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Abstract: Because of the immense amount of infrastructure in cities, the introduction of vegetation
into these constructions is expected to play a critical role in reducing the heat island effect, in
mitigating the effects of climate change, and in supporting habitat connectivity and associated
biodiversity. Although there is the perception that these solutions can improve the biodiversity of
cities, their real value is still unclear. This paper focuses on two aspects of urban greening: green roofs
and green walls. It provides a systematic review on biodiversity present in green roofs and walls,
through an exhaustive worldwide literature analysis. Arthropods, bats, and birds were the three
taxonomic groups analyzed in the papers included in our review. We observed a strong increase in
the number of recent publications, thus demonstrating a growing interest in this topic. In summary,
we found that green roofs/walls offered additional opportunities for plants and animals to thrive
in urban environments because of habitat creation and greater spatial connectivity. In addition, the
enhancement of other ecosystem services such as stormwater management and heat island mitigation
was noted. By incorporating green features into urban design and planning, cities can support
biodiversity while also improving the overall sustainability and livability of urban spaces.

Keywords: green infrastructures; nature-based solutions; biodiversity; arthropods; bats; birds

1. Introduction

Even though the survival of the human species is dependent on biodiversity [1], more
than 60% of global ecosystem services are degraded or unsustainably managed [2], and
biodiversity is declining worldwide [3]. Biodiversity is dependent upon healthy and intact
aquatic and terrestrial ecosystems; the accelerated loss of healthy ecosystems and their
associated biodiversity is impacting human well-being [4]. Thus, addressing biodiversity
conservation is vital [5], but while global biodiversity loss has accelerated in recent decades,
people have become increasingly urban. Urban areas have doubled since 1992 and, in
comparison with 2020, are projected to expand between 30% and 180% until 2100 [6].
The accelerated rate of urbanization is one driver of these biodiversity losses; however,
urban areas offer opportunities to mitigate these losses and to support the well-being of
their occupants.

One of the best options to address urban challenges is to promote nature-based
solutions that provide environmental, social, and economic benefits [7,8]; however, urban
centers show space constraints. Therefore, green roofs and green walls can be alternatives to
promote green areas despite space limitations and were defined within the EU biodiversity
strategy 2030 as urban approaches to address climate change and help to reverse urban
problems [9].
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Green roofs and walls, also named “eco-roofs/walls”, “living roofs/walls”, or “roof/
walls gardens”, are solutions with vegetation in their top layer [10]. Depending on the type
of building and type of green roof, they can be installed in underused infrastructure [11,12].
The building capacity, roof accessibility, roof drainage, type of green roof, and associated
extra weight are some of the main concerns to be taken into account. When installed, these
new structures help to green gray construction projects and improve connections to other
urban green spaces. Today, these solutions can provide several environmental, economic,
and social benefits, such as decreasing energy consumption and the urban heat island
effect, as well as contributing to a reduction in stormwater losses and a reduction in habitat
depletion (see [13] or [14] for a general review).

Although many cities have already invested in these nature-based solutions [15],
decision-makers have been demanding quantification of the expected benefits and the
corresponding balance with the expected costs. Some methodologies have been developed,
namely cost–benefit and multicriteria analysis, but environmental benefits such as biodi-
versity are still often neglected when valuing these solutions, due to difficulties in their
quantification [16].

Since urbanization is contributing to a decline in global wildlife populations [17], it is
essential to increase and improve urban wildlife habitats, namely by introducing vegetation
in buildings, and to know how to value this improvement. Although some authors have
discussed the importance of green roofs and walls for biodiversity (e.g., [18,19]), there are
some aspects that still need to be clarified and quantified.

