator interaction networks (Daniels et al., 2020; Lépez-Vazquez et al., 2024).

Recently, more attention has been afforded towards plant-pollinator interactions in urban
landscapes, with most studies being performed along urban-rural/agricultural gradients, yet
presenting variable outcomes (Baldock et al., 2015; Bramon Mora et al., 2020; Fisogni et al.,
2022; Tavares-Brancher et al., 2024; Theodorou et al., 2017). However, there is a paucity of
information regarding the use of these networks to determine the plant species within each
unique urban system that should be prioritised or included in urban greening initiatives. This
is especially pertinent when considering urban systems, which often prefer plant species
based on their ornamental or recreational values (Poole et al., 2025; Toscano et al., 2025).
However, assigning importance to plant species within a community is difficult to quantify,
particularly in systems that may provide many candidates to choose from. Fortunately, network
analyses offer an interesting opportunity by providing quantitative values for the functional
importance of species in a community, producing a more formal method to select plant species
with the highest conservation worth (de Sousa Perugini et al., 2025; Peters et al., 2016; Ulrich
and Peters, 2023)

Ecological networks are outlined by the number of species interactions in a community, how
often they occur, and how their relationships are organised (Thébault and Fontaine, 2010).
They also indicate the resiliency of a community to secondary extinctions (Bascompte and
Jordano, 2007). As such, network analyses are excellent tools that illustrate specific
ecosystem functions, such as pollination, by connecting the role of a species within the
network to conservation implications, such as ecosystem services (Datillo and Rico-Gray,

2018; Kaiser-Bunbury and Blithgen, 2015). Species within these networks can provide
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different contributions at differing degrees. Therefore, delineating the most important species
in terms of their support within the structure can lead to a recommended palette of plants that
can support greater levels of biodiversity in conservation projects (Harvey et al., 2017; Ulrich
and Peters, 2023).

Considering this, different approaches have been established to translate network analyses
into key or priority plant species for conservation programs. One of these is through the
combination of different species- and network-level metrics, including degree and normalised
degree, interaction strength and species strength, closeness centrality, and betweenness
centrality, to evaluate or rank species (Bascompte et al., 2006; Campbell et al., 2019; Crespo
et al., 2022). However, these indices could present different rankings for different plant
species, sometimes even presenting inverse relationships, rendering it difficult to generate an
absolute verdict as to which plants are most influential. As such, a ‘centrality index’ has been
proposed, synthesising these indices into a single value (Crespo et al., 2022; Ulrich and
Peters, 2023).

Another strategy is the modularity analysis (Guimera et al., 2007; Olesen et al., 2007). Here,
the modularity of a weighted network is used to identify key or priority species by assigning
topological roles to the species. These roles indicate the degree to which species directly or
indirectly support other species within the network (Biella et al., 2017; Guimera et al., 2007).
In this analysis, four topological roles are assigned: (a) peripherals, those that mostly interact
with species within their own module, (b) module hub, those that portray greater frequencies
of interactions than peripherals and connect species within modules, (c) connectors, those
that connect other modules within the network, or (d) network hubs, those that connect both
between and within modules, making them supergeneralists. These roles define species
based on their consequences if lost; losing peripherals will mildly impact network stability,
whereas the loss of network hubs will pose greater risks to network function (Olesen et al.,
2007; Vitali et al., 2023).

Still, few studies have used either approach to lead UGS design from a pollinator conservation
perspective. In theory, both methods should not be mutually exclusive and should uncover
similar plant species. However, the combination of these approaches has only recently been
applied, suggesting that they could provide differing but complementary outcomes, which
together could enhance guidelines for priority and keystone plants (Ulrich and Peters, 2023).
Moreover, not many studies have addressed the differences related to UGS types. UGSs
encompass a range of land uses that differ in vegetation structure, management, and
ecological function. Public parks typically feature ornamental lawns and scattered flowerbeds

under moderate maintenance, whereas urban farms and community gardens integrate
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cultivated crops, herbs, and spontaneous flora, often under more resource-rich and
structurally diverse conditions (Rahimi and Jung, 2024; Sattler et al., 2010; Zeng et al., 2023;
Zhao et al., 2019). However, few studies have compared urban farms and public parks at the
network level, despite their contrasting management routines and potential synergies for

sustaining pollinator diversity.

To address these gaps, we aim to identify the importance and roles of plants across the plant-
pollinator systems of Bologna, Italy. We further assess the differences between two distinct
types of UGSs, urban farms and parks. We quantify how community composition and network
structure vary between these types and identify plant species occupying structurally central
and modular roles to evaluate their contribution to pollinators. Lastly, we translate these
findings into a ‘priority plant’ framework tailored to Bologna. Identifying the plant species that
sustain network integrity and function will signal those whose removal may lead to collapse
and propose specific plant species that should be incorporated in urban green design

initiatives to support pollinators.

3.2. Materials and Methods

3.2.1. Study Sites and Sampling Design

This study was conducted in Bologna, ltaly, during the 2023 flowering season (April —
September). We sampled plant-pollinator interactions across 15 urban green spaces,
comprising 8 urban farms and 7 parks. These two typologies correspond to distinct urban
green space types, differing in land use and vegetative cover. Sampling protocols followed

those of Chapters 1 and 2. The main methods are summarised below.

At each site, we demarcated a 20 x 5 m plot, in which all flowering plant species were surveyed
during each sampling round. We sampled these plots once per month over six rounds across
the flowering period. All flowering species in each plot were sequentially sampled for 10
minutes per round, during which all flower-visiting insects were captured with an entomological
net. Species identifiable in the field were captured and released at the end of the survey period.
Instead, those which we could not were stored and preserved for later identification. All plots
were surveyed under comparable weather conditions (sunny, low wind, temperature > 13°C)
between 08:00-16:00. Managed honeybees (Apis mellifera) were recorded but excluded from
subsequent analyses, as their managed presence and artificially elevated abundances are not

representative of wild pollinator communities.
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Insects were assigned to six broad functional groups: wild bees, hoverflies, butterflies,
Coleoptera, other Hymenoptera, and other Diptera. Wild bees and hoverflies were identified
to species or morphospecies level, with the aid of taxonomic experts and keys (e.g. Michez et
al. 2019; Speight 2020). Plant species were directly identified in the field or with assistance
from the PlantNet application (Joly et al., 2014), assigning the lowest reliable taxonomic

classification.

3.2.2. Data Analyses

All analyses were conducted in R v.4.5.1 (R Core Team, 2024). We performed analyses at two
taxonomic resolutions: (i) broad pollinator group level, to obtain a more generalised overview
of the roles of plants in community composition and structure, and (ii) species-level for wild
bees and hoverflies, for an in-depth analysis of plant importance where the broad groups were

too coarse for certain methods of analysis.
Community Composition Analyses

To test whether urban farms and parks indeed differed in composition, we analysed the broad
pollinator groups and visited plants at the site level by summing interaction counts across
rounds to build site-by-taxon matrices and removed empty rows. Community dissimilarity was
computed with Bray-Curtis distances on log-transformed abundances [logo(1 + X)] using the
vegan package (Oksanen et al., 2007). Differences between urban farms and parks were
tested using PERMANOVA with the adonis2 package, with 999 permutations. Homogeneity of
multivariate dispersion was verified by testing distances to group centroids. Ordinations were
visualised with non-metric multidimensional scaling (NMDS; two dimensions), and SIMPER

analyses identified taxa contributing most to between-type dissimilarity.
Plant Importance and Roles

To identify plant taxa consistently associated with each urban green space type (urban farms
vs parks), we performed the Indicator Value analyses using the IndVal.g package (De Céaceres
et al.,, 2010). Analyses were conducted on site x round visit abundances, run separately by
round (9999 permutations). Analyses were conducted at both plant family and species levels

for pollinator functional groups and wild bee and hoverfly species levels.

From the recorded plant and pollinator visits, we computed three quantitative bipartite
networks, including a full season (overall), urban farm and park network. Weighted networks
for interaction frequencies were used, as interaction frequencies convey more accurate

descriptions of the impacts between species and are more robust to differences in network
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sizes and sampling efforts, providing more details than binary networks (Dormann and
Strauss, 2014; Vizentin-Bugoni et al., 2021). The overall network included all interactions
across all 15 sites and months of the study. The urban farm network included all interactions
from the eight urban farms across all rounds, and the park network included all interactions
from the seven parks across all rounds. All species-level and plant importance analyses for

each network were conducted using the bipartite package (Dormann et al., 2009).

We calculated three species-level indices to descriptively indicate the structural importance of
plants within networks. We computed species degree, strength and partner diversity for the
broad pollinator group, hoverfly and wild bee databases using the specieslevel function.
Species strength presents each species’ interaction level within the network, whereas degree
quantifies the number of mutualistic partners that are dependent upon them (Bascompte et
al., 2006). Partner diversity presents the species interaction richness, therefore indicating less
specialised interactions that are more robust to human disturbances (Kaiser-Bunbury and
Blithgen, 2015).

To complement these descriptors, we further computed the centrality index for the wild bee
and hoverfly data pooled together across six networks (overall, overall reduced, urban farm,
park, and reduced versions of the farm and park networks). Reduced networks were obtained
by excluding plant species recorded in fewer than two sites (i.e. singletons), in order to
evaluate the robustness of network structure and inferred plant roles to the removal of spatially
rare species. We used the hoverfly and wild bee dataset due to its finer taxonomic resolution
for the pollinator species, supplying more interaction links for a more stable evaluation of
trends. For the centrality index, we computed the normalised degree, closeness centrality, and
betweenness centrality to assess the generalisation level of each plant species (Gonzalez et
al., 2010). These three measures for all species in each network were arcsine transformed
and combined into a PCA (Sazima et al., 2010; Ulrich and Peters, 2023). Consequently, the
first principal component (PC1) was used as the centrality index, where positive values
represent keystone species that greatly connect and structure the networks, and negative

values represent peripheral species that do not occupy significant roles (Crespo et al., 2022).

Lastly, we assessed network modularity for the same four networks (for wild bees and
hoverflies combined). Quantitative modularity (Q), an index providing the level at which
subsets of interactions are created within a network (Dormann and Strauss, 2014), was
computed using the DIRTLPAwb+ algorithm (Beckett, 2016) with the computemodules
function. Q values range from 0 to 1; O indicating a randomly organised network, and 1 a
perfectly modular network (Carstensen et al., 2016). To account for sampling size and effort,

we calculated null expectations using the vaznull (Vazquez et al., 2007) method set to 100
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nulls (Qnui). From this, we retrieved the absolute value of Q by calculating the difference
between observed modularity (Q) and the mean modularity value from the null models (Qnun).

The corrected Q was standardised into a Z-score as follows:

7 = Qobservea — Qnuu
Q=
0Qnun

Zqwas retained to evaluate the significance of the modularity in the networks, where Zq > 2
was considered significantly modular (Carstensen et al., 2016; Dormann and Strauss, 2014;
Saunders and Rader, 2019).

To evaluate the plant roles within the networks, modularity was used to compute standardised
weighted connection (¢) and participation (z) coefficients (Dormann and Strauss, 2014).
Specifically, ¢ represents the connectivity across modules within the network (the level at
which a species’ links are equally distributed), whereas z indicates the level of a species’ links
within its own module (Guimera et al., 2007; Olesen et al., 2007). The ¢ and z were generated
for observed and null interactions, with 95% quantiles from the nulls as critical thresholds to
assign plant topological roles (Dormann and Strauss, 2014). Plants were then classified as
peripherals (observed ¢ and z values below the threshold), module hubs (¢ below and z above
the threshold), connectors (¢ above and z below the threshold), and network hubs (¢ and z

above the threshold).

