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Abstract Bumblebees are well known for their contri-
bution to the ecosystem service of pollination. In urban
areas, green space management beneficial to pollinators
can be an important step in sustaining large urban bee
populations. The abundance, number of species and
diversity of bumblebees (Bombus spp), as well as the
abundance of honeybees (Apis mellifera), were studied in
13 urban gardens (including allotments) and 13 ornamental
flowerbeds (in parks and green spaces) in the city centre of
Gothenburg, Sweden. In total, 12 species of bumblebees
were observed. Species richness was significantly higher in
gardens than in flowerbeds, but diversity (Berger—Parker
and Simpson indices) was higher in flowerbeds than in
urban gardens. The abundance in gardens was significantly
higher and approximately twice that found in flowerbeds.
The number of honeybee individuals was positively cor-
related with the abundance of bumblebees. Neither species
richness nor abundance of bumblebees was affected by site
size. However, a high flowering frequency positively
affected the total number of bumblebee and honeybee
individuals at the sites. We conclude that urban gardens
contribute to sustaining a high abundance of bumblebees in
the city centre, and indirectly facilitates small scale urban
food production. A pollinator-friendly management of
urban green space with plentiful flowering may promote a
community of bumblebees with high abundance and
diversity.
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Introduction

Recently, a number of studies of pollinator communities
caused considerable concern due to the presentation of
their declining numbers both regionally and globally (e.g.
Potts et al. 2010; Bommarco et al. 2012; Burkle et al.
2013). The focus on insect pollinators has often been linked
to their effect on flowering plants and the productivity of
biomass, seeds and fruits. If the trend of declining numbers
of pollinators in the agricultural landscape continues there
is a serious risk for lower efficiency in plant production
systems. Recent data suggests that the importance of insect
pollination on, e.g., crop quality may have been seriously
underestimated (Klatt et al. 2014). The long-term conse-
quences of insect pollinators’ decline may be catastrophic
for human food production.

A focus on sustainability and safe food production, in
combination with rapid urbanization, has increased the
interest in urban gardening and food production. Urban
gardening in major cities in the EU and USA can be seen in
light of increasing awareness of global environmental
threats and trends of sustainable living (e.g. Lawson 2005).
In terms of ecosystem service, the success and usefulness
of pollinators as suppliers of a “service” may depend on
social-ecological dynamics (Andersson et al. 2007). This
suggests that the “value” of pollination is dependent on
human actions, e.g. management regimes in urban areas.
Here, we focus on the diversity and abundance of bum-
blebees in relation to two common, but strictly man-made,
urban habitats; urban gardens and flowerbeds.

Various insect pollinators, such as bumblebees, con-
tribute to the success of urban gardening in the very centres
of cities (e.g. Matteson and Langellotto 2009). Several
studies have shown that bumblebees can colonize urban
areas with a relatively small cover of green space (e.g.
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Tommasi et al. 2004; Matteson et al. 2008; Hernandez
et al. 2009; Matteson and Langellotto 2010). This makes
bumblebees especially valuable as providers of ecosystem
services in an urban context. Outside city centres, areas
such as allotment gardens are florally rich and heteroge-
neous habitats able to support large and highly diversified
populations of bumblebees (e.g. Andersson et al. 2007;
Ahrné et al. 2009).

We explored the hypothesis that two specific types of
urban habitats, namely urban gardens and flowerbeds,
harbour different number of individuals and species of
bumblebees. We also examined whether the size of an
urban site and abundance of honeybees had an impact on
the abundance of bumblebees. The study was conducted in
Gothenburg, the second largest city in Sweden.

