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Abstract
Urban landscapes are often characterized by a wide range of diverse flowering plants consisting of native and exotic plants. These
flower-rich habitats have proven to be particularly valuable for urban pollinating insects. However, the ability of ornamental
plants in supporting urban pollinator communities is still not well documented. For this study, we established flower beds at 13
different urban testing sites, which were planted with identical sets of ornamental garden plants. The pollinator visitation patterns
were then observed throughout the summer seasons. Over a two-year period, a total of 10,565 pollinators were recordedwith wild
bees (> 50%, excluding bumblebees) being the most abundant pollinator group. Our results revealed that (I) the assortment of
ornamental plants was visited by a high number of urban pollinators for collecting pollen and nectar, and (II) the pollinator
abundance and composition varied significantly within the tested ornamental plants. These differences occurred not only among
plant species but to the same extent among cultivars, whereby the number of pollinators was positively correlated with number of
flowering units per plant. By using a generalized linear mixed model (GLMM) and redundancy analysis (RDA) we identified
further significant impacts of the two variables year and location on the insect pollinator abundance and richness. Despite of the
local and yearly variations, our approach provided a good and field-applicable method to evaluate the pollinator friendliness in
ornamental plants. Such tools are urgently required to validate labels like ‘bee friendly’ or ‘pollinator friendly’ used by plant
breeding companies.
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Introduction

For many years, biologists and ecologists are alarmed by the
ongoing global decline in biodiversity (Barnosky et al. 2011;
Ceballos et al. 2017) and recent publications impressively
confirm that insect biodiversity is in the middle of this process
(e. g. Hallmann et al. 2017; Powney et al. 2019; Sánchez-
Bayo and Wyckhuys 2019). At present, more than 40% of
the 6921 native insect species in Central Europa which are

listed in the IUCN Red List of Threatened Species according
to their probability of becoming extinct in a given time period,
are currently classified as endangered or even already extinct
(Gruttke et al. 2016). This dramatic situation is mainly due to
habitat loss or habitat fragmentation (Winfree et al. 2009;
Potts et al. 2010; Goulson et al. 2015). The main drivers for
this current loss or fragmentation of natural habitats are con-
sidered to be intensified agricultural activities and increasing
urban developments (Maxwell et al. 2016). There is a broad
consensus in the scientific literature on the impacts of inten-
sive agriculture on insect communities which report unani-
mously a correlative decline of pollinator species richness
with the increasing intensity of agricultural activities
(Kremen et al. 2002; Steffan-Dewenter 2003). However, evi-
dence on insect biodiversity in urban areas is still inconclu-
sive, despite the rapidly growing literature investigating the
effects of urbanization on the local pollinator communities
(Wenzel et al. 2020).

Urbanization, the expansion of urban and suburban areas,
is a worldwide phenomenon and it is very likely to increase
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globally in the near future (United Nations 2014). The con-
struction of roads, buildings and industrial areas leads to ex-
tensive and persistent sealing of landscape, usually at the ex-
pense of rural, natural and semi-natural habitats (McKinney
2006). As a result, urbanization is assumed to have negative
effects on the availability of food sources, nesting sites and
nesting materials of insects which will most likely result in a
shift in the species composition or at worst in a loss of biodi-
versity (Goulson et al. 2015). Consistent with these claims
found some previously published studies a negative correla-
tion of insect species richness with the level of urbanization
(McIntyre and Hostetler 2001; Matteson et al. 2008; Ahrné
et al. 2009; Hernandez et al. 2009; Bates et al. 2011, 2014).
However, very recent research suggested contrastingly that
urban landscapes can constitute a suitable habitat for pollina-
tors (Hall et al. 2016; Baldock et al. 2019). Some authors even
described a positive correlation of urbanization and biodiver-
sity (Lowenstein et al. 2014; Baldock et al. 2015; Theodorou
et al. 2017). This finding might be explained by higher
flowering plant diversities in highly populated areas
(Lowenstein et al. 2014; Theodorou et al. 2017).