Pairing the centrality index with modularity roles allows for the identification of plants that are,
firstly, central to the overall plant-pollinator network, and secondly, structurally integral within
or across modules. Following the method by Ulrich and Peters 2023, we combined both
approaches to identify key candidate species for pollinator habitat enhancement in the city. As
we expected fewer species to be classified as connectors and network hubs than the number
of keystone species identified by the centrality index, we decided to further link the keystone
species to their occurrence during various sampling rounds. For UGS management
implications, the inclusion of keystone species with different flowering times will provide

feeding resources across the year, whilst supporting the network structure.

3.3. Results

3.3.1. General Findings

Across all sites and rounds, we recorded 3,806 pollinator visits to flowers. Wild bees
accounted for most interactions (63%), followed by hoverflies (12.1%), Coleoptera (9%),
butterflies (5.8%), other Diptera (5.2%), and other Hymenoptera (4.9%; Figure 3.1). We
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a. Overall

recorded 178 flowering plant species, of which 156 received at least one pollinator visit. Wild
bees interacted with 140 plant species, hoverflies with 93, other Hymenoptera with 49, other
Diptera with 48, Coleoptera with 46, and butterflies with 39. The maijority of interactions were
supported in urban farms (67.4%), which harboured 142 plant species belonging to 28 families
(Figure 3.1). Parks supported 32.6% of total interactions, hosting 62 plant species of 26

families.

At the finer taxonomic resolution, 27 hoverfly and 96 wild bee species and morphospecies
were found. Urban farms presented 76% of all visits with the highest diversity of visited plant
species (113 for wild bees; 62 for hoverflies. Parks supported 24% of the visits across 53 and
44 plant species for wild bees and hoverflies, respectively. Overall, 69 plant species were
exclusively visited by either wild bees or hoverflies- 59 by wild bees and 10 by hoverflies-

denoting guild-specific host use across UGS types.
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Figure 3.1. Plant-pollinator interactions for the (a) overall, (b) urban farm, and (c) park networks. The
top in yellow represents the broad pollinator groups, whereas the colourful bottom nodes represent the

plant species. The thickness of each ribbon indicates the frequency of interactions among individuals.

3.3.2. Community Composition

Pollinator community composition differed significantly between urban farms and parks
(PERMANOVA: R? = 0.252, p = 0.016; Figure 3.2a), while multivariate dispersions were
homogeneous (F = 1.52, p = 0.240), indicating genuine shifts in centroid composition rather
than differences in dispersion. The NMDS ordination showed a clear separation between
green-space types with a good model fit (stress = 0.098). SIMPER analysis identified wild

61



NMDS2

bees (average contribution = 0.278, p = 0.027) and Coleoptera (0.084, p = 0.020) as the
primary contributors to dissimilarity, both more strongly associated with urban farms. Other
groups (hoverflies, butterflies, other Hymenoptera, and other Diptera) contributed less and

were not statistically significant.

Similarly, visited plant assemblages differed significantly between types (PERMANOVA: R? =
0.157, p = 0.001), with homogeneous dispersion (F = 2.35, p = 0.135) and a good ordination
fit (stress = 0.134; Fig. 3.2.b). SIMPER results indicated that urban farms were characterised
by cultivated and nectar-rich herbs and ornamentals (e.g. Lavandula sp. L., Foeniculum
vulgare Mill., Borago officinalis L., Brassica oleracea L., Mentha spicata L.), whereas parks

were dominated by spontaneous wild forbs (e.g. Cichorium intybus, Medicago sativa; Table

A. Pollinator Groups by UGS B. Visited Plants by UGS
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Figure 3.2. NMDS ordinations of pollinator and visited plant composition across urban green space
types. (A) broad pollinator community composition showing significant differentiation between parks
and urban farms (PERMANOVA: R2 = 0.252, p = 0.016; stress = 0.098). (B) Assemblages of visited
plants also differed significantly by green-space type (PERMANOVA: R? = 0.157, p = 0.001; stress =
0.134). Ellipses represent 95% confidence intervals around group centroids. Urban farm = purple; Park

= orange.
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3.3.3. Plant Importance

At the broad pollinator group level, indicator value analyses associated distinct plant families
with each green space type (Table 3.1). For urban farms, Lamiaceae (IndVal = 0.83, p < 0.05),
Asteraceae (IndVal = 0.83, p < 0.05), and Boraginaceae (IndVal = 0.61, p < 0.05) resulted as
significant indicators. Conversely, no plant families were identified as indicators of parks. At
the plant species level, Malva sylvestris L. (IndVal = 0.68, p < 0.05) for parks and Lavandula

sp. (IndVal = 0.63, p < 0.05) for urban farms surfaced as indicator species.

Similarly, for wild bees, Lamiaceae (IndVal = 0.86) and Asteraceae (IndVal = 0.83) resulted as
significant indicator families in urban farms (p < 0.05), and Malva sylvestris in parks and
Lavandula sp. in farms were indicator plant species (p < 0.05). Regarding hoverflies, no plant

families or species were recognised as indicators across both green space types.

Table 3.1. Results of Indicator Value (IndVal) analysis for broad pollinator groups and wild bees showing
associations with urban green space types. Only significant plant families or species identified by

permutation tests are reported. No plant families or species were identified as indicators for hoverflies.

Plant Association Indicator Value P

Broad Pollinator Group
Lamiaceae Urban Farm 0.832 0.00
Plant Family = Asteraceae Urban Farm 0.834 0.00
Boraginaceae Urban Farm 0.609 0.05
Malva sylvestris Park 0.682 0.01

Plant Species
Lavandula sp. Urban Farm 0.637 0.03

Wild Bees
Lamiaceae Urban Farm 0.856 0.00

Plant Family
Asteraceae Urban Farm 0.825 0.02
Malva sylvestris Park 0.689 0.02

Plant Species
Lavandula sp. Urban Farm 0.656 0.04

Considering the top-ranked plant species in terms of strength, degree, and partner diversity
across broad pollinator groups (Figure 3.3 a-c), several species consistently scored highly
across all three metrics. Species with high strength values included Lavandula sp., Mentha
suaveolens Ehrh., Medicago sativa L., and Bellis perennis L. Those with high degrees
(portraying more generalism) included Tagetes sp. L., Mentha suaveolens, Lavandula sp., and
Erigeron sp. L. Instead, partner diversity highlighted a slightly different set of plants, such as
Achillea millefolium L., Capsella bursa-pastoris Medik., Erigeron sp., and Symphyotrichum
ericoides (L.) G.L.Nesom. Species-specific (i.e. for hoverflies and wild bees) patterns

generally mirrored those of the overall networks, with the exception that Borago officinalis
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particularly stood out for wild bees (Figure 3.3 d-f) and Foeniculum vulgare for hoverflies

(Figure 3.3 g-i).

Interestingly, plants such as Mentha suavoelens, Allium schoenoprasum L. and Potentilla sp.
L. stood out in these metrics, but were species found in single sites during one sampling round,
conferring them as ‘local standouts’ that could be integrated in UGS schemes to complement

other, more persistent and widespread species.

Together, these results underscore a core set of urban floral resources that consistently
provide both broad and strong support to pollinator communities. Several species were shared
across metrics (Lavandula sp., Bellis perennis, Cichorium intybus L., Erigeron sp.), while
others emerged as habitat-specific leaders (e.g. Foeniculum vulgare (Mill.) Holub in farms;
Medicago sativa in parks). Importantly, dominance of ornamental (Tagetes, Lavandula) and
cultivated herbs (Foeniculum, Mentha sp., Brassica sp. L.) highlights the contribution of

managed planting schemes to urban pollinator networks.
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Figure 3.3. The top 10 ranking plants in strength (left), degree (middle), and partner diversity (right)
from the overall (full) network according to (a-c) broad pollinator functional groups, (d-f) wild bees, and

(g-i) hoverflies.
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3.3.4. Plant Roles

In the overall (full) network, comprising 153 visited plant species, 64 species were identified
as keystones based on the centrality index (Figure 3.4a). The network exhibited strong and
significant modularity (Q = 0.51, Zq = 50.06), indicating a highly compartmentalised interaction
structure relative to null expectations, and was partitioned into seven modules (Figure S3.1a).
Topological role analysis classified most species as peripheral (128 species), while 10 species
were identified as module hubs and 15 as connectors; no network hubs were detected (Figure
3.5a). All plant species assigned to non-peripheral topological roles were also identified as
keystones by the centrality analysis, indicating a high degree of concordance between the two

approaches.

The reduced overall network showed similar patterns but comprised fewer plant species (35
visited species), of which 16 were identified as keystones (Figure 3.4b). This network also
exhibited significant modularity (Q = 0.65, Zq = 4.86) and was divided into three modules
(Figure S3.1b). No module hubs were detected, while five species were classified as
connectors. Despite this simplification, the reduced network largely mirrored the full network

in terms of the identity of species occupying structurally important positions.

In the urban farm network (129 plant species), 60 species were identified as keystones by the
centrality analysis (Figure 3.4d). This network was also significantly modular (Q = 0.53, Zq =
34.52) and comprised 5 modules (Figure S3.1c). Topological role analysis identified five
module hubs and ten connectors, with all remaining species classified as peripheral (Figure
3.5¢). As in the overall network, all non-peripheral species were also identified as keystones
by the centrality index. Several module hubs (e.g. Borago officinalis, Bellis perennis,
Lavandula sp., Foeniculum vulgare) and connectors (e.g. Mentha sp., Mellissa officinalis,
Symphyotrichum sp.) overlapped with those detected in the overall network, suggesting

consistency in the structural roles of key species across habitat contexts.

The park network comprised fewer visited plant species (46 species), of which 18 were
identified as keystones by the centrality analysis (Figure 3.4c). Despite its smaller size, the
park network was significantly modular (Q = 0.56, Zq = 13.29) and partitioned into ten modules
(Figure S3.1e). Topological role analysis identified no module hubs, with a few (four) connector
species, and all remaining species classified as peripheral (Figure 3.5d). Interestingly,
Cichorium intybus, which was a module hub in the urban farm and overall network, appeared
as a connector in parks. The remaining connector species were those identified in the overall

network.
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Figure 3.4. Centrality indices
for all plant species for the (a)
overall network, (b) reduced
overall network, (c) park
network, and (d) urban farm
network. Indices were obtained
from a PCA combining three
centrality-based, species-level
metrics: normalised degree,
betweenness centrality and
closeness centrality. Negative
values represent peripheral
species, and positive values

represent keystone species.
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Analyses of reduced networks for both urban farms and parks yielded qualitatively similar
results, characterised by higher modularity values and fewer detected modules, reflecting a
simplified network structure (Supplementary Figures S3.1 — S3.3). Importantly, the identity of
plant species assigned to non-peripheral topological roles remained largely consistent

between full and reduced networks, supporting the robustness of the detected plant roles.

Overall, centrality-based keystone identification and modularity-based topological roles
provided complementary insights into plant importance within plant-pollinator networks. While
topological roles identified a small number of plants occupying structurally critical positions,
the centrality index captured a wider spectrum of species contributing to network cohesion,

underscoring the value of integrating multiple network-based approaches.
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Figure 3.5. Network topological roles of plant species observed in Bologna, Italy, for (a) the overall, full

network, (b) the overall reduced network, (c) the urban farm full network, and (d) the park full network.

Degree within modules (z value) and among modules (c value) for each species are defined and plotted

alongside thresholds. The critical thresholds for the ¢ and z coefficients were extracted from null models

using 95% quantiles. No network hubs were found. Connectors and module hub species are indicated

in the graphs.

68



As it was evident that the centrality analysis exposed many more keystone species than the
modularity topological role analysis, we corresponded all plants that scored positive values
in the centrality index to their time of bloom (Figure 3.6). This helps denote the plant species
that offer support to pollinators across the year. Specifically, for urban green space planning,
prioritising the integral species identified from the topological roles and adding
complementary, keystone species from the ample list of the centrality analysis, with different
blooming periods, could support pollinators year-round. Persistent flowering species (e.g.
Bellis perennis, Trifolium sp. L.) are also essential, guaranteeing a source of feed across the

year.
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Figure 3.6. Keystone species identified by the centrality index (Cl) and their corresponding month of
sampling for the overall network. Each month is portrayed in a different colour; green halos indicate

persistent species that were sampled in 5 or more rounds.

