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Holistic wild bee management in
urban spaces

Julie A. Weissmann*, Sandra Rader, Rasmus Ritz,
Iris R. M. Walldorf, Juliane Probst, Kristin R. Szydlik and
Hanno Schaefer

Department Life Science Systems, Plant Biodiversity Research, Technical University of Munich, Freising,
Germany

Projects promoting bees in urban areas are initiated in cities around the world
but evidence-based conservation concepts at a city-wide scale are scarce. We
developed a holistic approach for assessment of bee and flowering plant diversity
in a medium-sized city. In addition to standard mapping approaches in bee
hotspots, we initiated citizen science projects for participative urban bee research
to be able to collect comprehensive bee data across the entire city. We identified
22 hotspots of bee diversity, analyzed connectivity between those hotspots and
evaluated the impact of flower patches planted in collaboration with the municipal
gardens department as stepping stones for oligolectic bee species throughout
the city. Participation by urban citizens in bee identification trainings was high (c.
630 persons) but their subsequent contribution through observation reports was
relatively low (1,165 records by 140 observers). However, we identified a total of
139 bee taxa, seven of them only discovered by citizen scientists. Total species
richness was higher in extensively managed orchards than in semi-natural and
wasteland areas. Half of the stepping stone flower patches were occupied by the
target oligolectic bee species in the year of planting. After 3 years, all but two
species could be confirmed. We suggest a 5-step concept for bee management
in cities: (1) identification of bee hotspots combined with standardized surveys,
especially of rare species; (2) training of citizen scientists at two different levels for
comprehensive surveys in all parts of the city: (a) half-day introductions to wild
bee diversity, ecology and conservation in order to create more awareness and (b)
2-weeks workshops for in-depth training of a small number of dedicated citizen
scientists; (3) extensive management of existing habitats and special conservation
programs for very rare species; (4) creation of high-value habitats which take
into account the varied resource needs of bees within flight ranges of only a
few hundred meters; (5) creation of stepping stone habitats as floral and nesting
resources, integrating educative and participative aspects.

KEYWORDS

biodiversity, bee conservation, citizen science, meadow orchard, river dike corridor, urban
ecology, wasteland

1 Introduction

Global insect, pollinator and wild bee declines have received increased research attention
in the last years (Hallmann et al.,, 2017; Powney et al., 2019; Zattara and Aizen, 2021). Habitat
loss and changes in habitat quality were identified as main drivers for this decline (Potts
etal, 2010; Sdnchez-Bayo and Wyckhuys, 2019; Wagner et al., 2021). In light of global urban
expansion (Seto et al., 2012; van Vliet, 2019), understanding the effects of urbanization on
wild bee communities is highly relevant. The growing body of research on the topic indicates
a loss of bee diversity with increased urbanization (Cardoso and Gongalves, 2018). An
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increase of impervious surfaces (Geslin et al., 2016), fragmentation
(Burdine and McCluney, 2019), and parasitism (Theodorou et al.,
2016) have been identified as factors negatively impacting wild
bees in urban environments. At the same time, cities have been
shown to harbor diverse wild bee communities (Baldock, 2020;
Theodorou et al., 2020) and many studies have identified hotspots
and conservation potential in a range of urban habitat types and
structures: community and residential gardens (Baldock et al,
2019; Felderhoft et al, 2022), urban parks (Banaszak-Cibicka
et al., 2018; Daniels et al, 2020), urban grasslands (Buchholz
et al,, 2020), botanical gardens (Hofmann et al., 2018), gravel
pits (Hofmann and Fleischmann, 2020), wastelands (Fischer et al.,
2016; Twerd and Banaszak-Cibicka, 2019; Vereecken et al., 2021),
green roofs (Kratschmer et al., 2018), flower strips (Blackmore
and Goulson, 2014; Hofmann and Renner, 2020; Weweler et al.,
2022), urban trees (Hausmann et al, 2016; Somme et al.,
2016), roadsides, railway and power line corridors, and riparian
corridors (Twerd et al, 2021; Villalta et al., 2021; Zhang et al,,
2022).

The explanation for these seemingly contradictory findings
might be that urbanization favors some functional groups of bees
while others cannot survive in cities, leading to changes in patterns
of functional diversity. There seems to be a general tendency for
urbanization to favor cavity nesting, generalist and smaller sized
species (e.g., Buchholz and Egerer, 2020; Ayers and Rehan, 2021;
Fauviau et al,, 2022). This would mean that although cities can
be important strongholds for a large number of bee species, they
might not be suitable habitats for the more specialized and larger
bee species.

One of the biggest problems in our current biodiversity crisis
is the lack of awareness and the increasing emotional distance
of a large proportion of the urban population to nature and
wild organisms. In order to slow down the loss of species, it is
crucial to raise general awareness and knowledge about insects and
other neglected groups (Wilson et al., 2017; Drossart and Gérard,
2020; Hall and Martins, 2020; Harvey et al., 2020; Wagner et al.,
2021). In our current situation, citizen science projects, originally
implemented mainly for conspicuous and easy to identify taxa
like birds and mammals, could play an important role also in the
conservation of smaller and less popular organisms. A number of
community and citizen science projects for wild bees have been
developed in recent years to carry out species inventories (Wilson
et al., 2020; Flaminio et al., 2021; Vereecken et al., 2021), study bee-
plant interactions (Bloom and Crowder, 2020) and nesting ecology
(Lye et al,, 2012; Graham et al., 2014; Noél et al., 2021). Overall,
evaluation of data quality, educational impact and motivation of
participants revealed that not only data of reasonable quality but
also a strong educational impact can be achieved (Toomey and
Domroese, 2013; van der Wal et al., 2015; Falk et al., 2019; Mason
and Arathi, 2019; Christ et al., 2022). Many of these projects are
carried out in cities, where outreach potential is particularly high.

Even though the current state of research suggests urban
habitats could be important for bee conservation, evidence-
based concepts at a city-wide scale are still rare (but see
www.bienenstadt-braunschweig.de). We developed a holistic
approach for the assessment of bee diversity and distribution
and habitat management in Freising, a medium-sized German
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city. We (1) explored possibilities of a photography-based
survey approach combining systematic specialist surveys with
citizen scientist surveys; (2) analyzed wild bee taxon richness
and community composition in sites representative of different
habitat types and management intensities, and (3) analyzed
connectivity between urban bee hotspots. We hypothesized
that (a) the river dike, a semi-natural dry grassland corridor
traversing the city, is an important connection to more distant
nature reserves and source area for bees colonizing the city.
This should be reflected in a higher species number and more
oligolectic species compared to the rest of the city; (b) the city
center with very few green patches and a high proportion of
impervious surfaces constitutes a colonization barrier between the
southern part of the city (including the river dike) and habitats
in the rest of Freising. This should result in significantly reduced
species numbers in the northern part of the city; (c) stepping
stone flower patches allow oligolectic bees to cross unsuitable
areas of the city and colonize the more isolated patches of
suitable habitat.

