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Abstract Urban gardens may support bees by providing resources in otherwise resource-poor
environments. However, it is unclear whether urban, backyard gardens with native plants will
support more bees than gardens without native plants. We examined backyard gardens in
northwestern Ohio to ask: 1) Does bee diversity, abundance, and community composition
differ in backyard gardens with and without native plants? 2) What characteristics of backyard
gardens and land cover in the surrounding landscape correlate with changes in the bee
community? 3) Do bees in backyard gardens respond more strongly to local or landscape
factors? We sampled bees with pan trapping, netting, and direct observation. We examined
vegetation characteristics and land cover in 500 m, 1 km, and 2 km buffers surrounding each
garden. Abundance of all bees, native bees, and cavity-nesting bees (but not ground-nesting
bees) was greater in native plant gardens but only richness of cavity-nesting bees differed in
gardens with and without native plants. Bee community composition differed in gardens with
and without native plants. Overall, bee richness and abundance were positively correlated with
local characteristics of backyard gardens, such as increased floral abundance, taller vegetation,
more cover by woody plants, less cover by grass, and larger vegetable gardens. Differences in
the amount of forest, open space, and wetlands surrounding gardens influenced abundance of
cavity- and ground-nesting bees, but at different spatial scales. Thus, presence of native plants,
and local and landscape characteristics might play important roles in maintaining bee diversity
within urban areas.
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Introduction

Habitat degradation and fragmentation associated with urbanization can severely impact
species richness and composition of animal communities. Areas that are highly urbanized
tend to have the lowest biodiversity along an urban to rural gradient, and in urban areas,
species diversity of plants, mammals, reptiles, and amphibians decline due to increased
fragmentation, increased popluation isolation, and decreases in habitat connectivity
(Dickman 1987; Fahrig 2003; McKinney 2008).

Although there is growing interest in urban biodiversity conservation, and urban landscapes
continue to expand globally (UNFPA 2007), we know relatively little about the impact of
urbanization on insects, despite their important contributions to ecosystem services. Studying
the impacts of urbanization on insect diversity is important for several reasons. First, both
insects and other arthropods frequently inhabit disturbed and man-made environments and
therefore may be good indicators of how urbanization affects animal communities (Frankie
and Ehler 1978). Because arthropods are abundant in the environment and have relatively
short generation times, their life histories may allow them to respond rapidly to urbanization,
serving as sensitive bioindicators (McIntyre et al. 2001). Insects contribute ecosystem services
worth an estimated $56 billion (USD) in the US alone (Daily 1997; Losey and Vaughan 2006;
McIntyre et al. 2001). One of the most valuable ecosystem services provided by insects is
pollination, and bees, in particular, pollinate more than 66 % of the world’s 1,500 crop species
(Kremen et al. 2004). Yet pollination services may decline as bee abundance and richness
decline (e.g. Klein et al. 2003). Recent reports on the decline of pollinators have been linked to
loss of habitat due to increasing urbanization, agricultural intensification, and fragmentation
(Ahrné et al. 2009; Potts et al. 2010). The degradation of natural areas can reduce or eliminate
floral and nesting resources pollinators need in order to survive (Potts et al. 2010).

Although urban areas are generally species-poor (Czech et al. 2007), some urban habitats,
such as gardens or forest fragments may be suitable for supporting biodiversity (Hernandez
et al. 2009; Goddard et al. 2010; Matteson et al. 2012. Urban areas with large amounts of
vegetation cover provide habitat for biodiversity (Angold et al. 2006; Savard et al. 2000; Smith
et al. 2005). For example, community gardens throughout New York City attract a wide variety
of bee species, including many native cavity-nesting bees (Fetridge et al. 2008; Matteson et al.
2008). Urban parks in San Francisco attract more bees and more bee species than larger parks
outside the city, suggesting that urban areas can provide important food and nesting resources
(McFrederick and LeBuhn 2006). Furthermore, the local features of urban habitats such as
floral abundance, garden size, and plant species richness can influence suitability for bee
habitation (Frankie et al. 2005), as bee species richness correlates with plant and floral
resources in urban areas (Frankie et al. 2005; Matteson and Langellotto 2010). Inclusion of
native plants in backyard gardens may attract native bees, but little empirical data demonstrate
whether or not native plant presence affects diversity of urban arthropods. Native plants are
naturally occurring species that evolved with or migrated naturally to a particular area and
were not directly or indirectly introduced through human involvement (Richards et al. 1998).
Thus, although fragmentation and urbanization generally are associated with lower bee
diversity, incorporating additional resources, such as native plants, into urban green spaces
may help promote biodiversity, specifically for pollinators.

In addition to local habitat features, the location of urban habitats (e.g., proximity to large
parks) or the landscape surrounding urban habitats may strongly affect bee communities. For
example, within New York City, Matteson and Langellotto (2010) found that tall buildings
within a 200–500 m radius limited sunlight availability within an urban garden, which could
negatively impact bees by limiting plant growth and preventing bees from increasing their
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body temperature through passive basking in gardens (Matteson and Langellotto 2010). In
contrast, ample urban parks, fragemented forests, wetlands, and community gardens within a
500 m - 1 km radius of a garden may provide corridors and more vegetated landscapes for
arthropods and support higher richness (Rudd et al. 2002).

Finally, bees vary in a suite of ecological traits, including body size, degree of sociality, and
nesting strategy, which might cause specific bee guilds to respond differently to local and
landscape characteristics of urban habitats (Williams et al. 2010). Cavity-nesting bees are
favored in urban areas because they can nest in fences and gardens whereas ground nesting
bees cannot locate nests in developed areas due to the lack of soil availability (Cane et al. 2006;
Matteson et al. 2008; Ahrné et al. 2009; Neame et al. 2013). Foraging distance is positively
correlated with body size (Gathmann and Tscharntke 2002) so larger bees might be able to
forage farther away from urbanized areas and access a greater number of floral resources, thus
having a greater advantage over smaller bees.

In this study, we examined the impact of garden characteristics and the surrounding
landscape on bee diversity in urban, backyard gardens of northwestern Ohio. We carried out
surveys in backyards containing both flowers and vegetable gardens, and specifically, we
examined whether presence of native plants in backyard gardens was associated with changes
between the bee communities encountered in the gardens. We examined several characteristics
of each backyard garden including size of vegetable and flower gardens, number of flowers,
and floral diversity, and performed a landscape analysis to examine land cover types sur-
rounding each backyard. We then investigated three main research questions: 1) Does bee
diversity, abundance, and community composition differ in backyard gardens with and without
native plants? 2) What specific characteristics of backyard gardens and land cover in the
surrounding landscape correlate with changes in bee abundance and richness overall, and for
specific groups of bees? 3) Do bees in urban areas respond more strongly to local or landscape
factors?