Although previous review papers have analyzed the evolution in the number of
studies examining the potential of these infrastructures to benefit biodiversity [20–22], the
present work provides a systematic and updated review on qualitative and quantitative
research evidence on the worldwide use of green roofs and green walls by three taxonomic
groups: arthropods, bats, and birds. These taxonomic groups were chosen due to their
ability to freely inhabit green roofs and walls, their relative conspicuousness, and their
provision of important services in urban areas, such as pollination and pest control [23]. So,
our main objective was (i) to present a refreshed summary of what is already known about
the use and importance of green roofs and walls for arthropods, bats, and birds. To achieve
this, we performed a systematic search of the existing scientific literature using specific
keywords. Moreover, we sought to (ii) identify the direct and indirect benefits presented
in various studies and (iii) provide a detailed discussion of the main scientific questions,
methods, and contributions of green roofs and walls to the three studied taxonomic groups
identified in the papers included in our review. Cities can be a key player in global efforts
to conserve and restore biodiversity, and enhancing the quality and permeability of urban
infrastructures is crucial to support the presence and movement of organisms.

2. Methods

This paper used available electronic journal databases to identify papers concerning
the biodiversity benefits of green roofs (GRs) and green walls (GWs).

2.1. Literature Search

The All Databases function of Clarivate Analytics Web of Science™ was used, in
January 2024, to systematically search for relevant peer-reviewed articles. A general search
was carried out in the Science Citation Index Expanded (SCI-Expanded) using the following
combination of terms: [(“green roof*” OR “green wall*”) AND biodiversity]. This retrieved
a total of 423 articles, which were examined to identify those that focused on the study of
animal species and their use of green roofs or green walls. Moreover, we performed a more
specific search for articles with a focus on our target groups: [(“green roof*” OR “green
wall*” OR “living roof*” OR “living wall*”)] AND [(“bird*” OR “arthropod*” OR “insect*”
OR “bats”)], which retrieved a total of 95 documents.
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2.2. Data Extraction and Analysis

For all the articles, the metadata associated with each publication were downloaded
and organized into a single document. Specifically, we extracted data from the following
Web of Science fields: authors (AU), article title (TI), source title (SO), author keywords
(DE), abstract (AB), author address (C1), and publication year (PY). However, as not all
references contained a complete metadata record, when necessary, the article was consulted.
The total database of articles (518) was reviewed in order to eliminate all repetitions and
articles that did not focus on our target groups.

We used publication year to analyze the temporal tendencies of scientific production
on GRs/GWs and our focus groups by calculating the total number of publications per
year. Information related to country was collected for all publications. A flowchart of this
process is presented in Figure 1.
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Figure 1. Systematic overview of publication selection process and data extraction. The final dataset
consisted of 75 scientific articles that were used in our review analysis.

3. Results
3.1. General Overview of Arthropods, Bats, and Birds in Green Roofs and Walls

We retrieved a total of 75 publications, from 2006 to January 2024, focusing on
GRs/GWs and arthropods, bats, and birds. Only two publications were identified up
to 2010, but since then, there has been a growing increase in this topic, reaching a maximum
of 13 publications per year in 2022.

The analyses of the retrieved articles revealed that most of the studies that focused on
biodiversity actually assessed plant species richness and diversity. However, as already
mentioned, we were interested in analyzing the biodiversity that freely occupies these
infrastructures, so we focused on the subset of 75 studies that examined the presence of
arthropods and birds, of which 68 were case studies and 7 were review papers (Table S1).

Out of these 68 case studies, 55 conducted comparisons between different areas.
Among these, 24 compared different types of green coverings and green walls, while
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31 compared the results obtained from green coverings to other types of coverings (e.g.,
gray coverings or urban gardens).

Of the seven review papers, two covered all three taxonomic groups, one covered
arthropods and birds, one covered only birds, and three covered only arthropods. All these
articles analyzed green coverings, and two also analyzed green walls (Figure 2). Table 1
presents a more detailed summary of the 68 papers that present case studies.
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Figure 2. Summary of the results for the 75 retrieved papers on GRs/GWs covering the study of
arthropods, bats, and birds in different climates and with different data analysis methods.

