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Abstract: Sustainability urgently needs to be achieved in urban green infrastructure. Main-
taining and restoring biodiversity are critical for developing an urban ecosystem more
resilient to abiotic and biotic stresses. The biodiversity of urban green spaces is vital as
it reduces the risks associated with climate change (diseases and pests), improves the
resilience of the urban ecosystem, and enhances citizens’ well-being. Urban green areas can
provide important ecosystem services necessary for achieving prosperity, urban well-being,
and the One Health paradigm at various scales. Urban green areas can serve as corridors
and stepping stones between the rural environments surrounding cities, increasing their
connections and reducing the risk of ecological traps. The conservation and restoration of
biodiversity are strategies to increase ecosystem services. In this context, this review aims to
analyze the possible contribution of ornamental plants to urban biodiversity, investigating
the available knowledge and the gaps that need to be filled. Plants chosen for their esthetic
functions are often allogamous species, characterized by showy flowers that attract fauna
for pollination, thus helping insects and other fauna survive. If not invasive, these plants
can actively contribute to biodiversity in the urban environment and to human well-being.
Choosing suitable species and methods that favor plant communities and sustainable
maintenance practices improves biodiversity and the ecosystem services that ornamental
plants provide.

Keywords: green infrastructure; ecosystem services (ESs); ornamental value; urban
environment

1. Introduction
Cities face complex challenges, such as climate change, population growth, decreasing

human well-being, and the need to implement the One Health paradigm. Consequently,
many city administrators and residents are looking for new and innovative strategies to
improve urban sustainability [1]. Among these strategies, the priority is to enhance green
infrastructure (GI). In fact, thanks to the contribution of plants, GI can provide benefits
called ecosystem services (ESs), which are fundamental to improving the sustainability of
cities [2]. Therefore, studying the characteristics of GI has become a research priority in
cities worldwide [3].

Biodiversity and its conservation have been the focus of numerous political initiatives.
At the Convention on Biological Diversity (CBD), all parties agreed to dedicate efforts
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to the conservation of biodiversity in urban areas [4]. The International Network Urban
Biodiversity and Design (URBIO) was established in 2008 to promote the conservation
of urban biodiversity through ongoing dialog with the CBD [5]. The United Nations,
alongside other previous biodiversity conservation initiatives, has recently published a
report titled “State of Finance for Nature in Cities 2024” through the United Nations
Environment Programme (UNEP) [6]. One of the objectives of the European Biodiversity
Strategy for 2030 is to reverse the trend of diminishing natural habitats in urban areas [7].
City biodiversity conservation is also a focus of Local Governments for Sustainability
(ICLEI) [8].

Biodiversity is regarded as a crucial indicator of the environmental health of cities, as
key species reflect the viability of biotic communities and the overall urban ecosystem [9].

The capacity of urban green infrastructure (UGI) to provide ESs is a key indicator
used to understand which green spaces contribute to the sustainability of a city [10]. ESs
provided by plants in cities include air purification, climate regulation, mitigation of
extreme temperatures, and intellectual stimulation [2]. Furthermore, plants improve the
technical and acoustic characteristics of buildings, ensuring significant optimization of
rainwater management and creating biodiversity [11]. The development and maintenance
of sustainable urban landscapes are challenging tasks that different stakeholders and
scientists must address [12].

Urban greening in synergy with the dynamic development of urban planning en-
courages innate human biophilia, which is based on our affinity with nature: biophilia
forces urban planners and policymakers to seek sustainable forms of urban green spaces to
ensure the well-being of city residents [13]. GI, at the same time, should also be ensured
to compensate for biodiversity loss and biotic homogenization [14]. The use of native
plants could bring residents closer to nature and create a sense of belonging. Many native
plants can be employed as ornamental plants in complex garden compositions, as they do
not require high maintenance. A combination of native and exotic ornamental plants can
create a more attractive plant community [15]. Their strong anthropic effect on the urban
environment can also create considerable changes compared with the effects of the natural
surrounding environment [16].

Urban parks, particularly those with large spatial extensions, generate considerable
plant diversity capital, vegetation cover patterns with predominantly spontaneous natural
vegetation, facilities for nature and sports recreation, and social services [17]. To support
biodiversity and provide ESs in urban parks, a “biodiversity-friendly” planning approach
based on geobotanical data is needed, where both the perception of biodiversity and
the acceptance of green space management are involved in the proposed solutions and
decisions [16].

GI functions vary depending on the discipline in which the term is applied; according
to Murkin et al. [18], its key aspect is the formation of green corridors or networks of green
spaces that wind through the urban environment and connect rural and urban areas. The
intended role of GI is to provide a range of ESs in both urban and rural contexts [19], namely
cultural, regulation, maintenance, and provisioning services. Jerome et al. [20] suggest that
among the factors that influence the quality of GI for people, proximity to residential areas
and whether the habitats form an ecological network are the most important in defining
connectivity between GI.

Sustainability, biodiversity, and low maintenance are the keywords underlying the
current trends in landscape design [21]. However, to promote natural management in
urban green spaces, determining the types of spontaneous plants that naturally grow there
is essential, in terms of functional types and life cycles. Owing to high population density
and resource demands, cities represent a critical scenario in the search for sustainable
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development solutions that meet the needs of society without overexploiting resources [1].
Despite biodiversity in urban landscapes, as well as ornamental urban plants, having
previously been investigated, the interaction between these two topics has not yet been the
focus of scientific studies, and the scientific literature is definitively scarcely reviewed. By
exploring the relationship between biodiversity and sustainability in the unique conditions
featured by urban landscapes, we come closer to achieving the United Nations’ global
sustainable development goals [22].

The socio-ecological approach to environmental management paves the way for
greater incorporation of biodiversity into urban planning and sustainability, while also
considering cultural attitudes towards urban ecosystems [23].

To ensure adequate access to ESs of the urban forest, the 3–30–300 rule of thumb has
been proposed, which means that everyone should see at least three trees from their home,
30 percent tree cover should be guaranteed in all neighborhoods, and all residents should
have a park within 300 m of where they live [24].

Future research and planning in nature conservation and sustainable development
of urban industrial areas should fully account for biological diversity in cities [25]. With
the progression of climate change becoming more concerning [26], numerous studies have
investigated the capacity of green spaces or infrastructure to modify the urban environment
so that the effects of climate change can be mitigated [18].

Although ornamental plants are widely used in UGI, little is known about the contri-
bution that they can offer in terms of biodiversity while maintaining their contributions as
ornamental pieces, and above all, this contribution is not often considered. However, what
an “ornamental plant” is should be adequately defined in relation to increased ecological
awareness. While the risk associated with the spread of exotic ornamental plants, also in
an urban context, is widely recognized and studied [27], the positive role of ornamental
plants and how to improve this role deserves more attention. In this context, this review
aims to analyze the available knowledge on the contribution of ornamental plants to urban
biodiversity and to critically analyze the gaps that must be filled to better understand how
to increase urban biodiversity and the use of ornamental plants. Gathering these data can
be helpful for different types of end users, such as those involved in basic and applied
research, as well as urban green area planning and management.

2. Methodology and Literature Research
The aim of this literature review was to investigate the contribution of ornamen-

tal plants to biodiversity in urban areas, trying to quantify their role and to understand
whether, and to what extent, the choice of species and particular cultivation practices could
increase biodiversity. To this end, a thematic approach was adopted to identify and select
the relevant literature. The search was conducted in Web of Science, Scopus, and Google
Scholar. In particular, a deductive approach was used to collate previous research, orga-
nizing the results according to the following themes: (1) definitions of ornamental plants;
(2) the relationship between biodiversity and urban environments; (3) the contribution of
native and or non-native plants; (4) the role of plant communities; (5) the effects of orna-
mental plants on the diversity of wild fauna; and (6) the relationships among ornamental
plants, pollinators, and other type of wild fauna. The main criterion was the functions of
ornamental plants (Figure 1).
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Figure 1. Predetermined themes used for this literature review.