Materials and methods

Study sites

We selected 16 backyard gardens in northwest Ohio in which to collect bees (Fig. 1, Table 1).
All gardens were in low-density residential suburbs, except for two cases where the vegetable
gardens were located in suburban botannical gardens. Each backyard garden contained
vegetable and flower gardens. Eight of the gardens selected had 0 % native plant cover and
the other eight gardens had >48 % native plant cover. We first selected gardens with native
plants, and then selected a nearby, paired site such that each pair contained one backyard with
vegetables and native plants and one backyard with vegetables and no native plants. Paired
backyards were located within 0.4 - 8 km of each other. We paired backyards because we
wanted to find native and non-native gardens with similar landscape characteristics. In some
cases, sites were 8 km apart because we could not locate closer non-native plant gardens to pair
with native plant gardens. Backyards differed in the area and arrangement of plantings of
vegetables, flowers, and native plants; vegetable plots ranged from 1.44 to 288 m2 per
backyard, area planted with native flowers ranged from 0 to 450.95 m2, and area planted with
non-native flowers ranged from 0 to 101.69 m2 (Table 1). All vegetable gardens contained
similar bee pollinated crops such as tomatoes, squash, beans, cucumbers, peppers, and
eggplants and herbs such as basil and sage. Many native gardens contained plants native to
Northwest Ohio, including butterfly milkweed (Asclepias tuberosa), columbine (Aquilegia
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spp.), asters (Aster spp.), coneflowers (Echinacea spp.), and brown-eyed Susans (Rudbeckia
spp.). Most gardens also contained flowers not native to the region, including marigolds
(Tagetes sp.), sunflowers (Helianthus annuus), roses (Rosa spp.), lilies (Lilium spp.), and
zinnias (Zinnia spp.) (see Table S1 for a list of the most common plant species encountered).

Bee sampling

To assess our first question, we used three methods to collect and observe bees between May
and August, 2010: hand-netting, pan trapping, and direct observation. We chose to use both
pan trapping and hand-netting in order to adequately measure the diversity of bees within each
garden and we used direct observations to study which bees were visiting the flowers and crop
species. Bees were netted by hand once a month in each site in June, July, and August. In order
to examine which bees were visitng the native and non-native plants and to better measure the
bee community present within each backyard, we netted for 30 min within a 2×2 m plot in the
native or non-native garden nearest to the vegetable gardens at each site (between 4 and 6 m
away). To capture temporal variation in foraging activity of different species, we netted at each
site both in the morning (9–12 AM) and again in the afternoon (1–4 PM) on the same day.

We collected bees using pan traps in May and July. For pan trapping, we used three 355 ml
bowls (one yellow, blue, and white, 15 cm diameter, 4.5 cm depth, Solo brand) per site filled
with a solution consisting of 300 ml of water and 4 ml of detergent to act as a surfactant
(Dawn, Cincinnati, OH). We placed the pan traps in the vegetable gardens in a triangular

Fig. 1 Map of the study sites in northwestern Ohio
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pattern with 5 m between traps. We elevated traps 1 m above ground by placing them on a
PVC pipe with a metal wire looped around the top of the pipe to hold the bowl in place. Bowls
were set out between 8 and 9 AM and collected between 2 and 3 PM. At collection, we poured
the trap contents into a mesh strainer, and washed insects with water and rinsed them with
70 % ethanol (LeBuhn et al. 2003; Matteson et al. 2008). Within 24 h of collection, we dried
insects with paper towels and pinned them for later identification.

We conducted direct observations at each site once a month from May - August between
9 AM and 2 PM on calm, sunny days (Tuell et al. 2008). We randomly selected a 2×2 m plot
within each vegetable garden and observed bees for 15 min, noting both the number of bee
individuals and the identity of each bee that landed within the plot. We grouped bees as
honeybees, bumble bees, or other bees. We chose those three groups as they were the easisest
to identify in the field. We included all bee observations where the bee landed on any
vegetation or plant part (flower, fruit, leaf, etc.) within the 2×2 m plot. We recorded the plant
species where bees landed and the color of the flowers, if any, on that plant. We did not
specifically assess the number of flowers visited by each bee individual. We repeated the
15 min observation in another 2×2 m plot within the vegetable garden to make a total
observation time of 30 min. In backyards with multiple vegetable beds, we rotated the
observation plot location between beds and selected the plot at random within individual beds.
Bumble bees and others were collected for later identification. All specimens are currently
housed at the U. of California, Santa Cruz.

Vegetation and floral measurements

To test our second hypothesis, we sampled several vegetation characteristics to assess corre-
lations between vegetation and abundance and richness of bees. Within 3 days after pan
trapping was conducted, we sampled vegetation in each of the gardens. We used a convex

Table 1 Descriptive data of back-
yard gardens in northwestern Ohio Garden

number
Garden
pair

Garden
type

Native flower
area (m2)

Non-native
flower area
(m2)

Vegetable
area (m2)

1 9 Native 171.95 0 3.75

2 15 Native 36 0 4.8

3 10 Native 12.71 2.42 55.73

4 16 Native 172.58 0 9.57

5 13 Native 7.47 8 8.6

6 11 Native 11.58 5.82 18.35

7 12 Native 450.95 0 7.05

8 14 Native 86.9 12 1.44

9 1 Non-native 0 110 5.06

10 3 Non-native 0 16.59 6.68

11 6 Non-native 0 88.16 28.76

12 7 Non-native 0 86.02 133.75

13 5 Non-native 0 29.28 30.21

14 8 Non-native 0 21.1 10

15 2 Non-native 0 101.69 288

16 4 Non-native 0 37.1 6.88
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spherical densiometer to measure the amount of canopy cover directly over the vegetable
garden and 5 m away from the garden in each cardinal direction. We estimated the number of
flowers within a 25 m radius of the pan traps. Where flowers were highly abundant (>100
flowers), we recorded an approximate number of flowers within the 25 m area by counting all
flowers in a smaller area (few square meters), and extrapolating from that the floral abundance
of a given species in the entire 25 m area. We sampled ground vegetation within the two 2×
2 m bee observation plots in each site, on each observation date. For each plot, we recorded the
number of all plant species (both flowering and non-flowering) and identified each to
morphospecies. We also recorded the height of the tallest vegetation and the percent cover
provided by herbaceous species, woody species, grass, hay, stones/bricks, mulch, and bare
ground. We defined mulched areas as those areas that were intentionally covered with a thin
layer of leaves, bark, or compost by the property owners. Within the 2×2 m plots, we recorded
floral abundance by counting the total number of flowers, and noting the color of each
flowering plant. As a rough estimate of floral volume per plot, we measured the corolla width
and length of one haphazardly selected flower per species. We then estimated floral volume by
multiplying the volume of an individual flower by the total number of flowers of that species,
and then summing across species.