Previous literature also reported about major differences in
the way insect pollinator groups responded to urbanization.
Solitary bees, Diptera, Lepidoptera and Coleoptera were gen-
erally highly sensitive to increasing urbanization, whereas
bumblebees and honeybees were found at a constant rate
across an urban gradient (Bergerot et al. 2011; Hennig and
Ghazoul 2011; Mulieri et al. 2011; Geslin et al. 2013;
Verboven et al. 2014; Theodorou et al. 2020). It is widely
acknowledged that besides the landscape variable, numerous
further factors can have a significant impact on the local urban
pollinator biodiversity as well. These impact factors may in-
clude: landscape characteristics, resource patch size, nesting
possibilities, competitors and floral (= nutritional) resources
(McIntyre and Hostetler 2001; McFrederick and LeBuhn
2006; Wojcik and McBride 2012; Matteson et al. 2013).
However, it is unclear for the most part to what extent these
impact factors influence the presence and abundance of insect
pollinators.

It is becoming increasingly recognized, that well-
managed urban parks and other public green urban areas
are highly valuable for insect pollinators (McFrederick and
LeBuhn 2006; Frankie et al. 2009; Shwartz et al. 2013;
Banaszak-Cibicka et al. 2018; Theodorou et al. 2020).
There is also clear evidence that privately owned garden
properties like allotments and domestic gardens can sup-
port a considerable diversity of pollinators (Ahrné et al.
2009; Foster et al. 2017; Baldock et al. 2019). Both, public
parks as well as privately owned gardens, generally contain
high plant species richness of native, exotic and ornamen-
tal plants, thus providing a large potential food resource for
pollinators (Hope et al. 2003; Frankie et al. 2005;
Hülsmann et al. 2015; Lowenstein et al. 2019).

Ornamental plants are available in a huge variety and in
urban areas, they are popular as garden plants and are very
frequently planted (Loram et al. 2008). Whether the use of
ornamental plants is contributing to the local pollinator biodi-
versity, however, is currently still under debate. At the same
time, the number of studies investigating the value of orna-
mental plants for pollinating insects is increasing rapidly (e. g.
Garbuzov and Ratnieks 2014; Garbuzov et al. 2017;
Lowenstein et al. 2019; Rollings and Goulson 2019;
Erickson et al. 2020). These studies indicated that many orna-
mental plants can represent an important, additional nectar and
pollen food source for pollinators. However, they also con-
cluded, that the attractiveness of ornamental plants varied
strongly (Garbuzov and Ratnieks 2014, 2015; Erickson et al.
2020). Based on these results, Rollings and Goulson (2019)
suggested to continue investigating the value of further orna-
mental plant species and cultivars for pollinators, preferably at
various sites with different environmental conditions
(Rollings and Goulson 2019).

Given the current knowledge, there is clearly a strong need
for testing ornamental plants in regard to their pollinator
friendliness. With this study, we aim to contribute further
empirical evidence on the plant species and cultivars which
have been approved to be beneficial for pollinators. For this
purpose, we used a selection of 28 ornamental plant cultivars
and quantified the foraging insects. In particular, we wanted to
compare the number of insect visitors observed on the differ-
ent ornamental plant species and cultivars. As only a small
number of studies investigated the role of ornamental plants in
urbanized areas, this was also a field of interest for us to work
on. Furthermore, we evaluated whether the location or the
study year had a significant impact on the results. To achieve
this, the present study was carried out in urban and suburban
areas in Stuttgart, a large city in Southern Germany. Over a
two-year period (2017–2018) the foraging activities of differ-
ent groups of pollinators at 13 urban testing areas which were
planted with an identical set of ornamental plants were
observed.

Material & methods

Locations of the testing areas

This study was conducted within the city area of Stuttgart
(Southwest of Germany; area 208 km2; population 630,000)
using 13 different locations which were unevenly distributed
over the city (Fig. 1). In order to be considered as a suitable
location for our study, the locations needed to fulfill the fol-
lowing two conditions: (1) free access, and (2) free space to
install a raised flower bed. Based on these requirements, the
study sites were selected randomly and included urbanized
areas as well as suburban regions. Consequently, the
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surroundings varied greatly within the different testing areas
in the percentage of impervious surfaces (Table 1).

