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Abstract

Urban expansion continues to impact natural landscapes and biodiversity, yet cities are implementing measures to mitigate
some of these negative effects. One such measure is the use of vertical greenings, which aim to enhance urban ecosystems
and support biodiversity. Given the limited knowledge of pollinators in these vertical green spaces, we conducted a pilot
study in a Central European city (Vienna, Austria) focusing on butterfly and wild bee species richness and their interac-
tions with foraging plants during the year 2022. In total, we recorded 32 wild bee species and eight butterfly species. Our
results show that vertical greenings with high floral richness (i.e., comprising more than four flowering entomophilous
plant species) supported significantly more wild bee (p=0.005) and butterfly (p=0.002) species compared to vertical
greenings with low floral richness (i.e., comprising two or fewer flowering plant species). The majority of bee-plant
interactions were observed on Nepeta faassenii, Sedum sp., and Parthenocissus quinquefolia, while most butterfly-plant
interactions were observed on Nepeta faassenii. Implications for insect conservation: Our study demonstrates that verti-
cal greenings may serve as valuable nectar and pollen sources in urban environments. However, their effectiveness most
likely depends on floral diversity, which we observed to be, at least partly, influenced by the maintenance practices of
the greenings.
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Introduction

Cities can host a considerably high pollinator richness due to
their structural richness, plant diversity and specific micro-
climate (Fortel et al. 2014; Llodra-Llabrés and Carifianos
2022). However, urban areas also negatively impact biodi-
versity through rapid land use change caused by soil seal-
ing, infrastructure accumulation, and reduced occurrences
of vegetation and air circulation (i.e., Urban Heat Islands;
Ahrné et al. 2009; Banaszak-Cibicka and Zmihorski 2012).
For example, pollinator abundance is positively affected by
intermediate urbanization levels that comprise a mix of built
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up area and green-patches in suburban areas, which can also
reduce thermal stress (Biella et al. 2022). While the average
rate of land consumption in Europe is up to 0.8% per year
(between 2006 and 2012) due to the expansion of cities and
is often related to the conversion of cropland to urban areas
(Salvati et al. 2018), conservation actions have gained atten-
tion to counteract some of the negative consequences of
biodiversity loss (Aronson et al. 2017). Besides community
gardens (Matteson and Langellotto 2010) and green roofs
(Kratschmer et al. 2018; Jacobs et al. 2023), vertical green-
ings are another example of measures intended to improve
habitat quality, which are being implementd by smart, sus-
tainably operating cities. Vertical greenings are essentially
fagades covered with plants where vegetation grows either
directly on the building or on a structure fixed to the build-
ings’ surface (Bustami et al. 2018). They offer energetic
advantages (natural insulation and cooling), positive effects
on greenhouse gas mitigation, and improvements to resi-
dents’ quality of life (e.g., noise reduction; Radi¢ et al. 2019;
Oquendo-Di Cosola et al. 2022).
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In addition, it is assumed that vertical greenings provide
habitat for animals, such as birds and insects (Mayrand and
Clergeau 2018). However, monitoring projects or at least
initial surveys to evaluate the potential of vertical greenings
for local pollinator diversity have rarely been conducted
(Treder et al. 2024). Therefore, we collected data on wild
bee and butterfly species richness and abundance from
selected vertical greenings in Vienna (Austria), a Central
European city. Wild bees are one of the most important pol-
linators providing immense economic and nature conserva-
tion-related benefits (Klein et al. 2007; Ollerton et al. 2011).
Butterflies (Lepidoptera) serve as indicators of disturbances
and environmental changes and are therefore often consid-
ered useful for monitoring habitat quality (Thomas et al.
2004; Brereton et al. 2011). Further, their charismatic, rec-
ognizable appearance makes butterflies ideal flagship spe-
cies for communicating conservation measures and goals
to citizens (Barua et al. 2012). We surveyed urban vertical
greenings with different species richness of entomophilous
plants (floral diversity) to evaluate their association with
pollinator diversity and abundance. Further, we assessed
which plant species serve as important floral resources for
bees and butterflies on vertical greenings to test whether
vertical greening could be useful for supporting pollinator
foraging in urban environments.

