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ABSTRACT
In face of a dramatic decline of wild bee species in many rural landscapes, potential
conservation functions of urban areas gain importance. Yet effects of urbanization on
pollinators, and in particular on wild bees, remain ambiguous and not comprehensively
understood. This is especially true for amenity grassland and extensively managed
wastelands within large-scale residential housing areas. Using Berlin as a study region,
we aimed to investigate (a) if these greenspaces are accepted by wild bee assemblages
as foraging habitats; (b) how assemblage structure of bees and individual bee species
are affected by different habitat (e.g., management, flower density) and urban matrix
variables (e.g., isolation, urbanization); and (c) to what extent grassland restoration
can promote bees in urban environments. In summer 2012, we collected 62 bee species
belonging to more than 20% of the taxa known for Berlin. Urbanization significantly
affected species composition of bees; 18 species were affiliated to different levels
of urbanization. Most bee species were not affected by any of the environmental
variables tested, and urbanization had a negative effect only for one bee species.
Further, we determined that restoration of diverse grasslands positively affected bee
species richnesss in urban environments. We conclude that differently structured and
managed greenspaces in large-scale housing areas can provide additional foraging
habitats and refuges for pollinators. This supports approaches towards a biodiversity
friendly management within urban regions and may be of particular importance given
that anthropogenic pressure is increasing in many rural landscapes.

Subjects Biodiversity, Conservation Biology, Coupled Natural and Human Systems, Ecology,
Entomology
Keywords Apidae, Ecological restoration, Habitat management, Hymenoptera, Pollinators,
Urban green infrastructure, Urbanization

INTRODUCTION
The observed dramatic decline of wild bee species richness and abundances during the last
decades (Potts et al., 2010; Carvalheiro et al., 2013)—especially in rural landscapes—is of
great concern due to the enormous agricultural, ecological and cultural value (Gallai et al.,
2009; Ollerton, Winfree & Tarrant, 2011) of bees. Unlike other ‘less’ appealing pollinator
species, bees can be considered as flagship species that raise the awareness of city-dwellers
to biodiversity and therefore, play an important role within the field of nature conservation
(Fortel et al., 2014).

Rural landscapes undergo wide-ranging transformations, such as intensive farming
including monocultures and in general the loss of natural or semi-natural habitats causing
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adverse effects for many insects (e.g., Kennedy et al., 2013 for bees; Santos de Araújo,
Tscharntke & Almeida-Neto, 2015 for herbivorous insects in general). At the same time,
it is widely assumed that cities can provide suitable secondary habitats for a variety of
invertebrate species (Lundholm & Richardson, 2010; Jones & Leather, 2012; Shwartz et al.,
2014). This is because urban areas offer a unique ecological environment with warm climate
and high habitat diversity leading to diverse nesting and foraging opportunities (Ahrné,
Bengtsson & Elmqvist, 2009; Sattler et al., 2010). Furthermore, plant species richness is
usually higher in urban than in rural areas (Kühn, Brandl & Klotz, 2004) and flowers—
which are less often treated with pesticides than flowers in agricultural areas (Hostetler
& McIntyre, 2001)—are available abundantly throughout the year (Fetridge, Ascher &
Langellotto, 2008).

However, a deeper understanding of how cities can helpmitigate biodiversity loss in rural
landscapes is urgently needed, especially for pollinators (Banaszak-Cibicka & Żmihorski,
2012; Baldock et al., 2015). Effects of urbanization on insects in general and pollinators
in particular remain ambiguous and are not comprehensively understood (Threlfall et al.,
2015). Existing studies report positive as well as negative effects whereas the latter seem
to prevail (McKinney, 2006; McKinney, 2008). While the diversity of pollinators in urban
environments has been addressed in a range of recent studies (e.g., Banaszak-Cibicka &
Żmihorski, 2012; Baldock et al., 2015; Hülsmann et al., 2015; Threlfall et al., 2015), many of
these focussed on a classical range of urban green spaces (e.g., cemeteries, gardens, parks).

This is a drawback because conservation in urban areas demands the inclusion of the
whole range of urban ecosystems (Hobbs, Higgs & Harris, 2009; Kowarik, 2011) including
informal greenspaces such as wastelands, artificially created habitats such as green roofs,
and places where city-dwellers live and work such as grasslands within residential areas
(MacIvor & Lundholm, 2011; Gunnarsson & Federsel, 2014). Although this kind of urban
green infrastructure was probably not created with the intention to foster biodiversity in
the first place, it can quantitatively make an important contribution to urban greenspace
in general (Tewksbury et al., 2002), and thus, to the generation of habitat for pollinator
species in particular.

A further drawback is that most studies analyzed responses of alpha-diversity measures
(i.e., species richness) on urban matrix variables only (e.g., amount of impervious
cover, Fortel et al., 2014; Threlfall et al., 2015; landscape composition, Baldock et al., 2015),
while responses at the individual species level were rarely investigated. Although knowledge
of shifts in species composition, and especially the occurrence of certain target species,
is mandatory for reasonable conservation action plans, only a few studies hitherto
assessed urbanization effects on species assemblages and single species (but see Bates
et al., 2011; Banaszak-Cibicka & Żmihorski, 2012 for bee species; Hülsmann et al., 2015 for
bumblebees).

Having these shortcomings in mind, our overriding aim was to analyze how wild bee
species respond to various urban environmental parameters at two spatial scales: (i) the
local habitat scale (i.e., site features related to management, design, plant species richness,
flower density, restoration efforts); and (ii) the surrounding urban matrix (i.e., area size,
isolation from similar habitats, urbanization level). In this context we used the urbanization
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score proposed by Seress et al. (2014) for the first time. We aimed on covering the response
of (a) the alpha diversity of the bees (in terms of species richness and species occurences on
the investigated sites), (b) the beta diversity of the bees (in terms of species turnover along
the environmental gradients), and (c) the individual bee species on the environmental
parameters. Unlike former studies, we deliberately included different qualitative and
quantitative characteristics of the vegetation in our analyses that described the sampling
sites of our pilot study in much detail.

We conducted our study in the district of Marzahn-Hellersdorf in Berlin, Germany, as
it is characterized by a variety of urban green infrastructure, including a range of formal to
informal greenspaces. Wastelands and extensive meadows that arose from wastelands by
low management regime are interspersed within both large-scale residential and detached
housing. Some of these sites were subject to restoration efforts aiming to increase native
grassland species (Fischer et al., 2013; Fischer, von der Lippe & Kowarik, 2013). In particular,
we aimed to: (1) investigate the extent to which urban grasslands within residential areas
are used by bee assemblages as foraging habitats; (2) analyze how bee assemblages and
individual bee species are affected by habitat and urban matrix variables; and finally (3)
determine if grassland restoration on wasteland sites contributes to bee conservation in
urban environments.