In the year 2017, all 13 testing sites were provided with one
raised flower bed with an area of one m2 made up of three to

Table 1 Further parameters of the 13 locations of the testing areas in
this study. The classification of the location (urban or suburban) was
determined by the geographical position and the surrounding

environment of the testing areas. The percentages of impervious surface
of the locations were calculated with the help of ArcGIS 10.6

# Name of the location Classification
of the location

Impervious surface
in 250 m radius [%]

Impervious surface
in 500 m radius [%]

Coordinates

1 Chloroplast Stuttgart Suburban 65.6 50.6 48.805694°N, 9.101854°E

2 Club International Urban 94.9 82.0 48.779073°N, 9.187675°E

3 Dietrich-Bonhoeffer-Schule Suburban 51.1 47.0 48.697712°N, 9.212692°E

4 Freundeskreis Stuttgart-Mitte Urban 67.5 87.0 48.780483°N, 9.170923°E

5 Garten der Friedenskirche Urban 94.7 78.1 48.786018°N, 9.192164°N

6 Garten von Juliane Schick Suburban 89.7 56.6 48.757739°N, 9.146063°E

7 Kulturinsel Urban 94.2 93.5 48.797109°N, 9.226981°E

8 Landesanstalt für Bienenkunde Suburban 37.7 55.2 48.709224°N, 9.210376°E

9 Lokale Agenda Suburban 44.5 66.3 48.739607°N, 9.171090°E

10 Plattsalat Urban 99.2 95.1 48.770854°N, 9.156868°E

11 Projektgruppe Grün-Gablenberg Suburban 64.0 61.9 48.777366°N, 9.208367°E

12 Schickardt-Gymnasium Urban 99.9 95.1 48.764934°N, 9.160181°E

13 Stadtacker Urban 71.0 73.1 48.798823°N, 9.187421°E

Fig. 1 Map of the city of Stuttgart. The 13 locations of the testing sites are
depictured by dots (blue = locations that were only visited in 2017,
yellow = locations that were visited in 2017 and 2018) and numbers.
The corresponding names can be found in the associated list. Figure 1

was exported from UDO (Geodata services Baden-Württemberg;
Copyright: Geobasisdaten ©LGL, www.lgl-bw.de) and edited in GIMP
2.10.18
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four pallet frames that were stacked onto each other. As filling
materials, branches and stones were used and to obtain a stan-
dardized top layer of approximately 30 cm height, four 80 L
bags of commonly used potted soil (Einheitserde Primel &
Viola (Patzer), medium texture (Sodentorf) with 1 kg PG-
Mix and 1 kg Gepac) were applied. Due to organizational
reasons, the number of testing sites was reduced to 9 in the
year 2018. The four testing sites that were visited only in 2017
were: Dietrich-Bonhoeffer-Schule (3), Freundeskreis
Stuttgart-Mitte (4), Garten von Juliane Schick (6) and
Schickardt-Gymnasium (12).

Testing plants

A total of 28 ornamental garden plants that included 14 spe-
cies and hybrids, all being exotic to Germany, were tested
(Table 2). Exotic or non-native plants are defined as plants
which are foreign to the German ecosystems and do not nat-
urally occur there. Usually, exotic plants have been introduced
by anthropogenic interventions (Hettinger 2001; Pyšek et al.
2004). This assortment of plants was chosen as (I) the partic-
ular species have proven to be visited by pollinators for for-
aging reasons in a previously conducted study by our
workgroup (Kretschmer 2016), (II) these species are known
to grow well in Central Europe and (III) they are popular as
ornamental garden plants in Germany and therefore widely
and easily to purchase in garden centers.

All plants were cultivated without a pesticide treat-
ment, neither synthetic nor organic, but natural enemies
against aphids and thrips were applied. Each of the raised
flower beds was planted with the exact same assortment
of cultivars, but the planted arrangement of the cultivars
varied within the different locations. The arrangements
were designated beforehand and the plants were subse-
quently planted in accordance with the outcome of the
randomization. Figure 2 shows the exemplary planting at
the location Projektgruppe Grün-Gablenberg in the year
2017.

In the first study year, all flower beds were planted by end
ofMay. Althoughmany cultivars are known to be perennial or
half-hardy, all flower beds were replanted by the end of May
in 2018. This was done for the two following reasons: (I) a de
novo planting ensured an even and comparable flower pro-
duction within the different locations and (II) due to organi-
zational reasons, the assortment of tested plant cultivars need-
ed to be adjusted and reduced in the second study year.
Generally, the flower beds were watered manually once or
twice a week. The number of irrigations, however, depended
highly on the local weather conditions and consequently var-
ied within the locations and in the course of the study. All
flower beds were freed from unwanted and not embedded
plants (weeds). Further plant care, such as fertilization or cut-
ting back, were not conducted.