Out of the case studies, 56 papers dealt with arthropods (with 54 focusing on green
roofs and 3 on green walls). In terms of climate, 20 studies were conducted in regions
with a continental temperate climate, 16 in an oceanic temperate climate, 8 in a subtropical
climate and Mediterranean climate, and 4 in a tropical climate. Furthermore, 44 studies
assessed species richness, while 34 focused on arthropod abundance. Looking at specific
groups, 18 papers analyzed pollinators and 8 analyzed Collembola and soil arthropods
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(Figure 2 and Table 1). Considering birds, 13 of the case studies analyzed this taxonomic
group, with 12 focusing on green roofs and 2 examining green walls. In terms of climate,
six studies were conducted in regions with a continental temperate climate, four in oceanic
temperate climates, and three in tropical climates. Regarding the type of analysis, nine
studies assessed species richness, while seven focused on abundance. Additionally, three
analyzed articles covered both taxonomic groups, and two examined both green roofs
and green walls simultaneously. Only three studies worked with bats, all in green roofs,
and one of them focused on abundance. Considering the climate, one was conducted in a
continental temperate climate, another in an oceanic temperate climate, and the last one in
a tropical climate (Figure 2 and Table 1).

From the total 68 analyzed case studies, only 4 worked with more than one taxa
(arthropods and birds (3); arthropods and bats (1)).

Table 1. Detailed summary of the main results for the 68 retrieved papers on GRs/GWs divided into
taxonomic category, green infrastructure, and climate type.

Taxonomic
Category

Green
Infrastructure Climate Type

Temperate Mediterranean Subtropical Tropical
Continental Oceanic

Arthropods

Several groups
Green roof 7 6 5 5 2
Green wall 2 0 0 0 0

Both 0 0 0 0 1

Pollinators
Green roof 7 3 1 1 1
Green wall 0 0 0 0 0

Both 0 0 0 0 0

Collembola and other
soil arthropods

Green roof 4 7 1 0 0
Green wall 0 0 0 0 0

Both 0 0 0 0 0

Parasitoid wasps
Green roof 0 0 1 0 0
Green wall 0 0 0 0 0

Both 0 0 0 0 0

Vectors of human
diseases

Green roof 0 0 0 2 0
Green wall 0 0 0 0 0

Both 0 0 0 0 0

Birds Birds
Green roof 6 3 0 0 2
Green wall 0 1 0 0 0

Both 0 0 0 0 1

Bats Bats
Green roof 1 1 0 0 1
Green wall 0 0 0 0 0

Both 0 0 0 0 0

3.2. Benefits of Green Roofs and Walls for Arthropods, Bats, and Birds

From the 75 papers included in our analysis, we identified the benefits most mentioned
by the authors for the three studied taxonomic groups. Following this, we divided the
benefits into direct and indirect categories, which are presented in Table 2. The main direct
benefits identified by the authors were habitat creation, species diversity, and connectivity.
The indirect benefits were less clear, but some studies mentioned stormwater management,
heat island mitigation, and air quality improvement. The few papers that studied the
benefits of green walls to biodiversity highlighted the direct benefits of habitat creation and
species diversity.
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Table 2. Summary of the main direct and indirect contributions of green roofs and green walls for
arthropods, bats, and birds mentioned in the 75 analyzed papers.

Benefits of Green Roofs/Walls Contributions

Bi
od

iv
er

si
ty

D
ir

ec
t

Habitat Creation:

• Create new habitats for a variety of plant and animal species.
• Provide nesting sites, food sources, and shelter for insects, birds, and small

mammals.
• Vegetation helps to support a diverse range of organisms, including pollinators and

other beneficial insects.

Species Diversity:
• Increase species diversity in urban environments.
• Attract a broader range of wildlife by introducing native plant species.

Connectivity:
• Can serve as ecological corridors, allowing wildlife to move between fragmented

habitats in urban areas.
• Facilitate the dispersal of seeds, insects, and small animals.