MATERIAL AND METHODS
Study area and study sites
All study sites were located in Marzahn-Hellersdorf (61.8 km2, 256,173 inhabitants), a
district in the northeast of theGerman capital Berlin (Fig. 1). Large-scale residential housing
areas built during the 1980s, but also featuring areas with detached housing and commercial
areas, characterize the district’s landscape matrix. The provision with greenspaces in the
study area is high as the public greenspaces in the district (1,262 ha, nearly 5% of the
district’s surface), are accompanied by abundant privately owned greenspaces inside and
outside the apartment blocks that are generally accessible to the public. These formal green
spaces often consist of amix of wooded areas and grasslands, including lawns andmeadows,
which are subject to high and low frequency of mowing, respectively. Moreover, extensive
wastelands emerged due to infrastructure removal at the beginning of this millennium.
These wastelands usually undergo only irregular or low management, and often, harbour
ruderal grasslands and related types dominated by forbs. In order to reduce costs, most
housing companies and public land owners perform a generally low management regime
of these grasslands.

Within this context, we chose 30 study sites, well-defined by private and public
greenspace property lines, and both inside and outside the apartment blocks. These
sites were rather evenly distributed throughout the district and represented a range of
open habitats: (1) wastelands with a mix of grassland and herbaceous vegetation; (2)
ruderal grasslands; (3) infrequently mowed lawns; or (4) well-kept meadows and lawns.
Additionally, some of the wasteland sites were previously subject to a restoration treatment
to enhance the native grassland flora (for details, see Fischer et al., 2013; Fischer, von der
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Figure 1 Study sites and landscape characteristics in Berlin/Marzahn-Hellersdorf (map was created on
the basis of the Urban and Environmental Information System (UEIS), Berlin Department for Urban
Development and the Environment).

Lippe & Kowarik, 2013). In the following, we address these types of greenspaces, dominated
by grasses and forbs and managed at least irregularly, as grasslands.

Bee sampling
Bees were sampled during two periods, one during early summer (15th and 16th of
June) and one in midsummer (30th and 31st of July) in 2012 on sunny days without
precipitation and maximum temperatures of at least 20 ◦C. Pan traps were used to collect
the individuals. This is a common and efficient bee sampling method, well suited for all
geographical regions and types of habitats (Leong & Thorp, 1999). Pan traps consisted of
15 cm Ø plastic bowls, which were spray painted in UV-bright yellow, white, and blue
(Sparvar Leuchtfarbe; Spray-Color GmbH, Merzenich, Germany) and were filled with
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∼300 ml of 4% formaldehyde solution as well as a drop of detergent to reduce surface
tension. Three pan traps (one of each colour) were randomly positioned at each study
site with at least 5 m distance from each other to avoid interference. In order to minimize
strata collection bias, pan traps were attached to wood sticks 30 cm above the ground
(Cane, Minckley & Kervin, 2001).

After two days, caught bees and bycatch were transferred into vials. Bee specimens were
dried and identified to species level with the aid of a binocular microscope and standard
identification keys. The European honeybee Apis mellifera was excluded from the list for
all analysis since its abundance follows different seasonal patterns than wild bees (Tommasi
et al., 2004) and its management in hives complicates the assessment (Cane, 2005).

Environmental variables
To characterize study sites, we ascertained eight environmental variables (Table 1): (1)
Area size in km2 for each site was measured using the free online tool Google Planimeter
(http://www.acme.com/planimeter). (2) To reflect the degree of urbanization we used
the ‘UrbanizationScore’ software developed by Seress et al. (2014). This program takes a
1 km2 area around each site and generates semi-automated scores based on the method by
Czúni, Lipovits & Seress (2012). (3) Since past studies indicate that at least some bee species
are affected not only by artificial barriers like buildings but also by natural barriers like
forests (Bhattacharya, Primack & Gerwein, 2003; Farwig et al., 2009), the variable isolation
was included. We calculated this variable based on the surrounding area of each cardinal
direction (north, east, south, west) of the site’s borders. Each of the borders was sorted into
one of four categories (Fig. 2) and was given respective points ranging from 0 to 3. The
points of all four directions were added up to get a single isolation score for each site with
0 being the lowest, and 12 being the highest possible score. (4) The variable management
reflected the mowing regime of a site and was differentiated between extensive (at least
annually) and irregular mowing (less than once a year). Data on this variable was gained
from respective authorities and additionally evaluated during field work. (5) As represented
by the variable restoration, a third of all investigated sites had previously been part of a 5 year
in-situ experiment to restore urban grassland vegetation on wasteland sites and thereby
enhance the number of native plant species. The exact details of this experiment are given in
Fischer et al. (2013) and Fischer, von der Lippe & Kowarik (2013). (6) The variable site type
described the human influence on the layout of a site, that is, if and how a site was designed.
This classification was based both on site history and the current status. We used the three
categories ‘wastelands’ with no known intentional or directed design influence, and where
vegetation was able to develop freely (e.g., after the complete destruction of infrastructure,
and where the rubble was levelled out); ‘residual’ sites with only low design influence
(e.g., vacant lots between houses where traces of past landscape design and plantings were
still visible), and intentionally created, ‘designed’ sites (e.g., sites that included flower beds
and lawns). (7)Mean degree of coveragewith currently flowering plantswas recorded during
both bee-sampling periods to reflect the short term situation. Each site was put into one
of four categories ranging from no visible flowers to maximum observed flowers. (8) The
number of plant species was derived from records of the restoration experiment mentioned
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Table 1 Environmental variables of urban grassland sites used as predictor variables for the statistical analyses.