Materials and methods

Vertical greenings in Vienna, Austria, were selected based on
preliminary visits in 2021 and evaluated according to acces-
sibility for sampling, location (all sites were located in the
city center for comparability), their floral diversity (species
richness of flowering plants observed in May and July 2021)
and a comparable maintenance state (e.g., manual water-
ing, seasonal pruning, facade greenery systems). Sites were
considered comparable if they were watered manually (not
automanically with watering systems) and pruned season-
ally to maintain plant health and structure. This ensured that
differences in pollinator diversity were not confounded by
significant variations in maintenance practices. The mainte-
nance practices were provided by management facilities or
were based on personal observations. We selected five study
areas that included 18 representative vertical greenings.
One vertical greening had to be excluded as the greening
was covered with a net shortly after our study started. Each
study area comprised at least one vertical greening with a
high species richness of flowering plants (more than four
plant species, V1-V6 vertical greenings; five sites in total)
and at least two vertical greenings with a single plant spe-
cies or two plant species (C1-C11 sites, 12 sites in total ).
Species-rich vertical greenings were located at distances of
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over 1 km from each other and were considered spatially
independent as the mean activity range of bees is between
100 and 800 m (e.g., Gathman and Tscharntke 2002).

Vertical greenings with two or fewer plant species (C1-
C11) were visited when the respective flowering plants were
in bloom, e.g., Hedera helix blooming in September; Wis-
teria sinensis blooming in June. Fieldwork was conducted
during four sampling periods in 2022 from April until Sep-
tember on sunny, dry days (preferably cloud-free), with
temperatures above 15 °C and minimal wind. In some areas,
sampling was done through windows (V1) or balconies (V2,
V3). Furthermore, wild bees were not sampled in study area
five (V6, C10, C11) because access to conduct hand netting
was not possible (Fig 1).

The sampling duration was standardized depending on
the size of the greening: Wild bees and butterflies were
monitored for 10 min for every 25 m? of vertical green-
ing resulting in sampling durations ranging from 10 min
to a maximum of 60 min per vertical greening site (Suppl.
Information 1). This approach can be seen as a modifica-
tion of a standard transect walk where sampling time and
sampled area are the same across all vertical greenings, a
method frequently used in pollinator studies and recom-
mended by the EU Pollinator Monitoring Scheme (Potts
et al. 2020). Butterflies were spotted using binoculars and
were immediately identified in the field to species level fol-
lowing the nomenclature by Swaay et al. (2010). Most wild
bees were sampled by hand netting with a telescopic pole,
euthanized using ethyl acetat and taken to the laboratory
to identify them to species level after labeling and pinning
(Scheuchl 1995; Schmid-Egger and Scheuchl 1997; Amiet
2001; Amiet et al. 2004). Wild bee nomenclature followed
Scheuchl and Willner (2016). Some particular wild bee spe-
cies were immediately identified in the field also to species
level: Bombus sp., Anthophora plumipes (Pallas, 1772),
Osmia cornuta (Latreille, 1805), Osmia bicornis (L.,1758).
Abundance at each vertical greening was documented and
classified into categories: individual counts of up to 5 indi-
viduals, 5-10 individuals, >10 individuals, and >20 indi-
viduals. For analyses we used the most conservative count
of each category (e.g., 5 individuals, 10 individuals, 20
individuals). We identified Apis mellifera (L.,1758) at the
vertical greenings and excluded observations of this spe-
cies from the wild bee data set. In addition, the taxonomic
names and the total number of plant species were recorded
for each vertical greening (Suppl. Information 1) and polli-
nator-plant interactions (i.e., when the animal was observed
collecting pollen or nectar) were documented.

Statistical analyses were computed using RStudio (R
Core Team 2021). The rank abundance distribution analysis
(RADanalyses) was computed with the package ‘RADan-
alysis’ (Saeedghalati et al. 2016), to examine the evenness
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Fig. 1 The five study areas consisted of vertical greenings charac-
terized by a high entomophilous plant species richness (at least four
plant species; V1-V6) and sites with fewer plant species (two or fewer

of species within the sampled assemblage (Sacedghalati et
al. 2016). Boxplots comparing species richness between
vertical greening types with high (V1-V6 sites) and low
(CI-CI11 sites) plant species richness and network plots
assessing important foraging plant species were generated
with the package ‘bipartite’ (Dormann et al. 2008). Data
management was performed with the package ‘tidyverse’
(Wickham et al. 2019). Differences in wild bee and butterfly
species richness between vertical greening types were ana-
lyzed using Wilcoxon rank-sum tests.