In
di

re
ct

Stormwater Management:
• Can absorb and retain rainwater, reducing the amount of runoff that carries

pollutants into waterways.
• Help maintain water quality and support aquatic biodiversity in urban areas.

Heat Island Mitigation:

• Mitigate the urban heat island effect by reducing the temperature of buildings and
surrounding areas.

• Create more favorable conditions for plant and animal species, particularly those
sensitive to heat stress.

Air Quality Improvement:
• Help improve air quality by trapping and filtering pollutants, such as particulate

matter and airborne toxins, benefiting both human and urban ecosystem health.

4. Discussion

This systematic review provides an overview of the published scientific information
on green roofs/green walls and the three main taxonomic groups with the ability to
disperse and inhabit these new habitats (arthropods, bats, and birds), and a comprehensive
understanding of the impact of these green infrastructures on urban biodiversity.

From the bibliographic research, one can identify a significant increase in publications
in 2022, which may indicate a growing interest in the importance of these infrastructures
for biodiversity. Typically, biodiversity and other intangible benefits such as well-being or
health improvement were lacking in the studies, especially when compared to other more
technical analysis such as the evaluation of energy performance, water management, or air
quality [14].

Most of the retrieved publications were associated with more developed countries,
primarily located in the Northern Hemisphere, such as in North America and Europe. In
the Southern Hemisphere, Australia and Argentina stood out. This result may indicate the
presence of more GRs/GWs in these countries or a higher level of research interest in this
area. In fact, several municipalities of developed countries worldwide, mainly in Europe
and North America, have defined incentive policies to promote the installation of green
roofs and/or green walls, typically classified into six different categories: tax reductions,
financing, construction permits, sustainability certification, obligations by law, and agile
administrative processes. This option has also contributed to disseminating the use of these
constructive solutions [15].

The papers consulted addressed these subjects by raising various scientific questions,
employing different methodologies, and arriving at different conclusions regarding the
identified benefits of green roofs and walls. These will be summarized and reviewed in the
following sections of the Discussion.

4.1. What Are the Main Scientific Questions That Have Been Analyzed in the Connection between
the Taxonomic Groups Selected and Green Roofs/Walls?

From the analysis of the studies present in our review, we found that researchers
have been examining several key scientific questions regarding the relationship between
arthropods, bats, and birds and green roofs/green walls, namely the following:

How does the presence of GRs/GWs impact local biodiversity? Many studies aimed
to understand the effects of these vegetated structures on the abundance, diversity, and
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composition of plant and animal species in urban environments. For example, Deng and
Jim (2017) studied how the spontaneous colonization of plants and bird visits occurred in a
green roof in humid tropical Hong Kong [24], and Eakin et al. (2015) aimed to assess the
potential of green roofs as habitats for birds [25]. Most of the authors identified a positive
effect of these structures on the three taxonomic groups analyzed.

What design and management strategies optimize biodiversity outcomes in GRs/GWs?
Researchers have identified the most effective approaches for selecting plant species, cre-
ating suitable habitats, and implementing maintenance practices to enhance biodiversity
in these structures. Salman and Blaustein (2018) investigated how the choice of planted
species influences the abundance and richness of arthropods on green roofs [26], and Kyrö
et al. (2020) assessed the significance of various biophysical roof characteristics in shaping
arthropod assemblages [27].

How do green walls and roofs contribute to urban connectivity and ecological
corridors? Studies have investigated the potential of these vegetated elements to serve as
steppingstones or linkages for wildlife movement across fragmented urban landscapes. In
fact, the presence of ecological corridors has been identified as one of the key determinants
of urban biodiversity [28], connecting different habitat patches. For example, Braaker et al.
(2017) analyzed how environmental variables, such as connectivity among sites, influenced
species richness and functional diversity and found that green-roof arthropod diversity
increased with greater connectivity and plant species richness, regardless of the substrate
depth, height, and area of the green roofs [29]. Kyrö et al. (2018) enhanced the importance
of connectivity between green roofs and ground-level habitats to maximize their potential
as habitats for beetles [19].