2 Materials and methods

The study was carried out in the city of Freising in southern
Bavaria, Germany, which has a total area of c. 89 km? and a
population of about 50 000 inhabitants (www.kreis-freising.de).
The climate is temperate with annual rainfall of 806.21 mm
and temperatures ranging from —14.13°C to +33.46°C (long-
term average based on the values of the years 2012 to 2021,
www.wetter-by.de). For additional information about the city and
its location, see Supplementary Data 1, Supplementary Figures 1, 2.
A total of 521 wild bee species have been recorded in Bavaria, and
c. 300 species in the administrative district of Freising (Bayerisches
Landesamt fiir Umwelt, 2001, 2021). The main semi-natural habitat
types in the city are lawn-dominated public parks, rivers and
smaller streams with lines of trees. Less common but more relevant
for bees are meadow orchards, wastelands and the semi-natural
river dikes.

We first identified the potentially most important habitat
types for wild bees in the city: flower-rich meadow orchards
and wastelands as well as a river dike mostly covered by
dry grassland which traverses the city and forms a semi-
natural corridor connecting Freising and several dry grassland
nature reserves in the region. We performed systematic surveys
of wild bee and flowering plant diversity in these habitats
using standard mapping approaches. To be able to collect
comprehensive bee data across the entire city, we initiated
a citizen science project for participative urban bee research.
Based on the results of the systematic surveys and the citizen
science data, we analyzed the bee communities of each of
the main habitat types as well as the effect of different
management intensities or succession stages on bee diversity. We
analyzed connectivity between wild bee hotspots and evaluated
the impact of flower patches planted as stepping stones for
oligolectic bee species in collaboration with the municipal
gardens department.

frontiersin.org


https://doi.org/10.3389/frsc.2023.1155714
http://www.bienenstadt-braunschweig.de
http://www.kreis-freising.de
http://www.wetter-by.de
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

Weissmann et al.

2.1 Study site

2.1.1 Surveyed habitats

Systematic surveys of wild bees and flowering plants were
performed in 22 sites representative of different management
types or succession stages of the three habitat types “river dikes,”
“meadow orchards” and “wastelands.” The total surface area of
the surveyed river dikes is 16.25 ha (Figure 1, sites D01-D03;
Figures 2A-C) with a total length of 5.6km on both sides of a
4.3km long section of the Isar river. We divided the dike area
in three different patches with regards to the mowing time, the
western section is mown in September, the south-eastern section
is mown in August/September, and the north-eastern section is
mown in July. For the meadow orchard habitat, we surveyed a
total area of 8.14 ha divided between five orchards of 0.8-4.25
ha (Figure 1, sites M01-MO5; Figures 2D-F), each with 50-216
fruit trees of up of ten different species ranging in age between
10 to >50 years. The meadow orchards have been subject to
different management types and intensity ranging from fallow to
grazing, mowing and multiple mulching per season. The total
wasteland area surveyed was 9.37 ha, divided between 14 plots
ranging from 0.09-2.08 ha (Figure 1, sites WO01-W14; Figures 2G—
[). We classified the wastelands into different succession stages
according to the proportion of bare ground, herb layer, shrub
layer and tree layer on each site (see Supplementary Table 1). Bare
ground was most prominent on early succession stage wastelands
but also occurred locally on the extensively managed meadow
orchards (fallow, grazed, and mixed), and on the river dikes. In
each of the studied sites, we mapped all insect-pollinated flowering
plant species in the herb-, shrub, and tree layer. The surveys
took place over the entire season and stopped when the sites had
been mown.

2.1.2 Stepping-stone flower patches

In 2019, we planted in collaboration with the municipal
gardeners ten flower patches as stepping-stones between flower-
rich parts of the city (Figure I, orange dots; Figures 2]-L). In
each patch, we planted a minimum of 30 individuals of a
plant species chosen to provide pollen and nectar for specific
oligolectic bee species: several bellflower species (Campanula
persicifolia, C. rotundifolia, C. rapunculoides, C. trachelium, C.
latifolia var. macrantha, and C. poscharskyana) for the rampion
scissor bee, Chelostoma rapunculi; Hesperis matronalis to attract
the threatened mason bee species Osmia brevicornis; Lysimachia
punctata for the loosestrife oil bees, Macropis europaea and M.
fulvipes; Reseda lutea for the large yellow-face bee, Hylaeus signatus;
Lathyrus latifolius for the leaf cutter bee Megachile ericetorum;
Stachys byzantina to attract the wool carder bee, Anthidium
manicatum; Echium vulgare for the mason bee species Osmia
(Hoplitis) adunca; Lythrum salicaria for the blunthorn bee, Melitta
nigricans; Knautia arvensis for the sand bee Andrena hattorfiana;
and Cichorium intybus for the pantaloon bee, Dasypoda hirtipes.
The accompanying information boards provide photos and a few
interesting details on each plant species and the respective target
bee species.
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2.2 Bee survey

2.2.1 Standardized surveys

Bee records were collected between 2017 and 2021 with most
observations between April and August 2018. Systematic bee
surveys were performed between 9 AM and 6 PM and only
in dry, sunny weather with temperatures over 12°C. Additional
observation time of 1h in September was dedicated to the late
flowering plant species Hedera helix to obtain occurrence data of
the ivy bee, Colletes hederae, which is specialized on the flowers
of ivy, which open in very late summer. Pollen and nectar offering
plants in the herb and shrub layer were systematically observed for
periods of 10-15min to assess the visiting bees. We additionally
identified potential nesting sites to assess the presence of nesting
bees. In the meadow orchards, we dedicated an additional 101 h
and 40 min of systematic observations on the following fruit tree
species: plum (Prunus domestica), cherry plum (Prunus cerasifera),
sweet cherry (Prunus avium), sour cherry (Prunus cerasus), pear
(Pyrus communis, and apple (Malus domestica) (see Weissmann
et al., 2021). Occurrence data for the ten selected oligolectic bee
species was collected on existing and newly established flower
patches throughout the city in 2019 and 2021.