Results

Wild bees

In total, 558 individuals from 32 wild bee species belong-
ing to 12 genera were recorded, representing approximately

study area 1

@ vertical greening with diverse plant species (V1, V2)

@ vertical greening with less plant species (C1, C2, C3)
study area 2

@ vertical greening with diverse plant species (V3)

© vertical greening with less plant species (C4, C5, C6)
study area 3

@ vertical greening with diverse plant species (V4)

® vertical greening with less plant species (C7a, C7b, C8)
study area 4

@ vertical greening with less plant species (C9)

study area 5
@ vertical greening with diverse plant species (V6)

@ vertical greening with less plant species (C10, C11)

05 1 Kilometer
———t——

entomophilous plant species; C1-C11) within 1 km radius distributed
in central Vienna (Austria, Central Europe; map: ArcGIS Desktop V.
10.8.1; https://maps.wien.gv.at/basemap)

7% of the wild bee species documented in Vienna (Zettel
et al. 2022; Suppl. Information 2a). The RADanalysis
showed that the most abundant species were Lasioglos-
sum pauxillum (Schenck, 1853), Colletes hederae (Schmidt
& Westrich, 1993) and Halictus subauratus (Rossi, 1792;
Fig. 2a). The wild bee species richness differed significantly
(Wilcoxon rank -sum test: W=0; p=0.005) between vertical
greening with <2 flowering plant species and vertical green-
ings with >4 plant species (Fig. 2b).

Eleven species (34%), such as H. subauratus and
Lasioglossum politum (Schenk, 1853), were primitive
eusocial species, while 19 species (59%) were solitary. A
single parasitic bee species (Coelioxys elongata (Lepeletier,
1841)) was documented on the studied vertical greenings.
The majority, comprising 19 species (60%), nested below
ground in burrows, 10 species (28%) were above-ground
cavity nesters including Xylocopa violacea, which utilizes
dead-wood for nesting. No nesting activity was discovered.
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Fig.2 (a) The RADanalysis (a)
shows that 8 wild bee species

(b)
*0.005

(25%) were represented with
>20 individuals, 2 species (6%) 7
with >10 individuals, 6 species
(19%) with 5-10 individuals
and another 16 species (50%) ®__
with 1-5 individuals. (b) The
Wilcoxon rank-sum test between
vertical greenings with more than
four plant species (V1-V4 sites)
and one or two plant species
(C1-C9 sites) was significant for
wild bee species richness (V1-4:
mean: 13.75+8.62 SE; C1-9:
2.7+1.70 SE; p=0.005)

wild bee abundance
>
|

25

20

10

wild bee species richness
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In total, 28 species (88%) exhibited a polylectic pollen-
collecting behavior, while only three oligolectic species (C.
hederae, Colletes succinctus (L.,1758), Hylaeus signatus
(Panzer,1798)) were documented. The most frequently vis-
ited plant species by bees were Nepeta faassenii, Sedum sp.
and Parthenocissus quinquefolia (Fig. 3). Colletes hederae
was collected in high abundance (>20 individuals) of both
sexes at the main pollen source Hedera helix at several sites
in September. For C. succinctus and H. signatus, a single
male was collected during nectar feeding.

Butterflies

In total, 48 individuals from eight butterfly species and three
genera were recorded, which corresponds to 6% of the 137
butterfly species documented in Vienna (Hottinger et al.
2003; Suppl. Information 3b). As with wild bees, butterfly
species richness also differed significantly (Wilcoxon rank-
sum test: W=3; p=0.002, Fig. 4b) between vertical green-
ings with <2 flowering plant species and vertical greenings
comprising>4 plant species. The most abundant species
was Pieris rapae (L.,1758) followed by Vanessa atalanta
(L.,1758) and Pieris brassicae (L.,1758; Fig. 4a). Seven
species are categorized as Least Concern (LC) in the Red
List of Butterflies in Austria (Hottinger and Pennerstorfer,
2005) and Vienna’s Red List (Héttinger et al., 2013), includ-
ing Celastrina argiolus (L., 1758), Polygonia c-album (L.,
1758), Vanessa atalanta, Gonepteryx rhamni (L., 1758),
Pieris brassicae, Pieris napi (L., 1758), and Pieris rapae.
One species, Vanessa cardui (L., 1758), is classified as Not
Evaluated (NE).