3.4. Discussion

In light of global pollinator declines, much effort has been dedicated towards the creation of
urban green spaces to support local biodiversity. In fact, this strategy comes from the
numerous studies that have demonstrated that flower richness is fundamental to sustaining

pollinators, even mitigating the negative effects of surrounding urban cover (Daniels et al.,

69



2020; JeSovnik et al., 2025; Lucas et al., 2017; Wilson and Jamieson, 2019). Bumblebees, for
instance, have been shown to respond positively to increased floral richness without any
negative responses to urbanisation (Hulsmann et al., 2015). Moreover, it has also been found
that the strategic incorporation of mixtures of wild and ornamental flowers moderates the
negative effects of urbanisation on pollinators (Poole et al., 2025). These examples attest to
the importance of providing adequate areas for habitat and forage, as they involve relatively

simple modifications with wide-reaching benefits for pollinators.

However, urban greening often focuses on quantity over quality, with limited guidance on
which plant species best support pollinators, and this changes across landscapes and cities.
Since plants and pollinators are inherently dependent, network analyses are an important tool
that allows the analysis of these relationships and determines the ramifications of species loss
or decline. Further, they can be used to distinguish which plants should be prioritised for
conservation purposes (Biella et al., 2017; de Sousa Perugini et al., 2025; Ulrich and Peters,
2023; Zaninotto et al., 2023b). Our study applied various network approaches and translated
them into direct applications for greening initiatives. By combining species-level importance
metrics with network-level structural roles, we provide a multi-scale assessment of plant
importance that moves beyond the focus on a single metric. We further contrasted two urban
green land use types, underlining their synergies and differences, and how aspects could be

integrated into a potentially enhanced urban ‘super green space’.
Urban Farms vs. Parks

Our results exhibit that urban farms and parks support distinct pollinator and plant
communities. This corroborates growing evidence that green space type could be a
determinant of urban biodiversity composition and interaction networks (Baldock et al., 2019;
Threlfall et al., 2017; Zaninotto et al., 2023a). Although both green space types hosted all six
broad pollinator groups, urban farms supported many more interactions overall, with a
markedly greater number of wild bees. Moreover, it was clear that ornamental and aromatic
herbs (e.g. lavender, borage, mint, sage, oregano) and crop species (e.g. fennel)- plants
predominantly stemming from urban farms- scored highly across all plant importance metrics
and repeatedly emerged as keystones across analyses. These plants likely create a
heterogeneous resource spectrum. Furthermore, urban farms have been shown to provide
continuous bloom through intentional plantings that are especially attractive to pollinators
(Lanner et al., 2020; Zhao et al., 2019). This, coupled with more stringent pesticide laws in
urban environments (Kaluza et al., 2016), makes urban farms unique urban green systems

that support arrays of biodiversity.
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By contrast, parks hosted a larger proportion of spontaneous lawn and forb species (e.g.
Medicago sativa, Cichorium intybus, Malva sylvestris). Notably, Malva sylvestris (common
mallow) particularly stood out. It was an indicator, portrayed a high centrality index, and was
assigned as a connector, highlighting its vital contribution to network stability. Other species
that were associated mostly with parks and were persistently high scoring across the various
metrics include Geranium sp., Plantago sp. and Chelidonium sp. This suggests that
spontaneous, low-management plant communities, common in parks, are important in
maintaining network stability (Bonthoux et al., 2019; Zaninotto et al., 2023b), even with fewer
overall visits (Lowenstein et al., 2019). Similar findings have been reported in other cities
where spontaneous flora sustain pollinator connectivity across fragmented urban landscapes
(Zeng et al., 2023). Spontaneously growing vegetation represents 67% of the vegetation in
Mediterranean cities (Salinitro et al., 2018) and is considered a valuable resource for
pollinators (Lowenstein and Minor, 2016). These species repeatedly bloom throughout the
year, offering feeding resources in periods where other vegetation may be scarce. These
findings also support low-cost solutions for park management, as they require minimal inputs
and maintenance and could be incorporated into lawn mixtures (Ignatieva et al., 2025; llie and
Cosmulescu, 2023). Recent studies have addressed lawns, offering valuable advice in
integrating species of different heights and flowering to support biodiversity, including
pollinators (Biella et al., 2025b). In tandem with these repeated bloomers, Ranunculus sp.,
and Cichorium intybus are beginning and end-of-season bloomers, respectively, and were

consistently identified as keystone species, rendering them valuable resource extenders.
Roles of Plants

We applied different approaches to evaluate the importance of the plant species, including
species-level metrics, a composite centrality index, and network modularity and topological
roles. Overall, these approaches showed substantial overlap, with differences primarily
reflecting variation in sensitivity. The outputs were interesting, with much overlap- the main
differences being the sensitivity of each analysis. Using the species-level metrics of strength,
degree, and partner diversity, we obtained similar lists of priority plants, particularly to that of
the centrality index. This makes sense, as oftentimes these predictors are associated with
closeness or other variables used in the centrality index (Evans and Chen, 2022). Similarly,

Biella et al. 2017 found correlations between topological scores and species-level metrics.

While all our networks were significantly modular, most species were peripheral, with fewer
connectors and module hubs. Further, we did not identify any network hubs, a scenario that is
commonly shared in other pollination network research (Hinton and Peters, 2021; Watts et al.,

2016), where urban environments, due to transitory blooming and patchy resource
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distributions, hinder the accumulation of cross-module generalists (Fisogni et al., 2022). In
fact, hub roles have also been shown to emerge over multi-year sampling, allowing generalists
to accumulate interactions across seasons (CaraDonna et al., 2021; Lazaro and Gomez-
Martinez, 2022).

Connector and module hub species differed both in abundance and structural role within
networks. Across all networks, connector species were more prevalent than module hubs,
although both roles were rare relative to the total plant assemblage. This pattern reflects
distinct contributions to network organisation: connectors enhance inter-module connectivity
by linking otherwise weakly connected species groups, whereas module hubs reinforce
stability within modules by supporting dense, localised interaction clusters (CaraDonna et al.,
2021; Olesen et al., 2007). The higher prevalence of connectors compared to module hubs is
consistent with other findings where habitat fragmentation, seasonal turnover, and
heterogeneous resource distribution favour multiple generalists bridging modules rather than
the emergence of highly dominant within-module species (de Sousa Perugini et al., 2025;
Hinton and Peters, 2021; Olesen et al., 2007). Considering that the minority of species are

stabilising these networks, it is vital to identify and protect these plants (Hackett et al., 2019).

Nevertheless, our findings highlight the need to plant more species to better represent each
module of the network. This may involve promoting reflowering perennials, reducing mowing,
and spatially blending ornamental and spontaneous flowers to promote integration across
modules over time (Bramon Mora et al., 2020; Fisogni et al., 2022). Importantly, the centrality
index exposed a series of additional plants as keystones, implying that these species can
enrich ecosystem function and pollinator diversity. We did, however, find that the module hubs
and connectors corresponded with the keystone species from the centrality analysis- a finding
not mirrored by Ulrich et al. (2023), who instead reported distinct differences between the two
approaches. Focusing on the identified connectors and module hubs, then expanding planting

palettes to include keystone species, could be a strategy to guide green space design.
Implications for Urban Green Space Design for Pollinators

Taken together, our findings underline that urban farms and parks play different but
complementary roles in supporting pollinators. Farms promote high interaction frequency
through resource abundance (Heiniger et al., 2025; Villalobos et al., 2019), while parks
contribute structural stability via spontaneous and diverse flora (Zaninotto et al., 2023b). This
complementarity supports a hybrid biodiversity strategy that integrates both intentionally
planted and spontaneous vegetation to maintain functional and compositional heterogeneity

within urban ecosystems.

72



To operationalise these insights, we propose a ‘priority plant’ framework tailored to Bologna
(Figure 3.7), integrating empirically derived topological roles with centrality-based keystone
identification to guide plant selection at both network and habitat scales. Building on existing
literature that emphasises floral diversity, phenological continuity, and morphological
heterogeneity in UGSs (Baldock et al., 2019; Biella et al., 2025a; Hall et al., 2017; Sule et al.,
2023), this framework extends previous approaches by explicitly incorporating species’

functional positions within pollination networks. Four functional layers are defined:

1. Connectors: species characterised by high participation coefficients (c) and a
moderate to high degree, interacting across multiple modules and habitat contexts. In
plant-pollinator networks, these species often include long-flowering, generalist plants
with accessible morphologies (e.g. Melissa, Malva, Mentha) accessible to diverse
pollinator assemblages. Their presence links otherwise weakly connected
subnetworks, contributing to overall network connectivity (Guzman et al., 2021).

2. Module hubs: species exhibiting high within-module degree (z) but low participation
coefficients, forming dense interaction networks within specific modules defined by
habitat, phenology, or pollinator assemblages. Examples such as Borago, Foeniculum,
and Lavandula typically support high interaction richness locally and contribute to the
maintenance of modular structure within plant-pollinator networks.

3. Resource extenders: species that contribute to the temporal continuity of floral
resources by flowering during early, late, or otherwise resource-limited periods (e.qg.
Papaver spp., Cichorium intybus), or by maintaining extended flowering durations
(Biella et al., 2025a; Guzman et al., 2021). These species are not defined by specific
topological thresholds (c or z) but may overlap with centrality-defined keystone species
and often possess morphologies associated with broad pollinator accessibility,
supporting interaction persistence across seasons.

4. Local standouts: species exhibiting high interaction strength or centrality at the site
level, despite limited occurrence or low connectivity at the broader network scale (e.g.
Mentha suaveolans, Allium schoenoprasum, Potentilla spp., Lepidium draba). Their
influence is context-dependent and primarily local, where they can contribute

disproportionately to pollinator visitation and interaction density within individual sites.

Together, these layers provide a data-driven, scalable framework for UGS design that

aligns network structure with practical planting strategies.
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Figure 3.7. Plant species are organised according to empirically derived topological roles and
phenological contributions within plant—pollinator networks across urban farms and parks. lllustrated
species represent selected examples of keystone plants identified through centrality metrics and
network role analyses and are intended to complement, rather than replace, diverse planting
assemblages that support pollinator communities. Arrow direction reflects the integrative logic of the
framework, indicating how different plant roles jointly inform network- and site-level planting strategies.

Coloured dots indicate floral morphological categories; legend shown at bottom right.
Limitations and Future Research

Our study was conducted over a single season, and it is known that interannual climatic
variation, successional change, and differences in management intensity can likely alter
network structure and the persistence of certain species. As multiyear studies have shown in
identifying new or different plant roles, extending sampling could uncover more important plant
species, whilst identifying shifts in network structure due to perturbations. Moreover, relating
these trends and modules to plant traits such as morphology and phenology can further lead
green space design into promoting more diverse and cross-functional habitats. Addressing the
plant importance relative to the native vs. non-native status of the plant species may also help

refine the list to more specific keystone species.