Materials and methods

We sampled bumblebees and honeybees at 26 sites in the
city of Gothenburg (ca 500,000 inhabitants) in south—
western Sweden. The study included 13 sites with urban
gardens (GA) and another 13 sites with traditional flow-
erbeds (FB), i.e. ornamental floral patches in green spaces
in, or close to, the city centre (Table 1). The GA sites
included various kinds of allotments, with and without
small cottages, but also community gardens and sites with
small, built-up growing beds. The FB sites included beds
with flowers for ornamental purposes in many kinds of
green space such as shopping malls, churchyards, city
parks, pocket parks, botanical garden, etc. Residential and/
or commercial areas surrounded all sites. The area of sites
varied greatly. In GA sites, the range was 250—45,000 m>
(mean = SE 9,465 + 3,336 m?>) and in FB sites,
100-60,000 m®> (mean & SE 8,076 £ 5,287 m®). For
smaller sites, almost all of the ground was covered with
gardens or flowerbeds, respectively. But for the larger sites,
there was some habitat heterogeneity including e.g. lawns
and ground covered with shrubs and trees. At each site, we
sampled bees in spots with flowering plants. However,
flowering differed between sites and we used an index of 1
(low abundance), 2 (medium abundance), or 3 (high
abundance) to assess the relative frequency of flowering
plants (Table 1). The index was based on a visual assess-
ment at each site. The following percentages of the total
sampling area (see below) covered by flowering plants
were used: an index of 1 corresponded to 20-35 %, an
index of 2 40-55 %, and an index of 3 60-80 %. All
assessments were made by one of the authors (LMF).
Previous studies have shown that visual estimation of
vegetation cover is an acceptable sampling method
although the percentage is often slightly underestimated
(e.g. Gallegos Torell and Glimskir 2009).
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Table 1 Study sites in Gothenburg

No. Name of site Size (ha) Index
of flowering

Urban gardens
1 Gnisterdngens odlarforening 0.9 2
2 Gron kultur Hogsbo 0.5 3
3 Kristinedals odlarférening 1.25 3
4 Lilla Anggardskolonin 0.3 3
5 Silverkillan 0.15 3
6 Skansberget 0.03 1
7 Slottskogskolonien 4.5 3
8 Solrosparken 0.025 1
9 Torpa koloniomrade 0.5 2
10 Turebergs odlarforening 0.05 2
11 Anggardens koloniférening 1.7 2
12 Anggérdens odlarférening 1.2 1
13 Orgryte kolonitridgardar 1.2 3

Flower beds
14 Axel Dahlstroms torg 0.01 2
15 Berzeliigatan busshallplats 0.04 1
16 Biltesspannarparken 0.025 3
17 Botaniska tridgarden 4 3
18 Domkyrkan 0.3 3
19 Drottningtorget 0.01 1
20 Ekedal busshallplats 0.01 2
21 Gotaplatsen 0.03 2
22 Liseberg sodra ingangen 0.01 3
23 Skidpplandagatans parkering 0.035 2
24 Torpagatan 0.01 2
25 Tradgéardsforeningen 6 3
26 Vistergatan 0.02 3

An index of the relative frequency of flowering plants was used:
1 = low abundance, 2 = medium abundance, 3 = high abundance

The sampling was performed on six occasions in July
2013, i.e. day 1, 8, 12, 17, 22 and 29, between 0900 and
1800 h. All sampling took place on days with a minimum
temperature of 17 °C, low wind and no rain. The visiting
sequence of the sites varied between sampling dates, so
that each site was visited at different times during the day
over the sampling period.

At each site, we counted bumblebees and honeybees
while walking slowly along a transect at a pre-determined
pace and following existing tracks enabling an overview of
the site. The sampling area covered 2.5 m on both sides of
the transect. Transect lengths varied slightly with a mean of
85 m for GA sites and 88 m for FB sites. In the statistical
analysis, all sampling estimates were converted to number
of species, or individuals, per 100 m (i.e. 500 mz).

The bumblebees were determined by species in the field,
i.e. no bees were killed in our study. We used primarily
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keys specifically developed for field identification of
Swedish bumblebees (Soderstrom 2013). In case of
uncertainty, the individual was captured in a transparent
plastic vial and examined in detail before it was released
again. In a few cases, a photo of the individual was also
taken and an expert on bumblebee species identification
was consulted. Usually the species identification was
unambiguous but in the case of Bombus lucorum there are
two rare “sibling species” in Sweden, i.e. B. cryptarum and
B. magnus, which could not be distinguished in the field.
Thus all individuals were counted as the common species
B. lucorum. Inevitably, a few individuals escaped the col-
lecting attempts or were observed too shortly to be iden-
tified with certainty. In total, 77 individuals (7.0 %) of the
observed bumblebees were unidentified. Those bumblebees
were included in an analysis of the number of individuals
but not of species richness. The dominance index of Ber-
ger—Parker and the Simpson index were calculated as
diversity measures, as recommended by Magurran (2004).