Considering the multifunctional meanings of “ornamental”, linked not only to the
esthetic showiness of plants but also to their environmental functions [28], the keywords
that were used included “ornamental plants”, “urban ecosystem”, “ecosystem services”,
“biodiversity”, “native” and “non-native” plants, “plant communities”, “pollinators”,
“flowering meadows”, and “trees”. The search terms were always used with the Boolean
operator “and”, between the searched terms and ornamental plant, as we wanted to strictly
associate the various terms with the object of our attention. The inclusion criteria for
the articles were (1) publications written in English or with at least an abstract written
in English, and (2) scientific articles, books, and political documents. The results were
used to understand the contribution of ornamental plants and to formulate suggestions on
strategies to enhance biodiversity in urban areas.

3. The Link Between the Biodiversity and Functioning of
Urban Ecosystems

A possible link exists between biodiversity, green areas, and increased sustainability,
which is also enshrined in legislation in several countries. For example, in Indonesia,
the government ratified Law No. 26/2007 as a commitment to sustainability; this law
ensures that cities must provide open green spaces covering at least 30% of urbanized
areas [29]. From a conservation perspective, interestingly, biodiversity plays an important
role in human survival; however, questions remain regarding how and under what circum-
stances biodiversity contributes to sustainability. According to Behm [22], the mechanistic
links between biodiversity and sustainability still need to be explored, particularly in
urban landscapes.

Due to unsustainable consumption of resources, it is believed that we are facing the
sixth mass extinction on Earth [30]. According to Behm [22], biodiversity influences the
functioning of the ecosystem, and ESs increase the sustainability of the landscape.

The sustainability of a landscape is based on its capacity to provide ESs and is in-
fluenced by the biological, physical, and social components that make up the landscape
itself [31]. The positive correlations commonly observed between biodiversity (measured as
species richness) and ecosystem functioning are explained via several mechanisms, includ-
ing niche complementarity, selection effect, and functional redundancy [32]. Species-rich
assemblages can stabilize ecosystem functions in the face of disturbances that cause species
extinction. Most experimental studies on biodiversity and ecosystem functioning have
been conducted in natural and agricultural landscapes [33] and therefore may have limited
transferability to urban landscapes [34]. In other cases, similar studies failed to include the
effects of cultural services [35].
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Urban environments host, in addition to native ornamental species, non-native or-
namental and generalist species that can tolerate and better exploit urban conditions [22].
Non-native ornamental species with different levels of ecosystem functioning could alter
“natural” patterns of functional redundancy and influence ecosystem resilience [22]. The
predominance of generalist species could cause greater functional redundancy than in
rural landscapes (natural and agricultural). Non-native and ornamental species could
influence the capacity for niche complementarity, since plant communities are strongly
influenced by humans and do not always give rise to assemblages of species with a shared
co-evolutionary history; niche complementarity may be less likely to be a mechanism that
maintains ecosystem functioning [36].

In cities, seed wind dispersal may be reduced, as buildings stop wind, zoochory can
be affected by the limited presence of animals [37], and species turnover could occur at very
different rates compared with that in rural landscapes [38]. Urban landscapes also exhibit
higher spatial heterogeneity in species composition than rural landscapes, especially when
considering human-managed GI [22]. On the other hand, the demand for ESs is higher in
urban landscapes than in rural ones because of the high population density. The urban
population also places great importance on the regulation of ESs directly related to quality
of life (e.g., pollution control, heat reduction, etc.) [39]. Furthermore, some ESs related to
the cultural sphere, such as improved well-being, better mental health, and reduced petty
crime [40,41], are not very evident in rural areas, so not much experimental evidence exists
on how and if biodiversity can support these ESs [22].

Ecosystem Services Related to Biodiversity

Biodiversity is a service provided by ecosystems that simultaneously increases the
level of ES and is an essential component of nature-based solutions (NbS). Biodiversity
contributes to human security, resilience, health, and freedom of choice and action [42].
Biodiversity and ecosystem functioning are linked [43], as demonstrated for natural and
urban systems [44]. Therefore, the provision of ES and the ability to promote the health
and well-being of citizens from a one-health perspective depend on urban biodiversity.

Given the strong human influence on urban green spaces, understanding the natural
and human-controlled processes that alter urban biodiversity is essential for its conservation
and the provision of associated services [45]. Soil is a central element of urban green spaces,
their diversity and functioning [44]. Urban soil consists of various types, with human
influence being the primary factor in their genesis [46].

The interaction between soil and plants is relevant because plant communities in-
fluence soil functioning through biogeochemical cycles [47]. Urban soils and plants are
primary contributors to essential ESs, such as biodiversity maintenance, air quality, flood
mitigation, climate regulation, and food production [48]. Urban soil properties may be
altered by anthropogenic disturbance, which can lead to discontinuous ground cover and,
ultimately, a deterioration of soil quality, characterized by a decrease in nutrients and soil
fauna and an increase in mineralization processes [49].

Analyzing the relationship between biodiversity and ESs in Mediterranean cities,
Molina et al. [46] noted that plant communities make good descriptors of urban habitats
and indicators of ecosystem functions and services. The degree of soil disturbance strongly
influences plant communities and the ESs they provide. To achieve better ecological
services, such as biodiversity conservation, soil carbon storage, soil biota, nutrient cycling,
and water regulation, urban green spaces should be managed, and spontaneous vegetation
should be maintained without soil compaction. In this regard, perennial herbaceous
plants are related to a higher carbon content in soil and a rapid and high demand for
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nutrients [46]. GI design, management, and accessibility can synergically be drivers of
biodiversity improvement in urban NbSs (Figure 2).
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NbS implementation, and people need to accept a naturalistic level of maintenance.

The concept of ES emphasizes the value of ecological functions, which often provide
direct benefits to human populations in terms of physical health as well as economic
and social benefits [50]. Urban greenery, as a major provider of ESs, consists of different
green elements in cities, e.g., individual trees in streets and gardens, tree canopies of
different layers, lawns and grasses, bushes and shrubs, flower beds, and ornamental plant
arrangements. These “basic units” are part of multi-structural green areas, e.g., green
corridors; parks and gardens; wild nature spaces; urban forests and community woodlands;
cemeteries; allotments; playgrounds; brownfields; derelict and despoiled land; or, to a
lesser extent, built-up urban structural units (green roofs and walls).

A biodiversity-related psychological benefit threshold has been observed, suggesting
an innate genetic affinity for high biodiversity. Meng et al. [51] emphasize the benefits of
stress recovery due to high-value ecological environments, attesting to a close connection
between human and ecological health. Interestingly, research has demonstrated that visitors’
perception of and satisfaction with urban green spaces may be linked to biodiversity.
In fact, citizens tend to enjoy immersing themselves in more biodiverse urban green
spaces [52], although their overall perception may also be influenced by their attitudes
toward nature [46].

Ren et al. [53], analyzing the city of Qingdao as a case study, evaluated the relationship
between plant diversity and biogenic volatile organic compound (BVOC) emissions from
urban green spaces, trying to find a solution to increase biodiversity and reduce BVOC
emissions at the same time. Their investigation found that the species and phylogenetic
diversity of urban trees were 22% and 16% lower, respectively, than those in rural forests
in this region and that urban areas had a higher BVOC emission intensity than their rural
surroundings. By introducing 11 selected tree species, species and phylogenetic diversity
were expected to increase by 15% and 11%, respectively, and by introducing selected low-
BVOC emitting tree species, 34% of these emissions could be reduced [53]. Moreover,
biodiverse herbaceous assemblages are more effective at capturing pollutants than mowed
meadows [54].
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Weiskopf et al. [55] reviewed studies that examined the relationship between biodi-
versity and ecosystem functioning in urban areas. Based on 70 studies, such relationships
are more positive than negative in urban areas, especially for pollination, nutrient cycling,
and retention. Surprisingly, the positive and negative relationships between biodiversity
and biomass production and storage were not statistically different, perhaps because of
the extensive management of plants in urban areas. However, the number of studies and
geographical coverage of this review demonstrated that studies are still insufficient to
provide a general predictive framework for the positive influence that biodiversity has on
ecosystem functioning [55].