Wild bees were photographed directly in the field or
caught and cooled down on a cold pack to take high-
resolution pictures for later identification (a specific permit
to catch bees had been granted by the local conservation
authorities at the Regierung von Oberbayern). In order to identify
bees to species level from photographs, we developed a field
identification guide (Weissmann and Schaefer, 2022). In this
guide, species that are not distinguishable in the field (e.g.,
Colletes daviesanus, Colletes similis, and Colletes fodiens) are
treated as species groups, a concept we also adopted for our
surveys. For each recorded bee taxon and habitat type, at least
one photograph has been uploaded on the iNaturalist platform,
where we set up a specific project for wild bee observations
in Freising (https://www.inaturalist.org/projects/wildbienen-in-
freising-urban-pollinators-bees-in-freising). On this platform, the
photographs are accessible by everybody and identifications can be
checked and confirmed or updated.

2.2.2 Citizen scientist surveys

For the citizen science project, we set up a project webpage
and directly contacted conservation NGOs, community garden
groups, allotment gardens, beekeeper associations, schools and
kindergartens. We offered public talks and guided walks advertised
on the project website and through local media, as well as through
personal visits in people’s gardens to give an introduction to the
most common bee genera and species, their morphology, behavior,
nesting sites, and host plants, and identification methods. In
2018 and 2019, we offered eleven guided walks, seven talks and
information events, as well as visits to six classes (sixth and eighth
grade) in three schools and two elementary school children’s groups
(Supplementary Table 2). Eleven articles were published in local
media about the project. Citizen scientists contributed observations
through forms on the project website and via the iNaturalist project
page. We did not perform specific surveys of citizen scientists’
motivation or background.
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FIGURE 1

Bayerische Vermessungsverwaltung, 2023 (main map) & Wikimedia (inset)].

Location of Freising in Europe (inset) and distribution of bee rich habitats and stepping-stone flower patches in the city of Freising [basemaps:

2.3 Trait analyses

To characterize and compare the bee communities of the
different parts of the city, we analyzed the following traits: threat
level (Germany and Bavaria), life form, nesting type, nesting
resources, lecty, female body size, preferred host plants (oligolectic
bees), host species (parasitic bees). The trait information was
compiled from Westrich (2018) for life form, nesting type,
nesting resources, lecty, pollen sources of oligolectic species, hosts
of parasitic species. Information on threat level was compiled
from Bayerisches Landesamt fir Umwelt (2021) for Bavaria and
Westrich et al. (2011) for Germany. For species that are not
distinguishable in the field, we chose a conservative approach and
used the trait values of the most common, widespread and least
threatened species in the species group based on Weissmann and
Schaefer (2022) (e.g., Colletes daviesanus as representative of the
species group C. daviesanus, C. similis, C. fodiens). In a few cases,
frequency, distribution and threat level did not differ. Here, we
chose the species based on the alphabetic order (e.g., Lasioglossum
albipes for L. albipes/L. calceatum). To determine female body size,
we calculated the average of the size range given in Dathe et al.
(2016), Weissmann and Schaefer (2022) for Hylaeus, and Martin
(2023) for Bombus (workers), and Psithyrus (queens). For parasitic
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species, we assigned the nesting type of the main host(s) according
to Westrich (2018) (see Supplementary Data 2).

2.4 Statistical analyses

All statistical analyses were performed in R version 4.2.3
(R Core Team, 2023) and the packages vegan v.2.6-4 (Oksanen
et al., 2022), VennDiagram v.1.7.3 (Chen, 2022), tidyverse v. 2.0.0
(Wickham et al., 2019), reshape 2v.1.4.4 (Wickham, 2007) and
patchwork v.1.1.2 (Pedersen, 2022) (see Supplementary Data 6 for
the code for the analyses and the datasets).

2.4.1 Bee taxa richness

For each site, the cumulative wild bee taxa richness and
the flowering plant species richness were summarized from all
observation periods (22 sites, 586 h of total observation time). To
study the effects of the site characteristics “species diversity of
flowering plants;” “habitat type,” and “distance from the river dikes”
on wild bee diversity, we performed a poisson regression model
(function glm). To account for different mapping intensity on each

frontiersin.org
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FIGURE 2

vulgare [(A—C) © RR, (D-F) © IW, (G-I) © SR, (J-L) © JW].

Bee habitats in Freising: (A) river dike mown in September; (B) river dike mown in August/September; (C) river dike mown in July; (D) meadow
orchard fallow; (E) meadow orchard grazed; (F) meadow orchard mulched; (G) wasteland early succession stage; (H) wasteland medium succession
stage; (I) wasteland late succession stage; (J) flower patch with Hesperis matronalis; (K) flower patch with Reseda (utea; (L) flower patch with Echium

site, we included total observation time in hours as offset (Zuur
et al., 2009).

2.4.2 Bee community composition

We compiled the wild bee taxa list for each succession stage
from the fourteen sites of the habitat type “wasteland” to obtain
cumulative wild bee taxa lists for each habitat and management
type (three management types for the habitat type “river dike,
five management types for the habitat type “meadow orchard,
three succession stages for the habitat type “wasteland;” 586h of
total observation time). We applied Non-metric Multi-dimensional
Scaling (NMDS) to assess similarities in wild bee community
composition between habitat type. To test whether there is

Frontiersin Sustainable Cities

a relationship between habitat type and wild bee community
composition, we performed an Analysis of similarities (ANOSIM)
and calculated the Sorensen index IA to evaluate the similarity
between bee communities of the different habitat types with IA =
(2g/(a+b)) * 100 (g = total number of bee taxa occurring in habitat
type A and B; a = total number of bee taxa occurring in habitat type
A; b = total number of bee taxa occurring in habitat type B).

2.4.3 Bee taxa traits

To test whether the number of bee species per trait (sociality,
nesting, lecty) is similarly distributed across all habitat types,
we performed Pearson’s Chi-squared test (function chisq.test).
Because some of the counts were less than five in the sociality
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and lecty tables, we confirmed that Fisher’s Exact Test for
Count Data (function fisher.test) gave similar results. To test
significant differences in the sizes of bee species occurring in
the different habitat types, we performed a Kruskal-Wallis rank
sum test (function Kruskal.test) for each habitat type because the

assumptions for an ANOVA were not met.

3 Results

3.1 Involvement of citizen scientists

Participation by citizen scientists in public talks, guided walks,
and bee identification trainings was high (c. 630 persons, see
Supplementary Table 2) but their subsequent contribution through
observation reports was much lower (c. 1,165 records). A total of
140 observers (excluding the authors) contributed observations to
our iNaturalist project but only six of them contributed more than
thirty observations.