The statistical analysis was performed by two repeated
measures ANOVA with covariables. The dependent vari-
ables were “species richness” (number of species/100 m)
and “number of individuals” (number of individuals/
100 m) of bumblebees at six sampling occasions (within-
subject factor), respectively. The between-subjects factor
was “type of site” (urban garden/flower bed) and covari-
ates were “size of site” (ha) and “Apis” (mean number of
honeybees per site). For species richness the ANOVA
model was: “species richness at Time 1, Time 2, Time 3,
Time 4, Time 5, Time 6” (response variable), “type of
site” (factor) and “size of site” (covariate). The number of
individuals were analysed using the following model:
“number of individuals at Time 1, Time 2, Time 3, Time 4,
Time 5, Time 6” (response variable), “type of site” (fac-
tor) and “size of site” plus “Apis” (covariates). We per-
formed no rarefactions on the number of species on sample
size because the design was a repeated measures ANOVA,
which means that the samples were not strictly indepen-
dent. We used the non-parametric Kruskal-Wallis test to
examine the relationship between the index of flowering
plants and total number of bumblebees and honeybees at
each site. The software SPSS v. 19 was used for statistical
computations.

Results

In total, 1,105 individuals of 12 species of bumblebees
(Table 2) and 959 individuals of honeybees were observed.
The present study employed a repeated measures design,
implying that some individuals may have been sampled
repeatedly during the investigation period. In addition, wild
bee species other than Bombus were observed but excluded

Table 2 Species composition of bumblebees (Bombus spp) observed
at urban gardens (GA) and flowerbeds (FB) in Gothenburg, Sweden

Species GA sites (%)  FB sites (%)  Tongue
length
B. terrestris 59.4 49.1 S
B. lapidarius 19.1 23.1 S
B. lucorum (spp group) 8.3 11.1 S
B. pascuorum 4.8 7.2 L
B. hypnorum 4.5 5.3 S
B. hortorum 2.3 2.9 L
B. pratorum 0.8 1.1 S
B. soroéensis 0.3 0 S
B. rupestris 0.3 0 -
B. bohemicus 0 0.3 -
B. campestris 0.2 0 -
B. sylvarum 0.2 0 L

Percentages are given for individuals identified to species at GA sites
(N = 650) and FB sites (N = 377), respectively. Tongue lengths
were long (L) and short (S) tongue, respectively (Ahrné et al. 2009).
In cuckoo bumblebees tongue length was not recorded

from the analysis because only a few individuals were
recorded.

In GA sites, we observed a total of 11 species of bum-
blebees, with Bombus terrestris predominating (59.4 %,
Table 2). The second most frequently observed species was
B. lapidarius (19.1 %). The number of species per site
ranged between three and nine. The total number of indi-
viduals per site observed over the sampling period was
between 14 and 205 bumblebees, with an average of 54.2
individuals.

In FB sites, eight species of bumblebees were recorded.
B. terrestris (49.1 %) and B. lapidarius (23.1 %) were the
most common species (Table 2) in similarity to GA sites.
The observed number of species per site varied between
two and seven bumblebees. The number of bumblebee
individuals per site was on average 30.8, and ranged
between 8 and 70 individuals.

In both types of sites, B. ferrestris was the predomi-
nating species. However, the degree of dominance differed.
According to the Berger—Parker index (1/d) FB sites had a
higher diversity (2.04) than was observed at the GA sites
(1.68). Diversity estimated with the Simpson index (1/D)
showed, once again, that FB sites had higher diversity
(3.17) than GA sites (2.49). These estimates were based on
the individuals observed at repeated measurements for each
site.