4. Green Infrastructure in Urban Environments
4.1. GI Characteristics

More than 50% of the world’s population currently lives in urban areas, defined as
areas with a population of 10,000 or more, and this share is expected to reach nearly 70% by
2050 [56]. In Europe alone, urban ecosystems increased by 7.1% between 2000 and 2018 [57].
Cities also face complex sustainability challenges, such as climate change, population
growth, and declining human well-being.

Urban environments are complex and highly modified socio-ecological systems with
a wide range of ecological and social factors. Cities are characterized by high populations,
alien species, pollution, high temperatures, and impervious surfaces (e.g., concrete) that
influence biodiversity in numerous ways [58]. In this context, urban green spaces, including
parks, gardens, abandoned lots, and wastelands, are habitats for numerous wild species
and are therefore a major source of biodiversity within cities [59], providing important
social and ecological benefits [46].

Although urban green spaces often have a primary non-ecological purpose, such as
esthetics or human recreation [60], they can provide a range of environmental and ecological
benefits (e.g., improved air quality, noise reduction, increased biodiversity, and heat island
reduction) [2], making them multifunctional spaces [61,62]. Research has shown that urban
areas are home to many native species and are important for the conservation of threatened
species [63], reinforcing the role of cities as suitable habitats for nature conservation. Urban
ecosystems represent nature that most people encounter regularly, as most people live in
cities, which gives green spaces special importance for human well-being and biodiversity
conservation [64]. Urban green areas can also provide great opportunities for ecological
and environmental education [65]. For most people, their only real encounter with diverse
lifeforms occurs in their own backyard or suburban neighborhood. Thus, engaging children
and adults in learning about the species that surround them and the role they play in the
ecosystem is important [66].

4.2. Contribution of GI to Biodiversity

The recognition of the social value of urban ecosystems has led to a greater emphasis on
connecting people with nature through conservation in urban areas [67] and an understand-
ing of its central role in global policies on ecosystem restoration (e.g., UN Decade of Ecosys-
tem Restoration https://www.decadeonrestoration.org/generation-restoration-cities, ac-
cessed on 12 February 2025). However, the highly fragmented nature of the urban landscape
presents barriers to the natural recolonization of restored sites for many species, and active
translocations may be needed to overcome the obstacles to their dispersal [68]. While
areas of natural or semi-natural vegetation have received more attention, inadequate atten-
tion has been paid to the biodiversity provided by informal or unmanaged urban green
spaces [69]. Cities display different kinds of green areas according to Heywood [69], with
some reported in Figure 3. The fourth group of vegetation cover reported in Figure 3 is the

https://www.decadeonrestoration.org/generation-restoration-cities
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result of different land uses and their intensities of use and maintenance, thus providing
different ESs [70].
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The fact that cities are mosaics of diverse habitats [71] means that urban biodiversity is
relatively high [72]. Specific types of green spaces, in addition to marginal and uncultivated
environments, such as urban green alleys [10], cemeteries [73], extensively managed turfs,
and riverbanks [69], can contribute to enriching urban biodiversity and serve as refuges for
rare plant taxa and endangered species [74].

Urban GI, or the network of green spaces in cities, provides ESs that are important for
urban sustainability; for this reason, cities are increasingly redeveloping underused alleys
into GI to enhance the capacity for ESs (food provision, habitat for pollinators, regulation
of anthropogenic noise, and regulation of air temperature) [10]. An in-depth analysis was
conducted on the green alleys of Montreal (Canada), and the results showed that vegetative
ground cover is strongly associated with habitat for pollinators, thus highlighting its role as
an indicator of this service. However, no correlations were found between the vegetation
in the alleys and the air temperature or the anthropogenic noise, unlike the results from
previous studies [75,76], suggesting an opportunity for further research [10].

Green roofs and living walls are NbSs that can offer a valid contribution to biodi-
versity, as they become additional spaces for plants (novel ecosystems). Their different
climatic conditions from those in urban parks can cause shifts in flowering periods, which
can extend the season during which pollinating insects visit, which is a valuable time.
Vegetation rich in life forms (forbs, graminoids, and succulents) can also improve the
ESs of green roofs in terms of climate mitigation, reduction in gas emissions [77], and
biodiversity [78]. Vegetation survival, diversity, size, and flowering are also influenced by
substrate depth [79].
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Among GI, green roofs can improve urban biodiversity as they host diverse vegetation
structures, offering more opportunities for foraging and support for animals, and increasing
the connectivity between urban and rural habitats. To improve such services, the density,
distribution, and mutual distance between different green roofs should be considered in an
integrated manner during urban planning [80].

Due to rapid development in megacities, cemeteries are becoming major land use
components in the urban landscape. These green spaces are extremely important for plant
diversity, and old urban cemeteries serve as a refuge for rare plant taxa and endangered
species. Some threatened plant species that are extinct or critically endangered in adjacent
areas are found in relatively undisturbed habitats [73].

The urban environment becomes increasingly important for sustaining biodiversity,
which has become seriously threatened by the combined effects of intensive agriculture,
agro-technical measures, and pesticide use [45,81]. A significant issue is the extinction
and rapid decline of pollinator populations [82], especially of wild bees (Hymenoptera
and Apoidea). These insects are regarded as the most effective pollinators, as they are
responsible for pollinating nearly 80% of flowering plants [83]. In this context, botanical
gardens, parks, and garden squares play vital roles in the conservation of biodiversity [83].

Unmanaged urban green spaces, brownfields, road or railway verges, river edges,
and abandoned lots play important roles in biodiversity, as they are spontaneously vege-
tated and relatively undisturbed. Management practices have been identified as having
the most common negative impact on diversity, whereas factors such as vegetation, site
age, distance from the city center, and habitat diversity exert positive influences. The
maintenance regimes adopted can, therefore, significantly influence biodiversity and its
conservation [84].

The floristic composition of green spaces changes from the periphery towards the city
center; the richness of non-native species increases as one moves from the rural periphery
to the urban core, with approximately 30–50% of plant species in the urban core being
non-native, while the number of native species decreases [85]. Similarly, under conditions
of low or moderate levels of urban development (e.g., suburbanization), species richness
can increase [86]. Increased species numbers in suburban landscapes result from high
habitat heterogeneity, high numbers of introduced species, socioeconomic factors, and
altered disturbance regimes [87]. On the other hand, Hope et al. [88] reported that species
richness in Phoenix, Arizona, a desert city, increases with urbanization due to human
influences, such as irrigation and ornamental gardening.

Seitz et al. [89] surveyed plants growing in 18 community gardens in Berlin, Germany,
to study the diversity of cultivated and wild plant species. They found that the number of
wild and cultivated plant species in gardens was high, especially for wild plant species.
This suggests that community gardens may represent important habitats for plant diversity,
along with playing a role in urban food provision. Finally, a positive relationship was
found between the number of cultivated and wild species, which highlights that community
gardens represent a unique urban ecosystem in which land sharing between cultivated and
wild flora may occur [89].