What is the role of green walls and roofs in promoting native species conservation?
Researchers have assessed the capacity of these structures to support indigenous plant
and animal species, including rare or threatened ones, and the potential for restoring local
biodiversity. Tonietto et al. (2011) examined the potential role of urban green roofs in con-
serving native pollinators in the Chicago region, comparing them to reference habitats [30].
Regarding birds, Belcher et al. (2019) investigated the impact of vegetation on different
types of building green spaces on native and introduced bird species of Singapore [31],
making important recommendations for the provision of trees to attract birds.

What are the ecological benefits provided by GRs/GWs? Besides investigating
the habitat provision for wildlife, some studies also focused on the ecosystem services
offered by GRs/GWs, such as their contributions to air quality improvement, temperature
regulation, and stormwater management, because these ecosystem services are directly
related to biodiversity upscaling. This was the case of Partridge and Clark (2018), who
found that green roofs had a higher abundance and richness of birds and arthropods than
conventional roofs during migration and breeding seasons [32].

By addressing these scientific questions, researchers strive to deepen the understand-
ing of the interactions between biodiversity and GRs/GWs, ultimately informing the
development of sustainable and biodiverse urban environments.

4.2. What Methods Have Been Used to Address These Questions, and What Comparisons between
Urban Infrastructures Have Been Made in This Field?

Mainly five methodologies have been employed to address the stated research ques-
tions and to compare biodiversity in different urban infrastructures with biodiversity in
GRs/GWs.

Field Surveys: Researchers used several field surveys to collect data on the species
richness, abundance, and composition of plants and animals through systematic sampling
methods, such as transects or quadrats. In GWs, where access was limited, studies pro-
moted field surveys such as bird observations at a distance and for a defined period of
time [18]. When access was possible, site evaluation surveys using point and transect
counts for birds and butterflies [33] seemed to be efficient, and the use of pitfall traps to
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investigate the impact of local and landscape factors on arthropod communities [19] was
also common.

Experimental Design: Experimental approaches were also used and involved setting
up controlled experiments with replicates to compare the biodiversity outcomes of different
design features, such as plant species composition, substrate depth, or watering regimes.
For example, a green-roof experiment was conducted by Deng and Jim (2017) in a humid
tropical area with the objective of monitoring the spontaneous colonization of plants and
bird visits [24], with positive results both in spontaneous plant species establishment and
the creation of habitats where bird species can find food resources and nesting sites. Stefania
et al. worked on an experimental fruit field in Bucharest, hosting a green wall, in order to
determine the attractiveness of beneficial insects, like pollinators and aphid eaters [34].

Comparative Studies: Several studies made comparisons between different types of
urban infrastructures, including green walls, green roofs, conventional roofs, and other
green spaces, such as parks or gardens. By comparing biodiversity measures, ecosystem
services, and environmental factors among these infrastructures, researchers determined
the specific contributions of GRs/GWs to urban biodiversity. For example, Chiquet et al.
(2013) compared the abundance of birds on 27 green walls with that on 27 bare walls and
similar surroundings, concluding that birds were far more abundant on green walls [18].
Regarding arthropods, Madre et al. (2015), for example, examined the effects of four
different types of building façades on spider and beetle populations in Paris: bare concrete
walls (used as a control), a climbing plant, a felt layer, and a substrate module. They found
a clear influence of the façade type on arthropod assemblages, and the lowest richness
and abundance were identified on bare walls [35]. So, both previous studies mentioned a
positive effect of green walls on biodiversity.

Modeling Approaches: Modeling techniques were used to simulate and predict
the potential impacts of these infrastructures and included species distribution models,
connectivity analysis, and ecosystem service modeling to estimate the ecological benefits
and connectivity potential. Braaker et al. (2017) conducted a study in the city of Zurich,
where they investigated the community composition of arthropods on 40 green roofs
and 40 ground-level green sites. They used generalized linear models to analyze how
environmental variables, such as area, height, vegetation, and connectivity among sites,
influenced species richness and functional diversity [29].