Following the example of Ahrné et al. (2009), we split
the different species into two categories according to ton-
gue length, that is, bees with long and bees with short
tongues. The frequency of bumblebees with long tongues
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Fig. 1 Species richness (mean + SE, no. species/100 m) of bumble-
bees (Bombus spp) in urban gardens (GA, N = 13) and flowerbeds
(FB, N = 13) in the city centre of Gothenburg, SW Sweden. Sites
were visited six times during July 2013

in GA and FB sites were 7.3 and 10.1 %, respectively.
These percentages were based on the total number of
individuals and identified by species. In addition, three
species of cuckoo bumblebees were found in very low
frequencies (Table 2) but were not sorted into any category
of tongue length.

The mean number of honeybees per site, based on the
six sampling occasions, varied between 0.3 and 17.7 indi-
viduals (grand mean 6.7) at GA sites, and at FB sites the
mean number of honey bees per site was between 0.2 and
33.5 individuals (grand mean 7.9).

Species richness of bumblebees was sampled on six
occasions in July (Fig. 1) and the abundances of bumble-
bees and honeybees were registered simultaneously
(Fig. 2). We examined the importance of site type (urban
garden GA vs flower bed FB) and two covariates, size of
site and number of Apis individuals (the latter only in the
analysis of bumblebee abundance), on the response vari-
ables species richness (number of species/100 m) and
individuals (abundance/100 m) of bumblebees using two
separate repeated measures ANOVAs.

In the analysis of the number of species, the between-
subjects factor “type of site” (GA/FB) was significant
(p = 0.005) but the covariate “size of site” did not con-
tribute significantly to explaining the variance (Table 3).
On average, there were 3.0 (SE 0.21) species at GA sites
versus 2.0 (SE 0.21) species at FB sites. The within-subject
factor, i.e. sampling occasion, varied significantly
(»p = 0.021) over time. This means that the number of
species differed between the sampling dates.

The number of Bombus individuals were significantly
influenced by “type of site” (p = 0.032) and by one of the
covariates “Apis” (p = 0.007), i.e. the mean number of
honeybee individuals, but not by the “size of site”
(Table 3). There were, on average, 10.6 (SE 1.5) Bombus
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Fig. 2 Abundance (mean £ SE, no. individuals/100 m) of bumble-
bees (Bombus spp, GA-B) and honeybees (Apis mellifera, GA-A) in
urban gardens (N = 13) and flowerbeds (N = 13, bumblebees FB-B,

honeybees FB-A) in the city centre of Gothenburg, SW Sweden. Sites

were visited six times during July 2013

Table 3 Repeated measures ANOVA, with covariates, of species
richness and number of individuals of Bombus spp in Gothenburg,

Sweden

Source df MS F )4

Species richness
Sampling occasion 1 56.703 6.147 0.021
Type of site 1 39.469 9.910 0.005
Size of site 1 5.698 1.431 0.244
Error 23 3.983

Number of individuals
Sampling occasion 1 266.014 0.884 0.357
Type of site 1 889.337 5.234 0.032
Size of site 1 61.796 0.364 0.553
Apis 1 1,533.279 9.024 0.007
Error 22 169.914

The within-subject factor: “sampling occasion” (day 1, 8, 12, 17, 22,
29). The between-subjects factor: “type of site” (urban garden or
flowerbed) and covariates: “size of site” and “Apis” (mean number of
honeybees/site)

individuals at GA sites but only 5.8 (SE 1.5) individuals at
FB sites. The number of Bombus and Apis individuals were
positively correlated for both GA and FB sites (indicated
by correlation coefficients). However, the sampling time
(within-subject factor) did not contribute to explaining the
variance.

We examined whether the total number of individuals of
Bombus and Apis observed at each site during our study
was related to the index describing the relative frequency
of flowering plants. In this test, the GA and FB sites were
pooled. The total number of bee individuals differed sig-
nificantly between the three categories of flowering
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Table 4 Total number of Bombus and Apis individuals along transect
at each site (urban gardens and flowerbeds pooled, N = 26) in rela-
tion to a relative index of flowering plants (1 = low, 2 = medium,
3 = high)

Low flowering Medium flowering High flowering

Median 19 61 90.5
Mean = SE  28.5 4+ 8.1 61.8 + 10.9 113.8 &+ 25.7
(Table 4; Kruskal-Wallis test, Chi square = 7.648,

df = 2, p = 0.022). Data suggested that there were more
individuals observed at sites with a high relative frequency
of flowering plants.