5. The Contribution of Ornamental Plants to Biodiversity
5.1. The Definition of Ornamental Plants

Vegetation in urban environments loses its natural characteristics and reflects human
preferences [90], including a preference for ornamental plants with high esthetic value,
in spite of their origin. Numerous reasons exist for studying biodiversity in urban areas,
among which esthetic and ethical considerations must not be overlooked. Humans are
inherently drawn to nature and its living organisms; this innate “biophilia”, as Wilson [91]
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noted, compels us to engage with diverse lifeforms. Being surrounded by plants and
animals creates a sense of peace and tranquility [92]. This sense of gratification increases
if we surround ourselves with “more beautiful” plants: ornamental plants. The visual
characteristics of ornamental plants have a significant beneficial effect on human well-being,
such as reducing blood pressure [93]. Biodiversity can enhance the feeling of well-being
and a sense of belonging for citizens [94].

Ornamental plants are distinguished by the showiness of their shapes, the color of
their leaves/flowers, and their use in gardening and landscaping. Ornamental plants are
important living components in public and private gardens, and if chosen appropriately,
they can provide important ESs.

Ornamental plants have been defined in various ways. Generally, they are charac-
terized as plants intentionally cultivated for their esthetic qualities, such as the beauty of
their form and colors; their foliage, flowers, and fruits; and, when available, their fragrance.
These plants are utilized in gardening, landscaping, as well as interior design. The esthetic
value of ornamental plants is linked to their ability to please individuals immersed in land-
scapes adorned with them [95]. Additionally, it is well established that ornamental plants
can have positive effects on both human psychological and physiological well-being [96].
Similarly, wild plant communities can be perceived as esthetically pleasing [97]. They also
play a significant role in promoting and preserving biodiversity [98] and improving the
esthetic attractiveness of both indoor and outdoor environments [99]. Ethnobotany defines
the relation between plants and humans; as the use and cultivation of plants has endured
the times and remains strong, this relation has been defined as “mutualistic” [100]. How-
ever, the preference for plants and thus their ornamentality are related to certain cultures
and time periods; for example, while Victorian plant hunters collected exotic plants around
the world to fill their huge and decorative greenhouses, William Robinson celebrated the
beauty of naturality and wilderness in gardens and John Ruskin considered hybridized
plants to be ugly [101]. Additionally, today, ornamental plants face the challenges of provid-
ing ESs and, at the same time, adapting to stresses and disturbance, so the criteria should
be updated [28].

5.2. Native and Non-Native Ornamental Plants

Healthy urban vegetation contributes significantly to environmental improvement,
leading to lower temperatures and the sequestration of pollutants, with a positive impact
on human health [2]. One of the reasons for the mistrust of ornamental plants and their low
consideration for the provision of ESs is linked to the fact that non-native plants, which
may be considered potentially invasive, are often used for ornamental purposes. The ability
to colonize new areas is a characteristic of both native and non-native plants, and green
lists of non-invasive ornamentals are therefore the subject of studies [102].

The search for traditional forms has often led to the selection of non-native plants for
esthetic purposes. This is evident in studies that have analyzed the types of plants used
in green spaces, even in tropical and subtropical environments that are home to native
plants of significant esthetic value. Thus, da Silva Mouga et al. [103], analyzing plants
growing in green spaces in the State of Santa Caterina in southern Brazil, found 201 species
of ornamentals, with a slight majority (109 species) of non-native plants. In addition, a
survey conducted in the urban area of the Province of Northwest Guanacaste in Costa Rica,
a nation that is characterized by the showiness of their native flora, found an equivalence
between non-native and native plants [104]. In a biodiversity study conducted in Metro
Cebu in the Philippines, approximately 95% of the species were found to be non-native in
urban parks, while only 5% were native [105]. In Colombia, a predominance of non-native
species was found within 143 spaces in the city of Medellín. Of the 198 species found,
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158 are non-native; of these species, 93 are mentioned in the literature as species with a
potential risk of invasion, stinging, or toxicity [106].

While on the one hand, ornamental plants are considered essential components of
urban landscapes [107], as they improve the esthetic appearance of cities and contribute
to ecological balance and ESs, ensuring habitat for other living beings, pollution control,
and climate regulation [2], on the other hand, their alien origin is feared. Global horticul-
tural trade has stimulated the introduction of non-native species that sometimes have a
significant capacity to adapt and proliferate in new environments, to the point of being
classified as “invasive ornamental plants” [108]. Although native plants are recommended
because they can adapt to pedoclimatic conditions, present a low risk of invasion, and help
conserve genetic resources [109], often in the urban environment, the conditions are clearly
different from those of the local natural environment.

If, on the one hand, ornamental plants can support wild biodiversity, on the other hand,
they can sometimes be detrimental to other wild organisms. Indeed, a significant portion
of the world’s naturalized flora originates from cultivation in domestic and botanical
gardens for horticultural purposes [110]. Non-native trees planted as street furniture can
escape from cultivation, exhibiting a higher frequency of offspring production, particularly
among species originating from similar climates, as seen in a central European city [111].
Similarly, non-woody alien ornamental plants thrive in public green spaces and private
gardens. Additional species may establish themselves in the future if climatic conditions
become more favorable [112]. The extent to which these species may negatively impact
urban biodiversity remains poorly understood, despite documented cases of urban sites
threatened by invasive alien plants [113]. Some of these sites are also renowned for their
remarkable biodiversity. However, it is well established that certain non-native ornamental
species can easily spread into natural environments, resulting in significant negative effects
on native biodiversity, either directly, indirectly, or both [114]. Similar scenarios, in which
native biodiversity is adversely affected by alien plants, could also occur in urban areas.

When selecting a species, considering its ability to thrive in challenging and disturbed
environments, such as urban areas, as well as its tolerance to various stresses, particularly
drought, which is increasingly prevalent in Mediterranean regions, along with pollution
and disturbance, is essential. Some non-native plants, especially succulents, are well
adapted to tolerate water shortages. On the other hand, invasiveness is connected to the
plant’s ability to produce numerous dispersal units (seeds, fruits, propagules, pads, and
branches) [Kalanchoë × houghtonii D.B.Ward, Cenchrus setaceus (Forssk.) Morrone, Nassella
trichotoma (Nees) Hack. ex Arechav.] and to colonize nearby and distant areas, or to
generate sprouts [e.g., Ailanthus altissima (Mill.) Swingle; Acacia dealbata Link; Broussonetia
papyrifera (L.) L’Hér. ex Vent.; Yucca gloriosa L.].

Some non-native species can provide important resources for native species. For
example, in Davis, California, 29 of the 32 native butterflies reproduce on non-native
plants [115].

Selecting the plants used in landscape design is a critical point in modern strategies to
reduce the economic and ecological costs of managing green spaces and the risks associated
with invasions [12].

Approximately 406,700 plant species exist on Earth, of which 85,000 to 99,000 possess
ornamental value [116]. Ornamental plants are characterized by the shape and color of their
leaves and flowers, as well as their use in gardening and landscaping. To list the ornamental
plant species for bees present in the State of Santa Catarina (SC), southern Brazil, a survey
of the forage resources registered in the State was conducted. Great botanical diversity was
found, demonstrating the possibilities of urban foraging and ornamental characteristics
from a sustainability perspective. Many of the ornamental plants characterized by showy
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flowers and requiring pollinators are essential for the maintenance of pollinators in urban
areas [103]. Particularly favored by both wild and domestic bees are species from the
families Fabaceae, Asteraceae, Solanaceae, Rosaceae, and Lamiaceae [103]. These families
are often among the most prevalent in ornamental greenery [117].

The diversity and abundance of pollinators are directly affected by human activities.
Urban environments can offer refugia to pollinators. Poole et al. [118] found that enhancing
green public spaces has positive effects on key pollinator groups and can help mitigate
the impacts of urbanization. Non-native ornamental plants also play a role in enhancing
green spaces for pollinators while maintaining their recreational functions [118]. In this
context, effective management is crucial for providing suitable habitats. Therefore, avoiding
pruning and mowing during flowering time is essential.