Nevertheless, these approaches demonstrate the practical value of empirical network metrics
for urban green space design. Our findings illustrate a vast pool of keystone species, ranging
from high to low management requirements and showcase how these findings can translate

into meaningful green space design to support pollinators.
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Chapter 4

Exploring the Citizen Perceptions of Urban Green Space

Management for Pollinators: The Voices of Bologna, Italy
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ABSTRACT

In response to global insect declines, particularly among pollinators, conservation efforts have
increasingly turned to cities. Urban green spaces (UGSs), including parks and gardens, can
provide valuable floral resources and support pollinators when appropriately designed and
managed. However, despite growing empirical evidence on effective management practices,
their adoption remains limited by social and policy barriers. Often, neat, manicured UGSs with
ornamental and non-native species are preferred even if they provide little support to local
biodiversity. Therefore, understanding public perceptions is essential to bridging the gap
between science and practice. To explore these dynamics, we conducted an online survey of
229 respondents in Bologna, Italy, assessing opinions on pollinator-friendly UGS
management, perceptions on native and exotic plants, and willingness to engage in related
initiatives. We also evaluated whether providing information could shift perceptions towards
more sustainable practices. Our results show that while most respondents recognised the
importance of protecting pollinators, knowledge of which species constitute pollinators was
limited, highlighting educational gaps. Informative communication, such as interpretive
signage, proved effective in improving acceptance of pollinator-friendly management regimes.
Although aesthetic preferences initially favoured frequent mowing and leaf-litter removal, most
participants became supportive of designated natural areas once their ecological value was
explained. Citizens also expressed strong interest in workshops and collaborative decision-
making involving policymakers, experts, and the community. We briefly review current UGS
policy developments in Italy, including efforts aligned with the EU Nature Restoration Law, to
contextualise these findings. Overall, this study highlights the importance of addressing the
social dimensions of pollinator conservation to enhance public and policy cohesion and guide

UGS design that meaningfully supports biodiversity.

Keywords: Pollinator decline; pollinator conservation; public perceptions; acceptance; urban

green space management; policy
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4.1. Introduction

Insects are important constituents of biodiversity. Comprising two-thirds of all terrestrial fauna
on Earth, they fulfil an exceptional amount of ecosystem services, including nutrient cycling,
pest regulation, and organic matter decomposition (Noriega et al., 2018). Notably, most
pollinators are insects (Kevan and Baker, 1983). Yet, the global decline in insect (Hallmann et
al.,, 2017; Sanchez-Bayo and Wyckhuys, 2019; Wagner et al., 2021) and specifically,
pollinating fauna (Biesmeijer et al., 2006; Brunet and Fragoso, 2024; Drossart and Gérard,
2020; Potts et al., 2010; Ramos-Jiliberto et al., 2020), jeopardise the provisioning of these
services. Moreover, losses in pollinators pose a significant risk to our agricultural and natural

systems, as well as human well-being (Potts et al., 2016).

While urbanisation is a leading driver of these losses, it has recently been shown that cities
can host and support a wide range of pollinators (Ayers and Rehan, 2021; Baldock et al.,
2019; Hall et al.,, 2017; Ranalli et al.,, 2025a). Urban green spaces (UGSs) are central
components of cities, holding cultural significance and improving the quality of life and human
health (Kondo et al., 2018). Likewise, UGSs, such as parks, gardens, green roofs, and
roadside verges, can substantially support pollinator communities when correctly managed
(Ayers and Rehan, 2021; Biella et al., 2025a; Burr et al., 2018; Ranalli et al., 2025a). However,
despite the empirical evidence provided by researchers on the effects of urban development
and solutions to conserve pollinators in cities, translating these insights into municipal and

public practice remains challenging.
Perception, Communication, and Management of Urban Green Spaces

A telling example of the disconnect between science and public policy is that of lawn mowing
intensity in UGSs. Frequent mowing, in many cities, has been the default regime, reflecting
the aesthetic preferences for neatness and recreation-oriented park design (Rada et al., 2024;
Southon et al., 2017). However, these practices provide very little support for biodiversity.
Some studies have shown that reduced or programmed mowing to flower blooming stages
significantly enhances floral diversity and pollinator abundance (Burr et al., 2018; Chollet et
al., 2018; Del Toro and Ribbons, 2020; Lerman et al., 2018; Rada et al., 2024). When these
pollinator-friendly practices are introduced, they often trigger controversy; some citizens
perceive ‘messy’ landscapes as signs of neglect, while the more environmentally conscious
groups advocate for ‘wilder’ urban nature (Riley et al., 2018; Vega et al., 2021; Weber et al.,
2014). The challenge, however, is not binary - “never mow” vs. “always mow” - but adaptive,
aligning mowing routines with blooming periods and providing education. Mowing is just one

example of the complex public perceptions of nature. This problem extends beyond
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management practices, with an instilled preference among citizens for ‘neat,” ‘aesthetically

pleasing,” and ‘manicured’ UGSs (Vega et al., 2021).

Some social studies have found that while urban residents perceive exotic and invasive plant
species as negative, their management is not of high priority (Potgieter et al., 2019). Others
have even found that the appreciation of exotic plants is related to the impact they may have
on the surrounding natural environment (Giovanetti et al., 2020). Muratet et al. 2015 found
that park users were attentive to the surrounding plant richness due to its beauty and for its
perceived effect on wellbeing, whereas its role in biodiversity and ecological functions was
less relevant. However, the authors report that although the users' knowledge of plant richness
was limited and concentrated on ornamental plants, they preferred to consider wild plant
management as a form of cohabitation rather than removal, suggesting a desire for more

naturalistic landscapes.

Many studies have highlighted that people’s perception of biodiversity, including its conscious
and subconscious benefits, is readily undervalued (Bosone and Bertoldo, 2022; Marselle et
al., 2021; Shwartz et al., 2014). Research has even indicated that people have poor
biodiversity identification skills (Dallimer et al., 2012; Hooykaas et al., 2019). An interesting
opportunity would be to provide information, beyond sheer exposure to biodiversity, to raise
public awareness and reconnect them to nature. In fact, more evidence is showing that with
education and public engagement, these perceptions can be redefined (Allum et al., 2008;
Atiqul Haq et al., 2021; Higgins and Russo, 2025). For instance, Caula et al. 2009, found that
by providing information about birds in their survey, people exhibited a greater preference for

natural spaces and were willing to pay for their creation.

Overall, these examples showcase that public perceptions play an important role in driving
meaningful ecological interventions. When there is a gap between perceived benefits and
actual outcomes, education and policy must step in to realign understanding and action.
Ranalli et al. 2025a recognise the complexity of integrating pollinator conservation into urban
planning through their ‘pollinator galaxy’ framework, which maps the interconnections among
key stakeholders, including policymakers and the public. Their work reinforces the idea that
data-driven, pollinator-friendly strategies can only be effective when both public engagement

and policy commitment are aligned.
A Brief Overview of Italian National Governance

In light of the recent EU Nature Restoration Law, which also addresses urban environments,
Italy has responded by introducing a position paper to guide local legislation in aligning with

its objectives (AvSviS, 2025). Italy has many policies on UGSs and biodiversity, structured
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across national, regional, and municipal scales. At the national level, Law 10/2013 (“Rules for
the development of urban green spaces”) is the principal law. It is part of the Urban Greening
Plans (UGPs), preceding the European Guidelines for urban green space management. The
aims of this law include the improvement of ecosystem services, the long-term development
and enhancement of urban and peri-urban green spaces, the allocation of economic
resources, the monitoring of the aims in accordance with the plan, and the involvement of local
communities (D’Onofrio et al., 2025). It further established an approach linked to the
improvement and management of green spaces, introducing mandatory tree inventories and
the protection of ‘Monumental Trees.” The Ministry has also instated the Committee for Public
Green Areas, which led to the drafting of the ‘National Strategy for Public Green Spaces
(2018),” and the ‘Guidelines for the management of urban vegetation and the first indications
for a sustainable planning (2017),” providing frameworks for managing public green areas. In
2020, Ministerial Decrees on urban greening were established, including the ‘Minimum
Environmental Criteria’ and specific decrees for public green spaces, which have embedded
biodiversity targets directly into landscape design and maintenance contracts. These policies
and strategies work in tandem with the National Biodiversity Strategy for long-term

conservation goals and alignment with international targets.

However, the framework stipulated by Law 10/2013 did not oblige the drafting of UGPs,
thereby granting autonomy to individual municipalities in deciding whether to use these
planning instruments. The UGP is merely a consultation and information guideline for all Italian
municipalities, irrespective of their size (D’Onofrio et al., 2025). Studies have highlighted their
concerns, showing that as of 2022, the UGP had only been approved by 11 municipalities

among the 112 provincial capitals and metropolitan cities (ISTAT, 2022b).
Local Governance and Citizen Science: The Bologna Example

At the regional level, in Emilia-Romagna, two main urban planning laws exist: (i) Regional Law
24/2017, focusing on climate change adaptation, ecosystem protection, and sustainable land
use, and (ii) Regional Law 6/2005, the main legislation that governs the system of protected
areas and Natura 2000 sites in the region (Campanaro et al., 2007). The latter defines
categories like Ecological Rebalancing Areas (ARE) and regional parks, setting guidelines for
their management and the development of sustainable activities within them. It also promotes
conservation, restoration and the sustainable use of the region’s natural and seminatural
landscape. Recently, the region also established Regional Law 20/2023, relating to the

conservation of monumental trees and ancient woods in the region.

At the municipal level, in Bologna, the “Regolamento del Verde Pubblico e Privato (2020)”

instituted broader principles into practical management practice rules, for both public and
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private green spaces. This regulation governs tree care, pruning, replacement and protective
measures for public and private land. The regulation promotes biodiversity-oriented
maintenance and imposes fines for unauthorised interventions. Along with these laws,
Bologna appears to have much citizen engagement in these plans. Several projects have
actively involved their citizens and local organisations in conservation and adaptation planning
through participatory processes and roundtables. Projects such as ‘Life4Pollinators’ (Bitonto
et al., 2025), ‘BeeNet’ (Giovanetti and Bortolotti, 2021), and ‘BEEwatching’ (Flaminio et al.,
2021) have mobilised citizens to collect ecological data, identify species and collaborate with
researchers. A recent project is TALEA, which combines a set of digital instruments to enable
nature-based, data-driven decision-making, supporting both urban planners and local
communities in designing resilient, adaptive, and inclusive urban environments (Roversi and
Longo, 2025). Moreover, Bologna is home to many historical gardens, linking heritage and

culture to an oasis of urban biodiversity (Bazzocchi et al., 2018).

Collectively, these initiatives exhibit how participatory processes can translate the broad
objectives of regional and national urban green space laws into potentially concrete actions.
Still, much ambiguity exists. Most of these legal outlines address urban green space
management in general terms, with limited articulation of how such measures directly benefit
biodiversity goals or support pollinator populations. Moreover, these policies evolve without
much public engagement or incorporation of empirical evidence on which urban strategies are
most effective for pollinator conservation. To ensure a genuine delivery on their ecological

promises, policymakers, citizens, and researchers need more robust collaborative pathways.
Study Aim

Knowing the vital contribution of public engagement in establishing sustainable biodiversity
conservation strategies in cities, this study explores the public perceptions of the citizens of
Bologna, Italy. Here, we distributed a structured questionnaire to the inhabitants of the city to
assess their understanding and opinions related to pollinators, native versus exotic plants, and
common UGS management practices. It further assesses whether the provisioning of
educational content and information can enhance public acceptance towards biodiversity and
pollinator-friendly practices. We recognise this as being a pilot trial, aiming to explore the
feasibility of pollinator conservation strategies in terms of the public’s willingness to accept
them. The goal is to identify where the disconnects between research, policy and public
perception lie, and how communication strategies can be instrumentalised to promote more

biodiverse urban spaces.
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4.2. Materials and Methods

4.2.1. Case Study

This pilot was conducted in the province of Bologna, Italy (44°29'38.00" N, 11°20'34.00" E).
Bologna is the capital of the Emilia-Romagna region and the seventh most populous city in
Italy. It is located on the southern edge of the Po River Valley (in Northern Italy), spanning an
area of 140 km? with almost 400,000 inhabitants and a population density of about 2,670
inhabitants per km2. Bologna is affected by known issues of atmospheric pollution and the
Urban Heat Island (Nardino et al., 2022), especially during summer heatwaves, and
experiences an annual rainfall of 800 mm per year. The public green areas of Bologna
comprise 8.7 km?, covering 26.5% of the municipal area and supporting 22.4 m?of green area
per capita (ISTAT, 2022a). Bologna is composed of many small private and historic gardens
and parks, distributed throughout the municipality. Its green areas also encompass a large

proportion of urban agricultural sites (Sanyé-Mengual et al., 2018).