Land cover types in the surrounding landscape

To address our third hypothesis, we used a geographic information system (GIS) to examine
the land cover types surrounding each study site. We obtained land cover data for Lucas
County, OH, from the 2001 National Land Cover Database (NLCD, 30 m resolution) (Homer
et al. 2004), and used these data to calculate the percentage of different land cover types in
buffers surrounding each backyard site. We grouped the land cover types encountered and
described by Homer et al. (2004) into seven categories: 1) open water, 2) wetlands (including
woody and emergent herbaceous wetlands), 3) open space (usually including lawn grass,
parks, golf courses, vegetation in developed areas), 4) developed areas (including low,
medium, and high intensity), 5) forest (including decidious and evergreen forest), 6) grass-
land/herbaceous, and 7) agriculture (including cultivated crops and pasture/hay fields). We
assessed the percentage of each land cover type in 500 m, 1 km, and 2 km buffers around each
site as they correspond to typical bee flight ranges (Brown and Albrecht 2001; Gathmann and
Tscharntke 2002; Heard et al. 2007).

Statistical analyses

We examined whether presence of native plants affected abundance and species richness of
bees. We examined patterns for netting and pan trapping (the two methods that captured the
most bees) alone, and also complied all data for netting, pan trapping, and observations across
all sites to compare abundance and richness between gardens with and without native plants.
We compared the mean number of individuals and species collected per site (for all bees,
native bees, cavity-nesting bees, and ground-nesting bees) in native vs. non-native gardens
with linear mixed models with the lme function in the ‘nlme’ package in R (Pinheiro et al.
2013; R Development Core Team 2011). We included garden type (native or non-native) as a
fixed factor, and included site (pair number) as a random factor. As the question was to
examine differences in garden types, we included garden type as a fixed factor, and used the
restricted maximum likelihood or ‘reml’ method.

We created species accumulation curves for bees collected with netting, pan trapping, and
all methods in native and non-native gardens for observed richness (Mao Tao) with EstimateS
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v. 8.2 (Colwell 2009). Species accumulation curves helped us determine how well we sampled
at each site. When the species accumulation curves reach an asymptote, then the sampling
effort has been sufficient in collecting most of the species present at each site. We created
species sample curves rescaled to the number of individuals, and compared observed and
estimated richness in the different garden types with 95 % confidence intervals (CI).

We examined differences in bee community composition in the native and non-
native gardens in three ways. First, we used non-metric multidimensional scaling
(NMDS) to visually compare species similarity of the sampled sites. We used PAST
(Hämmer et al. 2001) to create NMDS plots with the Bray-Curtis similarity index, and
only inlcuded in the analysis those bee species collected from more than one indi-
vidual. We tested the significance of visually distinguishable groups resulting from
NMDS solutions using a 1-way analysis of similarities (ANOSIM), a nonparametric
significance test based on the Bray-Curtis similarity index (Arscott et al. 2006).
ANOSIM calculates mean distance within a habitat type and between sites of different
habitat type to determine if sites of an individual habitat type are clustered. The
global p-value then denotes significant differences of between and within habitat
similarity (Philpott 2010). Finally, we conducted a NPMANOVA with the Bray-
Curtis similarity index to determine if sites of one habitat type or the other were
more closely clustered. We also visually examined the clustering of common species
(those collected from more than 10 individuals) in native or non-native gardens by
plotting their distributions on NMDS plot.

To determine the importance of vegetation factors (local) and the land cover types
(landscape) in the surrounding landscape for bee abundance and richness, we used conditional
inference trees (Hothorn et al. 2006). We constructed conditional inference trees with the
‘party’ package in R. Classification and conditional inference trees examine the degree to
which certain factors predict a dependent variable, and determine the relative importance of
individual factors (Olden et al. 2008; Strobl et al. 2009). Specifically, conditional inference
trees utilize a binary recursive data-partitioning algorithm to estimate relationships between
suites of predictor variables (Hothorn et al. 2006). The iterative process includes examining
each variable to search for the best predictor, splitting the data for the dependent variable into
two distinct groups, and then repeating the variable selection until no more significant
predictors are found. For the analysis we included 17 predictor variables that were
recorded within each backyard and an additional 19 variables pertaining to the
surrounding landscape to examine the importance of both local and landscape factors
for bee abundance and richness (Table 2). No grassland, herbaceous area, or agricul-
ture was found within 500 m of the study sites. Our 18 response variables were
numbers of bee individuals and species in pan traps, observation, and netting, and the
numbers of cavity-nesting and ground-nesting individuals and species in pan traps,
observation, and netting. We used raw, untransformed values for all predictor vari-
ables, and log transformed (LN+1) values for the response variables.

To examine whether the proximity of sample plots influenced the conditional inference tree
results, we tested for spatial autocorrelation in the dependent variables (Dormann et al. 2007).
We examined the degree of spatial autocorrelation in the residuals of the conditional inference
trees with (1) spatial correlograms (R package ‘ncf’) and (2) the Moran’s test for spatial
autocorrelation using a spatial weights matrix. For correlograms, we computed 100 permuta-
tions using the ‘resamp’ argument in the correlog function to examine the distance, if any, at
which variables were spatially autocorrelated. For the calculation of Moran’s I, we used nearest
neighbor distances as the metric, and used the permutation test option. None of the dependent
variables displayed any spatial autocorrelation (Table S2).
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Results

We collected 693 bee individuals. We found 280 individuals in non-native gardens and
collected 413 individuals in native plant gardens (Table S3). The most abundant genera
collected included Lasioglossum (159 individuals), Bombus (134), and Apis (75). The four
most common bee species in non-native gardens were Apis mellifera (10.3 % of individuals),
Bombus bimaculatus (5.7 %), Bombus impatiens (4.4 %), and Halictus ligatus (4.4 %). In
native plant gardens, the three most common species were Bombus impatiens (15.3 % of
individuals), Apis mellifera (14.0 %), Ceratina dupla (8.0 %), and Agapostemon virescens
(7.6 %). The results from our linear mixed models showed that bee abundance was signifi-
cantly higher in native gardens than non-native gardens (Fig. 2a; F1,7=6.178, P=0.042).
Likewise, abundance of native bees was higher in the native plant gardens than in non-
native gardens (Fig. 2b; F1,7=17.624, P=0.004). Cavity-nesting bee abundance was higher
in native gardens than in non-native gardens (Fig. 2c; F1,7=8.470, P=0.023), but ground-
nesting bee abundance did not differ in native and non-native gardens (Fig. 2d; F1,7=3.265,
P=0.114).