5.3. Ornamental Plants and Biodiversity

To promote sustainability in the urban environment, the biodiversity of the used plants
needs to be increased, and plants at the bottom of the food chain need to be identified.
Spontaneous flora, which includes plants of high esthetic value, can be grown sustainably
and generally show high ecological plasticity and resistance to local biotic and abiotic stress
factors [74].

The biodiversity of urban green spaces is important because it can reduce the risks
associated with the presence of parasites and diseases, and the extreme conditions caused
by global change [119]. Biodiversity can also improve the resilience of the ESs provided
by green spaces. The “Santamour rule of thumb” 10/20/30 was proposed for managing
and improving biodiversity; according to this rule, UGI should not include more than
10% of a plant species, 20% of a genus, and 30% of a single botanical family [120]. A
mixed-planted meadow composed of 14 perennial ornamental flower species, including Iris
tectorum Maxim., Iris lactea Pall., and Patrinia scabiosifolia Link, established in a demolition
site with sewage-contaminated soil in Beijing, was compared with a meadow established
with I. tectorum alone. The mixed-plant meadow produced a visually appealing landscape
and dynamic seasonal enrichment, significantly increasing the content of soil total nitrogen
(TN) and organic matter (SOM) by 1.99- and 1.21-fold, respectively. TN was positively
correlated with the soil microbial α-diversity and community structure. Therefore, the
results suggest a better contribution of mixed-plant meadows in restoring degraded urban
soils by influencing the soil microbial community and improving the ecological service
function [121].

6. Strategies to Increase the Contribution of Ornamental Plants
to Biodiversity
6.1. Biodiverse-Friendly Urban Landscape Design

With climate change, which is probably the biggest threat to our planet, we are
witnessing unprecedented biodiversity loss and growing challenges to human health.
The need to prioritize UGI has never been greater [122]. Urban greening should adopt
solutions that meet the requirements of the EU Biodiversity Strategy for 2030, which
involves biodiversity enhancement [16].

Globally, biodiversity loss and ecosystem degradation require the formation of new
concepts, ecological restoration, and rehabilitation, aiming to improve ecosystem functions,
services, and biodiversity conservation in cities. To facilitate the restoration and rehabil-
itation of new urban ecosystems, established, species-rich, and well-functioning urban
ecosystems should be used [123].

To support biodiversity and provide ESs in urban parks, we need “biodiversity-
friendly” planning approaches based on the results of specially programmed geobotanical
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research. This research should incorporate both the perception of biodiversity and accep-
tance of green space management in the proposed solutions and decisions [16].

In addition to the high taxonomic diversity of plants, the dominant types of functional
plants are likely to differ between urban and rural areas [124]. In cities, the effect of urban-
ization on plant functional types and their traits has been studied predominantly in residual
natural areas with wild-growing species [125]; however, how functional groups differ be-
tween cultivated and natural areas is less clear. The dominance of specific functional types,
such as graminoid species over woody ones, has implications for many ecosystem functions
and services [126] but has yet to be fully studied in cultivated urban areas, particularly in
those with warmer climates.

Urban plants can be classified as species that grow spontaneously, i.e., species that
grow and reproduce without human intervention, and cultivated species that are planted
and managed by humans. All plants in these two groups can be native or not and contribute
to biodiversity [127,128]. Cultivated species can even escape and grow spontaneously [129].
Although crop species have long been recognized as important components of urban ecosys-
tems [130], many studies of urban plants have focused on residual pockets of uncultivated
vegetation, with native species and non-native species that can regenerate naturally [131].
Studies of crop species have focused on residential gardens as important contributors to
GI [132] or as a source of invasive species [133]. Few studies have focused on the communi-
ties and functional ecology of crop vegetation [128]. Such studies have found that residents’
preferences for particular types of plants are reflected in the types [134] and number of
plants present in private yards and neighborhoods [135].

6.2. Urbanization as a Driver of Biodiversity

Urbanization is a global driver of biodiversity. Cities are recognized centers of high
plant diversity [14] and host many non-native plant species [136]. The underlying causes
of high diversity in cities are numerous [137] and potentially include the presence of
weeds [138], the location of cities in areas that were highly diverse before urbanization [139],
and the importation of cultivated plants [87].

In urban areas, trees, gardens, and residential courtyards contribute significantly to
plant biodiversity. However, the consequences and mechanisms of plant cultivation on
biodiversity remain uncertain [140].

Urban green spaces, therefore, contain a unique biodiversity that depends on the
choices made and the management of green areas. To increase biodiversity, the use of
spontaneous plants could be increased, including plants of high esthetic value, which can
be grown in an ecologically compatible way owing to some of their biological and cultural
characteristics (ecological plasticity, high resistance, etc.). However, urbanization generally
has a negative influence on the diversity of local species [74]. Introducing resilient plant
varieties into urban landscapes improves the ecological balance and, simultaneously, the
overall quality of urban environments, both for human inhabitants and wild animals [93].
Ecological restoration projects within urban environments seek to increase the number
of suitable habitats available within cities, thereby improving the capacity of the urban
environment to support native biodiversity [141].

The focus of biodiversity is not only on native species but also on non-native species.
Considering opinions on the introduction of non-native plantings, a UK study [142] indi-
cated that over 75% of survey participants favored the introduction of climate-adapted
non-native species into public parks and gardens if these species were better suited to
future climatic conditions than the species currently in use. The main driver of public ac-
ceptance was the need to adapt to climate change, thereby reducing the need for irrigation.
Indeed, climate change has already led to entire biomes moving towards higher altitudes as
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temperatures rise [143]. Plant species commonly utilized in UGI design at specific latitudes,
such as Quercus robur L. in the UK, are becoming increasingly unsuitable for their intended
purposes. Therefore, exploring other climate zones, such as Greece and other regions of
southeastern Europe, has become essential for species such as Quercus cerris L. to create a
resilient future environment [142].

As a network of multifunctional parks, green and blue spaces, and features such as
green roofs and walls, UGI can provide NbSs to increase biodiversity and mitigate and
adapt to climate change [144], while also improving esthetics [145] and recreational op-
portunities [146] to support human health and well-being [147]. Biodiversity conservation
and enhancement are co-benefits that can be easily achieved [79]. The most successful
schemes consist of creating different zones that serve different functions, such as recre-
ation areas, biodiversity spots, or sites where the main purpose is to provide esthetically
pleasing plant compositions. In the city of Lyon, France, the Division of Green Spaces
manages sites throughout the city, such as “natural spaces”, prioritizing biodiversity and
limiting public access; “living spaces”, prioritizing public use and recreation; and “flower-
ing spaces”, where managers strive to generate “a wow effect” through vibrant, colorful
planting [122,145].

6.3. Factors Increasing Biodiversity

An element that contributes to increasing biodiversity is residents’ income, as urban
plant biodiversity generally increases with the income of inhabitants of a given neigh-
borhood [148]. The financial resources needed to invest in garden maintenance and the
purchase of purely ornamental species depend on the economic status of individual own-
ers [149].

The design of urban green spaces according to ecological, climatic, and social criteria
requires appropriate indicators and evaluation strategies that maintain the multiple benefits
that urban green spaces offer [150]. The planning, decision-making, and maintenance of
urban green spaces in cities are increasingly based on the ecosystem function assessment
approach [151]. Cities play an important role in conserving global biodiversity, particularly
through UGI planning and management. However, UGI management is subject to a
complex array of social, cultural, and economic factors, including governance, economics,
social networks, stakeholders’ individual preferences, and social constraints [152].