Data collection

Data were collected in the years 2017 and 2018. In the year
2017, all 13 flower beds were visited 9 times from 01 June to
23August 2017. In the year 2018, the remaining 9 flower beds
were visited 10 times from 19 June to 28 August 2018. All
flower beds were visited between 10:00–17:00 and the obser-
vations were made only on favorable weather, i.e. on days
with a minimum peak daytime temperature of 20 °C, with
low wind and full to partial sun. The observations were done
in a random order (day and time) but generally, each flower
bed was visited once a week. At every visit, the current weath-
er condition and the floral abundance for each cultivar was
recorded. For the recording of the floral abundance, we
adapted the method from two already established protocols
(Baldock et al. 2015; Lowenstein et al. 2019). However, we
slightly modified it in order to make it more appropriate for
our methodological set-up and selection of testing plants. In
the following, we refer to the term flowering unit, which com-
prised of a single flower or a capitulum. Rather than treating
inflorescences and floral clusters as one single unit, we count-
ed the single flowers separately, as long as they could be
perceived as one complete and independent unit. The numbers
of flowering units were counted precisely.

For the observations, all raised flower beds were monitored
for 20 min and the number of flower-visiting insects was re-
corded for each cultivar. A flower visit was only counted, if
the insect was observed to be actively collecting pollen and/or
nectar or coming in contact with the reproductive structure of
the tested plant (see Lowenstein et al. 2019; Erickson et al.
2020). After being counted, the pollinators were not removed
from the testing areas but stayed in-field. Therefore, it is pos-
sible that pollinators might have been counted multiple times
during the 20-min observations. The observed insects were
classified into the following five groups: Honeybees (Apis
mellifera L.), bumblebees (Bombus spp.), other wild bees
(non-Apis and non-Bombus), hoverflies (Diptera: Syrphidae)
and other pollinating insects (flies, wasps, beetles, butterflies
and moths), as they could easily be categorized in these broad
functional groups in the field.

Statistical analyses

Data were analyzed using an ANOVA-type generalized linear
mixed model (GLMM) based on the restricted maximum like-
lihood (REML) method using R 3.6.2 (R Core Team 2019)
and the package ASReml-R (Butler 2020). Based on the re-
sidual and Q-Q-plot, a poisson distribution using the natural
log-transformation was chosen for the GLMM which is quite
typical for such count data. In addition to the count data of the
different pollinator groups, the GLMM was also applied on
species richness. For the latter, the Shannon diversity index
was calculated using the R package vegan (Oksanen et al.
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2019). The model was set up as one model for 7 response
variables (total insect number, honeybee number, bumblebee
number, other wild bee number, hoverflies number, other pol-
linator number and Shannon Diversity index) to enable pre-
cise comparisons of the effects of the explanatory variables.
The fitted model resulting from Akaike’s Information
Criterion (AIC) model selection was as follows, here denoted
in the standard notation:

yij ¼ μþ ci þ s j þ svð Þjk þ f l þ sfð Þjl þ om þ csoð Þijm
þ cvoð Þikm þ cdð Þin

where μ general effect
ci effect of the i-th year
sj effect of the j-th species

(sv)jk nested effect of the k-th cultivar within
the j-th species

fl effect of the flowering unit
(sf)jl interaction effect between the j-th species

and the flowering unit
om effect of the m-th location
(cso)ijm interaction effect between the i-th year,

the j-th species and the m-th location
(cvo)ikm interaction effect between the i-th year,

the k-th cultivar and the m-th location
(cd)in nested effect of the n-th observational

day within the i-th year

The effect of the year, plant species and cultivar nested
within the plant species were taken as fixed effects because
they represented a fix set of factor levels to be tested. Fixed
effects can be tested for significance, so a significant effect
would mean that given the underlying data, there is evidence

Table 2 List of the plant species and cultivars tested in this study. The detailed list is in an alphabetical and chronological order