Variable Mean (min/max) Scale/Categories Explanation

Urbanmatrix
Area size 0.01 (0.001/0.07) km2 Area as defined by the lot’s property lines, its border-

ing by housing or other infrastructure
Urbanization 0.000001 (−3,395/3,182) Urbanization score As of Seress et al. (2014)
Isolation – 0–12 Continual score from 0 (open site) to 12 (isolated

site); see Fig. 2

Site variables
Management – Extensive mowing

Irregular mowing

Reflects the mowing regime of a site; differentiation
was made between extensive (annually) and irreg-
ular mowing (less than once a year); data obtained
from respective authorities and evaluated during
field work

Restoration – No

Yes

To describe whether the site had previously been part
of a five year in-situ experiment to restore grassland
vegetation on wasteland sites to enhance the number
of typical, native plant species. For details see Fischer
et al. (2013) and Fischer, von der Lippe & Kowarik
(2013)

Site type – Wasteland site, with no known intentional or
directed human design influence, and where
successional vegetation was able to develop
freely
Residual site with low or no design influence
(e.g., vacant lots between houses where traces
of past landscape design and greening were
visible)
Designed site, site that was purposefully con-
structed e.g., with formal elements like lawns,
flower beds

To describe the human influence on the layout/de-
sign of a site

Vegetation variables
Flower coverage – 0–25% (1)

25–50% (2)
50–75% (3)
75–100% (4)

Mean degree of coverage with currently flowering
plants (excluding grasses); recorded during both bee
sampling periods to reflect the short term situation;
categories range from (1) no visible flowers to (4)
maximum observed flowers

Plant species 27 (6/69) Number of plant species As of Fischer et al. (2013) and Fischer, von der Lippe &
Kowarik (2013) and associated research activity

above (Fischer et al., 2013; Fischer, von der Lippe & Kowarik, 2013) and associated research
activity in the other plots.

Statistical analysis
One sample unit includes the pooled data from all three pan traps per site and both
sampling periods. To detect groupings of sample sites, the bee community’s response to
environmental variables (Table 1) was tested using non-metric multidimensional scaling
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b

c

d

Figure 2 Illustration of the four isolation categories. (A) open site, grassland or parking lots, with only
single shrubs/trees, no forest or high buildings as flight barriers within 100 m (0 isolation points), (B) sin-
gle houses or allotments with built structures or few shrubs/trees as low flight barriers within 100 m (one
isolation point), (C) dense forest and scrub (two isolation points), (D) row of high buildings as flight bar-
riers (three isolation points).

(NMDS) as multivariate analysis (McCune & Grace, 2002). In order to enhance accuracy of
statistical analyses and to reduce the statistical noise, bee species detected only once or twice
were omitted from the data set beforehand (McCune & Grace, 2002). We also excluded
Apis mellifera, which occurred at all study sites. Thus, 37 bee species, with 1,246 individuals
totally, were subjected to NMDS. Relative abundances of these species were standardized
performingWisconsin double standardization and square root transformation. Bray–Curtis
dissimilarity matrix of bees was used as base for the ordination. Amaximum number of 100
random starts were conducted in search for a stable solution. Environmental variables were
fitted onto the ordination with 10,000 permutations to assess significance of correlations
between species and environmental data.

To find the distinctive species between restored and unrestored sites as well as among
the three categories of urbanization (low = −3.4–−1.27, medium = −1.26–1.67, high
= 1.68–3.18), a similarity percentage (SIMPER) analysis was conducted. The SIMPER
analysis performs pairwise comparisons of groups of sampling units and finds the average
contribution of each species to the average overall Bray–Curtis dissimilarity (Clarke, 1993).

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 7/19

https://peerj.com
http://dx.doi.org/10.7717/peerj.2729


The function displays the most important species, which contribute to at least 70% of the
differences between groups. The level of significance was P < 0.05.

Finally, individual responses of the distinctive bee species (nine species from SIMPER
analyses) to all environmental variables were analyzed using Poisson generalized linear
models (GLM).Due to overdispersion, standard errorswere corrected using a quasi-Poisson
distribution. The most appropriate models were selected by means of analysis of deviance.
As a goodness-of-fit measure the pseudo R2 based on null and residual deviance was
calculated (Zuur et al., 2009). All statistical analyses were performed using the R software
environment (version 3.0.1, R Core Team, 2013) including package VEGAN (version 2.0-9,
Oksanen et al., 2013).

RESULTS
In all, 62 bee species were collected with 1,706 specimens (Appendix S1). Of these,
38 species were sampled with three or more individuals. The most abundant species
was the European honey bee (Apis mellifera) with 430 specimens, which therefore
accounted for about 25% of all counts. Other common species were Lasioglossum pauxillum
(359 individuals), L. morio (223), Dasypoda hirtipes (141) and Andrena flavipes (66).

Structure of bee assemblage
The NMDS plot (stress = 0.19) showed no clear groupings of the study sites (Fig. 3).
Urbanization significantly affected species composition (P = 0.037) while all other
environmental variables had no effect. Matching this underlying environmental gradient,
sites with a higher urbanization value were locatedmore to the right of the plot and likewise
sites with a low urbanization value were located more to the left—indicating differences in
species distribution among the three urbanization levels.

SIMPER analysis revealed that five species (Bombus lapidarius, B. terrestris, Colletes
similis, Dasypoda hirtipes and Halictus subauratus) seem to thrive well in highly urbanized
sites while four species (Andrena flavipes, Bombus pascuorum, Lasioglossum malachurum
and L. villosulum) appeared to be sensitive to urbanization (Table 2).

Species responses to environmental variables
Results from the GLM indicated that species showed multidirectional responses
to environmental variables (Fig. 4). A consistent trend was not recognizable, and
environmental variables did not exceed three species responses each. Some of the species
showed even contrasting responses but restoration and flower density had overall positive
effects. In contrast, area and isolation had a negative impact on tested species. All other
variables were related to increasing or decreasing abundances, depending on the species,
and even varying within the same genera. However, urbanization, management and plant
species richness had more positive than negative effects.

DISCUSSION
With 62 bee species, more than 20% of taxa known for Berlin (Saure, 2005) were found
during the study. This result is remarkable, considering that only one sampling method
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Figure 3 Variation of bee species assemblages among different levels of urbanization and restoration.
Non-metric multidimensional scaling (NMDS) ordination (stress= 0.19). Environmental variables fit-
ted onto the ordination plot: dotted line: P = 0.05−0.1. Symbols for study sites: site with = low (−3.4
–−1.27), N=medium (−1.26–1.67), and�= high (1.68–3.18) urbanization degree. Empty symbols in-
cidicate sites that have undergone restoration measures.

was used, the sampling period was relatively short and only one district of Berlin has been
taken as model area for this pilot study. In this context, it is noteworthy that due to late
sampling time we may have underestimated species that are more abundant in early season
and so species inventory could be extended in further studies. The study’s species inventory
was comparable to those of more rural and natural grasslands of Berlin (Dathe, 1969;
Saure, 1993). The investigated urban grasslands were not only suitable for common bee
species, but also for rare taxa like Anthophora aestivalis and Lasioglossum quadrinotatum
or endangered species such as Halictus subauratus and Lasioglossum malachurum (Eichfeld
& Buchholz, 2014). The fact that only few species were really abundant (e.g., Dasypoda
hirtipes, Lasioglossum morio, L. pauxillum) while the majority of taxa occurred only with
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Table 2 Affiliation of bee species to different levels of urbanization. Results of SIMPER analyses
(P < 0.05). ‘x’ indicates in which of the compared categories (urbanization: low vs. medium vs. high
urbanization scores) the respective species had the higher average abundance.