Discussion

Data for Gothenburg suggested that both species richness
and number of bumblebees were higher in urban gardens
than in flowerbeds. However, the higher number of species
in urban gardens and allotments may be partly misleading
in terms of diversity because the Berger—Parker and
Simpson indices suggested a more diverse fauna in flower
beds. The higher number of species in urban gardens can be
due to a sampling effect related to numbers, i.e. the more
specimens collected indicates more species observed. A
rarefaction analysis was precluded by the repeated-mea-
sures design, i.e. the samples at each site were not strictly
independent and the same individuals can have been
sampled repeatedly. Worker bumblebees in cities seem to
be site-specific foragers. In a mark-recapture study in New
York City, Matteson and Langellotto (2009) found that
recapture rates varied between 30 and 68 % in individual
gardens, indicating that bees were revisiting the sites to a
great extent. This, of course, means that the diversity
indices could also be slightly biased but assuming that the
effect was similar it would still be possible to compare the
two types of sites.

The high abundance of bumblebees in urban gardens
may be of great importance to the urban bee community.
This suggests that urban gardens and allotments in Goth-
enburg may provide bees with valuable food resources, and
therefore harbour relatively large populations. Previous
studies suggest that gardens are important for attracting and
maintaining populations of urban bees (e.g. Goulson et al.
2006; Andersson et al. 2007; Fetridge et al. 2008; Pawelek
et al. 2009). The informal management of many gardens
and allotments has been suggested as a key in providing
bees with suitable habitats (Andersson et al. 2007). Certain
habitat qualities in urban gardens of Gothenburg appear to
make it possible to house many individuals at numerous

sites. For instance, the extended flowering period and high
diversity of plants in urban gardens can facilitate main-
taining large bumblebee populations in city environments.
On the other hand, flowerbeds during our investigation
period seemed to attract a more diverse bumblebee com-
munity. This may be a coincidence, but it may also be a
consequence of the management of flowerbeds. Many
species of bees can utilize resources provided by exotic
plants (e.g. Frankie et al. 2005), but not all types of plants
(e.g. Comba et al. 1999; Corbet et al. 2001), and floral
abundance can be a major factor affecting bees in urban
environments (Matteson and Langellotto 2010). In a study
of bees in urban habitats in Vancouver, British Columbia,
Tommasi et al. (2004) found that species richness of bees,
including bumblebees, did not differ significantly between
city gardens and traditional flowerbeds. Bee abundance
was more than three times higher in gardens than flower-
beds in Vancouver. However, Tommasi et al. (2004) did
include both botanical and community gardens in their
“gardens” category, thus data is not strictly comparable to
ours. We included both community gardens and allotments
in our “gardens” category, i.e. areas intended for small-
scale production of vegetables and flowers, but no parts of
botanical gardens. Our data suggested that flowerbeds that
are managed in a pollinator-friendly manner could con-
tribute to maintaining a diverse urban bee community.

The species composition of bumblebees in our study
sites was similar to that found in previous studies in the
southern part of Sweden. In two investigations of bum-
blebees in urban or periurban sites in Stockholm, Swederis
largest city, species largely overlapped with the species
composition at our sites. Andersson et al. (2007) observed
a total of 14 species, with 11 of these found in our samples.
In the work of Ahrné et al. (2009), 13 species were reported
at study sites along an urban to periurban gradient, and
again 11 species overlapped with our data. Moreover, the
most common species was B. terrestris in the study of
Ahrné et al. (2009), as well as in our study sites. In a study
of greenways and sown wildflower strips in periurban sites
in the southernmost province of Sweden, Haaland and
Gyllin (2010) found eight species of bumblebees, of which
six were recorded in our samples. However, Haaland and
Gyllin (2010) combined two species (B. terrestris and B.
lucorum) in their samples, implying an overlap in seven out
of nine species. Data from these three studies, together with
our findings, suggest that species composition of bumble-
bee communities in urban and periurban habitats in
southern Sweden are fairly predictable.