# Species Cultivar Common Name Supplier Plant Category Test year

1 Bidens ssp. ‘Firelight Exp.’ Marigold Kientzler Annual 2017

2 Bidens ssp. ‘Moonlight Exp.’ Marigold Kientzler Annual 2017

3 Bidens ssp. ‘Starlight’ Marigold Kientzler Annual 2018

4 Bracteantha bracteata ‘Mohave Yellow’ Strawflower Selecta One Annual 2018

5 Cleome hassleriana ‘Señorita Rosalita’ Spider Flower Kientzler Annual 2017, 2018

6 Coreopsis grandiflora ‘Solanna Glow’ Tickseed Florensis Perennial 2017

7 Coreopsis ssp. ‘Ka-pow Cream’ Tickseed Moerheim Perennial 2017

8 Coreopsis ssp. ‘Ka-pow Dark Red’ Tickseed Moerheim Perennial 2017

9 Coreopsis ssp. ‘Mango Punch’ Tickseed Kientzler Perennial 2018

10 Coreopsis ssp. ‘Pink Lady’ Tickseed Kientzler Perennial 2018

11 Coreopsis ssp. ‘Sangria’ Tickseed Kientzler Perennial 2018

12 Dahlia x hortensis ‘Dahlegria Red-Yellow’ Dahlia Florensis Perennial 2017

13 Dahlia x hortensis ‘Labella Medio Pink’ Dahlia Beekenkamp Perennial 2017

14 Dahlia x hortensis ‘Dahlegria Red-Pink’ Dahlia Florensis Perennial 2017, 2018

15 Dahlia x hortensis ‘Krishna’ Dahlia Selecta One Perennial 2018

16 Erigeron karvinskianus ‘Blütenmeer’ Karwinsky’s Fleabane Staudenrausch Perennial 2017

17 Euphorbia hypericifolia ‘Snow Valley’ Graceful Spurge Volmary Annual 2017

18 Euphorbia hypericifolia ‘Diamond Frost’ Graceful Spurge Kientzler Annual 2017, 2018

19 Gaura lindheimeri ‘Gambit Rose’ Lindheimer’s Beeblossom Volrmary Perennial 2017

20 Gaura lindheimeri ‘Snowbird’ Lindheimer’s Beeblossom Kientzler Perennial 2017

21 Gaura lindheimeri ‘Belleza White ‘14’ Lindheimer’s Beeblossom Selecta One Perennial 2018

22 Heliotropium arborescens ‘Marino Blue’ Common Heliotrope Kientzler Half-hardy 2017

22 Heliotropium arborescens ‘Marino Blue’ Common Heliotrope Selecta One Half-hardy 2018

23 Lavandula angustifolia ‘LesBleus Thierry’ True Lavender Selecta One Half-hardy 2018

24 Salvia farinacea ‘Light Candle’ Mealycup Sage Kienzler Perennial 2017

25 Salvia farinacea ‘White Candle’ Mealycup Sage Kientzler Perennial 2017

26 Salvia farinacea ‘Farina Blue’ Mealycup Sage Volmary Perennial 2017, 2018

27 Scabiosa columbaria ‘Mariposa Blue’ Pigeon’s Scabious Florensis Perennial 2018

28 Scaevola aemula ‘Surdiva Pink Blue’ Fan Flower Volmary Perennial 2017, 2018
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that this term affects the corresponding response variable. The
flowering unit was taken as a covariate to adjust for the dif-
ferent numbers of open flowers, so it was considered as a
random effect. The effects of the location and the observation-
al day within the year were modelled as random effects be-
cause they represent a random sample from the target
environments/days of the time span. All interaction effects
were also modelled as random since at least one of their in-
corporated effects is a random effect. An interaction effect
which explains a substantial amount of variance would mean
that the factor levels of its main effects interact with each other
and can therefore only be interpreted in this interaction rela-
tion. As the percentage of impervious area in 250/500 m
around the testing areas, the classification of location in urban
and suburban and the days nested within the years did not
explain the model any further, these variables were omitted
from the analysis. For the variance components, all model
effects were taken as random. Post hoc pairwise comparisons
of the location, plant species and cultivars were performed
using the Least Squares Means Test in SAS (SAS 9.4).

Further, correlations between the count data of the response
variables (total number of pollinators, honeybees, bumble-
bees, wild bees, hoverflies and others) and the flowering unit
were conducted using the Spearman’s rank-order correlation
(Spearman 1906) because of the non-linearity of the data.

Redundancy Analysis ordination (RDA) was carried out to
determine if the pollinator communities were truly different
between the study years, among the plant species and cultivars
as well as the locations. These analyses were also conducted in
R 3.6.2 (R Core Team 2019) using the package vegan
(Oksanen et al. 2019). The explanatory variables were tested
separately and we conducted two RDAs for (I) the location
and (II) the year, plant species and cultivar. Performing one
large RDA with all variables yielded qualitatively similar re-
sults, but was more difficult to interpret.