Through these methodologies, researchers can gather empirical data, perform statisti-
cal analyses, and generate evidence-based findings regarding the biodiversity outcomes of
GRs/GWs. By comparing different urban infrastructures, they can also identify the unique
contributions and benefits of these vegetated structures in supporting urban biodiversity
and ecosystem functioning.

4.3. What Were the Main Identified Contributions of Green Roofs and Green Walls to Urban
Biodiversity?

The systematic literature review performed in the present paper undeniably shows that
GRs/GWs provide additional green spaces in densely developed urban areas. Overall, these
areas provide valuable opportunities for enhancing biodiversity in urban environments
since they offer habitats, promote species diversity, facilitate ecological connectivity, and
contribute to various other ecosystem services, as described in Table 2. A summary of some
examples is given below.

Habitat Creation: The implementation of GRs/GWs in urban environments can help
to create new habitats for a variety of plant and animal species, providing nesting sites, food
sources, and shelter for insects, birds, and small mammals. Belcher et al. (2019) showed that
GRs/GWs supported a higher number of bird species and a greater abundance of urban
native birds than control roofs and walls without vegetation. Additionally, they identified
certain building design elements, such as the height and presence of specific plants, that
supported different species groups, suggesting that the different ecological requirements
should be taken into consideration when designing a building’s green space [31]. Partridge
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and Clark (2018) demonstrated that green roofs had significantly more birds than conven-
tional roofs and that they were used as stopover habitats during migration and foraging
habitats in the breeding season. They concluded that implementing green roofs in urban
landscapes can help increase available habitats for birds and partially alleviate the loss
of habitats caused by increasing urbanization [32]. However, in another study, the same
authors surprisingly concluded that bird activity and species richness did not increase after
the installation of the green-roof plots. They assumed that these results may be due to
the relatively small size of the plots or the fact that they were located on buildings within
urban parks. Therefore, they argued that it is important to take into account the size and
characteristics of the landscapes surrounding green roofs, especially within a larger and
potentially higher-quality habitat [36].

Wang et al. (2017) found that both common and rare species of birds and butterflies
exhibited reproductive behaviors in tropical urban roof gardens. Height, area, and plant
selection played important roles in determining their attractiveness to wildlife [33]. Tonietto
et al.’s (2011) work indicated that native bees can be found on green roofs, although their
abundance and diversity are lower compared to reference habitats. The patterns observed
in bee communities were influenced by habitat characteristics at both the site and landscape
scales. For example, bee abundance and richness were positively correlated with larger
proportions of green space in the surrounding landscape, and, at the site scale, bees
benefited from greater plant diversity [30].

Although there are very few studies that analyze the connection between green walls
and biodiversity, Chiquet et al. (2013) presented preliminary findings on the value of green
walls for urban birds. They concluded that birds used green walls for various reasons,
including nesting, food, and shelter, but were not found on bare control walls. Therefore,
encouraging householders and businesses to grow vegetation up walls may provide a range
of resources for birds in urban areas without the need for expensive additional land [18].

Species Diversity: One of the advantages of these green infrastructures is the introduc-
tion of native plant species with consequences of increasing animal species. For example,
Deng and Jim’s (2017) work revealed that extensive green roofs supported the successful
establishment and reproduction of both local common ruderal plant species and common
urban bird species [24]. Kyrö et al. (2020) identified roof height and vegetation as the
primary local drivers of arthropod abundance. They concluded that vegetated roofs of
varying heights and sizes benefit common generalist species but appear to lack rare native
specialist species and may inadvertently introduce non-native species if imported plant
materials are used [27]. In 2022, another work from the same group of researchers found
that roofs and ground sites exhibited similar levels of species richness. However, they dif-
fered in terms of community composition: over time, the roofs gradually developed more
similarities between themselves rather than closely resembling their adjacent ground-level
habitats. The authors observed an increase in species richness over time on both the roofs
and ground-level sites. However, the roofs consistently hosted fewer species compared
to the ground sites, and only a few species were unique to the roofs. Additionally, the
proportion of predators increased on the roofs but not at ground level [37].