Homeowners’ associations and municipalities increasingly require a certain percentage
of native trees and shrubs as part of any new landscaping installation. This requirement
is linked to the belief that native plants are more suitable than exotic species because of
their adaptability to local pedo-climatic conditions and their ability to enhance ecosystem
biodiversity. In contrast, non-native trees and shrubs are labeled as harmful to biodiversity,
mainly because they are often improperly assimilated, becoming invasive species. In an
attempt to establish the veracity of this statement, Chalker-Scott [153] analyzed, in a review,
the effects of native and non-native woody species on the stability of the urban landscape,
measured by the biodiversity of associated plants, birds, insects, reptiles, and mammals.
Most studies have demonstrated that parameters other than species nativity have a greater
influence on the biodiversity of these groups. The authors concluded that adopting a more
practical and evidence-based approach to enhance the biodiversity of the urban landscape
rather than limiting the list of plants to only native trees and shrubs, was a more appropriate
strategy [153].

Tartaglia and Aronson [154] compared native and exotic plants and systematically
reviewed the literature following the PRISMA guidelines. They tried to understand whether
a difference exists between native and non-native plants in supporting faunal biodiversity;
in the provision of urban ESs; and in terms of survival, growth, and fitness. A total
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of 165 articles were analyzed. Of these articles, 120 supported the superiority of native
plants across various parameters, 57 demonstrated mixed effects, 56 showed no significant
differences related to the origin of the plants, and 26 indicated better performance by
non-native plants. Nevertheless, the evidence strongly supports the conclusion that native
plants support a greater abundance and diversity of fauna. This review suggests that
native plants provide multiple ecosystem functions, proving to be superior to exotic plant
species [154].

Green roofs are NbSs that can significantly contribute to biodiversity. In particular, ex-
tensive green roofs are challenging environments for plant growth because of their extreme
substrate temperatures, high light intensity, limited water availability, and limited substrate
depth [155]. These conditions modify the flowering phenology of species, which occurs
earlier than that of plants growing on the ground. This earlier flowering period provides a
habitat for pollinators at the beginning of the season, presumably due to the availability of
resources offered by the plants present on the roof [156]. Non-native plants are visited by
pollinators in a similar manner to that of native plants. In contrast, hybrid cultivars are vis-
ited less frequently. Shrubs and herbaceous perennials show a high frequency of pollinator
visitation compared with other growth forms [156]. Sedums were also found to be visited
by wild bees in May on extensive green roofs free of any maintenance intervention [157].

Wild plant resources contribute to biodiversity, especially native wild ornamental
plants (WOPs); they express a considerable potential to improve the esthetic attractiveness
of landscapes and promote sustainable landscape design practices. The cultivation of WOPs
could contribute not only to environmental protection and the preservation of native plant
species but also to the advancement of ornamental horticulture. It offers genotypes that are
tolerant to abiotic stresses [158] and are suitable for sustainable landscape design [159], as
well as reduces the impact of phytochemicals in the nursery industry.

6.4. The Contribution of Plant Communities and Associations

Urban areas are typically characterized by a reduced presence of wild species and vege-
tation communities, primarily due to ecosystem degradation [160]. Despite this unfavorable
situation, enhancing urban green spaces to increase their contribution to biodiversity shows
significant potential. Cities can maintain natural areas in their immediate surroundings and
within their centers in certain cases, which can help to conserve biodiverse habitats and
protect rare species [161]. Some of these species may possess ornamental potential [162].
Together with the habitats in which they thrive, they can serve as destinations for urban
ecotourism [163]. Other semi-natural urban green spaces, often called informal green
spaces (IGSs), may present esthetic value for cities [164,165]. Furthermore, these areas are
recognized for their rich biodiversity [164], particularly when compared with other parts of
the city. In urban IGSs hosting wild vegetation with the presence of trees, at the taxa level,
bats, native birds, beetles, and bugs occupancy were positively correlated with understory
volume [166].

Two significant ecological weaknesses of urban areas are the loss of vegetated surfaces
and high fragmentation of green spaces [167]. These issues have serious negative effects
on urban biodiversity [168], particularly affecting animal movement [169]. Therefore, it is
evident that implementing new green corridors in urban areas, which may also incorporate
ornamental species, improves the connectivity between green spaces. This enhancement
facilitates wildlife movement and allows for colonization of new areas. From an urban
decor perspective, corridors that enhance connections between fragmented green spaces
also contribute esthetic value to the city itself [170]. The role of ornamental plants in en-
hancing connectivity is evident in some animal species. Research has demonstrated that
private gardens can help to reduce habitat fragmentation [171]. Additionally, their ability
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to host variegated biodiversity has been assessed by the engagement of citizens [172]. Frag-
mentation can be mitigated through careful urban planning, which enhances or preserves
connectivity between green patches. Using the least-cost path method, Kong et al. [173]
identified potential corridors in a large urban area in China, leading to the development
of a green network based on graph theory and gravity modeling. In addition to ecologi-
cal corridors, connectivity between green spaces can be enhanced using stepping stones,
which can incorporate ornamental plants. In theory, every green space that is not part of a
continuous ecological corridor can function as a stepping stone for urban connectivity.

Avifauna in urban areas is an important indicator of environmental health, and it is
evident that the availability of food, sheltering, and nesting sites plays a crucial role in sup-
porting the presence of birds in these contexts and in influencing their composition [174].
Ornamental plants, both esthetically pleasing and species that create communities of es-
thetic value, play significant roles in attracting birds to urban environments [175]. Due to the
heavy effect of urbanization, the few bird species that tolerate the conditions that are expe-
rienced in cities fall into two categories: “urban exploiters” and “suburban adapters” [176].
The distribution of these animals in cities exhibits a heterogeneous pattern that depends
on various factors that are largely independent of plant presence and primarily related to
urban density. Indeed, an increase in urban avian richness has been observed along a gradi-
ent from the most to the least urbanized areas [177]. Similarly, a significantly lower species
density was identified when urbanized areas were compared with non-urban areas [131].
However, it is also possible to implement strategies to enhance the presence of avifauna in
cities. As expected, research has demonstrated that bird richness is positively correlated
with the size of urban green spaces [178]. Thus, vegetated patches, which act as stepping
stones, can enhance the presence of birds in urban contexts. The availability of nesting
sites is one of the major factors influencing the presence of birds in cities. Trees, either wild
or planted, can serve this purpose [179]. Street trees alone contributed positively to bird
numbers, as seen in the American continent [180], particularly when native species and
tree species richness were higher. In contrast, cultivated lawns, squares, and gardens are
frequently mostly composed of generalist species [180]. Depending on the bird groups, a
nesting preference on ornamental plants has been observed with passerines favoring Melia
azedarach L. and Hibiscus syriacus L. in Valls (Catalonia, Spain) [181]. In an urban park in
China, more bird species were observed in areas with shrubs than in those with trees or
lawns. Moreover, the richness, diversity, and density of woody plant species have been
proven to be beneficial for bird communities, suggesting that urban green spaces should
be designed to prioritize the highest possible plant species diversity and complexity [182].
Birds that are frequent in urban areas exhibit a diverse diet that may include insects, nectar,
fruits, and grains; they may also consume fish or adopt an omnivorous diet. Ornamental
trees, either native or non-native, can provide foraging opportunities for birds [183]. Addi-
tionally, those that produce suitable flowers can provide nourishment for nectarivorous
birds [184]. As shrubs positively affect insects, they can indirectly increase the presence of
insectivorous birds in urban areas [185]. The establishment of both green roofs and walls
has been shown to enhance the presence of birds, which utilize these structures for feeding,
shelter, and nesting [186]. In Los Angeles, a higher number of birds were observed to feed
on small private yards planted with native ornamental species than on those planted with
non-native species and managed as turf [187]. The planning of private and public gardens
has been proven to be a significant factor influencing urban bird diversity in North America.
Key elements include plant diversity, the use of native plants instead of non-native plants,
connectivity to other green spaces, and nearby natural habitats [188].