Bee species Urbanization

Low Medium High

Andrena flavipes x · ·

Bombus lapidarius · · x
Bombus pascuorum x · ·

Bombus terrestris · · x
Colletes similis · x x
Dasypoda hirtipes · · x
Halictus rubicundus · x ·

Halictus subauratus · x x
Halictus tumulorum · x ·

Hylaeus dilatatus x · x
Hylaeus hyalinatus · x ·

Lasioglossum calceatum · x ·

Lasioglossum laticeps · x ·

Lasioglossum leucozonium · x ·

Lasioglossum malachurum x · ·

Lasioglossum morio · x ·

Lasioglossum pauxillum · x ·

Lasioglossum villosulum x · ·

lower individual sums is typical for bee assemblages, independent from an urban or rural
context (Cane, 2005).

Thus, our results clearly confirmed findings that cities provide foraging habitats for
wild bees (Paker et al., 2014; Baldock et al., 2015; Threlfall et al., 2015). With our study, we
extend this knowledge by demonstrating for the first time that not only flower-rich gardens
or park meadows are valuable urban habitats for insects (e.g., Ahrné, Bengtsson & Elmqvist,
2009; Garbuzov, Ratnieks & Thompson, 2013) but also differently structured and managed
grasslands in residential areas.

(a) Minor effect of urban matrix variables
Urbanization significantly affected species composition. This can be explained by a species
turnover as the SIMPER analysis (Table 2) showed that some species seemed to thrive very
well in urban sites (Bombus lapidarius, B. terrestris, Colletes similis, Dasypoda hirtipes and
Halictus subauratus) while others negatively responded to urbanization (Andrena flavipes,
Bombus pascuorum, Lasioglossum malachurum and L. villosulum). Thus, urbanization
did not seem to have an overall negative impact, but it affected urbanization winners
and losers in different ways as suggested by previous studies (e.g., Banaszak-Cibicka &
Żmihorski, 2012; Hülsmann et al., 2015). Correspondingly, Turrini & Knop (2015) found
that urbanization also favors specific species. Community composition may be determined
by stochasticity (Sattler et al., 2010), and urbanization impacts depend on geographical,
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Seeds

Bee species Urbanization Isolation Area Site type Management Restoration Flower coverage Plant species R²
Urbanization score Isolation degree Ha Proportion classes Number

Andrena 
fl avipes

. . . .

0

3

6

irregular extensive 

0.002 .
0.001

1 2 3 4

0

4

8

12
. 73

Bombus 
terrestris

.
0.02

0 4 8 12

0

2

4

. . . . . . 17

Colletes     
similis

. .
0.003

0.00 0.04 0.08

0

1

2

0.5

1.5

designed
wasteland

residual

0.01

0.0

0.4

0.8

irregular extensive 

0.009

0

1

2

no yes

0.002
.

0.002

0 20 40 60 80

0

1

2 68

Halictus 
subauratus

. . . . 0.003

0.0

0.5

1.0

1.5

irregular extensive 

.
0.009

1 2 3 4

0

2

4

. 40

Hylaeus 
dilatatus

. . . . .

0.0

0.4

0.8

no yes

0.04
.

0 20 40 60 80

0

1

2 0.02 26

Lasioglossum 
laticeps

-4 -2 0 2 4

0

2

4

6
0.03

. . . . . . . 22

Lasioglossum 
leucozonium

-4 -2 0 2 4

0

2

4

0.006
. . . . . . . 26

Lasioglossum 
morio

0.03

-4 -2 0 2 4

0

10

20

30

. . . . . . . 51

Lasioglossum 
pauxillum

. .

0.00 0.04 0.08
0

40

80 0.001
. .

0

10

20

no yes

0.002
.

0.003

0 20 40 60 80

0

40

80 49

Figure 4 Bee species as winners or loosers in residential areas of Berlin. Shown are responses of bee species, which are significantly affilated to
different levels of urbanization (SIMPER analysis, Table 2) to environmental variables using general linear models (GLM) for analysis. Only species
with significant responses are displayed (inserted numbers show P values of responses). Species without significant results: Bombus lapidarius, Bom-
bus pascuorum, Dasypoda hirtipes, Halictus rubicundus, Halictus tumulorum, Hylaeus hyalinatus, Lasioglossum calceatum, Lasioglossum malachurum,
and Lasioglossum villosulum.

historical and economic factors of cities (McKinney, 2008). Our results and those of recent
studies indicate that urbanization can also have positive effects for certain species.

In our study, most of the detected bee species were not affected by any of the
environmental variables while few showed multidirectional responses (e.g., Colletes similis,
Lasioglossum pauxillum). Matrix variables were found to be important for structuring
pollinator communities and explaining patterns of species richness, abundance and biotic
interactions in rural landscapes (Steckel et al., 2014; Clough et al., 2014). Matrix variables
(urbanization, isolation, area) affected only a few species, and in different ways:
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- Urbanization had a negative effect only for one species, Lasioglossum leucozonium,
although this species is known to occur in a broad spectrum of rural as well as urban
habitat types (Saure, 2005).

- Similarly, isolation negatively affected only Bombus terrestris, which is surprising
because this species is known to be one of the most abundant bumblebee species in
many rural and urban habitats of Europe (Parmentier et al., 2014; Hülsmann et al.,
2015). However, since the goodness-of-fit measure for this model was quite low (R2

=

17, Fig. 4), results should not be overestimated. In fact, it appears that isolation plays a
minor role for bees that might easily move between their foraging habitats due to their
high mobility (Zurbuchen et al., 2010; Krewenka et al., 2011).

- Only two species were affected by area size, being more abundant in smaller areas. Size
of green area can have positive effects on bee assemblages (Henning & Ghazoul, 2011)
but other studies did not find size effects in cities at least for bumblebees (Gunnarsson
& Federsel, 2014). In our study, responses of only two species, Colletes similis and
Lasioglossum pauxillum, may therefore be explained by stochasticity or undetected side
effects.