In previous studies of bee populations, there has been
evidence presented for competition between bumblebees
and honeybees (e.g. Schaffer et al. 1983; Thomson 2004;
Goulson and Sparrow 2009; Hudewenz and Klein 2013).
We found a positive co-variation between numbers of
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honeybees and bumblebees in urban gardens and flower-
beds at our study sites. This suggests that resources at our
study sites were sufficient, and caused no serious compe-
tition between bumblebees and honeybees. It is still pos-
sible that individual bees competed for access to single,
highly productive flowering plants, but such competition
was not strong enough to negatively influence the abun-
dance of bumblebees.

We found no evidence of any effect of size of site on
either species richness or abundance. A possible reason for
the absence of a correlation between response variables
(species richness and abundance of bumblebees) and size
could be the great variability in habitat within some of the
sites. The flowerbeds we investigated were mostly small
areas, ca 100-300 m? of size. But some of the study sites
contained heterogeneous environments with several types
of habitats. For instance, in the case of the Gothenburg
botanical garden (ca 4 ha) the ground was partly covered
by flower beds, but there were also some shrubs and
woodland, lawns and grassland without intensive man-
agement, so that the site could be described as a mosaic of
different habitat patches. The garden category in our study
included many kinds of gardens, i.e. mainly large areas (ca
0.3—4.5 ha) where plants have been grown for about
100 years but also some small (250-500 m*) and newly
established community gardens. Thus, the great heteroge-
neity of vegetation, within and between study sites might
explain why no size effect was detected.

One factor that could affect the number of visiting bees is
the kind of plants grown at each site. At one of the small
gardens (Silverkillan 0.15 ha) we recorded the highest
abundance of bumblebees during the course of our study. A
possible explanation for the observation at that site could be
the extensive growth of Phacelia tanacetifolia, a highly
popular plant genus for foraging bumblebees (Walther-
Hellwig and Frankl 2000). Our data for the total number of
individuals per site, including both bumblebees and honey-
bees, in relation to a relative index of flowering plants
provides some credibility to the idea that abundant flowering
attract considerable numbers of foraging bee individuals.
This suggests that plentiful flowering might have been a
major determinant of the abundance of bees recorded at our
study sites. However, it should be recalled that single indi-
viduals were probably counted more than once, due to the
repeated-measures design. Previous studies in agricultural
landscapes suggest that mass flowering crops have a strong
positive influence on bumblebee densities (e.g. Walther-
Hellwig and Frankl 2000; Westphal et al. 2003).

Habitats suitable for nesting is another major factor for
maintaining bee populations. In an extensive survey of
nesting habits of bumblebees in urban environments, Lye
et al. (2012) found that the preferred nesting sites were
often associated with human activities. This suggests that
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certain urban habitats could be valuable in providing
bumblebees with suitable nest sites (Lye et al. 2012).

Pollination as an ecosystem service in urban areas may
be dependent on the management of green space. In order
to enhance the efficiency of pollination in urban gardens, it
is essential to design green space in a way that attracts
insect pollinators. High species richness of flowering plants
and an extended growing period may well be crucial fac-
tors. Urban gardens and flower beds are two kinds of
habitats that can promote and possibly enhance populations
of bumblebees in city centres. However, it is not neces-
sarily the size of green space that determines species
richness of pollinators. In the city of New York, sunlight
and floral abundance were identified as major determinants
of urban bee diversity (Matteson and Langellotto 2010).
The current trend of urban gardening can provide better
conditions for bees but the success of small-scale food
production is dependent on maintaining sufficient popula-
tions of bees, i.e. a mutual dependence that could develop
into a win—win situation. The value of informal manage-
ment might be of special importance to promote bumble-
bees in cities (Andersson et al. 2007).

In conclusion, the populations of bumblebees in the city
centre of Gothenburg was positively influenced by urban
gardens that promoted a high abundance of individuals and
many species. Traditional flowerbeds had a lower abun-
dance of bumblebees, but on the other hand the biological
diversity was higher than in urban gardens. Extended
periods of abundant flowering in different types of urban
green spaces might be the key to promoting bumblebee
populations. Although more studies in other cities are
needed to examine the importance of urban gardens and
flower beds to bumblebees in general, we suggest that
pollinator-friendly management of urban green space
should be the norm in urban planning.
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