Table 2 A list of the local and landscape factors included as predictors of bee abundance and richness in the
conditional tree analyses and the range of values measured for each factor

Factor scale Scale at which measured Factors Range of values
measured

Local 2 m×2 m plot No. of plant species 2.5–20.5

Local 2 m×2 m plot Woody species cover (%) 0–90 %

Local 2 m×2 m plot Herbaceous plant cover (%) 7.5–95 %

Local 2 m×2 m plot Bare ground cover (%) 0–77.5 %

Local 2 m×2 m plot Mulch cover (%) 0–77.5 %

Local 2 m×2 m plot Grass cover (%) 0–77.5 %

Local 2 m×2 m plot Rock cover (%) 0–57.5 %

Local 2 m×2 m plot Height of tallest vegetation (cm) 9.0–136.5 cm

Local 2 m×2 m plot Temperature 16–32 °C

Local 2 m×2 m plot No. of flowers 0–370

Local 1 m×1 m plot Flower volume (cm3) 0–8161 cm3

Local 25 m radius plot Canopy cover (%) 1.8–89.6 %

Local 25 m radius plot No. of flowers 11–1070

Local Gardens within property Vegetable garden area 1.44–288 m2

Local Gardens within property Ornamental flower area 15.3–450.95 m2

Local Gardens within property Native ornamental flower area 0–450.95 m2

Local Gardens within property Non-native ornamental flower area 0–110.69 m2

Landscape 500 m, 1 km, and 2 km Water (%) 0–20 %

Landscape 500 m, 1 km, and 2 km Wetlands (%) 0–5 %

Landscape 500 m, 1 km, and 2 km Open area (%) 4–51 %

Landscape 500 m, 1 km, and 2 km Developed area (%) 22–95 %

Landscape 500 m, 1 km, and 2 km Forest (%) 0–45 %

Landscape 500 m, 1 km, and 2 km Grassland (%) 0–2 %

Landscape 500 m, 1 km, and 2 km Crops (%) 0–19 %
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We collected 66 species of bees: 53 in non-native plant gardens and 54 in native gardens.
The three genera with the largest number of species were Lasioglossum (16 species),
Megachile (7), and Bombus (5). We examined mean and cumulative species richness in the
gardens with and without native plants. Our linear mixed models did not show any significant
difference in mean species richness per site, across all bees collected, between native and non-
native gardens (Fig. 2a; F1,7=3.295, P=0.112). There were no significant differences between
mean richness of native bees in native and non-native gardens (Fig. 2b; F1,7=3.564, P=0.101).
Cavity-nesting bee richness was higher in native than in non-native gardens (Fig. 2c; F1,7=
10.548, P=0.014), but ground-nesting bee richness did not differ between native and non-
native gardens (Fig. 2d; F1,7=0.346, P=0.575). We generated three species accumulation
curves to compare cumulative richness of bees collected with netting, pan trapping, or with all
methods combined. For each of the accumulation curves, the 95 % confidence intervals
overlapped, indicating there were no differences in species richness of bees between native
and non-native gardens (Fig. 3a, b, c). However, for native bees, there were near-significant
differences in cumulative richness with a slightly higher number of native bee species in sites
without native plants compared to those with native plants.

Bee community composition significantly differed with habitat type (Fig. 4). Composition was
more similar among sites of the same habitat type than between habitat types (NMDS stress=
0.2805, ANOSIM; P=0.047). There was however no significant difference in the scatter of points;
non-native and native sites had a similar spread of points indicating that community composition
was similarly varied among sites of the same habitat type (NPMANOVA; F=1.393, P=0.081).
From examining the species overlayed on the NMDS, it appears as ifApis mellifera clustered near a
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Fig. 2 Mean numbers of individuals and species of a all bees, b native bees, c cavity-nesting bees, and d ground-
nesting bees per sample in gardens with (black bars) and without (white bars) native plants. Error bars show
standard error, and asterisks indicate significant differences between native and non-native gardens
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Fig. 3 Species accumulation
curves for species and individuals
of bees collected in backyard gar-
dens throughout northwestern
Ohio show a bees collected from
netting, b bees collected from pan
trapping, and c bees collected from
netting, pan trapping, and direct
observation. Black circles repre-
sent native plant gardens and open
gray circles represent non-native
plant gardens. Lines show 95 % CI
for observed or estemated richness
for symbols of the same color
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group of non-native plant sites, and that several species of Agapostemon, Ceratina, Halictus,
Hylaeus, and Lasioglossum clustered near the native plant sites.

We found that characteristics of backyards and the surrounding land cover types varied
between sites, but not necessarily between native and non-native gardens (Table 2). Although
native plant gardens had more native plants, overall floral abundance did not differ between
native and non-native gardens (F1,7=0.630, P=0.809).

Overall bee abundance and richness were correlated with several local characteristics of the
backyard gardens, but not with any land cover characteristics. Bee abundance and richness in
netting samples were not correlated with any of the predictor variables (P>0.05). For
observations, bee abundance was significantly higher with higher floral abundance, where
woody plants provided more ground cover, in backyards with larger vegetable gardens, and
where vegetation was taller (Fig. 5a). Bee richness for observations increased where floral
abundance was higher, and where vegetation was taller (Fig. 5b). For bees caught in pan traps,
both abundance and richness were higher in backyards with less grass cover, and abundance
was also higher in yards with more mulch cover (Fig. 5c, d).

We found that abundance and richness of cavity- and ground-nesting bees were correlated with
local backyard and landscape land cover characterstics. Cavity-nesting bee abundance was posi-
tively correlated with local facctors such as increases in herbaceous vegetation cover, floral

Fig. 4 Non-metric multidimensional scaling (NMDS) analysis examining species similarity of bees collected
from backyard garden sites with native plants and without native plants in northwestern Ohio. Each point
represents a backyard garden. Black circles represent native gardens, and open gray circles represent non-native
gardens. Codes show species collected from more than 10 individuals (Ag.se. = Agapostemon sericeus, Ag.te. =
Agapostemon texanus, Ag.vi. = Agapostemon virescens, An.te. = Anthophora terminales, Ap.me = Apis
mellifera, Bo.bi. = Bombus bimaculatus, Bo.gr. = Bombus griseocollis, Bo.im = Bombus impatiens, Ce.al. =
Ceratina calcarata, Ce.du. = Ceratina dupla, Ha.li. = Halictus ligatus, Hy.af. = Hylaeus affinis, Hy.an. =
Hylaeus annulatus, La.ep. = Lasioglossum ephialtum, La.le. = Lasioglossum leucocomum, La.pe. =
Lasioglossum pectorale, La.pi. = Lasioglossum pilosum, La.ve. = Lasioglossum versatum, Xy.vi. = Xylocopa
virginica)
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abundance, and decreases in grass cover (Table 3). Cavity-nesting bee abundance also positively
correlated with landscape factors including increases in open area and forest (Table 3). Cavity-
nesting bee species richness responded only to local factors and was higher in sites with lower grass
cover, taller vegetation, higher floral abundance, and with larger vegetable gardens (Table 3).
Ground-nesting bee abundance was positively corelated with local factors and increased in sites
with more woody vegetation, mulch, and less grass (Table 3). Ground-nesting bee abundance
correlated with two landscape factors increasing in sites with higher forest cover within 2 km, and
with wetlands within 1 km (Table 3). Ground-nesting bee species richness was higher in sites with
taller vegetation, larger gardens, and less grass cover (Table 3).