In addition to birds, certain species of Chiroptera also inhabit urban areas [189] where
trees can provide essential roosting sites [190]. Both native and non-native fruit trees,
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whether wild or planted, can serve as significant food sources for fruit bats [191]. Similarly
to the case for birds, enhancing the presence of insects through specific urban vegetation and
maintaining trees in open green spaces can indirectly promote the presence of insectivorous
bats [166,192]. Interestingly, a positive relationship has also been observed between green
roofs and insectivorous bats in Europe, particularly when suitable habitats are available
nearby [186].

A series of complex interactions has evolved between plants and various groups of
insects. Plants can provide numerous services to insects that can either be beneficial to
plants or act as pests for both plants and humans. Cultivated ornamental plants have been
shown to attract pollinators in urban environments. Marquardt et al. [193] observed in a
German city that bees were the most abundant visitors to flower beds. They also noted
significant differences in the pollinators visiting the plants depending on the species and
cultivars. Similar results were obtained by Palmersheim et al. [194]; however, interestingly,
they discovered that insects were more attracted to wild native species and perennials than
to annuals. In another study, slightly different results emerged, with honeybees showing
no preference among the plant groups, whereas herbivores favored wild species [195].
Conversely, no significant increase in beneficial insect richness was observed following
the addition of wild species to urban gardens in New York City [196]. In addition to
introducing flowering plants that attract insects, the design of urban green spaces may play
a crucial role in enhancing the presence of these animals in cities. These considerations
have been thoroughly reviewed by Schueller et al. [197]. In the case of pollinators, a key
factor to consider is flowering time. As expected, a longer flowering period increased the
number of pollinators that could benefit from pollen and nectar. Native and non-native
plant species, which also possess ornamental potential, can provide progressive blooming
throughout the year. Several key factors can either enhance or decrease insect presence
in green spaces, including the frequency of mowing, management practices (such as the
application of herbicides and pesticides, and pruning), density of flowering plants, spatial
arrangement of flowers, layout of plants within the green space, availability of nesting
sites, connectivity between green spaces and surrounding natural habitats, and overall
size of the green space. Additionally, cicadas, which are relatively common insects in
urban areas, significantly contribute to the summer soundscape; their population density is
primarily influenced by the availability of host plants [198]. Ornamental plants and crops
can unintentionally serve as vectors for pest introduction in urban areas [199]. This has
occurred, among others, with Buxus sempervirens L., some alien ornamental palms from
Argentina, and Phoenix spp. with their respective pests: Cydalima perspectalis (Walker, 1859),
Paysandisia archon (Burmeister, 1880), and Rhynchophorus ferrugineus (Olivier, 1790). These
pests can pose a significant threat to both cultivated and native plants. It is important
to note that regarding perceptions of insects in urban areas, people often exhibit mixed
feelings towards these organisms. Indeed, it has been hypothesized that urbanization and
the resulting loss of knowledge about natural history have contributed to an increased
aversion to insects [200]. However, positive sentiments towards insects have also emerged
from surveys, particularly among gardeners [201]. Overall, insects can undeniably provide
ecological disservices, considering the range of beneficial ecosystem services they provide
is equally important [202].

Woody plant species can support epiphytic organisms such as lichens and bryophytes
at various heights. In addition to environmental factors, tree species are crucial for the
establishment of epiphytic communities [203]. Urban trees contribute to various attributes,
including canopy cover, temperature regulation, moisture retention, bark roughness, and
bark acidity, which create suitable conditions for the colonization of these epiphytes [204].
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Once ecological corridors and stepping stones are integrated into the city perimeter, the
need for effective management becomes essential to maximize their biodiversity benefits.
Examples of these best practices have been reviewed by Gregory et al. [205].

Species-rich herbaceous communities such as grasslands, steppes, meadows, and
pastures have high biodiversity value (Figure 4).
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Figure 4. Two types of wild meadows are common in Mediterranean urban areas, featuring plants
visited by pollinators. Roundabout totally colonized by two species of buttercups in full bloom, and
the meadow dominated by common daisies. The bottom images show some common species in
Mediterranean urban meadows that attract pollinators. From top to bottom and from left to right:
(A) Serapias neglecta De Not.; (B) Trifolium pratense L. subsp. pratense; (C) Bellis perennis L.; (D) Ajuga
reptans L.; (E) Gladiolus italicus Mill.; (F) Ranunculus velutinus Ten.; (G) Daucus carota L. subsp. carota;
(H) Borago officinalis L.; (I) Papaver rhoeas L.; (J) Blackstonia acuminata (W.D.J.Koch & Ziz) Domin;
(K) Malva sylvestris L. Photos by VL.

There is considerable interest stemming from the loss of these complex ecosystems
and their associated biodiversity due to intensive agriculture, abandonment of pastures,
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pollution, and climate change. These habitats can be used as models, in terms of landscape
management and plant community composition, which can be successfully repeated in an-
thropized areas to mitigate the negative effects of human activities in the city and improve
the biotic components. The idea is to revegetate degraded urban soil with esthetically pleas-
ing wildflower meadows while increasing biodiversity, creating a habitat, and conserving
the local flora at low management costs [206].

Benvenuti [207] conducted a survey to evaluate whether a rural landscape could adapt
to an urban environment through the use of wildflowers on green roofs. As expected,
each group of plants had different flowering periods, during which the highest rates of
pollinator visits were observed (domestic and solitary bees, bumblebees, Lepidoptera,
both hoverflies and bumblebees, and Diptera). Agronomic management, which consists
of mowing senescing vegetation, is of fundamental importance in ensuring the balance
between planting spring and summer flowering species. The lack of prevalent species has
been highlighted using several biodiversity indices. In contrast, early and late flowering
species (geophytes) did not require vegetation management. Although wildflowers present
critical aspects in terms of canopy dynamics, due to the periodic senescence of vegetation,
they were found to be a valid tool for improving the biodiversity and landscape of the
Mediterranean urban ecosystem.

The effectiveness of wildflower meadows in increasing biodiversity is related to the
composition of the seed mix and its adaptation to local conditions, which depends on the
number of species, flower abundance, plant species diversity, and vegetation structure [208].
The use of a wide range of species in urban wildflower meadows with different life forms
and survival strategies promotes biodiversity and improves the establishment capabilities
of the plant community [206]. However, the best approach is to choose species that grow
wild in spontaneous associations, as they have adapted to coexist using a habitat template
approach [77]. Native species are recommended because they have adapted to specific
climatic and soil conditions, minimizing the risk of invasion and helping maintain genetic
diversity [109]. Plant species selection should consider the species’ ability to survive in
stressful and/or disturbed environments, the long flowering period afforded by the species
mix, different plant functional types and life forms [205], germination characteristics [209],
and the establishment performance of the plant species [210]. Adopting seed mixes of
annual, biennial, and perennial species offers the benefits of different life strategies. Using
species with different flowering periods prolongs the enjoyment that people derive from
them and the resources available to pollinators [79,211]. Research on wildflowers has
also focused on increasing pollinators and bees in agroecosystems [212]. Some of the
native species listed in studies on seed production for pasture restoration [213] can be
used in wildflower meadows in urban areas, although the soil and climate conditions
are different because of the extreme temperatures of cities under the effects of climate
change. Planting meadows in human-generated landscapes, whether they are urban or
rural areas, compensates for the loss of habitat for pollinators and the food web, provides
opportunities for the conservation of many plant species, and offers the opportunity to
enjoy natural and citizen science programs. Meadow vegetation provides many ESs that
are now more necessary than ever for a healthy life on the planet. The methods used to
establish wildflower meadows have been extensively studied in Northern Europe and
America and, more recently, in different climatic regions, such as the Mediterranean [71].