(b) Positive effect of restoration
Site variables (site type, management, restoration) affected several species, and restoration
had an overall positive effect on species abundances. This is substantiated by the results
from the SIMPER analysis, which revealed that 11 species were strongly associated to
sites with restoration (Appendix S1). From these results we conclude that restoration can
significantly shape bee assemblages in urban environments (see below).

(c) Positive effect of vegetation variables
Flower density and number of plant species had an overall positive effect on bee species as
shown in other studies in churchyards and cemeteries (Bates et al., 2011), parks (Matteson,
Grace & Minor, 2013) and urban habitats in general (Henning & Ghazoul, 2012; Hülsmann
et al., 2015).

Restoration was previously determined to have positive effects on bee species in rural
areas, e.g., due to increased plant diversity (Albrecht et al., 2007). Our study demonstrates
that restoration of grassland on urban wasteland sites increased the abundance of wild bees
in urban settings as well. Regarding the vegetation of the sites, the restoration treatments
increased plant species richness by adding a considerable pool of native dry-grassland
species (Fischer, von der Lippe & Kowarik, 2013) and resulted in an increased floral diversity
(Senße, 2013). This is in line with a study that revealed the positive effect of increased floral
diversity for bumblebee and hoverfly abundances in amenity grassland (Blackmore &
Goulson, 2014) and findings of Wastian, Unterweger & Betz (2016). Whereas Hanley, Awbi
& Franco (2014) showed for urban gardens that bumblebees have no dietary preference for
native or non-native plants, there is also evidence from highly disturbed sites (roadverges),
where restoration of the native vegetation especially resulted in increased bee richness
(Hopwood, 2008).
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PRACTICAL IMPLICATIONS
We are aware that our conclusions are drawn from a snapshot since data were collected only
in a single group of habitats (i.e., different types of grassland in residential areas) during a
rather short time. However, keeping in mind that further studies will deepen these insights,
our pilot study indicates that urban grasslands in general provide new foraging habitats
for pollinators, and that in particular sites that had undergone restoration treatments were
favoured by some wild bee species. As management itself was not found to be an important
determinant for the bee species assemblages, we assume that the mix of differently managed
sites in a neighbourhood may promote the occurrence of the species assemblages found.
This demonstrates that opposed to the global trend of urban landscapes with uniform,
highly managed lawns (Ignatieva et al., 2015), the variety in (grassland) habitats matters for
species conservation in cities.We therefore encourage to include urban areas in initiatives of
pollinator conservation programmes, and especially to include also informal greenspaces.
These may foster an additional set of species compared to formal greenspaces such as
gardens and parks. By applying effective restoration measures on underused wasteland
sites, valuable substitute habitats can be created—a win–win situation for the urban fauna
and flora that can still benefit from low costs by extensive management regimes.

ACKNOWLEDGEMENTS
We thank the Senatsverwaltung für Stadtentwicklung und Umwelt for the permission to
collect bee individuals, Christoph Saure for his help with the determination of critical bee
individuals and valuable remarks on their ecology, the Bezirksamt Marzahn-Hellersdorf,
Abteilung für Ökologische Stadtentwicklung and Stadt und Land Wohnbauten for
providing study sites. We also thank Ágnes Lipovits for providing the latest version of
the UrbanizationScore program and helping whenever implementation errors occurred,
Moritz von der Lippe for sharing site data and commenting on early versions of the
manuscript, and Divya Gopal for improving our English.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The study was carried out with financial support of the ‘‘Gesellschaft von Freunden der TU
Berlin e.V.’’ The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Gesellschaft von Freunden der TU Berlin e.V.

Competing Interests
The authors declare there are no competing interests.

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 13/19

https://peerj.com
http://dx.doi.org/10.7717/peerj.2729


Author Contributions
• Leonie K. Fischer conceived and designed the experiments, analyzed the data, wrote the
paper, prepared figures and/or tables, reviewed drafts of the paper.
• Julia Eichfeld conceived and designed the experiments, performed the experiments,
analyzed the data, wrote the paper, prepared figures and/or tables.
• Ingo Kowarik contributed reagents/materials/analysis tools, wrote the paper, reviewed
drafts of the paper.
• Sascha Buchholz conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, wrote the paper,
prepared figures and/or tables, reviewed drafts of the paper.

Data Availability
The following information was supplied regarding data availability:

The raw data has been supplied as a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.2729#supplemental-information.

REFERENCES
Ahrné K, Bengtsson J, Elmqvist T. 2009. Bumble bees (Bombus spp.) along a gradient of

increasing urbanization. PLoS ONE 4:e5574 DOI 10.1371/journal.pone.0005574.s001.
Albrecht M, Duelli P, Schmid B, Müller CB. 2007. Interaction diversity within quantified

insect food webs in restored and adjacent intensively managed meadows. Journal of
Animal Ecology 76:1015–1025 DOI 10.1111/j.1365-2656.2007.01264.x.

Baldock KCR, GoddardMA, Hicks DM, KuninWE, Mitschunas N, Osgathorpe
LM, Potts SG, Robertson KM, Scott AV, Stone GN, Vaughan IP, Memmott J.
2015.Where is the UK’s pollinator biodiversity? The importance of urban areas
for flowervisiting insects. Proceedings of the Royal Society B: Biological Sciences
282:2014–2849 DOI 10.1098/rspb.2014.2849.

Banaszak-CibickaW, Żmihorski M. 2012.Wild bees along an urban gradient: winners
and losers. Journal of Insect Conservation 16:331–343
DOI 10.1007/s10841-011-9419-2.

Bates AJ, Sadler JP, Fairbrass AJ, Falk SJ, Hale JD, Matthews TJ. 2011. Changing bee
and hoverfly pollinator assemblages along an urban-rural gradient. PLoS ONE
6:e23459 DOI 10.1371/journal.pone.0023459.

BhattacharyaM, Primack RB, Gerwein J. 2003. Are roads and railroads barriers to
bumblebee movement in a temperate suburban conservation area? Biological
Conservation 109:37–45 DOI 10.1016/S0006-3207(02)00130-1.

Blackmore LM, Goulson D. 2014. Evaluating the effectiveness of wildflower seed mixes
for boosting floral diversity and bumblebee and hoverfly abundance in urban areas.
Insect Conservation and Diversity 7:480–484 DOI 10.1111/icad.12071.