Discussion

Our first research question aimed to address whether native and non-native gardens differ in
terms of bee abundance and richness. We found more bee individuals in native gardens, and a

a c

b d

Fig. 5 Conditional inference tree showing significant predictors of bee abundance and richness in backyard
gardens in northwestern Ohio. Panels show a bee abundance in netting samples, b bee richness in netting
samples, c bee abundance in observations, d bee richness in observations, e bee abundance in pan traps, and f bee
richness in pan traps. Encircled are the biologically significant (P<0.05) predictors of bee abundance or richness
in a hierarchical ranking. Box plots include the inner quartiles (grey box), the median values (solid black line), and
1.5×the inner quartiles (error bars) associated with each string of predictor variables. Plots at each terminal node
show the data for number of sites (n) predicted by those variables
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significantly higher abundance of native bees in native gardens than in non-native gardens. We
did not find significantly more bee species, overall, in native plant gardens. However, our
finding that native plants promote bee abundance is congruent with at least one other study that
has focused specifically on the importance of native plants to bees and bee diversity in urban
areas. Pawelek et al. (2009) found higher bee abundance in a community garden in California
augmented with native plants, and increases in bee richness from 5 to 31 species within 3 years
of planting natives. Likewise, 78 % of native plants and 9.5 % of exotic plants attracted bees in
residential neighborhoods of Berkeley and Albany, California, thus further providing support
that native plants might positively influence bee presence and abundance (Frankie et al. 2005).
In contrast to our results, Matteson and Langellotto (2011) found that planting native plants in
New York City community gardens did not affect pollinators, and that exotic plant species
attracted a higher number of bees (Matteson and Langellotto 2011). This difference may have
been due to the characteristics of the native plant gardens used in each study. In our study, we
sampled in native plant gardens that were planted at least 2 years prior to the experiment, and
at least 48 % of the flower area was comparised of native plants. Matteson and Langellotto
(2011) planted native plants within non-native community gardens 13 months prior to
sampling, and only planted 70 native plants within a 10 m2 area of the non-native plant
garden, so the gardens contained less than 30 % native plants. The small size and young age of
the native plant gardens used may explain the failure to increase bee species richness.
Although we attribute differences we observed to presence of native plants, it is possible that

Table 3 Local and landscape factors that positively correspond to bee species richness and abundance of ground
nesting and cavity nesting bees

Nesting
type

Variable
testeda

Collection
methodb

Factor Threshold Local or
landscape

P

Cavity A N Herbaceous cover (%) >62.5 % local 0.002

Cavity A O Floral abundance >125 local 0.002

Cavity A P Grass cover (%) <5 % local 0.007

Cavity A N Open area within 1 km >14 % landscape 0.028

Cavity A O Forest within 500 m >6 % landscape 0.003

Cavity R N Grass cover (%) <17.5 % local 0.01

Cavity R O Vegetation height 106.5 cm local 0.042

Cavity R O Floral abundance >74 local 0.006

Cavity R P Grass cover (%) <5 % local 0.003

Cavity R O Vegetable garden size >28.76 m2 local <0.001

Ground A O Woody cover (%) >15 % local 0.003

Ground A O Mulch cover %) >5 % local 0.033

Ground A P Grass cover (%) <5 % local 0.006

Ground A O Forest area within 2 km >9 % landscape 0.032

Ground A P Wetland area within 1 km >0 % lanscape 0.031

Ground R O Vegetation height 65 cm local 0.011

Ground R O Vegetable garden size >18.35 m2 local 0.011

Ground R P Grass cover (%) <7.5 % local 0.008

aA bee abundance, R bee species richness
bN netting, O observation, P pan trapping

The threshold shows the value above or below which bee abundance or species richness increased according to
conditional inference trees
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other charactieristics of backyard management (e.g., herbicide or fertilizer use, type of lawn
mower, etc.) may also differ between households that have native plants and those that do not,
so we cannot rule out that those factors may have contributed to observed differences in bee
communities. Further, esimates of floral abundance (counted with 25 m of the observation
point) did not provide an exact number of flowers per species within the observation area
thereby affecting our results. Notable is that we did not sample the full bee community as our
accumulation curves did not reach assymptotes, however, adding various sample methods
improved the overall species capture. With more sampling, the overall results may have
changed. Nonetheless, our current results demonstrate that native plants may increase bee
abundance, and specifically native bee abundance in backyard gardens, thereby promoting bee
communities in urban areas.

We also determined that the composition of bee species was significantly different in the
native vs non-native gardens, thus the native plant gardens attracted a unique group of bees not
found in non-native gardens. In our NMDS plot, smaller, native bees (<11 mm) (such as
members of the genera Agapostemon, Ceratina, Halictus, Hylaeus, and Lasioglossum) were
clustered together near native plant gardens whereas the larger bees (>11 mm), including Apis
mellifera, were spaced further apart, and closer to clumps of non-native gardens. Other studies
that have examined community composition in urban areas have found differences in bee
composition depending on habitat type studied, as well as the particular features of the
habiatats studied (McIntyre and Hostetler 2001; Neame et al. 2013). In addition, urbanization
can influence the pollinator-plant networks altering the community of bees that are visiting
certain floral resources (Geslin et al. 2013). Winfree et al. (2007) found that bees tend to cluster
together based on functional traits such as body size, and nesting preference. Additionally,
Cane et al. (2006) found that dietary breadth was correlated with size of fragments in urban
areas. For example, ground-nesting specialist bees species preferred to forage in much larger
fragements, while ground nesting generalist species foraged in both large and small fragments
(Cane et al. 2006). These changes in community composition depending on the presence of
native plants could have implications for bee conservation and for pollination services.