Connectivity: Green roofs play an important role in enhancing connectivity between
urban habitats, serving as ecological corridors and facilitating the dispersal of seeds, in-
sects, and small animals. The study by Kyrö et al. (2018) reported an absence of wingless
species, highlighting the importance of enhancing connectivity between green roofs and
ground-level habitats to support a wider range of species and fostering biodiversity in
urban environments [19]. Moreover, Braaker et al.’s (2017) study found that green-roof
arthropod diversity increased with greater connectivity and plant species richness, regard-
less of the substrate depth, height, and area of the green roofs. The study emphasized the
significance of integrating green roofs into urban planning policies that aim to improve
habitat connectivity within urban areas [29].

In conclusion, by introducing vegetated environments into urban environments, these
structures provide additional habitats for a variety of species. Native plants on GRs/GWs
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attract birds and promote insect diversity. Moreover, these areas offer shelter and food
for urban animal species, contributing to habitat connectivity and, therefore, to wildlife
preservation in densely populated areas. As indirect benefits, GRs/GWs, can have a role
in reducing urban heat, improving air quality, and managing stormwater, creating more
favorable conditions for the development of microecosystems and contributing to the
overall health of urban ecosystems.

5. Conclusions

The present work provides a review of the results across existing studies regarding
green roofs and green walls and their importance for three taxonomic groups: arthropods,
bats, and birds. The data evaluation allowed identifying the trend in studies in these
nature-based solutions worldwide and existing research gaps.

Despite the recent increase in the number of publications, there are still some research
gaps, namely the lack of quantitative robust knowledge on green roofs/walls benefits for
urban biodiversity conservation. The results obtained show that green roofs are better
analyzed than green walls. The studies address quite specific groups, and there are not
many works that provide very comprehensive evidence of the advantages for biodiver-
sity of these types of infrastructures. Future research simultaneously investigating the
effects of green roofs and green walls on different taxa will be of paramount importance.
Studies of this nature can reveal effects and patterns that are only apparent through multi-
species analyses, particularly concerning the community as a whole, ultimately leading
to more comprehensive recommendations concerning the installation, management, and
maintenance of these infrastructures.

Another important missing issue is evaluations regarding long-term studies. Ani-
mal communities may need time to establish themselves in the new habitats created by
GRs/GWs, so more years after implementation may be needed to understand their impacts
on biodiversity. Cover area and spatial heterogeneity are known to be among the main
factors influencing species richness in urban green areas [28,38]. Comparisons of GRs/GWs
not only with other urban infrastructures but between GRs/GWs with different sizes and
structural complexity would also be important to address future recommendations.

Future research should be more interdisciplinary. For example, citizen science can
be used as a complementary approach since it can have the advantage of allowing the
collection of biodiversity data at scales that professional science alone would be unable
to accomplish. Moreover, the emergence of mobile applications and their widespread
utilization have contributed to the engagement of citizens with science, which can be
harnessed to involve citizens in understanding urban biodiversity, as well as valuing the
advantages of implementing green roofs and walls and the importance that these structures
may have in the conservation of biodiversity. The sampling of urban biodiversity using
citizen science has been an increasingly applied methodological approach, and specifically
regarding GRs/GWs, the fact that these can be widely dispersed throughout a city yet very
close to people’s daily lives makes this approach a great monitoring tool. Understanding
which species are present in these green infrastructures in cities, with the help of the
urban population, also makes people more aware of the species and the importance of
their conservation.

Supplementary Materials: The following supporting information can be downloaded at: https://
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