3.2 Bee fauna of Freising

3.2.1 Bee taxa diversity

We identified 139 wild bee taxa in the city of Freising in
586 h of systematic observation plus an unknown amount of time
for the non-standardized citizen scientist observations all over
the city. The most diverse habitats were the meadow orchards
with 98 taxa, followed by wastelands with 80 taxa, and then the
river dikes with 77 taxa (see Figure 3, Supplementary Table 3, and
Supplementary Data 2 for an extended taxon list). The two species
Andrena clarkella and Osmia brevicornis have been reported but the
photographs are not sufficient for unequivocal identification. Seven
bee species have been observed and well-documented by citizen
scientists only but not during the standardized surveys in the city
(Andrena ventralis, Coelioxys afra, Epeoloides coecutiens, Melitta
leporina, Nomada flavopicta, Pseudoanthidium nanum and Rophites
quinquespinosus) plus two remarkable species in the administrative
district of Freising outside the city (Melitta tricincta and Osmia
spinulosa) (see Supplementary Data 3).

The overall bee community of Freising comprises at least 27
genera. The largest genera in the city are Andrena (24 taxa),
Bombus/Psithyrus (18 taxa), Nomada (15 taxa), and Hylaeus (12
taxa). In the mid-range genera, Osmia/Hoplitis (8 taxa) is followed
by Lasioglossum (7 taxa), Megachile (7 taxa), and Halictus (6 taxa).
The remaining genera are only represented by five or fewer taxa.
When compared to the other habitat types, the meadow orchards
have the highest number of taxa of the genera Andrena, Nomada,
Lasioglossum, Osmia, Anthophora, and Chelostoma. The genera
Stelis, Panurgus, Anthidiellum, and Xylocopa were found in meadow
orchards and other parts of the city (e.g., some private gardens)
but not on the river dikes and in the wasteland patches. The river
dikes have the highest richness of the genera Bombus and Sphecodes.
The genus Megachile has the highest richness in wastelands and
the parasitic genus Epeolus was found exclusively in wastelands
(Supplementary Figure 3).
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3.2.2 Bee trait diversity

With 59% of the taxa (82 taxa), the majority of Freising’s bees
is solitary. Much less common are social species (mostly Bombus)
with 13.7% (19 taxa), and 2.2% (3 taxa) of the species have a
communal life form (Figure 4A). No significant differences were
detected across site types by Fisher’s Exact Test for Count Data
(P-value = 0.95).

Regarding the nesting sites, 69.8% nest in the ground (97 taxa),
while 40.3% have their nests above-ground (56 taxa) [for parasitic
species, we assigned the nesting type of the main host(s)]. Some
species are flexible in their nesting behavior and were counted
as above- and below-ground taxon. The majority of the ground-
nesting bees lives in self-excavated tunnel systems in the soil,
usage of pre-existing cavities is relatively rare (Figure 4B). No
significant differences were detected across site types by Pearsons’s
Chi-squared test (P-value = 0.93).

More than half of Freising’s bee taxa are generalists (51.1%, 71
taxa), 23% (32 taxa) are oligolectic bees that rely on the pollen of a
single or few plant species. Parasitic taxa represent 25.2% of the bee
fauna of the city (35 taxa) (Figure 4C). No significant differences
were detected across site types by Fisher’s Exact Test for Count Data
(P-value = 0.97).

The average size of female bees for all taxa recorded in
Freising is 10.9 mm. When comparing the different habitats, there
is no significant difference in body size (Supplementary Figure 4)
(Kruskal-Wallis rank sum test: P-value = 0.57). On the river dike,
however, bees are slightly larger (on average 11.52 mm compared
to 10.98 mm and 10.91 mm on meadow orchards and wastelands).
This difference disappears when the genus Bombus is excluded.

3.2.3 Threat level

Of the bee taxa recorded in Freising, 15 species are listed as
“near threatened” in the Bavarian Red List (Bayerisches Landesamt
fiur Umwelt, 2021), 12 are classified as “threatened,” one species,
Bombus subterraneus from the river dikes, is classified as “highly
threatened” and one species, Rophites quinquespinosus, is classified
as “threatened with extinction.” We found the highest number of
threatened bee species in the meadow orchards (8 near threatened,
5 threatened) and the lowest number of threatened species in the
wastelands (4 near threatened, 4 threatened) (Table 1). In total,
Freising harbors 11.3% of the red list species of Bavaria [categories
V (near threatened), R (extremely rare), G (threat of unknown
extent), 3 (threatened), 2 (highly threatened), 1 (threatened with
extinction)] (Bayerisches Landesamt fiir Umwelt, 2021).

3.3 Bee hotspots

3.3.1 Bee communities in different habitat types
The bee communities of the different habitat types were
similar across all sites. No significant inter-group and intra-group
differences were detected by the ANOSIM (R-value = 0.191,
P-value = 0.1184). Both the ANOSIM (Supplementary Figure 5)
and the results of the Sorensen Index (Supplementary Table 4)
indicate that the highest similarity was found between wastelands
and meadow orchards, the lowest between wastelands and
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FIGURE 3

Some of the bee species observed in Freising: (A) Andrena agilissima on Sinapis arvensis; (B) Andrena hattorfiana on Knautia arvensis; (C) Melitta
haemorrhoidalis on Campanula spec.; (D) Melitta nigricans on Lythrum salicaria; (E) Chelostoma campanularum/distinctum; (F) Megachile ericetorum
on Lathyrus latifolius; (G) Dasypoda hirtipes on Cichorium intybus; (H) Colletes hederae on Hedera helix; () Megachile nigriventris on Baptisia
australis; (J) Megachile pilidens; (K) Eucera nigrescens on Lathyrus pratensis; (L) Anthophora furcata on Nepeta grandiflora; (M) Halictus subauratus
on Ranunculus spec.; (N) Anthidium punctatum on Lotus corniculatus; (O) Osmia caerulescens on Onobrychis viciifolia; (P) Anthidium oblongatum
on Lotus corniculatus; (Q) Hylaeus nigritus on Leucanthemum vulgare; (R) Stelis punctulatissima on Calamintha nepeta; (S) Bombus subterraneus;
(T) Bombus humilis on Calamintha nepeta; (U) Nomada sexfasciata; (V) Coelioxys cf. inermis; (W) Anthidium manicatum on Stachys byzantina; (X)
Megachile cf. pilidens; (Y) Osmia leucomelana nesting in Rubus sect. Rubus [(B, N, V) © IW, (J) © SR, (S) © RR, (A, C-I, K-M, O-R, T, U, W-Y) © JW].

river dikes. According to the NMDS (Supplementary Figure 6),
wasteland late succession stage, meadow orchard mowed and
meadow orchard mixed were the sites most distinct in their
composition from all other sites while all river dikes, the meadow
orchards fallow, mixed and grazed, as well as the wasteland sites of
early and mid-succession stages, respectively, were similar in wild
bee community composition.