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 14/19

https://peerj.com
http://dx.doi.org/10.7717/peerj.2729/supplemental-information
http://dx.doi.org/10.7717/peerj.2729#supplemental-information
http://dx.doi.org/10.7717/peerj.2729#supplemental-information
http://dx.doi.org/10.1371/journal.pone.0005574.s001
http://dx.doi.org/10.1111/j.1365-2656.2007.01264.x
http://dx.doi.org/10.1098/rspb.2014.2849
http://dx.doi.org/10.1007/s10841-011-9419-2
http://dx.doi.org/10.1371/journal.pone.0023459
http://dx.doi.org/10.1016/S0006-3207(02)00130-1
http://dx.doi.org/10.1111/icad.12071
http://dx.doi.org/10.7717/peerj.2729


Cane JH. 2005. Bees’ needs challenged by urbanization. In: Johnson EA, Klemens MW,
eds. Nature in fragments: the legacy of sprawl. New York: Columbia University Press,
109–124.

Cane JH, Minckley R, Kervin L. 2001. Sampling bees (Hymenoptera: Apiformes)
for pollinator community studies: pitfalls of pan-trapping. Journal of the Kansas
Entomological Society 73:208–214.

Carvalheiro LG, KuninWE, Keil P, Aguirre-Gutiérrez J, Ellis WN, Fox R, GroomQ,
Hennekens S, Van LanduytW,Maes D, Van deMeutter F, Michez D, Rasmont
P, Ode B, Potts SG, ReemerM, Roberts SPM, Schaminée J, WallisDeVries MF,
Biesmeijer JC. 2013. Species richness declines and biotic homogenisation have
slowed down for NW-European pollinators and plants. Ecology Letters 16:870–878
DOI 10.1111/ele.12121.

Clarke KR. 1993. Non-parametric multivariate analyses of changes in community
structure. Australian Journal of Ecology 18:117–143
DOI 10.1111/j.1442-9993.1993.tb00438.x.

Clough Y, Ekroos J, Báldi A, Batáry P, Bommarco R, Gross N, Holzschuh A, Hopfen-
müller S, Knop E, Kuussaari M, Lindborg R, Marini L, Öckinger E, Potts SG, Pöyry
J, Roberts SPM, Steffan-Dewenter I, Smith HG. 2014. Density of insect-pollinated
grassland plants decreases with increasing surrounding land-use intensity. Ecology
Letters 17:1168–1177 DOI 10.1111/ele.12325.

Czúni L, Lipovits Á, Seress G. 2012. Estimation of urbanization using visual features
of satellite images. In: Gensel J, Josselin D, Vandenbroucke D, eds. Bridging the
geographic information science. Berlin, Heidelberg: Springer-Verlag, 233–238.

Dathe HH. 1969. Zur Hymenopterenfauna im Tierpark Berlin I.Milu 2:430–443.
Eichfeld J, Buchholz S. 2014. Bemerkenswerte Wildbienenarten (Hymenoptera:

Apidae) urbaner Wiesen in Marzahn-Hellersdorf, Berlin.Märkische Entomologische
Nachrichten 16:47–54.

Farwig N, Bailey D, Bochud E, Herrmann JD, Kindler E, Reusser N, Schüepp C,
Schmidt-EntlingMH. 2009. Isolation from forest reduces pollination, seed pre-
dation and insect scavenging in Swiss farmland. Landscape Ecology 24:919–927
DOI 10.1007/s10980-009-9376-2.

Fetridge ED, Ascher JS, Langellotto GA. 2008. The bee fauna of residential gardens in
a suburb of New York city (Hymenoptera: Apoidea). Annals of the Entomological
Society of America 101:1067–1077 DOI 10.1603/0013-8746-101.6.1067.

Fischer LK, von der LippeM, Rillig MC, Kowarik I. 2013. Creating novel urban grass-
lands by reintroducing native species in wasteland vegetation. Biological Conservation
159:119–126 DOI 10.1016/j.biocon.2012.11.028.

Fischer LK, von der LippeM, Kowarik I. 2013. Urban grassland restoration: which
plant traits make desired species successful colonizers? Applied Vegetation Science
16:272–285 DOI 10.1111/j.1654-109X.2012.01216.x.

Fortel L, HenryM, Guibaud L, Guirao AL, KuhlmannM,Mouret H, Rollin O, Vaissière
BE. 2014. Decreasing abundance, increasing diversity and changing structure of the

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 15/19

https://peerj.com
http://dx.doi.org/10.1111/ele.12121
http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
http://dx.doi.org/10.1111/ele.12325
http://dx.doi.org/10.1007/s10980-009-9376-2
http://dx.doi.org/10.1603/0013-8746-101.6.1067
http://dx.doi.org/10.1016/j.biocon.2012.11.028
http://dx.doi.org/10.1111/j.1654-109X.2012.01216.x
http://dx.doi.org/10.7717/peerj.2729


wild bee community (Hymenoptera: Anthophila) along an urbanization gradient.
PLoS ONE 9:e104679 DOI 10.1371/journal.pone.0104679.

Gallai N, Salles JM, Settele J, Vaissière BE. 2009. Economic valuation of the vulnerability
of world agriculture confronted with pollinator decline. Ecological Economics
68:810–821 DOI 10.1016/j.ecolecon.2008.06.014.

GarbuzovM, Ratnieks FLW, Thompson K. 2013. Quantifying variation among garden
plants in attractiveness to bees and other flower-visiting insects. Functional Ecology
28:364–378.

Gunnarsson B, Federsel LM. 2014. Bumblebees in the city: abundance, species richness
and diversity in two urban habitats. Journal of Insect Conservation 18:1185–1191
DOI 10.1007/s10841-014-9729-2.

Hanley ME, Awbi AJ, FrancoM. 2014. Going native? Flower use by bumblebees in
English urban gardens. Annals of Botany 113:799–806 DOI 10.1093/aob/mcu006.

Henning EI, Ghazoul J. 2011. Plant–pollinator interactions within the urban envi-
ronment. Perspectives in Plant Ecology, Evolution and Systematics 13:137–150
DOI 10.1016/j.ppees.2011.03.003.

Henning EI, Ghazoul J. 2012. Pollinating animals in the urban environment. Urban
Ecosystems 15:149–166 DOI 10.1007/s11252-011-0202-7.

Hobbs RJ, Higgs E, Harris JA. 2009. Novel ecosystems: implications for conservation and
restoration. Trends in Ecology & Evolution 24:599–605
DOI 10.1016/j.tree.2009.05.012.