4.2.2. Green Space for Pollinators Survey

In 2025, we digitally distributed a comprehensive questionnaire to residents and inhabitants
of Bologna to gather insights on their understanding and preference for UGSs tailored to
support pollinators. Respondents were required to be at least 18 years of age and currently
living or domiciled in Bologna. Before releasing the questionnaire to the public, we conducted

a small test trial, distributing it to 10 respondents to refine it and assess its feasibility.

We generated the survey on Microsoft Forms (Microsoft Corporation, 2023). The
questionnaire was distributed digitally via a web-based link and QR code, which were
disseminated through social media platforms and relevant communication channels. It
comprised 9 different sections, each addressing different topics related to UGSs and
biodiversity support. The sections of the questionnaire are broken down as follows (refer to

S.4.1 for the full questionnaire):

1. Demographic Data. These contained generic questions related to age, gender, and
suburb of residence (refer to 4.2.3 for ethics statement).

2. General Opinions on Urban Green Spaces. This section determined the frequency
with which respondents visit UGSs and their primary utility.

3. Native vs. Exotic plants. The objective of this section was to understand the
familiarity of the public with native and exotic species, and the extent to which they
believe these plant types support biodiversity. We also included questions regarding

their preferences for these plant groups.
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4. Biodiversity and Environmental Stewardship. This section was to determine which
species the public recognises as pollinators. It further explores the value, appreciation
and concerns of pollinators in UGSs.

5. Management Practices of Urban Green Spaces. This was the main section in our
survey. The principal objective was to assess whether providing information about
certain management routines shifted the public’s opinion towards supporting more
environmentally-conscious management practices. Firstly, respondents were asked
whether they agreed or disagreed with common UGS management practices,
including regular mowing, leaf litter removal, and the insertion of native floral strips in
parks and gardens. Secondly, we provided the respondents with an information box
containing the relevance and importance of the reduction or inclusion of these
practices in conserving biodiversity. Thereafter, they were asked if, after reading the
information provided, they still agreed with the management practice. Finally, this
section was concluded with a ‘compromise question,” whereby we asked the
participants whether they were willing to accept delineated areas within broader green
spaces, where these biodiversity-friendly measures can be implemented.

6. Education and Community Involvement. The final questions assessed whether the
respondents were interested in learning more about the concepts addressed over the
course of the questionnaire, and if they believed UGS management should be dictated
by local authorities, experts, and/or the community.

7. Suggestions and Considerations. To conclude the questionnaire, an open-ended,
non-compulsory question was included to receive feedback and general opinions that

may not have been directly addressed in the questionnaire.

In total, we received 229 completed responses. We acknowledge that the small sample size
is unrepresentative of the Bologna population, and therefore, all interpretations are strictly kept
as exploratory. Due to the large number of questions and data, only the main findings, aligning
best with our objectives, are reported in the text. Summaries of all other results can be found
in Annexe 4. Analyses of respondent demographics (age and gender) revealed no detectable
associations with levels of knowledge or preferences for management practices;

consequently, these results are not reported in detail.

4.2.3. Ethics Statement

The potential respondents were notified about the scope of the study, and a consent question
(including a privacy agreement) for those willing to participate was included at the beginning
of the questionnaire. To ensure anonymity of the participants, personal data such as name,

birth date, e-mail address or physical address was not collected. The procedure followed the

82



guidelines and approval of the research area and the Ethics Committee of the University of

Bologna.
4.3. Results and Discussion

4.3.1. Native vs. Exotic Plants

This section aimed to assess the familiarity of the public with native and exotic plants, and
whether they have preferences over the two categories (Figure 4.1). Of the 229 respondents,
45% reported being partially familiar, 32% very familiar, and 23% non-familiar with the
concepts of native and exotic plants. When asked whether native plants should be prioritised
over exotic plants in urban green spaces, most absolutely agreed (47%), and 41% agreed to

an extent. The remaining 12% either did not know or did not agree.

We found very mixed responses regarding their thoughts on the inclusion of exotic plants in
UGSs. Most thought they provide diversity and interest (44%), few thought they pose a risk to
local ecosystems (22%), and the remainder did not have a strong opinion. However, more
than half of the respondents (56%) believe that UGSs should be mainly composed of native
plants, as compared to 38% who preferred a balance between natives and exotics.
Interestingly, no one believed that UGSs should predominantly be composed of exotic plant

species.

When asked how important biodiversity (in terms of plants and animals) is in UGSs, 65% found
it very important, 31% stated quite important, whereas the remaining did not know. However,
when asked about their level of concern regarding the impact of exotic plants on local
biodiversity, only 8% were very concerned, 45% quite concerned, with a large proportion not

concerned or did not know.

Finally, when asked if the inclusion of a mixture of native and exotic plants could help create
a more resilient ecosystem in urban environments, most people claimed they did not know

(48%), a smaller portion said yes (38%), and the rest said no (13%).
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Survey Responses on Native and Exotic Plant Perceptions

How familiar are you with native and Should we prioritise native plants in
exotic plants? urban green spaces?
partially Familiar [ Yes, absolutely [
Very Familiar _ Yes, to a certain extent [N
Not necessarily [
Unfamiliar _ | don't know -

Would you prefer a balance between
native and exotic plants, or prioritise
one over the other?

What are your views on including exotic
plants in urban green spaces?

They could be harmful to local ecosystems [N
| don't have a strong opinion [N A balanced mix of both _
Other [
ldon'tknow [ | don't have a preference -

How important is biodiversity (variety
of plants and animals) in urban green
areas to you?

How concerned are you about the impacts
of exotic plants on local biodiversity?

Very important ] Quite concerned |

[ [
Quite important [ | Unconcerned [ 1]
Notimportant || Very concerned [ ]
I don't know . | don't know _
0 50 100
Do you believe a mixture of native
and exotic plants can create a more
resilient urban environment?
Yes | ]
O —

=3

50 100 150
Number of Responses

Figure 4.1. Questions and responses for the public perceptions on native and exotic plant species and

their impacts on local biodiversity.

While exotic and alien species are sometimes introduced to urban areas to facilitate and
restore ecosystem services, some of these species impose negative effects, reducing native
biodiversity and adversely affecting local economies and human well-being (Shackleton et al.,
2016). Although the ecological impacts are well-documented, less attention has been
dedicated to the social dimensions that mediate responses to biological invasions (Garcia-
Llorente et al., 2011), especially in urban environments (Gaertner et al., 2017; Higgins and
Russo, 2025; Potgieter et al., 2019). Addressing this issue is especially important in urban
environments, where high densities of exotic species are present for their ornamental value
(Toscano et al., 2025).

Arecent study conducted in the historical centre of Bologna found that of the 447 plant species
inventoried, 30% were alien species (Salinitro et al., 2018). This calls for both the evaluation
of the impacts these plants may be having on local biodiversity, along with possible ways of

leveraging the public in promoting their control. In fact, studies have shown that providing
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education and information to the public on the risks posed by non-native species creates shifts
in opinions, moving public preference towards native species (Higgins and Russo, 2025;
Potgieter et al., 2019). Moreover, from a policy and public standpoint, native vegetation tends
to require less maintenance, requiring less water and management (Wheeler et al., 2022).
However, from our results, it is clear that whilst many recognise native plants as important,
and prefer them over exotic species, the motives behind their perception are not grounded in
ecological reasoning. This is evident, as most were not very concerned about the impact of
exotic plants, with the majority admitting to not knowing if mixtures of natives and exotics can

create a balanced ecosystem.

Undoubtedly, increasing public awareness and understanding of the benefits of native flora
can help drive planting practices from prioritising ornamental value to incorporating species

with meaningful ecological functions.

4.3.2. Biodiversity and Pollinators

This section of the questionnaire focused on the public understanding and knowledge of

pollinators (Figure 4.2). The first question was simply “How do you feel about bees?”

Most respondents (68%) said they liked bees, 22% said they only tolerate them, with only a
very small portion saying they are scared of bees (5%), indifferent (3%), or do not like them
(2%). However, when asked which insects, other than bees, are indeed pollinators, it is evident
that many are unfamiliar with which insects truly are pollinators. Even the more charismatic
insects, like butterflies, were selected by only 184 of the respondents. Interestingly, all insects
on the list were selected, all being pollinators except for dragonflies (for which 51 respondents
indicated them as pollinators). Wasps and beetles scored surprisingly highly, 100 and 98
respondents, respectively. Here, we provided an ‘other option, to which participants could add
pollinators that were not present in the list. Examples of ‘others’ included bumblebees, ants,
hornets, bats, mosquitoes, mammals, reptiles and spiders. Almost all respondents believe we

should protect pollinators in the city (97%).
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Other than bees, do you Should we protect
know any other pollinators in our cities?
pollinators?

Flies  *~
ragontlies
T2 Yes

Hoverflies

How do you feel about
bees?

Butterflies 80
184 Beetles 2 2 1
08

Figure 4.2. The three questions related to pollinators with their responses. In the first two questions,

participants were allowed to provide multiple responses from a list.

This section surfaced interesting results. Through popular press and media, insect pollinators
have become visible to the public (Hall and Martins, 2020). As such, people now like bees;
this was evident in our results. However, there is a generalised perception that honeybees
are representative of bee diversity and pollinator conservation issues (Cruz and Grozinger,
2023; Hall and Martins, 2020). Moreover, although more people are aware of the adjacent
threats to our agricultural systems and well-being, the public understanding of bees and their

importance is not very sophisticated (Cruz and Grozinger, 2023).

This is mirrored in our results, where, although all pollinators were selected in relatively large
amounts, several people selected non-pollinator species (dragonflies), and not all selected
butterflies- a seemingly charismatic, well-known pollinator. Further, while almost all
respondents believe we should protect pollinators in the city, they are vastly unaware of who
they want to protect. This aligns with other research, where the public has been shown to not
be able to recognise or identify many plant and insect species (Drossart and Gérard, 2020).
Interestingly, many participants selected wasps, which are usually an unappreciated taxon.
Sumner et al. 2018 found that wasps are universally disliked by the public, as well as being
an unpopular taxon among researchers. The authors also found that while ecosystem services

by bees were well understood by the public, those provided by wasps were poorly understood.

This represents a call for action to expand research across diverse pollinator species and to
reshape public understanding of what constitutes a pollinator. Effective conservation requires
integrating social and ecological understandings to reconfigure human behaviours across

cultures.
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4.3.3. Urban Green Space Management

This section was performed in 4 tiers, starting with a question related to green space
management, providing an educational, informative text, and then reassessing whether the

public opinions shifted (Figure 4.3).

When asked why parks and gardens should be regularly mowed, the main answers presented
were that they improve aesthetic value or that they reduce the risk of pathogen spread. Only
62 of the respondents believed that lawns should not be regularly mowed. After being provided
with the informative text, most respondents believed that mowing should be conducted in
certain periods, compatible with flower blooming periods; a few remaining against mowing in

general, with only 6% wanting regular mowing.

Surprisingly, when asked why fallen leaves and leaf litter should be regularly removed from
UGSs, the majority (137) of respondents were opposed to this management practice. The next
most popular choices were for aesthetic reasons (42 respondents) and cleanliness (48
respondents). After being provided the informative text, the number of participants opposed to
leaf-litter removal increased to 189 respondents, with 25 (11%) still believing they should be

removed.