We documented the highest species richness for one
south-exposed vertical greening (V6), with six documented
species and 15 individuals. Two species (Gonepteryx
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rhamni, Pieris napi) were observed exclusively at this site.
Vertical greening V1, with 21 individuals from five species,
had the highest butterfly abundance, where most nectar-
sucking individuals were registered on the south-exposed
side of the building.

Discussion

The present study provides valuable insights into flower-
rich vertical greenings, which can increase pollinator spe-
cies richness and abundance in urban areas by providing
pollen and nectar resources. Although direct comparisons
are hampered by different study designs, the total species
richness of this study is relatively low compared with the
results from other local studies (32 wild bee species; no
comparable data for butterflies are available), such as green
roofs (90 bee species; Kratschmer et al. 2018) or urban
gardening projects (113 bee species; Lanner et al. 2020).
Vertical greenings appeared to be relatively species-poor
in wild bee richness. A likely explanation for these dif-
ferences is that entomophilous plant species richness and
nesting opportunities were considerably higher on the
green roofs and in urban gardens. The high proportion of
ground-nesting bee species on vertical greenings combined
with the absence of observed nesting activity indicates that
suitable nesting habitats may have been close to the study
sites (Tonietto et al. 2011). Isolation due to low connectivity
between habitats can negatively affect highly mobile insect
diversity and abundance (Braaker et al. 2014). For example,
green roofs located close to public gardens supported more
insect species compared to more isolated green roofs (Hus-
sain et al. 2023). In addition, low maintenance frequency
(for example, mosaic mowing) of lawns or green roofs in
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Fig. 3 Most bee-plant interactions on vertical greenings were recorded on Nepeta faassenii, Sedum sp., and Parthenocissus quinquefolia

general positively affected pollinator diversity (Rada et al.

2024; Kratschmer et al. 2018).

However, our findings are preliminary results as we did
not include any landscape characteristics into the planning

of the study design.This limits the interpretation of our find-
ings, as does the coverage of a single season, which also
affected the results and conclusions due to e.g., annual vari-
ations of weather conditions influencing insect populations

@ Springer
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Geranium sp.

Nepeta faassenii

Fig.4 (a) The RADanalysis plot on the left shows that P. rapae was the
most abundant species observed on vertical greenings, with 28 indi-
viduals followed by Vanessa atalanta, Pieris brassicae and Celastrina
argiolus. Species with only one individual documented are listed in
Suppl. Information 2b (b) We found significantly (p=0.002; Wilcoxon

between years (Papanikolaou et al. 2017). Further investi-
gations are necessary, also considering landscape variables
(e.g., community gardens, parks, distance to the city center,
etc.) to obtain a more comprehensive picture of the ecologi-
cal value of vertical greens for pollinators.

Based on our preliminary findings, we carefully con-
clude that the benefits for the local pollinator biodiversity
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Pieris napi

Pieris rapae

Vanessa atalanta

rank-sum test) more species at plant-diverse vertical greenings (V1-
V6 sites, mean: 2.75+2.06 SE) compared to vertical greenings with
few plant species (C1-Cl11 sites, mean 0.3+£0.48 SE). (¢) Most plant-
butterfly interactions were recorded on Nepeta faassenii

on vertical greenings depend on several factors: (1) Verti-
cal greenings with a rich plant diversity provide foraging
resources for a variety of bee and butterfly species. Even
though we did not observe any nesting activity during our
survey period, structures already implemented (e.g., artifi-
cial nesting aids made of dead wood) in vertical greening
systems and specific vegetation material (e.g., stems from
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raspberries) may provide valuable nesting habitat mainly
for above-ground nesting species, such as masked bees
(Hylaeus sp.). (2) Another important factor is the mainte-
nance of vertical greenings. We qualitatively observed that
vertical greenings with a well-maintained state (frequent
watering, extensive pruning) appeared to have higher spe-
cies richness and species exhibiting more divers ecological
traits (e.g., V1, V3). In contrast, we observed fewer species
at vertical greenings with a poorly maintained state (V2).
(3) Inflorescences providing foraging resources throughout
the vegetation period, from April until September, support
a variety of different pollinator species. We qualitatively
observed this pattern on vertical greenings: Across the ver-
tical greenings with high floral diversity, we observed an
expected peak of flowering plants during June, and an over-
all stable supply of nectar-providing plants until early Sep-
tember. We documented most plant-pollinator interactions
with Nepeta faassenii and Sedum sp. — both plants having an
exceptionally long flowering period. (4) Lastly, we recom-
mend establishing plant species, which are attractive forag-
ing resources for pollinators but also aesthetically pleasing
for humans living with vertical greens (Ranalli et al. 2025).
Plants, such as lavender or raspberry, may reduce conflict
potential between residents and conservationists (personal
observation from vertical greening V2) and may motivate
residents to keep the vertical greening in a well-maintained
state.