Our second question aimed to address which local and landscape characteristics of gardens
correlated with changes in abundance and richness of all bees, and of certain groups of bees.
Seven characterstics of the backyard gardens influenced abundance and richness of bees
overall, and for cavity-nesting and ground-nesting bees. Grass cover was negatively correlated
with abundance and richness of all bees. In our study, the area of grass negatively correlated
with increases in herbaceous cover, which may signify fewer floral resources. In addition,
although we did not measure for presence or frequency of application, in general, turf grass
may be treated with insecticides that may negatively impact bees (Larson et al. 2013).
Likewise, herbaceous cover was positively correlated with abundance of cavity-nesting bees
sampled in netting, and herbaceous cover may decrease as grass cover increases in backyards.
Ground-nesting bees, in particular, are strongly affected by urbanization due to changes in
vegetation from natural plants to grass lawns and an alteration of surface soils (Cane et al.
2006). Floral resources were important for both abundance and richness of all bees and cavity-
nesting bee abundance and richness. Woody vegetation was positively correlated with abun-
dance of all bees, and of ground-nesting bees sampled from observations. Woody plants can
provide nesting sites for bees and therefore may be important in promoting bee diversity (Cane
et al. 2006). Bees can either excavate nests from the wood, or occupy holes created by other
wood-boring insects. Bee abundance in pan traps, and numbers of ground-nesting bees netted
was higher in sites with more mulch. Because we defined mulch as areas covered with a thin
layer of leaves, bark, or compost, our results are similar to previous findings that ground-
nesting bees prefer either bare soil or a thin layer of leaf litter to construct their nests (Frankie

654 Urban Ecosyst (2014) 17:641–659

Author's personal copy



et al. 2009; Welzel 2011). Larger vegetable gardens supported higher bee abundance, and a
greater number of cavity- and ground-nesting bee species. Many of the fruits and vegetables
planted within each of our vegetable gardens are dependent on bee pollination, so larger
vegetable gardens may contain more bee- attracting flowers. Finally, bee richness overall, and
for cavity- and ground-nesting bees increased with height of the vegetation. Likewise, in
grasslands, bee richness correlates with vegetation height (Kruess and Tscharntke 2002;
Ockinger and Smith 2007). It is also possible that taller vegetation facilitated easier viewing
of bees. Interestingly, we only documented certain results for bees found with one or another
sample method, but as the sample method largely defines the specific community collected, it
is not all that surprising that some results were method-specific.

Other local factors not measured in our study may promote bee diversity in urban areas. For
example, bee diversity increases in urban sites with abandoned rodent nests that can act as
nesting sites (Goulson et al. 2008; McFrederick and LeBuhn 2006). Futher, planting flowers
that will bloom successively throughout the season provides consistent nectar sources
(Pawelek et al. 2009; Tuell et al. 2008), and therefore may promote bee diversity as different
bee species have different seasonal foraging behaviors (Wojcik et al. 2008). For example, in
late spring, wild bees are more abundant in urban areas of Vancouver, whereas honeybees are
more commonly found in the same areas during late summer (Tommasi et al. 2004). In our
study, we did not find that bee abundance or richness varied with plant richness. However,
previous studies have found that bee richness, and specifically native bee richness, positively
correlates with plant richness in pastures in Costa Rica (Brosi et al. 2008) and in urban gardens
in San Luis Obispo, CA (Pawelek et al. 2009).

Landscape characteristics may affect bee commuities, but we only observed influences of
surrounding land cover on ground- and cavity-nesting bee abundance, not on bee abundance
and richness generally, or for richness of ground- and cavity-nesting bees. Abundance of
cavity-nesting bees was higher with more open space within 1 km. Previous research that
focused on the correlation between bee richness and open areas, where natural habitat was
replaced, have found similar results. For example, Matteson et al. (2008) found an increase in
cavity-nesting bees in urban community gardens compared to natural habitats. Further, cavity-
nesting bee abundance increased in desert habitat fragmentated by urban areas, compared to
continous desert fragments (Cane et al. 2006). These open areas may have a higher diversity of
cavity-nesting bees because there are both natural and man made resources in which to build
nests. Ground-nesting bees were more abundant with greater wetland cover within 1 km of
each sampling point. This result has also been shown in Poland, where wet meadows maintain
a high diversity of native bees (Moron et al. 2008). Also, 74 % of the bees collected in the wet
meadows were ground-nesting bees. We also found that abundance of both cavity-nesting and
ground-nesting bees was positively associated with forest cover, but at two different spatial
scales. Cavity-nesting bees were positively correlated with forest cover in 500 m buffers, and
ground-nesting bees were positiviely correlated with forest cover in 2 km buffers. The cavity-
nesting bees may have responded to features at a smaller spatial scale for a few reasons. First,
cavity-nesting bees create nests in houses, fences, and woody vegetation, indicating that they
might nest closer to floral resources, and so they may not be as affected by urbanization as
other nesting guilds (Cane et al. 2006). Second, bee foraging distance is related to body size;
smaller bees forage closer to nests whereas larger bees disperse great distances of up to 10 km
from nests (Goulson and Stout 2001; Gathmann and Tscharntke 2002). Two of the common
cavity-nesting bee genera we collected, Ceratina and Hyleaus are smaller bees (4.5–8 mm
long). In contrast, common ground-nesting bee genera collected such as Bombus (15–23 mm
long) and Agopostemon (10–11 mm long) are larger, and may forage further. Bombus spp. may
forage >10 km from nests over several days (Goulson and Stout 2001; Hines and Hendrix
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2005). Thus, wetlands and forests at greater distances from the study sites may provide more
opportunuties for bumble bees to locate floral resources. Generally, pollinator diversity
increases with increasing landscape heterogeneity (Jha and Vandermeer 2010; McFrederick
and LeBuhn 2006; Thies and Tscharntke 1999), and with increasing proximity to riparian
forests (Kremen et al. 2004). Likewise, urban gardens near natural, unmodified habitats (e.g.
forest fragments and meadows) support more bee diversity (McFrederick and LeBuhn 2006).
Thus our results are largely consistent with previous studies except that we only found
landscape influences on specific guilds of bees.

Our final research question addressed whether bee abundance and richness was more
strongly influenced by local or landscape characteristics. Overall, we found stronger correla-
tions of local rather than landscape effects on bee communities, for all bees, and for cavity- and
ground-nesting bees. Local factors were always the strongest predictors of abundance and
richness where both local and landscape factors appeared in conditional inference trees.
Although previous studies have documented the importance of both local and landscape
factors for bee abundance, few have examined the relative impacts. Jha and Vandermeer
(2010) also found that local factors better predicted bee abundance and richness in a tropical
agricultural landscape. Steffan-Dewenter et al. (2002), found that solitary bees, bumble bees,
and honeybees responded differently to local and landscape factors. Solitary bee richness and
abundance were most affected by the percentage of semi-natural habitat on a local scale
(<750 m radius), whereas honeybees and bumble bees were more affected by the percentage of
semi-natural habitat at large landsape scales (3,000 m radius).