Hopwood JL. 2008. The contribution of roadside grassland restorations to native bee
conservation. Biological Conservation 141:2632–2640
DOI 10.1016/j.biocon.2008.07.026.

Hostetler NE, McIntyre ME. 2001. Effects of urban land use on pollinator (Hy-
menoptera: Apoidea) communities in a desert metropolis. Basic and Applied Ecology
2:209–218 DOI 10.1078/1439-1791-00051.

HülsmannM, vonWehrden H, Klein AM, Leonhardt SD. 2015. Plant diversity and
composition compensate for negative effects of urbanization on foraging bumble
bees. Apidologie 46:760–770 DOI 10.1007/s13592-015-0366-x..

Ignatieva M, Ahrné K,Wissman J, Eriksson T, Tidåker P, HedblomM, Kätterer
T, Marstorp H, Berg P, Eriksson T, Bengtsson J. 2015. Lawn as a cultural and
ecological phenomenon: a conceptual framework for transdisciplinary research.
Urban Forestry & Urban Greening 14:383–387 DOI 10.1016/j.ufug.2015.04.003.

Jones EL, Leather SR. 2012. Invertebrates in urban areas: a review. European Journal of
Entomology 109:463–478 DOI 10.14411/eje.2012.060.

Kennedy CM, Lonsdorf E, Neel MC,Williams NM, Ricketts TH,Winfree R, Bommarco
R, Brittain C, Burley AL, Cariveau D, Carvalheiro LG, Chacoff NP, Cunningham
SA, Danforth BN, Dudenhöffer JH, Elle E, Gaines HR, Garibaldi LA, Gratton C,
Holzschuh A, Isaacs R, Javorek SK, Jha S, Klein AM, Krewenka K, Mandelik Y,
Mayfield MM,Morandin L, Neame LA, OtienoM, ParkM, Potts SG, Rundlöf M,
Saez A, Steffan-Dewenter I, Taki H, Viana BF,Westphal C,Wilson JK, Green-
leaf SS, Kremen C. 2013. A global quantitative synthesis of local and landscape

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 16/19

https://peerj.com
http://dx.doi.org/10.1371/journal.pone.0104679
http://dx.doi.org/10.1016/j.ecolecon.2008.06.014
http://dx.doi.org/10.1007/s10841-014-9729-2
http://dx.doi.org/10.1093/aob/mcu006
http://dx.doi.org/10.1016/j.ppees.2011.03.003
http://dx.doi.org/10.1007/s11252-011-0202-7
http://dx.doi.org/10.1016/j.tree.2009.05.012
http://dx.doi.org/10.1016/j.biocon.2008.07.026
http://dx.doi.org/10.1078/1439-1791-00051
http://dx.doi.org/10.1007/s13592-015-0366-x.
http://dx.doi.org/10.1016/j.ufug.2015.04.003
http://dx.doi.org/10.14411/eje.2012.060
http://dx.doi.org/10.7717/peerj.2729


effects on wild bee pollinators in agroecosystems. Ecology Letters 16:584–599
DOI 10.1111/ele.12082.

Kowarik I. 2011. Novel urban ecosystems, biodiversity, and conservation. Environmental
Pollution 159:1974–1983 DOI 10.1016/j.envpol.2011.02.022.

Krewenka KM, Holzschuh A, Tscharntke T, Dormann CF. 2011. Landscape elements
as potential barriers and corridors for bees, wasps and parasitoids. Biological
Conservation 144:1816–1825 DOI 10.1016/j.biocon.2011.03.014.

Kühn I, Brandl R, Klotz S. 2004. The flora of German cities is naturally species rich.
Evolutionary Ecology Research 6:749–764.

Leong JM, Thorp RW. 1999. Colour-coded sampling: the pan trap colour preferences
of oligolectic and nonoligolectic bees associated with a vernal pool plant. Ecological
Entomology 24:329–335 DOI 10.1046/j.1365-2311.1999.00196.x.

Lundholm JT, Richardson PJ. 2010.Habitat analogues for reconciliation ecology
in urban and industrial environments. Journal of Applied Ecology 47:966–975
DOI 10.1111/j.1365-2664.2010.01857.x.

MacIvor JS, Lundholm J. 2011. Insect species composition and diversity on intensive
green roofs and adjacent level-ground habitats. Urban Ecosystems 14:225–241
DOI 10.1007/s11252-010-0149-0.

Matteson KC, Grace JB, Minor ES. 2013. Direct and indirect effects of land use on floral
resources and flower-visiting insects across an urban landscape. Oikos 122:682–694
DOI 10.1111/j.1600-0706.2012.20229.x.

McCune B, Grace JB. 2002. Analysis of ecological communities. Gleneden Beach: MjM
Software Design.

McKinneyML. 2006. Urbanization as a major cause of biotic homogenization. Biological
Conservation 127:247–260 DOI 10.1016/j.biocon.2005.09.005.

McKinneyML. 2008. Effects of urbanization on species richness: a review of plants and
animals. Urban Ecosystems 11:161–176 DOI 10.1007/s11252-007-0045-4.

Oksanen J, Blanchet FG, Kindt R, Legendre P, Minchin PR, O’Hara RB, Simpson GL,
Solymos P, Stevens MHH,Wagner H. 2013. Package ‘vegan’. Community Ecology
Package. Version 2.0-9. Available at http:// vegan.r-forge.r-project.org .

Ollerton J, Winfree R, Tarrant S. 2011.How many flowering plants are pollinated by
animals? Oikos 120:321–326 DOI 10.1111/j.1600-0706.2010.18644.x.

Paker Y, Yom-Tov Y, Alon-Mozes T, Barnea A. 2014. The effect of plant richness and
urban garden structure on bird species richness, diversity and community structure.
Landscape and Urban Planning 122:186–195 DOI 10.1016/j.landurbplan.2013.10.005.

Parmentier L, Meeus I, Cheroutre L, Mommaerts V, Louwye S, Smagghe G. 2014.
Commercial bumblebee hives to assess an anthropogenic environment for pollinator
support: a case study in the region of Ghent (Belgium). Environmental Monitoring
and Assessment 186:2357–2367 DOI 10.1007/s10661-013-3543-2.

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, KuninWE. 2010. Global
pollinator declines: trends, impacts and drivers. Trends in Ecology & Evolution
25:345–353 DOI 10.1016/j.tree.2010.01.007.