Supplementary Information The online  version contains
supplementary material available at https://doi.org/10.1007/s10841-0
25-00695-3.

Acknowledgements We wish to thank Josef Mikocki, and our col-
lagues Christina Rupprecht, Birbel Pachinger for the support in
designing the study. Further we thank the facility managements for
giving us access to the green walls and all the owners of the properties
for allowing us to collect data.

Author contributions Study conception, fieldwork and species identi-
fication were perfomed by JL and EH. Analysis were conducted by JL
and SK. The first draft of the manuscript was written by JL and SK. All
authors commented and approved the final manuscript.

Funding Open access funding provided by Paris Lodron University of
Salzburg. Financial support was granted to JL and EH by the city of
Vienna — Department for Nature Conseration (MA 22).

Data availability All data generated or analysed during this study are
included in this published article.

Code availability Not applicable.

Declarations

Ethical approval No approval of research ethics committees was re-
quired to accomplish the goals of this study because experimental
work was conducted with an unregulated invertebrate species.

Consent to participate Not applicable.
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Ahrné K, Bengtsson J, Elmqvist T (2009) Bumble bees (Bombus spp)
along a gradient of increasing urbanization. PLoS ONE 4:e5574.
https://doi.org/10.1371/journal.pone.0005574

Amiet F (ed) (2001) Apidae. 3: Halictus, Lasioglossum. Schweizeri-
sche Entomologische Gesellschaft, Neuchatel, Centre suisse de
cartographie de la faune

Amiet F, Herrmann M, Miiller A, Neumeyer R (2004) Apidae. 4:
Anthidium, Chelostoma, Coelioxys, Dioxys, Heriades, Lithurgus,
Megachile, Osmia, Stelis. Neuchatel

Aronson M, Lepczyk C, Evans K et al (2017) Biodiversity in the city:
key challenges for urban green space management. Front Ecol
Environ 15. https://doi.org/10.1002/fee.1480

Banaszak-Cibicka W, Zmihorski M (2012) Wild bees along an urban
gradient: winners and losers. J Insect Conserv 16:331-343. https:
//doi.org/10.1007/s10841-011-9419-2

Barua M, Gurdak DJ, Ahmed RA, Tamuly J (2012) Selecting flagships
for invertebrate conservation. Biodivers Conserv 21:1457-1476.
https://doi.org/10.1007/s10531-012-0257-7

Biella P, Tommasi N, Guzzetti L et al (2022) City climate and land-
scape structure shape pollinators, nectar and transported pollen
along a gradient of urbanization. J Appl Ecol 59:1586—1595. http
s://doi.org/10.1111/1365-2664.14168

Braaker S, Ghazoul J, Obrist MK, Moretti M (2014) Habitat connec-
tivity shapes urban arthropod communities: the key role of green
roofs. Ecology 95:1010—1021. https://doi.org/10.1890/13-0705.1

Brereton T, Roy DB, Middlebrook I et al (2011) The development of
butterfly indicators in the united Kingdom and assessments in
2010. J Insect Conserv 15:139-151. https://doi.org/10.1007/s10
841-010-9333-z

Bustami RA, Belusko M, Ward J, Beecham S (2018) Vertical greenery
systems: A systematic review of research trends. Build Environ
146:226-237. https://doi.org/10.1016/j.buildenv.2018.09.045

Dormann CF, Gruber B, Fruend J (2008) Introducing the bipartite
package: analysing ecological networks. R News 8/2:8—11

Fortel L, Henry M, Guilbaud L et al (2014) Decreasing abundance,
increasing diversity and changing structure of the wild bee com-
munity (Hymenoptera: Anthophila) along an urbanization gradi-
ent. PLoS ONE 9:e104679. https://doi.org/10.1371/journal.pone
.0104679