Regarding the reasons behind floral strips being included in UGSs, most respondents believe
they are for biodiversity (194 respondents), environmental benefits (135), and for aesthetic
quality (76). Almost no one believed that we should not include flower strips in UGSs. The
informative text enhanced this positive response, where 216 respondents would like floral

strips incorporated in UGSs.

Interestingly, we received positive responses to all three management interventions when
asked the ‘compromise question.” People were willing to accept designated areas within
broader UGSs where no mowing (88%) and fallen leaves (92%) are accepted, and floral strips

(95%) are included for ecological benefits.

These results corroborate the effectiveness of instrumentalising communication to support
conservation (Caula et al., 2009; Higgins and Russo, 2025; Shtulman, 2024). These findings
add value to policy, where the integration of educational and interpretive signs could enable
interventions typically unappreciated by the public and reconnect people to ecological
principles (Wartmann and Lorimer, 2024). Unger et al. 2024, found that interpretive signs on
biodiversity at a university campus helped students learn about biodiversity and ecosystems
and promoted engagement and appreciation for nature. Similarly, in a case study by Stengle
2016, the authors created a pollinator-friendly demonstration garden equipped with

interpretive signage and exhibits that showcased simple, practical actions visitors could
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replicate in their home gardens to enhance pollinator diversity and abundance. Their findings

were all positive, with most garden visitors expressing interest and appreciation for the signage

and physical demonstration, and enthusiasm to adopt those practices in their own gardens.

Why do you believe we should
regularly mow gardens and parks?

Mowing

Reduces Risks SPOHZ ;Tﬁtggtdoor Ot
of Pest and 10
Pathogen
Infestations WELCS
85 Litter
more
Improves .the Visible
Aesthetic 58
| am opposed to the
regular mowing of
lawns

Quality/
Neatness
85 62

Why do you believe we should
regularly remove fallen leaves/ leaf
litter from gardens and parks?

Leaf Litter

| am

opposed Safety

to Concerns

the 26

removal Quality/ Neatness
of 42

leaf
litter
137 48

of Litter

I 10

Improves Aesthetic

Improves Visibility

Why do you believe we should
include floral strips in gardens and
parks?

Flowers

Environmental
Benefits
135

Improves
Aesthetic
Quallty

For
Biodiversity
194

“Did you know that mowing cuts flowering stems, preventing
the plant from producing seeds, and that many plants cannot
reproduce under these conditions? This leads to a decrease in
flowers and, consequently, a reduction in pollinators.
Leaving designated areas in parks and gardens where mowing
is not carried out, or is done less intensively, can help maintain
the diversity of flowering plants and support pollinators.”

“Did you know that fallen leaves enrich the soil by forming a
natural mulch that suppresses weeds and fertilises soil? They
also create an important habitat for many beneficial
organisms, such as predatory hoverflies, which in turn feed on
pests. Many other pollinating insects also lay their eggs in
fallen leaves.”

“Did you know that introducing strips and patches containing a
wide variety of flowering plants creates habitats for many
beneficial insects, including pollinators and natural enemies
that help control pests?”

Do you still agree with Designated area?

00

M Indifferent Ml No
Yes, but only in certain
Yes periods compatible with

flower blooming

M | don't know HNo
[ Only a small section [] Yes

Do you still agree with
removing leaves?

O°

M Indifferent [ll No M | don't know
Yes @ Only a small section EI Ves

Designated area?

Do you still agree with

. A Desi ?
planting flower strips? esignated area

M Indifferent [ll No Il | don't know [l Only a small section
O Yes O Yes

Figure 4.3. The three main questions regarding common UGS management practices. The diagram

also represents the workflow of this section: (1) the question is asked, (2) educational information is

provided, (3) the main question is provided once again, and (4) the ‘compromise question,’ assessing

whether these interventions would be accepted in designated areas of UGSs.

4.3.4. Citizen Engagement and Policy Implications

The final section of the questionnaire addressed the public’s involvement in UGS initiatives

(Figure 4.4). Most respondents, at least to some degree, were willing to learn more about

native and exotic plants and biodiversity through educational programs or organised events in
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UGSs in the city. When asked, “Should the community be involved in the decisions and
maintenance of the plant species in parks and local urban green spaces?” the majority (56%)
would like a collaboration between the community and experts. Instead, 25% think it is best to
leave the decisions to the experts, with a small portion (17%) strongly believing the community

should have a voice in this regard.

Curiously, the last open-ended question raised some interesting insights. These ranged from
needing to create more UGSs, to more education and participation of citizens, and

expressions of desire to include more species attractive to pollinators.

Community Engagement

Are you interested in learning more

Should the community be involved in about native and exotic plants and

the deciding and maintenance of plant biodiversity through workshops or

specles in urban green spaces? initiatives organised in urban green
spaces?

A collaboration between the community and the experts
Yes, absolutely

No, it's best to leave it to the experts

Maybe, depending on the program

No, I'm not interested I

100 0 50 100
Number of Responses

Yes, the community should have a say

| am unsure

o
a
1=}

Figure 4.4. Questions and answers related to community engagement.

This final section ties together the key insights from our explorative study. Education plays a
fundamental role in garnering public acceptance of biodiversity-friendly management
practices, and almost all respondents accepted a compromise to allow for designated areas
where ‘wilder’ management practices can be implemented to support pollinators. This could
have meaningful implications for Bologna. Given that many participants wish to participate in
decision-making processes and that education can sustain ecologically aligned preferences,
policymakers can leverage these factors for urban conservation. Specifically, allowing edges,
belts, or patches within broader UGSs to succeed with diverse flowering plants, limited or no
mowing, and natural elements such as leaf litter can create viable habitats for pollinators,
whilst being educational to the public. Complementary interpretive signage can further
promote public understanding, interest and stewardship, while these patches can serve as
demonstrations for residents to simulate in their private gardens or balconies. Moreover, such

practices could reduce municipal maintenance costs (Bretzel et al., 2007). Collectively, these
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actions would not only foster socio-political cohesion but also present significant progress

toward safeguarding pollinators in cities and, ultimately, enhancing citizens’ well-being.

4.3.5. Limitations and Prospective Research

While we acknowledge that the small sample size may not fully represent Bologna’s
population, these initial insights into public perceptions provide a valuable foundation for
guiding social and policy interventions in support of pollinator conservation. More broadly, our
findings reveal key gaps and misconceptions in public understanding, emphasising the need
for a more in-depth analysis of how citizens perceive and engage with urban biodiversity. This
would be a fundamental link to bridge the gap between theory and practice. Extending the
survey to a larger sample size is the most organic progression to enhance future research.
Broader participation could be achieved by keeping the questionnaire open for a longer period
and expanding distribution channels to reach a wider audience. In addition, integrating in-
person surveys and establishing model demonstration gardens (e.g. Stengle 2016) would
further deepen our knowledge of public awareness and attitudes. This study forms part of
broader research, aiming to determine the drivers of pollinators in a local city context, and
informing the development of planting palettes and management schemes that support
pollinators. Together, empirical data and social dimensions can guide the city toward more

effective and meaningful conservation of pollinators, and by extension, associated biodiversity.
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Conclusions

Chapter 1

Hoverfly richness and abundance were positively associated with increased floral
richness and negatively affected by landscape composition, specifically % urban fabric.
Urban farms supported significantly more hoverflies, in terms of abundance and
species, than parks. This identifies urban farms as relevant and distinct urban green
space types and should be valued as components of green infrastructure.

Landscape configuration had no significant effect on hoverfly communities, suggesting
that the highly mobile nature of most species belonging to this taxon can overcome
fragmented distributions of habitat.

Urban greening interventions should prioritise extending the extent of habitat, along
with improving their quality by integrating more floral and vegetative diversity. Urban
farms should be considered valuable components of green infrastructure, providing
distinct and valuable habitat for hoverflies. This is especially relevant considering their

functional roles as both pollinators and biological control agents.

Chapter 2

The two sampling methods uncovered different impacts of the urban environments on
wild bees, supporting that pollinator monitoring should couple two or more
standardised approaches to retrieve meaningful results.

Plot observations indicated that wild bee richness and abundance were positively
affected by floral richness and bloom cover. Urban farms supported significantly more
bees than parks. Wild bee abundance was also positively associated with patch
density- a spatial configuration metric associated with connectivity.

Conversely, pan traps indicated no effects of local-scale variables on bee richness or
abundance. However, they showed that wild bee abundance was negatively
associated with urban cover and the shape complexity index. This pattern likely reflects
the fact that pan traps predominantly collected small-bodied genera of wild bees, and
thus the observed trends mainly pertain to this group. These findings suggest urban
cover reduces habitat quantity and quality, while complex habitat shapes likely reflect

exposure to human-related disturbances such as roads.
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Overall, both local and landscape factors drive urban wild bee communities, and
therefore, greening interventions to support pollinators should focus not only on
introducing more flowers and viable habitats but creating intermediate linking patches

to facilitate their movement across the city.

Chapter 3

Plant and pollinator assemblages were distinctly different between urban farms and
parks. Urban farms were categorised by the strong presence of intentionally planted
ornamental, herb, and crop species. Instead, parks were defined by spontaneous forb
and grass species requiring low management.

The centrality index provided an array of keystone plant species for all three networks
(overall, urban farm, and park) and was aligned to the plants identified in the modularity
analysis. Modularity was significant across sites, yet most species were assigned as
peripherals. Moreover, no network hubs were found, with a few module hubs and
connectors.

The combination of these two approaches allowed for the design of a ‘priority plant’
framework for Bologna. Focusing on the connector species identified, then branching
to the multiple keystone species identified from their centrality index. These species
should be selected to account for morphological differences and different blooming

periods to create a habitat that continuously and abundantly supports pollinators.

Chapter 4

It was evident that while most participants had some familiarity with native and exotic
plants, most were unaware of their impacts on local ecosystems or did not have strong
opinions on this regard.

Most people believe it is important to protect pollinators in the city, yet it was clear that
other than bees, they did not know who exactly constituted a pollinator, therefore
showing they do not know who they want to protect.

Communication and education can be instrumentalised to deliver clear messages on
conservation strategies. These can easily be translated into policy interventions
through interpretive signage explaining the importance of certain management
aspects. Whilst most initially preferred regimes (such as mowing and removing leaf

litter) for aesthetic reasons, most changed their opinions and were almost all willing to

92



accept demarcated areas for these natural processes to occur- indicating a
compromise that policymakers and urban green space designers can leverage.

All in all, most participants would like to engage in more workshops and initiatives
tackling these topics. Moreover, citizens would like a collaborative effort between
policymakers, experts and the community when making decisions on urban green

space design and management.
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Annexe 1

Supplementary Materials — Chapter 1

Table S1.1. Coordinates and characteristics of the 15 urban green spaces. Coordinates correspond to
the centre of each plot. ‘Type’ specifies whether the site is an urban farm or a park, and ‘description’
summarises land use and dominant vegetation cover.