Twenty taxa were recorded only in the meadow orchards
(Figure 5): six of those taxa are on the red list for Bavaria
[Andrena hattorfiana (3), Osmia cf. niveata (3), Panurgus
calcaratus (V), Anthophora furcata (V), Andrena lathyri (V),
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Stelis minima (data deficient)]; six are oligolectic (Andrena
hattorfiana, A. proxima, Colletes hederae, Osmia cf. niveata,
Panurgus calcaratus, and Andrena lathyri) and Osmia cornuta is a
typical pollinator of fruit trees flowering early in the season; three
have specific nesting requirements [Anthidiellum strigatum (builds
nests attached to rocks and walls; resin), Anthophora furcata,
Xylocopa violacea (rotten wood)]; seven are parasitic (Nomada
fucata, Nomada lathburiana, Nomada signata, Stelis cf. ornatula,
S. minima, S. punctulatissima, and S. cf. breviuscula) and three
are unspecific (Halictus cf. eurygnathus, Lasioglossum zonulum, and
Hylaeus difformis).
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Eleven taxa were unique to the wastelands (Figure 5): two of
those taxa are on the red list for Bavaria [Anthophora aestivalis (3),
Halictus sexcinctus (V)], two are oligolectic (Andrena cf. praecox,
Megachile lapponica), one has specific nesting requirements (Osmia
aurulenta nests in empty snail shells); five are parasitic (Epeolus
variegatus, Nomada fulvicornis, Nomada striata, Nomada cf.
sheppardana, and Nomada fabriciana) and one is unspecific
(Andrena nigroaenea).

Nine taxa were unique to the river dikes (Figure 5): five of
those taxa are on the red list for Bavaria [Bombus subterraneus
(2), Bombus ruderarius (3), Coelioxys aurolimbatus (3), Coelioxys
rufescens (3), Hylaeus variegatus (V)]; two are oligolectic
(Hylaeus signatus, Andrena vaga); three are parasitic (Coelioxys
aurolimbatus, Coelioxys rufescens, and Sphecodes monilicornis) and
one is unspecific (Colletes cunicularius).

Sixteen taxa were recorded outside the hotspot habitats: eight
of those are on the red list for Bavaria [Rophites quinquespinosus
(1), Pseudoanthidium nanum (2), Anthophora quadrimaculata (3),
Dasypoda hirtipes (3), Melecta albifrons (V), Melitta leporina (V),
Melitta nigricans (V), Nomada sexfasciata (V)]; seven are oligolectic
(Andrena ventralis, Pseudoanthidium nanum, Dasypoda hirtipes,
Melitta leporina, Melitta nigricans, Melitta haemorrhoidalis, and
Rophites quinquespinosus); five have specific nesting requirements
(Pseudoanthidium nanum requires pre-existing cavities and plant
hair, Anthophora quadrimaculata requires vertical walls, Dasypoda
hirtipes requires sandy soil, Megachile nigriventris requires dead
wood and leaf cuttings, Megachile cf. pilidens requires leaf cuttings);
five are parasitic (Coelioxys afra, Epeoloides coecutiens, Melecta
albifrons, Nomada sexfasciata, and Nomada flavopicta); one is
unspecific (Andrena tibialis), two were found on the flower
patches and not on the study sites (Melitta nigricans and Melitta
haemorrhoidalis); seven were solely recorded by citizen scientists
(Andrena ventralis, Melitta leporina, Pseudoanthidium nanum,
Coelioxys afra, Epeoloides coecutiens, Nomada flavopicta, and
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Rophites quinquespinosus). Two additional species were found
outside of the city in the surroundings of Freising: Melitta tricincta
[threatened, oligolectic on Odontites (Orobanchaceae)], Osmia
spinulosa (near threatened, oligolectic on Asteraceae, nests in
empty snail shells) (see Supplementary Data 3).

3.3.2 Influence of management-intensity and
succession stage on bee taxon richness

Within a particular habitat type, bee taxon richness differed
depending on succession stage or management type. The highest
number of bee taxa occurred in fallow and grazed meadow
orchards (67 and 68 bee taxa respectively), the river dike area
with the latest mowing date (62 bee taxa), and in the wastelands
of early succession stage (57 bee taxa) (Supplementary Data 2,
Supplementary Table 5). This pattern is mirrored in flowering plant
diversity, which was highest in fallow and grazed meadow orchards
(85 and 82 species respectively), in the wastelands in early and
mid-succession stage (137 and 122 species respectively—these
are the cumulative species numbers of all wasteland sites with
the respective succession stage) and on the river dike sections
mown in September and August (117 and 114 species respectively)
(Supplementary Data 4, Supplementary Table 5). In our poisson
model, the number of flowering plant species on a site had a
positive impact on wild bee taxa richness on site for our dataset
(estimate: 1.358e-03), but the result cannot be generalized (P-value
= 0.48636). According to the model, assuming a set observation
time and a set number of plant species on site, one would expect
on average 1.5 times more bee taxa on a wasteland site compared
to a meadow orchard site (estimate: 3.946e-01, P-value = 9.98e-05
) and on average 0.6 times as many bee taxa on a river dike site
compared to a meadow orchard site (estimate: —4.420e-01, P-value
=0.00293 **) (Supplementary Table 6).
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TABLE 1 Threatened and near threatened species found in Freising, according to the Bavarian Red List (Bayerisches Landesamt fir Umwelt, 2021).