Gathmann A, Tscharntke T (2002) Foraging ranges of solitary bees. J
Anim Ecol 7:757-764

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0005574
https://doi.org/10.1371/journal.pone.0005574
https://doi.org/10.1002/fee.1480
https://doi.org/10.1007/s10841-011-9419-2
https://doi.org/10.1007/s10841-011-9419-2
https://doi.org/10.1007/s10531-012-0257-7
https://doi.org/10.1007/s10531-012-0257-7
https://doi.org/10.1111/1365-2664.14168
https://doi.org/10.1111/1365-2664.14168
https://doi.org/10.1890/13-0705.1
https://doi.org/10.1007/s10841-010-9333-z
https://doi.org/10.1007/s10841-010-9333-z
https://doi.org/10.1016/j.buildenv.2018.09.045
https://doi.org/10.1371/journal.pone.0104679
https://doi.org/10.1371/journal.pone.0104679
https://doi.org/10.1007/s10841-025-00695-3
https://doi.org/10.1007/s10841-025-00695-3

76 Page 8of 8

Journal of Insect Conservation (2025) 29:76

Hottinger H, Pendl M, Wiemers M, Pospisil A (2003) Insekten in Wien
- Tagfalter. Insekten in Wien. Osterreichische Gesellschaft fiir
Entomofaunistik, Wien, p 349

Jacobs J, Beenaerts N, Artois T (2023) Green roofs and pollinators,
useful green spots for some wild bee species (Hymenoptera:
Anthophila), but not so much for hoverflies (Diptera: Syrphidae).
Sci Rep 13:1449. https://doi.org/10.1038/s41598-023-28698-7

Klein A-M, Vaissiére BE, Cane JH et al (2007) Importance of pollina-
tors in changing landscapes for world crops. Proceedings of the
Royal Society B: Biological Sciences 274:303-313. https://doi.or
2/10.1098/rspb.2006.3721

Kratschmer S, Kriechbaum M, Pachinger B (2018) Buzzing on top:
linking wild bee diversity, abundance and traits with green roof
qualities. Urban Ecosyst 21:429-446. https://doi.org/10.1007/s11
252-017-0726-6

Lanner J, Kratschmer S, Petrovi¢ B et al (2020) City dwelling wild
bees: how communal gardens promote species richness. Urban
Ecosyst 23:271-288. https://doi.org/10.1007/s11252-019-0090
2-5

Llodra-Llabrés J, Carifianos P (2022) Enhancing pollination ecosys-
tem service in urban green areas: an opportunity for the conserva-
tion of pollinators. Urban Forestry Urban Green 74:127621. https
://doi.org/10.1016/j.ufug.2022.127621

Matteson KC, Langellotto GA (2010) Determinates of inner City but-
terfly and bee species richness. Urban Ecosyst 13:333-347. https
://doi.org/10.1007/s11252-010-0122-y

Mayrand F, Clergeau P (2018) Green roofs and green walls for biodi-
versity conservation: A contribution to urban connectivity? Sus-
tainability 10:985. https://doi.org/10.3390/sul10040985

Ollerton J, Winfree R, Tarrant S (2011) How many flowering plants are
pollinated by animals? Oikos 120:321-326. https://doi.org/10.111
1/j.1600-0706.2010.18644.x

Oquendo-Di Cosola V, Olivieri F, Ruiz-Garcia L (2022) A systematic
review of the impact of green walls on urban comfort: tempera-
ture reduction and noise Attenuation. Renew Sustain Energy Rev
162:112463. https://doi.org/10.1016/j.rser.2022.112463

Potts S, Dauber J, Hochkirch A et al (2020) Proposal for an EU pol-
linator monitoring scheme. Publications Office of the European
Union, LU

R Core Team (2021) RStudio: Integrated Development for R

Rada P, Bogusch P, Rom J, Horak J (2024) Adding a mosaic mowing
regime to urban lawns is the key to City biodiversity management
for pollinators. Urban Forestry Urban Green 99:128452. https://d
oi.org/10.1016/j.ufug.2024.128452

Radi¢ M, Brkovi¢ Dodig M, Auer T (2019) Green facades and living
Walls—A review Establishing the classification of construction

@ Springer

types and mapping the benefits. Sustainability 11:4579. https://do
i.org/10.3390/sul1174579