Our results show that modifications to backyard gardens can potentially increase bee
abundance, and based on our findings, we have several recommendations that may be useful
for increasing native bee abundance in urban environments. First, planting flowers that are
native to the region near vegetable gardens might increase bee abundance, and could poten-
tially increase the richness of cavity-nesting bees. Second, replacing grass with flower gardens
and vegetable gardens may provide more floral resources for bees, therefore increasing bee
diversity. Finally, planting a wide variety of plant species within backyard gardens (including
both ornamental and crop plants) might attract a higher diversity of bees. Although landscape
factors also influenced abundance and richness of cavity- and ground-nesting bees, local
factors, that can be more easily manipulated by homeowers more strongly affected these bees.
Thus, taken together, these steps may attract more native bees and promote urban bee diversity
in general.

Acknowledgments We would like to thank P. Bichier, E. Bridi, T. Crail, M. Coulter, D. Howard, L. Howard, K.
Kimbel, A. Krause, K. Lindelof, B. Pardee, J. Pardee, M. Pardee, A. Pryor, P. Ross, A. Sphar, M. Szuberla, M.
Weintraub, Toledo GROWS, the Toledo Botanical Garden, and the Stranahan Arboretum for access to their
gardens for the research project. We thank S. Jha, J. Gibbs, and S. Droege for help with methodology and bee
identification. R. Becker provided assistance with the GIS and land cover classification. S. Jha, L. Moorhead and
S. Cusser provided helpful comments on the manuscript. Funding was provided through the NSF grant DBI-
0829252 (Undergraduate Research and Mentoring in Environmental Biology at the Land-Lake Interface) and the
Department on Environmental Sciences at the University of Toledo.

References

Ahrné K, Bengtsson J, Elmqvist T (2009) Bumble bees (Bombus spp) along a gradient of increasing urbaniza-
tion. PLoS ONE 4:e5574

656 Urban Ecosyst (2014) 17:641–659

Author's personal copy



Angold PG, Sadler JP, Hill MO, Pullin A, Rushton S, Austin K, Small E, Wood B, Wadsworth R, Sanderson R,
Thompson K (2006) Biodiversity in urban habitat patches. Sci Total Environ 360:196–204

Arscott DB, Jackson JK, Kratzer EB (2006) Role of rarity and taxonomic resolution in a regional and spatial
analysis of stream macroinvertebrates. J N Am Benthol Soc 25:977–997

Brosi BJ, Daily GC, Shih TM, Oviedo F, Durán G (2008) The effects of forest fragmentation on bee communities
in tropical countryside. J Appl Eco 45:773–783

Brown CJ, Albrecht C (2001) The effect of tropical deforestation on stingless bees of the genus Melipona
(Insecta: Hymenoptera: Apidae: Meliponni) in central Rondonia, Brazil. J Biogeogr 28:623–634

Cane JH, Minckley RL, Kervin LJ, Roulston TH, Williams NM (2006) Complex responses within a desert bee
guild (Hymenoptera: Apiformes) to urban habitat fragmentation. Ecol Appl 16:632–644

Colwell RK (2009) EstimateS: Statistical estimation of species richness and shared species from samples. Version
8.2. User’s Guide and application published at: http://purl.oclc.org/estimates

Czech B, Krausman P, Devers P (2007) Economic associations among cases of species endangerment in the
United States. Bioscience 50:593–601

Daily G (1997) Nature’s services. Societal dependence on natural ecosystems. Island Press, Washington, D.C
Dickman CR (1987) Habitat fragmentation and vertebrate species richness in an urban environment. J Appl Ecol

24:337–351
Dormann CF, McPherson JM, Araújo MB, Bivand R, Bolliger J, Carl G, Davies RG, Hirzel A, Jetz W, Kissling

WD, Kühn I, Ohlemüller R, Peres-Neto PR, Reineking B, Schröder B, Schurr FM, Wilson R (2007)
Methods to account for spatial autocorrelation in the analysis of species distributional data: a review.
Ecography 30:609–628

Fahrig L (2003) Effects of habitat fragmentation on biodiversity. Annu Rev Ecol Evol Syst 34:487–515
Fetridge ED, Ascher JS, Langellotto GA (2008) The bee fauna of residential gardens in a suburb of New York

City (Hymenoptera: Apoidea). Ann Entomol Soc Am 101:1067–1077
Frankie GW, Ehler LE (1978) Ecology of insects in urban environments. Ann Rev Entomol 23:367–387
Frankie GW, Thorp RW, Schindler M, Hernandez J, Ertter B, Rizzardi M (2005) Ecological patterns of bees and

their host ornamental flowers in two northern California cities. J Kans Entomol Soc 78:227–246
Frankie GW, Thorp RW, Pawelek JC, Hernandez J, Colville R (2009) Urban bee diversity in a small residential

garden in northern California. J Hymenopt Res 18:368–379
Gathmann A, Tscharntke T (2002) Foraging ranges of solitary bees. J Anim Ecol 71:757–764
Geslin B, Gauzens B, Thébault E, Dajoz I (2013) Plant pollinator networks along a gradient of urbanisation.

PLoS ONE 8:e63421
Goddard MA, Dougill AJ, Benton TG (2010) Scaling up from gardens: biodiversity conervation in urban

environments. Trends Ecol Evol 25:90–98
Goulson D, Stout JC (2001) Homing ability of the bumble bee Bombus terrestris (Hymenoptera: Apidae).

Apidologie 32:105–111
Goulson D, Lye GC, Darvill B (2008) Decline and conservation of bumble bees. Annu Rev Entomol 53:191–208
Hämmer Ø, Harper DAT, Ryan PD (2001) PAST: Paleontological statistics software package for education and

data analysis. Palaeontol Electron 4:1–9
Heard MS, Carvell C, Carreck NL, Rothery P, Osborne JL, Bourke AFG (2007) Landscape context

not patch size determines bumble-bee density on flower mixes sown for agri-environment
schemes. Biol Lett 3:638–641

Hernandez JL, Frankie GW, Thorp RW (2009) Ecology of urban bees: a review of current knowledge and
directions for future study. Cities Environ 2:1–15

Hines HM, Hendrix SD (2005) Bumble bee (Hymenoptera: Apidae) diversity and abundance in tallgrass prairie
patches: Effects of local and landscape floral resources. Environ Entomol 34:1477–1484

Homer C, Huang CQ, Yang LM, Wylie B, Coan M (2004) Development of a 2001 national land-cover database
for the United States. Photogramm Eng Remote Sens 70:829–840

Hothorn T, Hornik K, Zeileis A (2006) Unbiased recursive partitioning: a conditional inference framework. J
Comp Graph Stat 15:651–674

Jha S, Vandermeer JH (2010) Impacts of coffee agroforestry management on tropical bee communities. Biol
Cons 143:1423–1431

Klein AM, Steffan–Dewenter I, Tscharntke T (2003) Fruit set of highland coffee increases with the diversity of
pollinating bees. Proc R Soc B 270:955–961