River dikes Meadow orchards Wastelands Freising
Near threatened (V)
Andrena viridescens 1 1 1
Andrena lathyri 1 1
Anthidiellum strigatum 1 1
Anthophora furcata 1 1
Bombus sylvarum 1 1 1 1
Bombus soroeensis 1 1 1
Eucera longicornis 1
Eucera nigrescens 1 1
Eucera longicornis/E. nigrescens 1 1 -
Halictus sexcinctus 1 1
Hylaeus variegatus 1 1
Melecta albifrons 1
Melitta nigricans 1
Melitta leporina 1
Nomada sexfasciata 1
Panurgus calcaratus 1 1
Osmia spinulosa 1*
Threatened (3)
Andrena hattorfiana 1 1
Andrena agilissima 1 1 1 1
Anthophora quadrimaculata 1
Anthophora aestivalis 1 1
Bombus humilis 1 1 1 1
Bombus ruderarius 1 1
Coelioxys aurolimbatus 1 1
Coelioxys inermis 1 1 1
Coelioxys rufescens 1 1
Dasypoda hirtipes 1
Osmia cf. niveata 1 1
Pseudoanthidium nanum 1
Osmia brevicornis ? ?
Melitta tricincta 1
Highly threatened (2)
Bombus subterraneus ‘ 1 ‘ ‘ ‘ 1
Threatened with extinction (1)
Rophites quinquespinosus ‘ ‘ ‘ ‘ 1
Data deficient (D)
Stelis minima 1 ‘ ‘ 1

*Taxa observed outside of the city but within the administrative district of Freising.
? existence in Freising is currently doubtful (identification based on the provided photograph not unequivocal).
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FIGURE 5

Bee taxa shared between the three habitat types (wild bee taxa
found on meadow orchards in yellow, wild bee taxa found on the
river dikes in green, wild bee taxa found on wastelands in gray). Total
wild bee taxon richness = 118 taxa, total observation time = 586 h
of systematic observation.

3.3.3 Distribution of bee hotspots across the city

Two of the hotspots (meadow orchard M01, wasteland W09)
are within 400 m distance of the river dikes; two are within
600 m (wastelands W10 and W11); seven within 1,000-2,000 m
(meadow orchard M05 and wastelands W05 to W08, W13, and
W14), five within 2,000-3,000 m (wastelands W01 to W04, W12,
and W13) and three within 3,000-4,000m (meadow orchards
MO02 to MO04). The flower patches are within or close to the
areas of continuous urban fabric according to the CORINE
classification and within 800-2,100 m distance from the river
dikes (Supplementary Figure 7). The number of bee taxa does not
decrease with increasing distance from the dikes. Distance from
the river dikes did not have a significant effect on the number of
bee taxa in our poisson regression model (estimate: —7.540e-06;
P-value = 0.84736) (Supplementary Table 6). The two most taxon
rich patches are one of the closest and one of the most distant
meadow orchards.

3.3.4 Colonization of stepping-stone patches

In six of ten flower patches we observed the target oligolectic
bee species already in the first flowering season. Eight of ten were
colonized in the third year after planting (Supplementary Table 7).
We did not find Dasypoda hirtipes on the patch of Cichorium
intybus planted to attract it but we found this bee species
in two other locations at 2.6km and 2.8km distance of the
flower patch. Similarly, Osmia brevicornis could not be observed
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in the planted patch of Hesperis matronalis but in another
site nearby (unfortunately, the photograph is not detailed
enough, so its existence in Freising remains somewhat doubtful).
Other species were also found to profit from the patches,
e.g., Melitta haemorrhoidalis, a bellflower specialist, and many
generalist species.

4 Discussion

4.1 Survey method: challenges and
opportunities of participative approaches

Our species identification approach based on photographs
instead of collected bees leads to an underestimation of total species
numbers, especially in species-rich difficult genera like Hylaeus,
Lasioglossum, and Sphecodes. For those genera, pan trap or direct
collecting allow more precise identification and therefore longer
species lists. However, these lethal methods require collecting
permits and citizen scientists are unlikely to be granted such
permits even if they could be convinced to go through the trouble of
applying. For citizen science projects, identification by photographs
seems therefore the only realistic option. Since this approach is
easier in some genera than in others (Weissmann and Schaefer,
2022), comparing diversity per genus or comparing diversity values
between different studies gets more complicated. The real diversity
and number of rare species in Freising can be expected to be higher
than in our list but it seems unlikely that overall patterns would
change dramatically when all our taxon groups were fully resolved
into single species. Our approach delivers in-depth data for the bee
communities systematically surveyed in urban bee hotspots, while
the citizen scientist data helps to cover all the less accessible sites
(e.g., private gardens and allotments).

Interest in bee talks and identification trainings was high,
which resulted in a large number of people getting some basic
understanding of bee diversity, bee ecology and the problems that
bees are facing in our cities. Some participants of these basic
introductions became really interested in the topic, continued to
attend our program, and contributed large numbers of observations
to our webpage and the iNaturalist portal. This, in combination
with self-studies allowed them to reach advanced levels of
identification knowledge in a few years’ time. In the end, these
people have not only contributed a large percentage of the total
records but even discovered some rare species we had not found
in our systematic surveys. While this is a fantastic result, we
encountered two main challenges to reach larger numbers of
dedicated participants. First, wild bees are often difficult to identify
to species level even for specialists. Since they are often small
and fast, taking high-quality photographs is a challenge and needs
patience and persistence. Without such high-quality pictures, even
experienced specialists or the best artificial intelligence algorithm
will not be able to reliably identify the species. Second, reporting
of bee observations and species identifications should be as easy
as possible, ideally with one or two clicks on the smart phone.
To tackle the first challenge, we developed a field guide focusing
only on the pool of bee species occurring in the region (here:
Bavaria) to make the identification based on photographs more
accessible (Weissmann and Schaefer, 2022). In this field guide, we
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acknowledge that some species cannot reliably be distinguished
with photographs alone and propose a system to group those
species into consistent taxon groups. This enables comparisons of
diversity between projects following the same system. The approach
could be easily expanded to other regions of Europe. Regarding the
second challenge, we realized that iNaturalist (www.inaturalist.org)
is the perfect platform for quick and easy reporting of wild bee
observations and species identification by observers of different
levels of experience. A strength of this approach lies in its potential
to provide continuous data in space, including private gardens,
and time: wild bee observations are continuously added to our
iNaturalist project while the funding period for in-depth surveys
is limited in time. Moreover, iNaturalist includes an artificial
intelligence species identification algorithm, which gets better the
more correctly identified photographs of a particular species are
uploaded for a particular geographic region. So, over time, the
need for specialists to provide and review identifications should go
down. It is, however, clear that regular trainings by bee specialists
would be very helpful, for example as part of targeted communal
survey events (e.g., Bioblitz; Roger and Klistorner, 2016) to provide
additional in-depth snapshots. Ideally, these projects should be
combined with university courses and specialist surveys (Paradise
and Bartkovich, 2021; Vereecken et al., 2021). This would allow
to maximize data availability, minimize bee capture, and focus the
very limited specialist capacities on the most relevant (endangered)
species and habitats. The fact that some of the most endangered
species in our study were not discovered during our (or other)
specialist surveys but through chance observations of citizen
scientists shows that a large community of trained citizens can be
more efficient than few specialists.