Ranalli R, Borghesan S, Labra M, Biella P (2025) From cities to ref-
uges for pollinators: urban practices for enhancing pollinator
habitats in changing landscapes. J Appl Ecol 1-8. https://doi.org/
10.1111/1365-2664.70005

Saeedghalati M, Farahpour F, Hoffmann D (2016) RADanalysis: Nor-
malization and study of rank abundance distributions

Salvati L, Zambon I, Chelli FM, Serra P (2018) Do Spatial patterns
of urbanization and land consumption reflect different socioeco-
nomic contexts in europe?? Sci Total Environ 625:722-730. http
s://doi.org/10.1016/j.scitotenv.2017.12.341

Scheuchl E (1995) Illustrierte bestimmungstabellen der Wildbienen
Deutschlands und Osterreichs. Band 1: Anthophoridae. Eigen,
Velden

Scheuchl E, Willner W (2016) Taschenlexikon der Wildbienen mit-
teleuropas: Alle Arten Im portrit. Quelle & Meyer, Wiebelsheim

Schmid-Egger C, Scheuchl E (1997) Illustrierte bestimmungstabellen
der Wildbienen Deutschlands und Osterreichs, vol 3. Andrenidae.
Eigen, Velden

Thomas JA, Telfer MG, Roy DB et al (2004) Comparative losses of
British butterflies, birds, and plants and the global extinction cri-
sis. Science 303:1879-1881. https://doi.org/10.1126/science.109
5046

Tonietto R, Fant J, Ascher J et al (2011) A comparison of bee commu-
nities of Chicago green roofs, parks and prairies. Landsc Urban
Plann 103:102—108. https://doi.org/10.1016/j.1andurbplan.2011.0
7.004

Treder M, Joedecke V, Schweikert K et al (2024) Vertical greening
systems serve as effective means to promote pollinators: experi-
mental comparison of vertical and horizontal plantings. Landsc
Urban Plann 243:104951. https://doi.org/10.1016/j.landurbplan.
2023.104951

van Swaay C, Cuttelod A, Collins S et al (2010) European red list of
butterflies. Conservation Status and Threats

Wickham H, Averick M, Bryan J, Chang W, McGowan L (2019) Wel-
come to the Tidyverse. Springer-, New York. https://doi.org/10.2
1105/joss.01686

Zettel H, Ockermiiller E, Schoder S et al (2022) Kommentierte liste
der Aus Wien (Osterreich) nachgewiesenen bienenarten (Hyme-
noptera: Apidae). Fassung Z Der Arbeitsgemeinschaft Oster-
reichischer Entomologen 74:71-1262

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.3390/su11174579
https://doi.org/10.3390/su11174579
https://doi.org/10.1111/1365-2664.70005
https://doi.org/10.1111/1365-2664.70005
https://doi.org/10.1016/j.scitotenv.2017.12.341
https://doi.org/10.1016/j.scitotenv.2017.12.341
https://doi.org/10.1126/science.1095046
https://doi.org/10.1126/science.1095046
https://doi.org/10.1016/j.landurbplan.2011.07.004
https://doi.org/10.1016/j.landurbplan.2011.07.004
https://doi.org/10.1016/j.landurbplan.2023.104951
https://doi.org/10.1016/j.landurbplan.2023.104951
https://doi.org/10.21105/joss.01686
https://doi.org/10.21105/joss.01686
https://doi.org/10.1038/s41598-023-28698-7
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1007/s11252-017-0726-6
https://doi.org/10.1007/s11252-017-0726-6
https://doi.org/10.1007/s11252-019-00902-5
https://doi.org/10.1007/s11252-019-00902-5
https://doi.org/10.1016/j.ufug.2022.127621
https://doi.org/10.1016/j.ufug.2022.127621
https://doi.org/10.1007/s11252-010-0122-y
https://doi.org/10.1007/s11252-010-0122-y
https://doi.org/10.3390/su10040985
https://doi.org/10.1111/j.1600-0706.2010.18644.x
https://doi.org/10.1111/j.1600-0706.2010.18644.x
https://doi.org/10.1016/j.rser.2022.112463
https://doi.org/10.1016/j.ufug.2024.128452
https://doi.org/10.1016/j.ufug.2024.128452

	﻿Greens up: vertical greenings to promote urban pollinators – a preliminary study from a Central European City
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Results
	﻿Wild bees
	﻿Butterflies

	﻿Discussion
	﻿References