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 17/19

https://peerj.com
http://dx.doi.org/10.1111/ele.12082
http://dx.doi.org/10.1016/j.envpol.2011.02.022
http://dx.doi.org/10.1016/j.biocon.2011.03.014
http://dx.doi.org/10.1046/j.1365-2311.1999.00196.x
http://dx.doi.org/10.1111/j.1365-2664.2010.01857.x
http://dx.doi.org/10.1007/s11252-010-0149-0
http://dx.doi.org/10.1111/j.1600-0706.2012.20229.x
http://dx.doi.org/10.1016/j.biocon.2005.09.005
http://dx.doi.org/10.1007/s11252-007-0045-4
http://vegan.r-forge.r-project.org
http://dx.doi.org/10.1111/j.1600-0706.2010.18644.x
http://dx.doi.org/10.1016/j.landurbplan.2013.10.005
http://dx.doi.org/10.1007/s10661-013-3543-2
http://dx.doi.org/10.1016/j.tree.2010.01.007
http://dx.doi.org/10.7717/peerj.2729


R Core Team. 2013. R: A language and environment for statistical computing. Vienna: R
Foundation for Statistical Computing. Available at http://www.R-project.org/ .

Santos de AraújoW, Tscharntke T, Almeida-NetoM. 2015. Global effects of land use
intensity on the impoverishment of insect herbivore assemblages. Biodiversity and
Conservation 24:271–285 DOI 10.1007/s10531-014-0807-2.

Sattler T, Borcard D, Arlettaz R, Bontadina F, Legendre P, Obrist MK, Moretti M. 2010.
Spider, bee, and bird communities in cities are shaped by environmental control and
high stochasticity. Ecology 91:3343–3353 DOI 10.1890/09-1810.1.

Saure C. 1993. Die Bedeutung innerstädtischer Ruderalflächen für die Stechimmenfauna
am Beispiel der Stadt Berlin mit Anmerkungen zu nicht-aculeaten Hymenopteren-
gruppen (Insecta: Hymenoptera). Insecta 1:90–121.

Saure C. 2005. Rote Liste und Gesamtartenliste der Bienen und Wespen (Hymenoptera
part.) von Berlin mit Angaben zu den Ameisen (ed. by Der Landesbeauftragte für
Naturschutz und Landschaftspflege/Senatsverwaltung für Stadtentwicklung), Rote Listen
der gefährdeten Pflanzen und Tiere von Berlin. CD-ROM. Berlin: Senate Department
for Urban Development. Available at http://www.stadtentwicklung.berlin.de/natur_
gruen/naturschutz/downloads/artenschutz/ rotelisten/24_bienen_print.pdf .

Senße V. 2013. Neuartige Stadtwiesen. Blühaspekte unter ästhetischen und ökologischen
Gesichtspunkten. BA Thesis, Technische Universität Berlin.

Seress G, Lipovits A, Bókony V, Czúni L. 2014. Quantifying the urban gradient: a prac-
tical method for broad measurements. Landscape and Urban Planning 131:42–50
DOI 10.1016/j.landurbplan.2014.07.010.

Shwartz A, Turbé A, Julliard R, Simon L, Prévot AC. 2014. Outstanding challenges for
urban conservation research and action. Global Environmental Change 28:39–49
DOI 10.1016/j.gloenvcha.2014.06.002.

Steckel J, Westphal C, Peters MK, BellachM, Rothenwoehrer C, Erasmis S, Scherber C,
Tscharntke T, Steffan-Dewenter I. 2014. Landscape composition and configuration
differently affect trap-nesting bees, wasps and their antagonists. Biological Conserva-
tion 172:56–64 DOI 10.1016/j.biocon.2014.02.015.

Tewksbury JJ, Levey DJ, Haddad NM, Sargent S, Orrock JL, Weldon A, Danielson
BJ, Brinkerhoff J, Damschen EI, Townsend P. 2002. Corridors affect plants,
animals, and their interactions in fragmented landscapes. Proceedings of the
National Academy of Sciences of the United States of America 99:12923–12926
DOI 10.1073/pnas.202242699.

Threlfall CG,Walker K,Williams NSG, Hahs AK, Mata L, Stork N, Livesley SJ. 2015.
The conservation value of urban green space habitats for Australian native bee com-
munities. Biological Conservation 187:240–248 DOI 10.1016/j.biocon.2015.05.003.

Tommasi D, Miro A, Higo HA,WinstonML. 2004. Bee diversity and abundance in an
urban setting. The Canadian Entomologist 136:851–869 DOI 10.4039/n04-010.

Turrini T, Knop E. 2015. A landscape ecology approach identifies important drivers of
urban biodiversity. Global Change Biology 21:1652–1667 DOI 10.1111/gcb.12825.

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 18/19

https://peerj.com
http://www.R-project.org/
http://dx.doi.org/10.1007/s10531-014-0807-2
http://dx.doi.org/10.1890/09-1810.1
http://www.stadtentwicklung.berlin.de/natur_gruen/naturschutz/downloads/artenschutz/rotelisten/24_bienen_print.pdf
http://www.stadtentwicklung.berlin.de/natur_gruen/naturschutz/downloads/artenschutz/rotelisten/24_bienen_print.pdf
http://dx.doi.org/10.1016/j.landurbplan.2014.07.010
http://dx.doi.org/10.1016/j.gloenvcha.2014.06.002
http://dx.doi.org/10.1016/j.biocon.2014.02.015
http://dx.doi.org/10.1073/pnas.202242699
http://dx.doi.org/10.1016/j.biocon.2015.05.003
http://dx.doi.org/10.4039/n04-010
http://dx.doi.org/10.1111/gcb.12825
http://dx.doi.org/10.7717/peerj.2729


Wastian L, Unterweger PA, Betz O. 2016. Influence of the reduction of urban lawn
mowing on wild bee diversity (Hymenoptera, Apoidea). Journal of Hymenoptera
Research 49:51–63 DOI 10.3897/JHR.49.7929.

Zurbuchen A, Bachofen C, Müller A, Hein S, Dorn S. 2010. Are landscape structures
insurmountable barriers for foraging bees? A mark-recapture study with two solitary
pollen specialist species. Apidologie 41:497–508 DOI 10.1051/apido/2009084.

Zuur AF, Ieno EN,Walker NJ, Saveliev AA, Smith GM. 2009.Mixed effects models and
extensions in ecology with R. New York: Springer Science + Business Media.

Fischer et al. (2016), PeerJ, DOI 10.7717/peerj.2729 19/19

https://peerj.com
http://dx.doi.org/10.3897/JHR.49.7929
http://dx.doi.org/10.1051/apido/2009084
http://dx.doi.org/10.7717/peerj.2729