4.2 |Is the city a hotspot or a refugium for
wild bees?

Overall, with 139 wild bee taxa recorded in 2017-2022 (29%
of the 472 bee species currently known in Bavaria), the total wild
bee taxon richness in Freising (c. 90 km?) is comparable to results
from other central European cities: 331 species have been recorded
in Munich (c. 310 km?2) since 1841 (Schuberth and Briiu, 2022) and
232 species have been re-observed or newly observed in 1997-2017
(Hofmann and Renner, 2020); 104 species have been recorded in
Poznan (Poland, c. 260 km?2, 2006-2008) (Banaszak-Cibicka and
Zmihorski, 2012), 87 species in Paris (France, c. 100 km?, 2011-
2016) (Ropars et al., 2018); 291 in the Lyon Metropolis (France,
¢. 530 km?, 2012-2014) (Fortel et al., 2015); 210 in the Brussels-
Capital Region (Belgium, c. 160 km?, 1999-2020) (Vereecken et al.,
2021), 170 in Zurich (Switzerland, c. 9 km?2) (Casanelles-Abella
et al, 2021). In the nearby area protected under the Habitat’s
directive (Fauna Flora Area) “Isarauen von Unterfohring bis
Landshut” and the protected area “Isarauen zwischen Hangenham
und Moosburg,” both natural riverine forest and gravel bank
habitats, a total of 118 wild bee species was recorded during
specialist surveys in 2015 (Mandery, 2016; Bayerisches Landesamt
fiir Umwelt, 2021).

Freising harbors 11.3% of the red list species of Bavaria
(categories 1, 2, 3, G, R, V) (Bayerisches Landesamt fiir Umwelt,
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2021). The share of oligolectic taxa in Freising (23%) is comparable
to that of Bavaria (23.3%). This is in contrast to other studies that
tend to show that generalist species are more prevalent in urban
areas (Buchholz and Egerer, 2020) but it is possible that generalist
diversity is underrepresented due to our identification approach.
The share of parasitic taxa in Freising (25.2%) is comparable to
that in Bavaria (25.6%), which is remarkable because in these
genera, species-level identification based on photographs is often
impossible. The share of hypogeic species (excluding parasitic
species) was higher in Freising (31.1%) than in Bavaria (23.5%), a
pattern that has been related to urbanization (Wilson and Jamieson,
2019), although Gathof et al. (2022) have shown that urban dry
grassland can be a favorable habitat for ground-nesting species.
Overall, although common species are predominant, we found
that Freising harbors a relatively species-rich wild bee community
including some rare and specialized taxa regarding pollen/nectar
requirements, but also regarding nesting requirements: resin
(Anthidium strigatum and Megachile ericetorum), dead/rotting
wood (Anthophora furcata, Megachile nigriventris, and Xylocopa
violacea), empty snail shells (Osmia aurulenta, O. bicolor, and
O. spinulosa).

The following taxa were recorded by us in addition to
the 230 species recorded for the administrative district of
Freising since 1856 (Bayerisches Landesamt fiir Umwelt, 2023):
Andrena agilissima, Anthophora quadrimaculata, Coelioxys afra,
Coelioxys aurolimbatus, Coelioxys inermis, Coelioxys rufescens,
Colletes hederae, Epeoloides coecutiens, Hylaeus dilatatus, Hylaeus
variegatus, Megachile lapponica, Megachile rotundata, Melitta
tricincta, Nomada flavopicta, Nomada sexfasciata, Nomada cf.
sheppardana, Osmia cf. brevicornis, Osmia cornuta, Rophites
quinquespinosus, Sphecodes albilabris, Stelis minima, Stelis cf.
ornatula, and Xylocopa violacea. The taxa Dasypoda hirtipes,
Coelioxys afra, Rophites quinquespinosus, Megachile lapponica, and
Nomada cf. sheppardana were recorded during our study but not
yet in Munich, where 331 wild bee species have been recorded
since 1841 (Schuberth and Briu, 2022). For the taxa that could
not unequivocally be identified, verification through capture and
barcoding would be useful. Considering that more than twice as
many bee taxa have been recorded in Munich in 150 years of
surveys compared to our findings in Freising, it is evident that
bee surveys should ideally be performed over long time scales.
Although some of the species recorded for the administrative
district of Freising and for Munich are difficult to detect with
our method, they also include numerous taxa that we would have
identified to species level from photographs. This shows that there
is potential for additional species including rare ones to be found in
Freising in the coming years.

4.3 Urban hotspots and their specific
contribution to a diverse wild bee
community

Overall, the river dike hosts a large part of the wild bee
communities of the city, which is comparable to studies on
river dikes along the Rhine (Westrich, 1985) and Loire (Villalta
et al, 2021). The dikes had ten Red-List-species, and were
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particularly attractive for bumblebees, including the species with
the highest threat level in the city (Bombus subterraneus). This
might be related to the high availability of abandoned rodent
holes in the dike (see also McFrederick and LeBuhn, 2006).
The high share of Sphecodes bees on the dikes, a parasitic
genus specialized mainly on Andrena and halictid bee hosts,
indicates availability of nesting sites for its ground nesting host
bee species. Two species only found on the dikes, the Reseda
specialist Hylaeus signatus and the willow specialist Andrena
vaga probably did not find enough host plants in the other
habitat types.

We found the highest number of bee taxa in the meadow
orchards and also the highest total number of near threatened
and threatened species, and the highest share of oligolectic
species. Two specialists of rotten wood (Anthophora furcata
and Xylocopa violacea) and the resin specialist Anthidiellum
strigatum were only found here. Although, we know of only
one other study from urban orchard meadows (Rada et al,
2023), meadow orchards in general (usually located in the
surroundings of small villages far from cities) have been found
to be important wild bee habitats in other parts of Germany and
Europe (Steffan-Dewenter, 2003; Steffan-Dewenter and Leschke,
2003; Schwenninger and Wolf-Schwenninger, 2012; Horak et al.,
2013; Saure, 2016).

Although the wastelands had the lowest species number among
our main study sites and the lowest number of threatened species,
they were still hotspots within the city with 80 taxa and particularly
important for Megachile and Epeolus. The willow specialist Andrena
praecox, Megachile lapponica which needs Epilobium, and Osmia
aurulenta which needs empty snail shells were only found on
wastelands. Studies focusing on wasteland bee communities in
other European cities revealed even higher numbers: 112 species in
Freiburg (Germany) (Klatt, 1989), 127 species in Brussels (Belgium)
(Vereecken et al, 2021), and 201 species of bees in Bydgoszcz
(Poland), which is 42% of all bee species reported from Poland
(Twerd and Banaszak-Cibicka, 2019). This demonstrates the huge
importance of these ephemeral and often overlooked habitats,
which often have large proportions of bare ground and favorable
microclimatic conditions resulting in good nesting and foraging
conditions for bees until succession or development projects put an
end to the bee community in this site and new wastelands nearby
are needed.