Suitable management can promote grassland biodiversity. To investigate this aspect,
an experiment has been conducted since 2010 to compare three models of urban grassland
management: ornamental grassland, urban grassland, and permaculture. The results
showed that human decisions and activities influenced species composition, and 46 plant
taxa were found: 12 in ornamental grasslands, 24 in urban grasslands, and 31 in permacul-
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ture grasslands. Therefore, the latter appears to be the best in terms of biodiversity and
soil moisture content. Increasing grassland management intensity results in lower plant
diversity (Figure 5) [214].
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Figure 5. Effects of mowing during the flowering season in urban green spaces with wild species in
full bloom. The most represented species are: Coleostephus myconis (L.) Cass. ex Rchb.f., Papaver rhoeas
L. and Sulla coronaria (L.) B.H.Choi & H.Ohashi. Photos taken a week apart in May 2023. Photos
by VL.

Reducing management intensity allows the plant species richness in urban lawns to
increase, as demonstrated in the green spaces at the National Research Council Area of Re-
search in Pisa, where over 180 plant species were recorded with more spaced-out mowings
(Table S1). Of those species, the majority are represented by native and entomogamous
species, so they offer the right habitat for many pollinators, but management practices
should take note of this aspect and stop mowing during the flowering period. Further
research should be conducted to determine the number of spontaneously colonizing and
potentially ornamental species in urban lawns.

Plant species composition and vegetation cover are often positively associated with
the diversity and abundance of fauna. Non-native plants contribute substantially to garden
plant diversity, and evidence from some studies has shown that their functional attributes
may also benefit other species. In contrast, intensive management practices, including
frequent mowing, fertilizer and pesticide application, and landscaping for a more formal
and “tidier” garden appearance, have often been associated with reduced biodiversity.
However, the findings vary between studies, for example, in relation to the impact of
mowing frequency on lawn diversity. Several studies have identified the importance of
connectivity between gardens and other GI for species dispersal and ecosystem functioning.
Threats to garden biodiversity include the conversion of gardens into impervious surfaces,
reductions in plot size, and the replacement of plants [215]. Habitat connectivity is a
successful strategy for biodiversity [216].
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English et al. [217] analyzed a network of remnant grasslands along a gradient from
urban to rural areas of Los Angeles, CA, USA. Across this gradient, α and β diversity
patterns were assessed during the growing season. They noted that the α diversity (i.e.,
species richness) of native plants in remnant grasslands decreased in urban landscapes,
mainly due to the loss of native species. However, at intermediate scales in unmanaged
parks and green spaces, an increase in β diversity, and thus the difference in species
composition between two or more distinct communities, was observed in more urbanized
locations, likely due to the uneven dominance of exotic species in urban locations, whereas
non-native and native species were common across all plots in rural locations. Conservation
that considers α and β diversity can promote a virtuous cycle in which the promotion and
protection of biodiversity simultaneously reduce the negative effects of invasion.

6.5. Ornamental Plants and Pollinators

Erickson et al. [218] used statistical modeling analyses to explore the overall and rela-
tive attractiveness of cultivars to bee, fly, beetle, wasp, and butterfly taxa and to understand
how community and landscape dynamics influence pollinator visitation to ornamental
plants. The study reported that (i) annual ornamentals made a limited contribution to
ecological community stability, whereas perennial ornamentals did not, and (ii) ornamental
cultivars showed significant within- and between-gender variations in pollinator attractive-
ness. The latter is influenced by numerous factors, including landscape and community
context, and the artificial selection of phenotypic flower traits. Ornamental plant taxa used
in managed landscapes to increase overall floral resource availability, therefore, provide
foraging resources throughout the season and increase habitat connectivity. Furthermore,
some ornamental taxa can help to build more resilient and stable ecological communities
in human-modified environments.

From this perspective, some ornamental plants can provide long-lasting supplemen-
tary foraging resources for generalist pollinator communities [219]. Landscape plant
diversity is related to the abundance and diversity of pollinator visitors, and planting
schemes should consider cultivar effects, landscape plant diversity, floral phenology, and
their contribution to a stable ecological community when choosing plants [218].

In the face of pollinator decline, cities can act as refugia and biodiversity conservation
habitats, managing floral resources in public green spaces. Ornamental plants could play an
important role in attracting pollinators because they are part of urban floral management.
However, specific knowledge on the response to drought is lacking, and whether entomog-
amous ornamental plants will be suitable pollinators in future climates remains unknown.
The main objective of a study conducted by Quinanzoni et al. [220] was to determine
the covariation in floral traits of ornamental plant species and the effects of drought on
them. Drought affected flowering-related morphological traits more than the other floral
traits, with an average decrease of 28% in flower height, 35% in flower area, and 58% in
flower number. Ornamental plants appeared attractive to different pollinator morphotypes
depending on the number of floral units, nectar sugar concentration, or nectar tube depth,
with most visits being made by hymenopterans. These results should encourage green
space managers to select urban plants based on their functional characteristics and to adapt
their plant choice to climate change [220].

Urban flower-rich habitats have been shown to be particularly valuable for urban pol-
linators although the ability of ornamental plants to support urban pollinator communities
has not been well documented. In one study, flowerbeds in 13 different urban test sites
planted with identical sets of ornamental garden plants were compared. Pollinators’ visit
patterns were observed during the summer. A total of 10,565 pollinators were recorded
over the two years of the trial, with wild bees (>50%, excluding bumblebees) being the most
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abundant pollinator group. The results showed that the assortment of ornamental plants
was visited by many urban pollinators for pollen and nectar and that the abundance and
composition of pollinators varied significantly within the tested ornamental plants [193].

Different strategies are used to improve biodiversity through urban meadow manage-
ment and, hence, the relationship between plants and pollinators (Figure 6).
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7. Conclusions
Biodiversity is a key factor in a well-functioning urban environment. Proper function-

ing of ecosystems enables cities to adapt to the many challenges related to climate change,
pollution, the overpopulation of parasites, and diseases in urban green spaces. Therefore,
reducing the risk associated with the presence of parasites and diseases and the extreme
conditions influenced by global change becomes extremely important. Biodiversity can also
improve the resilience of the ESs provided via green spaces. The different characteristics of
GI present in cities are essential for increasing biodiversity. Thus, marginal spaces, which
are remnants of nature that have not been disturbed by human intervention or have only
been disturbed a little bit, play important roles as refuge areas for threatened species. Addi-
tionally, NbSs, such as green facades, roof gardens, rain gardens, and container gardens,
can contribute to increasing urban biodiversity.

Ornamental plants are appreciated for their “wow effect”, and often, non-native
plants are chosen due to the showiness of their traits and their exoticism. Therefore, we
must recognize, without prejudiced attitudes, that these plants can actively contribute to
biodiversity in the urban environment and to human well-being. Many of these showy-
flowered species are insect-pollinated and contribute significantly to the food chain that
underpins biodiversity. The contribution of plants living in communities, association
meadows, urban forests, and so on is therefore very relevant to increasing biodiversity.

Selecting ornamental species that are well suited to specific urban pedoclimatic con-
ditions and preserving naturally occurring, visually appealing plant communities are
essential factors that can enhance the wild urban biodiversity of green spaces. Manage-
ment plays a crucial role in the conservation of urban biodiversity via pruning, mowing,
and the use of fertilizers and pesticides, with all agronomical practices being drivers of
improvements or decreases in biodiversity. Consequently, the data presented in this review
may prove valuable to those responsible for planning and managing urban green spaces, as
well as to policymakers. Furthermore, given that much still needs to be learned about the
relationships between ornamental plants and urban biodiversity, the information reported
here may also benefit scholars engaged in basic research in the field of urban ecology.
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Attention must be paid, and research should move towards determining biodiversity-
friendly practices capable of enhancing the ESs of ornamental plants.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/su17094061/s1. Table S1: List of species spontaneously colonizing
the lawns at the National Research Council Area of Research in Pisa, Italy.
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