Kremen C, Williams NM, Bugg RL, Fay JP, Thorp RW (2004) The area requirements of an ecosystem service:
crop pollination by native bee communities in California. Ecol Lett 7:1109–1119

Kruess A, Tscharntke T (2002) Grazing intensity and the diversity of grasshoppers, butterflies, and trap-nesting
bees and wasps. Conserv Biol 16:1570–1580

Larson JL, Redmond CT, Potter DA (2013) Assessing insecticide hazard to bumble bees foraging on flowering
weeds in treated lawns. PLoS ONE 8(6):e66375

Urban Ecosyst (2014) 17:641–659 657

Author's personal copy

http://purl.oclc.org/estimates


LeBuhn G, Droege S, Williams N, Minckley R, Griswold T, Kremen C, Messinger O, Cane J, Roulston T, Parker
F, Tepedino V, Buchmann S (2003) A standardized method for monitoring bee populations - the bee
inventory plot. <http://www.online.sfsu.edu/~beeplot/>

Losey J, Vaughan M (2006) The economic value of ecological services provided by insects. Bioscience 56:311–
323

Matteson KC, Langellotto GA (2010) Determinates of inner city butterfly and bee species richness. Urban
Ecosyst 13:333–347

Matteson KC, Langellotto GA (2011) Small scale additions of native plants fail to increase beneficial insect
richness in urban gardens. Insect Conserv Diver 4:89–98

Matteson KC, Ascher JS, Lanellotto GA (2008) Bee richness and abundance in New York City urban gardens.
Ann Entomol Soc Am 101:140–150

Matteson KC, Grace JB, Minor ES (2012) Direct and indirect effects of land use on floral resources and flower-
visiting insects across an urban landscape. Oikos 122:682–694

McFrederick QS, LeBuhn G (2006) Are urban parks refuges for bumble bees Bombus spp. (Hymenoptera:
Apidae)? Biol Conserv 129:372–382

McIntyre NE, Hostetler ME (2001) Effects of urban land use on pollinator (Hymenoptera: Apoidea) communities
in a desert metropolis. Basic Appl Ecol 2:209–218

McIntyre NE, Rango J, Fagan WF, Faeth SH (2001) Ground arthropod community structure in a heterogeneous
urban environment. Landscape Urban Plann 52:257–274

McKinney ML (2008) Effects of urbanization on species richness: a review of plants and animals. Urban Ecosyst
11:161–176

Moron D, Szentgyorgyi H, Wantuch M, Celary W, Westphal C, Settele J, Woyciechowski M (2008) Diversity of
wild bees in wet meadows: implications for conservation. Wetlands 28:975–983

Neame LA, Griswold T, Elle E (2013) Pollinator nesting guilds respond differently to urban habitat fragmen-
tation in an oak-savannah ecosystem. Insect Conserv Diver 6:57–66

Ockinger E, Smith HG (2007) Semi-natural grasslands as population sources for pollinating insects in agricul-
tural landscapes. J Appl Ecol 44:50–59

Olden JD, Lawler JJ, Poff NL (2008) Machine learning methods without tears: a primer for ecologists. Q Rev
Biol 83:171–193

Pawelek JC, Frankie GW, Thorp RW, Przybylski M (2009) Modification of a community garden to attract native
bee pollinators in urban San Luis Obispo, California. Cities Environ 2:1–20

Philpott SM (2010) A canopy dominant ant affects twig nesting ant assembly in coffee agroecosystems. Oikos
119:1954–1960

Pinheiro J, Bates D, DebRoy S, Sarkar, D, and the R Development Core Team (2013) nlme: Linear and
Nonlinear Mixed Effects Models. R package version 3.1–102

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, Kunin WE (2010) Global pollinator declines:
trends, impacts and drivers. Trends Ecol Evol 25:345–353

R Development Core Team (2011) R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org/

Richards RT, Chambers JC, Ross C (1998) Use of native plants on federal lands: policy and practice. J Range
Manage 51:625–632

Rudd H, Vala J, Schaefer V (2002) Importance of backyard habitat in a comprehensive biodiversity strategy: a
connectivity analysis of urban greenspaces. Restoration Ecol 10:368–375

Savard JL, Clergeau P, Mennechez G (2000) Biodiversity concepts and urban ecosystems. Landscape Urban
Plann 48:131–142

Smith RM, Thompson K, Hodgson PH, Warren PH, Gaston KJ (2005) Urban domestic gardens (IX):
Composition and richness of the vascular plant flora, and implications for native biodiversity. Biol
Conserv 129:312–322

Steffan-Dewenter I, Munzenberg U, Burger C, Thies C, Tscharntke T (2002) Scale-dependent effects of
landscape cintext on three pollinator guilds. Ecology 83:1421–1432

Strobl C, Malley J, Tutz J, Gerhard (2009) An introduction to recursive partitioning: rationale, application, and
characteristics of classification and regression trees, bagging, and random forests. Psychol Meth 14:323–348

Thies C, Tscharntke T (1999) Landscape structure and biological control in agroecosystems. Science 285:893–
895

Tommasi D, Miro A, Higo HA, Winston ML (2004) Bee diversity and abundace in an urban setting. Can
Entomol 136:851–869

Tuell JK, Fiedler AK, Landis D, Issacs R (2008) Visitation by wild and managed bees (Hymenoptera: Apoidea)
to Eastern U.S. native plants for the use in conservation programs. Environ Entomol 37:707–718

UNFPA (United Nations Population Fund) (2007) State of World Population 2007: Unleashing the Potential of
Urban Growth. 108pp

658 Urban Ecosyst (2014) 17:641–659

Author's personal copy

http://www.online.sfsu.edu/~beeplot/
http://www.R-project.org/


Welzel K (2011) Pollination by native bee communities in Berkeley, California. Berkeley Sci J 14:1–6
Williams NM, Crone EE, Roulston TH, Minckley RL, Packer L, Potts SG (2010) Ecological and life-

history traits predict bee species responses to environmental disturbances. Biol Conserv 143:2280–
2291

Winfree R, Griswold T, Kremen C (2007) Effect of human disturbance on bee communities in a forested
ecosystem. Conserv Biol 21:213–223

Wojcik VA, Frankie GW, Thorp RW, Hernandez JL (2008) Seasonality in bees and their floral resource plants at a
constructed urban bee habitat in Berkeley, California. J Kans Entomol Soc 81:15–28

Urban Ecosyst (2014) 17:641–659 659

Author's personal copy


	Native plants are the bee’s knees: local and landscape predictors of bee richness and abundance in backyard gardens
	Abstract
	Introduction
	Materials and methods
	Study sites
	Bee sampling
	Vegetation and floral measurements
	Land cover types in the surrounding landscape
	Statistical analyses

	Results
	Discussion
	References