As river valleys can be important corridors for wild bees
(see e.g., Braun-Reichert et al, 2021), we hypothesized that the
river dike in Freising would be the main bee hotspot of the
city. Contrary to our expectations, meadow orchards and not
the river dikes had the highest species richness. This might be
partly explained by the fact that the studied river dike sections
were relatively uniform overall while there was more structural
diversity within the different meadow orchard (and wasteland) sites
we studied. Furthermore, since we were unable to locate nesting
sites of most species, we do not know if the observed foraging
habitats are also suitable for nesting. In fact, many studies highlight
the importance of the availability of non-floral resources (Potts
et al., 2005; Appenfeller et al., 2020; Requier and Leonhardt, 2020).
Providing bare soil for ground nesting bee species is a relatively
easy measure in in urban environments that can have a large impact
(Noél et al., 2021).
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4.4 Management of hotspots

We recorded the highest bee diversity on two patches of
extensively managed meadow orchards, on the river dike area
with the latest date of mowing (September), and on wastelands
in early succession stages. Those were also the sites with the
highest flowering plant species diversity. Our findings support
extensive management of green spaces with grazing animals or
late summer/autumn mowing (1-2 times per year), always leaving
some stripes or patches unmown. Besides protecting natural areas
and fostering flower- und structure-rich parks and gardens, the
importance of wasteland in early succession stages should not
be overlooked. These habitats tend to be short-lived in cities
but will reappear whenever new demolition or construction
sites appear.

4.5 Promoting connectivity—and at which
scale?

Overall, the bee community composition in the hotspots was
relatively similar. Bee species richness on a site is not related
to the distance from the river dikes, and the city center does
not seem to be a barrier. This might partly be explained by the
relatively small size of Freising and of its highly urbanized areas.
The particular topography of the city might also play a role, as
bees might be more easily displaced by wind from elevated hill
sites. Body size of female bees was overall very similar in the
different habitats. A slightly larger size found on the river dikes
is an effect of the higher number of bumblebee species on the
dikes. The lack in size patterns is in contrast to other studies (e.g.,
Greenleaf et al., 2007) suggesting higher dispersal potential for
larger-sized bees.

Our stepping-stone flower patches were very successful, similar
to the results of Hofmann and Renner (2020), who found that
flower strips in Munich already supported a quarter of Munich’s
bee species in the first year with oligolectic species not being
underrepresented compared to the city’s overall species pool.
This suggests that some oligolectic bee species are relatively well
established in cities, where they find their specific host plants
in gardens (e.g., Campanula spp. as ornamental plants) or on
wasteland and roadsides (e.g., Echium vulgare or Reseda lutea).
In a way, this might be misleading since they do not rely on
additional stepping-stones. Maybe more attention should be given
to those species with more specific needs who will take some
time to colonize the new patches (e.g., Osmia brevicornis or
Dasypoda hirtipes).

Overall, our results indicate that, for cities to harbor diverse bee
communities including rare species, it might be more important
to provide small-scale connectivity between foraging and nesting
resources than to provide continuous connectivity between floral
resources throughout the entire city. While foraging ranges are
estimated to reach only a few hundred meters especially in the
smaller bee species (Hofmann et al, 2020), flight ranges for
colonization of new habitats are probably larger and bees might
occasionally be able to cross local physical barriers. For species
nesting in above-ground structures, dispersal by human transport
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of rocks, wood, or building materials might be common in cities.
And even ground-nesting species could be transported with soil
or sand for construction and landscaping. Providing continuous
corridors e.g., in areas mainly covered with impervious surfaces
or along road axes might come with the price of creating partial
habitats (Westrich, 1996) and in the worst case could form
sinks/traps e.g., by attracting bees to sites with heavy traffic (Martin
et al., 2018; Daniel-Ferreira et al., 2022a,b). Nevertheless, flower
patches in densely populated areas have an important potential to
raise awareness for the very specific habitat needs of wild bees when
accompanied e.g., by information boards. They might be more
important in larger cities with larger areas of impervious surface
if the goal is high bee diversity throughout the city. However, if the
goal is to provide hotspots and refugial areas for rare and threatened
species, we argue the better approach is to create structurally
diverse habitats taking into account the resources within a few
hundred meters radius (Hofmann et al., 2020) of the three-fold
needs of wild bees by providing: (1) pollen and nectar sources:
ideally flowering plants species of different plant families flowering
throughout the season and with a special focus on the host plants
of oligolectic bees; (2) nesting sites: shifting the focus from the very
popular provision of nesting aids for cavity nesting bees [which
are usually colonized only by very common species (Geslin et al.,
2022)] toward the needs of ground-nesting species. Also, dead
wood specialists (Eckerter et al., 2021) and bees nesting in pithy
plant stems suffer from the lack of “wild” places in parks and
private gardens and need special help [e.g., unmown grass patches
during winter (Unterweger et al., 2018) and leaving dry Verbascum
or Rubus stems for at least two winters]; (3) nesting materials:
e.g., moist clay for mason bees, and hairy plant species for wool
carder bees.

4.6 Implications for bee conservation

We suggest the following concept for bee-friendly management
of urban spaces: (1) identification of bee hotspots and systematic
surveys for rare species (also considering habitat corridors at a
larger scale); (2) training of citizen scientists at two levels for
comprehensive surveys across the city: half-day introductions
to bee diversity, bee ecology and bee conservation to create
general awareness, and 2-weeks workshops for in-depth training
in bee identification of a small number of dedicated citizen
scientists; (3) extensive management of existing habitats and
targeted conservation of rare species; (4) creation of high-
value habitats to account for all resource needs of bees within
flight ranges of only a few hundred meters; (5) creation of
stepping stone habitats (with particular attention to rare oligolectic
species) as floral and nesting resources, integrating educative and
participative aspects. When integrated into the general green
space management of a city and with the support of local
NGOs, schools, and universities, this approach can be very cheap.
Even though it is a time-consuming task to map and identify
bees, using the suggested citizen science approach will not only
make this more efficient than a traditional scientific study, it
will also produce as a side-effect a lot of new bee-enthusiasts
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and even some future bee specialists, which are desperately
needed for long-term conservation work of this fascinating group
of insects.
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