Green Area Coordinates Type Description
(N E)
11 Settembre 2001 Park 44.50085, 11.33698 Public park with predominantly spontaneous, low-
Park height vegetation, forbs and lawns.
Bologna Botanical Gardens Botanical garden section with a high proportion of
44.49999,11.35289 cultivated agricultural species; intensively maintained
Urban farm | ornamental plants.
Cedri Park Public park with predominantly spontaneous, low-
44.47088,11.39872 Park height vegetation and lawns.
DiSTAL Experimental Urban agricultural site with dense crop stands and
Gardens flower strips for pollinators, managed with organic/
44.51445,11.40524 Urban farm | low-input practices.
Dubcek Gardens Public park with predominantly spontaneous, low-
height vegetation and lawns.
44.49014,11.35346 Park
Eta Beta Urban Farm Urban agricultural site producing crops for local
markets; integrates ecological corridors for pollinators,
44.50134,11.41546 Urban farm | managed with organic/low-input practices.
Giardini Margherita Urban farm with raised beds for crop and ornamental
Greenhouses cultivation; high crop density, managed with
44.48353,11.34939 Urban farm | organic/low-input practices.
Lungosavena Park Public park with predominantly spontaneous, low-
44.46135, 11.38269 Park height vegetation, lawns, and scattered meadow species.
Montagnola Park Public park with predominantly spontaneous, low-
44.50345, 11.34699 Park height vegetation and lawns.
Paleotto Community Urban agricultural site with allotments for personal
Gardens 44.4466, 11.35617 Urban farm cultivation; high density of crops and ornamentals.
Saragozza Community Urban agricultural site with allotments for personal
Gardens 44.48918, 11.32316 Urban farm cultivation; high density of crops and ornamentals.
Savioli Gardens Public park with predominantly low-height vegetation
44.48738, 11.36281 Park and lawns; few ornamental raised flower beds.
Villa Erbosa Community Urban agricultural site with allotments for personal
Gardens 44.52366, 11.34161 Urban farm cultivation; high density of crops and ornamentals.
Villa Ghigi Gardens Urban agricultural site embedded in a semi-wild park
setting; dense cultivation of agricultural and ornamental
44.47706,11.32753 Urban farm | crops, managed with organic/ low-input practices.
Villa Meraville Roundabout Roundabout with predominantly spontaneous, low-
44.51644, 11.39313 Park height vegetation, lawns, and scattered meadow species.
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Table $1.2. Urban Atlas 2018 category classification of urban and green areas. Categories marked with

an asterisk (*) indicate manual reclassification based on field validation, where land without current use

was reassigned as either Urban or Green. Water bodies (ponds and lakes) were also corrected where

misclassified.

New class

Urban Atlas classes

Urban areas

Discontinuous low-density urban fabric

Other roads and associated land

[solated structures

Discontinuous, very low-density urban fabric

Industrial, commercial, public, military and private units
Discontinuous medium-density urban fabric
Discontinuous dense urban fabric

Continuous urban fabric

Sports and leisure facilities

Railways and associated land

Land without current use*

Green areas

Green urban areas

lArable land (annual crops)
Pastures

Forests

Land without current use*
Herbaceous vegetation associations

Sports and leisure facilities*

Water

\Water
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Table S1.3. FragStats landscape metrics used in the analysis, including level (landscape or class),

landscape category (composition or configuration), and description of the indices. Metrics and

definitions follow McGarigal et al. 2002.

Metric

SHDI (Shannon’s Diversity Index)

NP (Number of Patches)

AREA_MN (Mean Patch Area)

LPI (Largest Patch Index)

PD (Patch Density)

ED (Edge Density)

SHAPE_AM (Area-weighted Mean

Shape Index)

PROX (Proximity Index)

CONNECT (Connectance Index)

Level

Landscape

Class:
Green
Class:
Green
Class:
Green
Class:
Green
Class:
Green
Class:
Green
Class:

Green

Class:

Green

Landscape

Category

Composition

Configuration

Configuration

Composition

Configuration

Configuration

Configuration

Configuration

Configuration

Description

Diversity of land-cover classes in the landscape,
combining richness and evenness.

Number of discrete patches of a class.

Average patch size of a class. Area analogue of % urban.

Percent of the landscape occupied by the largest patch of
aclass.

Standardised NP relative to landscape area.

Total length of edges between patches per unit area.

Average complexity of patch shapes, weighted by patch
size.

Sums the size of neighbouring patches within a search
radius, weighted by their distance from the focal patch.

Proportion of patch pairs within a class that are
connected within a threshold distance.
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Figure $1.1. Spearman correlation of landscape predictors for both 300m and 500m buffers. The colour
gradient shows highly correlated variables nearing 1. Reds represent negative correlations; blues

represent positive correlations. Pairs with |r] > 0.7 were excluded (Dormann et al., 2013).

Table S1.4. GLMM model selection results for hoverfly richness and abundance at 300 and 500 m
scales. ‘RE’ denotes random effects, where models with and without REs were compared. All GLMMs
used non-binomial distributions. All models contain urban green space type (urban farm vs. park) as a

predictor. ‘W’ denotes model weight.

RE Bloom Floral PDa Shapeb % Urbanc¢ AAICc
Cover Richness (Green) (Green)
Hoverfly No RE -0.001 0.054 -0.003 -0.341 -0.012 0.00
Richness Round -0.001 0.057 -0.003 -0.332 -0.011 0.37
300m Site -0.001 0.054 -0.003 -0.341 -0.012 1.95
Site + Round -0.001 0.058 -0.002 -0.332 -0.012 2.03
Hoverfly No RE -0.001 0.054 -0.004 0.336 -0.011 0.00
Richness Round -0.001 0.059 -0.005 0.348 -0.011 0.71
500m Site -0.001 0.054 -0.004 0.336 -0.011 2.47
Site + Round -0.001 0.060 -0.004 0.332 -0.011 3.11
Hoverfly Round 0.002 0.066 -0.004 -0.027 -0.013 0.00
Abundance  NoRE 0.001 0.058 -0.005 -0.106 -0.014 1.66
300m Site + Round 0.002 0.066 -0.004 -0.027 -0.013 2.53
Site 0.001 0.058 -0.005 -0.106 -0.014 4.14
Hoverfly Round 0.000 0.064 0.003 0.498 -0.012 0.00
Abundance @ NoRE 0.000 0.057 0.002 0.496 -0.013 2.06
500m Site + Round 0.000 0.064 0.003 0.498 -0.012 2.53
Site 0.000 0.057 0.002 0.496 -0.013 4.53

a- Patch Density (PD) calculated for green class at 300 and 500 m buffers.
b-Shape index (Shape) calculated for green class at 300 and 500 m buffers.

¢ Surrounding urban cover (% urban) at 300 and 500 m buffers.
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Scale comparison (300 m vs 500 m)
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Figure $1.5. Scale comparison for 300 m vs 500 m models for hoverfly richness and abundance

GLMMs with a non-binomial distribution and round as a random effect.
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Table S$2.1. GLMM model selection results for wild bee richness and abundance at 300 and 500 m

scales, sampled via plot observations and pan traps. ‘RE’ denotes random effects, where models with

and without REs were compared. All GLMMs used non-binomial distributions. All models contain urban

green space type (urban farm vs. park) as a predictor. ‘W’ denotes model weight.

Transects

Wild Bee
Richness
300m

Wild Bee
Richness
500m

Wild Bee
Abundance
300m

Wild Bee
Abundance
500m

Pan Traps
Wild Bee
Abundance
300m

Wild Bee
Abundance
500m

RE

No RE
Round

Site

Site + Round

No RE
Round

Site

Site + Round

Round

No RE

Site + Round
Site

Round

No RE

Site + Round
Site

Round
Round + Site
No RE

Site

Round
Round + Site
No RE

Site

a Patch Density (PD) calculated for green class at 300 and 500 m buffers.

b- Shape index (Shape) calculated for green class at 300 and 500 m buffers.

Bloom

Cover

0.009
0.008
0.009
0.008

0.008
0.007
0.008
0.007

0.002
0.001
0.002
0.001

0.000
0.000
0.000
0.000

-0.002
-0.002
-0.002
-0.002

-0.001
-0.001
-0.003
-0.003

Floral

Richness

0.089
0.089
0.089
0.089

0.090
0.088
0.090
0.088

0.066
0.058
0.066
0.058

0.064
0.057
0.064
0.057

0.067
0.067
0.055
0.055

0.053
0.053
0.040
0.040

PDa
(Green)

-0.008
-0.007
-0.008
-0.007

-0.002
0.000
-0.002
0.000

-0.004
-0.005
-0.004
-0.005

0.003
0.002
0.003
0.002

-0.003
-0.003
-0.002
-0.002

0.011
0.011
0.011
0.011

Shapeb

(Green)

-0.083
-0.086
-0.083
-0.086

0.330
0.289
0.330
0.289

-0.027
-0.106
-0.027
-0.106

0.498
0.496
0.498
0.496

-0.751
-0.751
-0.785
-0.785

-1.134
-1.134
-1.029
-1.029

¢ Surrounding urban cover (% urban) at 300 and 500 m buffers.

% Urban¢

-0.007
-0.007
-0.007
-0.007

-0.005
-0.005
-0.005
-0.005

-0.013
-0.014
-0.013
-0.014

-0.012
-0.013
-0.012
-0.013

-0.006
-0.006
-0.006
-0.006

-0.012
-0.012
-0.012
-0.012

AAICc

0.00
1.42
2.00
3.42

0.00
1.73
2.47
4.26

0.00
1.66
2.53
414

0.00
2.06
2.53
4.53

0.00
2.00
4.23
6.23

0.00
2.67
5.43
8.02
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0.09

0.55
0.23
0.16
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0.54
0.24
0.15
0.07

0.57
0.21
0.16
0.06

0.65
0.24
0.08
0.03

0.74
0.20
0.05
0.01



Table S2.2. Wild bee species and morphospecies recorded via plot observations across all sites in

Bologna, Italy, with their nesting functional behaviour. The number of morphospecies (i.e. those that

could not reliably be determined to species but were determined as a separate species) is indicated

alongside each genus.

Family

Apidae

Andrenidae

Colletidae

Halictidae

Megachilidae

Genus

Ceratina

Xylocopa

Amegilla
Anthophora

Bombus

Eucera
Melecta

Nomada
Thyreus
Andrena
Panurgus
Hylaeus
Colletes
Halictus
Lasioglossum
Nomiapis
Seladonia

Sphecodes
Anthidiellum

Anthidium

Chelostoma

Heriades
Hoplitis

Megachile

Osmia

Pseudoanthidium

Rhodanthidium
Coelioxys
Stelis

Species

Ceratina cucurbitina

3 morphospecies
Xylocopa iris

Xylocopa valga
Xylocopa violaceae
Amegilla albigena
Anthophora plumipes
Bombus argillaceus
Bombus humilis
Bombus hypnorum
Bombus lapidarius
Bombus maxillosus
Bombus pascuorum
Bombus pratorum
Bombus terrestris

4 morphospecies
Melecta albifrons
Nomada sexfasciata

3 morphospecies
Thyreus ramosus
Andrena flavipes
Andrena lagopus

27 morphospecies

1 morphospecies

3 morphospecies

2 morphospecies
Halictus scabiosae
Halictus simplex group
9 morphospecies

10 morphospecies

2 morphospecies

4 morphospecies
Sphecodes gibbus
Anthidiellum strigatum
Anthidium florentinum
Anthidium loti
Anthidium manicatum
Anthidium oblongatum
Chelostoma florisomne
2 morphospecies

3 morphospecies

4 morphospecies
Megachile lagopoda
Megachile pilidens

9 morphospecies

10 morphospecies
Pseudoanthidium nanum
Rhodanthidium septemdentatum
2 morphospecies

Stelis punctulatissima

Nesting
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Cleptoparasite
Cleptoparasite
Cleptoparasite
Cleptoparasite
Below-ground
Below-ground
Below-ground
Below-ground
Above-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Below-ground
Cleptoparasite
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Above-ground
Cleptoparasite
Cleptoparasite
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Scale comparison (300 m vs 500 m)
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Figure S2.1. Comparison of 300 m and 500 m scale GLMMs for wild bee richness and abundance

based on plot observation data. Models were fitted with non-binomial distributions and included 'round'

as a random effect.
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Figure S2.2. Comparison of 300 m and 500 m scale GLMMs for wild bee abundance based on pan

trap data. Models were fitted with non-binomial distributions and included 'round' as a random effect.
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Table S2.3. Negative-binomial GLMMs for wild bee abundance for pan traps at the 300 m scale. Effects
of local factors (site type, floral richness, bloom cover) and landscape context (composition: % urban
fabric; configuration: patch density, shape index within 500 m). Estimates are on the log scale; SE =
Standard Error. Statistically significant effects (p < 0.05) are bolded. R2marginat = 0.291; R2conditional = 0.576

300m

Predictors Estimate Standard error z Pr(>/z[)
(Intercept) 3.695 0.949 3.894 0.000
Type: Urban farm (vs Park) -0.192 0.231 -0.832 0.405
Floral richness 0.067 0.029 2.260 0.024
Bloom cover -0.002 0.006 -0.275 0.783
% Urban Fabric (500 m) -0.006 0.005 -1.364 0.173
Patch Density (500 m) -0.003 0.011 -0.253 0.800
Shape (500 m) -0.751 0.330 -2.273 0.023
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Table S3.1. Top 20 plant species visited by broad pollinator groups based on SIMPER analysis of NMDS

results. Species are ranked by their average contribution to between-group dissimilarity among urban

green space types. Statistically significant contributors (p < 0.05) are shown in bold, where significance

is based on permutations.

Plant

Lavandula sp.
Foeniculum vulgare
Cichorium intybus
Borago officinalis
Medicago sativa
Papaver rhoeas
Brassica oleracea
Convolvulus sp.
Trifolium pratense
Mentha spicata
Carduus acanthoides
Ranunculus sp.
Mentha suaveolens
Phacelia sp.

Bellis perennis
Sonchus arvensis
Salvia yangii
Erigeron sp.
Cirsium vulgare

Crepis sp.

Average

Contribution

0.061
0.043
0.032
0.029
0.025
0.024
0.024
0.024
0.021
0.020
0.019
0.019
0.019
0.018
0.017
0.017
0.017
0.016
0.015
0.014

sd

0.051
0.082
0.039
0.032
0.037
0.037
0.051
0.045
0.036
0.023
0.052
0.025
0.051
0.049
0.011
0.046
0.045
0.013
0.034
0.018

Avg.
Park

0.0
0.0
14.0
0.0
13.3
0.1
0.0
12.6
5.1
0.0
0.0
8.1
0.0
0.0
8.3
0.0
0.0
4.4
0.0
6.9

Avg.

Urban Farm

34.3
14.6
5.4
14.6
1.3
8.8
10.4
1.1
6.6
11.0
11.9
3.8
18.1
11.3
9.0
10.6
16.1
7.0
8.8
0.8

Cumulative

Sum

0.712
0.928
0.146
0.615
0.540
0.554
0.625
0.177
0.406
0.937
0.815
0.792
0.994
0.840
0.112
0.854
0.996
0.662
0.820
0.204

0.01
0.03
0.97
0.01
0.97
0.02
0.03
0.94
0.93
0.02
0.26
0.97
0.47
0.26
0.81
0.26
0.47
0.85
0.12
0.97
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Figure $3.1. Modularity matrix plant-pollinator interactions from the 15 UGSs in Bologna, Italy. Plants
and pollinators are arranged following their modular affinity. (a) Overall full network, (b) overall reduced
network, (¢) urban farm full network, (d) urban farm reduced network, (e) park full network, and (d) park
reduced network. Although interaction matrices show several visually distinct clusters, modularity
analyses identify fewer statistically supported modules, as small or weakly separated interaction groups

are merged during modularity optimisation.
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Figure S$3.3. Network topological roles of plant species observed in Bologna, Italy for (left) the urban
farm reduced network (right) the park reduced network. Degree within modules (z value) and among
modules (c value) for each species are defined and plotted alongside thresholds. The critical thresholds
for the c and z coefficients were extracted from null models using 95% quantiles. No network hubs were

found. Connectors and module hub species are indicated in the graphs.
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Content 4.1. The full digital questionnaire distributed to the citizens of Bologna, Italy.

Survey: Social Perceptions on Urban Green Space Management to support Pollinators and

Biodiversity in Bologna, Italy

Ethics Statement - Information on the Processing of Personal Data (EU Regulation 2016/679)

Participants are asked to read the following information on data processing, available at this link:
http://bit.ly/3XezOFp, before consenting to proceed with the questionnaire. The respondents are asked
to have read the terms and conditions and consent to participating, along with confirming that they are
at least 18 years of age.

Section 1: Demographics

1. Age:
[ 18-30
0 31-45
0 46-60
0 61+

2. Gender:
[0 Female

[l Male

(1 Non-binary

(1 Other:

3. How long have you lived in Bologna?

Less than 1 year

1-5 years

6-10 years

10+ years

I've never lived in Bologna

I o

Section 2: General Opinions on Urban Green Spaces
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http://bit.ly/3XezOFp

4. How often do you visit urban green spaces (parks, gardens, etc.)?

[ Daily

0 Weekly
[J  Monthly
00 Rarely
[l Never

5. What do you value most about urban green spaces? (Select up to 3)

Beauty and aesthetics
Environmental benefits (air quality, cooling, etc.)
Recreational opportunities

Educational purposes (learning about plants, wildlife, etc.)
Social gathering space
Wildlife habitat

Other (please specify):

OO0 4Ooood

Section 3: Native vs. Exotic Plants in Green Spaces

5. How familiar are you with the concept of native and exotic plant species?

O Very familiar
[J Somewhat familiar
[0 Not familiar

6. Inyour opinion, should native plant species (plants naturally occurring in the region) be
prioritised in urban green spaces?

[J  Yes, absolutely

[l Yes, to some extent

[0 No, not necessarily

[0 ldon’t know

7. How do you feel about exotic (non-native) plant species being included in urban green
spaces?

[0 | think it adds diversity and interest

[0 | think it can be harmful to the local ecosystem
[0 | have no strong opinion

[0 ldon’t know

8. Would you prefer a balance of native and exotic plants in parks and green spaces, or a focus
on one over the other?

[0 Primarily native plants

[l Primarily exotic plants

[0 Abalanced mix of both

[0 ldon’t have a preference

9. How important do you think biodiversity (the variety of plant and animal life) is in urban green
spaces?

[0 Very important

[1 Somewhat important
[J Not important

[0 ldon’t know
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10. How concerned are you about the impact of exotic plants on local biodiversity (such as
competition with native species or attracting pests)?

U

U
U
U

Very concerned
Somewhat concerned
Not concerned

| don’'t know

11. Do you believe that including a mix of plant species (native and exotic) can help create a
more resilient ecosystem in urban environments?

U
U
U

Yes
No
I'm not sure

Section 4: Biodiversity and pollinators

12. How do you feel about bees? Up to two options

O 00O -do

| like them

| tolerate them

| don'’t like them
They scare me
Indifferent

13. Do you know pollinators? From the provided insects, which do you believe are pollinators
other than bees?

U

I By

Butterflies
Wasps
Dragonflies
Flies
Beetles
Hoverflies
Other:

14. Should we protect pollinators in our cities?

0
0
0

Yes
No
| don’t know

Section 5: Management Practices in Urban Green Spaces

15. Why do you believe parks and gardens should be regularly mowed? Select only the one that
applies to you the most.

O

I I O A

It improves the aesthetic value of parks/ improves neatness
Sports/ Activities

Cleanliness- makes litter visible

Reduces risk of pest outbreaks

Safety
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[0 Other (Please specify):

[J | disagree with regular mowing routines

Did you know that mowing cuts flowering stems so that the plant cannot produce seeds,
and many plants cannot reproduce under these conditions? This results in fewer flowers
and consequently pollinator declines. Leaving designated areas in parks and gardens

where no mowing is performed can maintain flowering plant diversity and support

pollinators.

16. After receiving this information, do you still believe vegetation should be regularly mowed?
[0 Yes

U Yes, but only in certain periods compatible with blooming times
[0 No
[0 Indifferent

17. Are you willing to accept subsets of parks and gardens dedicated to non-mowed areas that
support pollinators and other biodiversity?

[l Yes

[ No

[0 Only a small section
[J ldon’t know

18. Why do you think fallen leaves should be regularly removed? Select only the one that applies
to you the most.
[J Itimproves the aesthetic value of parks/ improves neatness

Cleanliness- improves visibility of litter
Safety concerns
Reduces risk of pest outbreaks

Other (please specify):

I e A N

| disagree with regular leaf litter removal

Did you know that leaf litters enrich the soil by forming a natural mulch that suppresses
weeds and fertilises the soil? It also creates an important habitat for many beneficial
organisms, like hoverflies, which in turn prey on pests. Many other pollinating insects

deposit their eggs in leaf litters.

19. After receiving this information, do you still agree that leaf litter should regularly be removed?

0 Yes
[1 No
(1 Indifferent
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20.

21.

Are you willing to accept subsets or areas within parks and gardens where leaf litter is left to
support pollinators and other biodiversity?

[0 Yes

[l No

[0 Only a small section

(1 ldon’t know

Why do you believe parks and green spaces should include flower strips? Select only the one
that applies to you the most.
[J Improves aesthetic value

Environmental benefits
For biodiversity
Reduces risks of pest outbreaks

Other (Please specify):

I I A A

| do not think parks and green spaces should have floral strips

**Flower Strips: semi-natural, manmade habitats made with mixtures of indigenous herbaceous species

and can be sown on field and park margins. (Reference picture was provided).

Did you know that introducing strips and belts containing a wide diversity of flowering

plants creates habitats for many beneficial insects including pollinators and natural

enemies that control pests?

22.

23.

24,

25.

After receiving this information, do you still think that flower strips should be included in
gardens and parks?

0 Yes
0 No
(1 Indifferent

Are you willing to accept subsets or areas within parks and gardens consisting of flowering
strips to support pollinators and other biodiversity?

0 Yes

0 No

[1  Only a small section
(1 ldon’t know

Should walking on lawns be allowed in all gardens?
0 Yes

0 No
[ Sometimes

In Bologna, should weeds be allowed to grow at the feet of trees on sidewalks?
0 Yes

0 No
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[J Sometimes

Section 6: Educational and Community Involvement

26. Would you be interested in learning more about native and exotic plant species through
educational programs or events in urban green spaces?

[0 Yes, definitely
[J Maybe, depending on the program
[0 No, not interested

27. Should there be community involvement in choosing and maintaining plant species in local
parks and green spaces?

Yes, the community should have a say

No, it's best left to experts

Collaboration between the community and the experts
I’'m not sure

I B

Section 7: Suggestions and Final Thoughts

14. Do you have any suggestions for improving the biodiversity of urban green spaces in the city?
(Open-ended)

Content 4.2. Results from the questionnaire that were not reported in the main text.

4.2.1. Demographic Data

Overall, we obtained a good mix of ages with most respondents being between 46-60 years
old (36%), followed by 18-30-year-olds (31%), over 61-year-olds (17%), and 31-45-year-olds
(16%; Figure 4.2.1a). Most participants were females (63%) as compared to males (36%) or
other genders (Figure 4.2.1b). Aimost all respondents confirmed to have been living or

domiciled in Bologna for over 10 years (83%; Figure 4.2.1c).
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Figure 4.2.1. Results from the demographic data show (a) age, (b) gender, and (c) how long the

respondents have been residing in the Bologna province.
4.2.2. General UGS Questions

When asked the question “How frequently do you visit urban green spaces (e.g. parks,
gardens, etc)?” most respondents stated weekly (43%), followed by daily (24%), monthly
(17%), rarely (15%) and never (<1%). To the question “What do you appreciate the most about
urban green spaces?” the most popular answers were for environmental benefits and
ecosystem services (air quality, thermoregulation, lower temperatures during summer; 177
votes), beauty and aesthetics (125 votes), and spaces for social gatherings (94 votes). The

least voted options included for educational purposes and habitat for biodiversity.
4.2.3. UGS Management

Here, two questions were not provided in the main text. First, “Should walking on lawns be
allowed in all parks?” Interestingly, most (42%) believe only in certain cases, whereas 36%
responded yes, and the remaining 21% said no. Second, “Should we remove weeds from the
bases of trees along streets and sidewalks?” Here, 35% stated sometimes, 36% said yes, and

the remaining 28% said no.
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