Results

Abundance of pollinators and composition of the
pollinator communities

In both years, the most common pollinator group was the bees
with 89–94% (Fig. 3a–b). This group comprised of 54–55%
wild bees, 23–30% honeybees and 4–17% bumblebees.
Hoverflies were 3–8% and other pollinators made up 3%.
The relative abundance of the pollinator groups was almost
similar in both years, except for the honeybees and bumble-
bees. The honeybees were more frequently observed in the
year 2017 than in 2018 (30% and 23% respectively) but it
was the opposite for the bumblebees (4% in 2017 and 17%
in 2018).

Besides the relative abundance, the absolute numbers were
also variable within the study years. Across the two observa-
tion years, a total of 10,565 pollinators were counted. In the
year 2017, 5776 pollinators and in the year 2018 4789 polli-
nators were observed. We found the absolute abundance of all
pollinator insects to be significantly different in the years 2017
and 2018 (Wald test: Df = 1, Wald statistic = 3.133,
P < 0.001). This suggests that the local pollinator composition
was highly dependent on the year.

Number of pollinators and pollinator composition at
the different locations

Themean number of recorded pollinators varied among the 13
different testing sites (Supporting Information Fig. S1). At
Chloroplast Stuttgart, the highest total amount of 5.0 visitors
in average was observed, followed by the Projektgruppe
Grün-Gablenberg with a mean of 4.4 visitors. At the location
Kulturinsel the lowest amount in average was recorded with
1.6 visitors. The composition of the pollinator groups varied

Fig. 2 Photograph shows the
raised flower bed on the location
Projektgruppe Grün-Gablenberg
in the year 2017. This photograph
was taken on the 22 August 2017.
Figure 2 was edited in GIMP
2.10.18
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within the 13 different locations as well: The honeybees oc-
curred with a range of 9.1–58.1%, bumblebees 0.8–23.2%,
other wild bees 33.9–69.9%, hoverflies 1.4–18.3% and others
0.6–6.0%within the different locations. The amount and com-
position of the pollinators revealed highly significant differ-
ences among the 13 testing locations (GLMM: Df = 12, F =
4.82, P < 0.001), emphasizing the huge impact of the location
on the pollinator communities.

The abundance and composition of the insect pollinator
groups was further examined using Redundancy Analysis
(RDA) with the location being the explanatory variable
(Fig. 4). The displayed axes together explained 5.1% of the
variation in the local insect pollinator communities. The anal-
ysis revealed that the variable location was highly significant
(Df = 12, F = 17.037, P < 0.001). However, only three of the
pollinator groups that were observed in this study showed a
clear relationship to the locations: Honeybees, bumblebees
and other wild bees. The two remaining pollinator groups
hoverflies and other pollinating insects were closely located
to the center point of the RDA, showing no relationship to the
locations. The bumblebee abundance was closely connected

with the three locations Projektgruppe Grün-Gablenberg,
Plattsalat and Garten von Juliane Schick. The other wild bees
were also present in the mentioned three locations, but the
connection was considerably lower. The three locations
Chloroplast Stuttgart, Landesanstalt für Bienenkunde and
Schickardt-Gymnasium were mainly characterized by the
occurrence/absence of honeybees, however, this connection
was rather low.

Pollinator abundance and composition on the tested
plant species and cultivars

Pollinators were seen visiting and foraging on all tested plant
species. However, the tested plant species showed an up to 5-
fold variation in their number of pollinators flower visitors
(Supporting Information Fig. S2). For both years, the plants
with the highest number of flower-visiting insects were Bidens
ssp. (5.3 mean visitors), Coreopsis ssp. (4.1 visitors) and
Euphorbia hypericifolia (3.8 visitors). Heliotropium
arborescens and Bracteantha bracteata were among the least
visited species (1.6 and 1.2 mean pollinators respectively). In
both years, the pollinators showed group-specific preferences.
E. hypericifolia-pollinators comprised of more than 80% of
wild bees. Bidens ssp. and Coreopsis ssp. were often visited
by honeybees, while Lavandula angustifolia and Scabiosa
columbaria were predominately visited by bumblebees. The
results suggest that the plant species had a significant effect on
the pollinator abundance and composition in all pollinator
groups (Wald test: Df = 12, Wald statistic = 69.888,
P < 0.001).

Reviewing the results for the tested cultivars in detail con-
firmed that besides the plant species, all cultivars were visited
by pollinators for collecting either pollen or nectar. However,
the number of visitors varied within the cultivars up to 9-fold
(Fig. 5). Of all tested cultivars, the highest number of visitors in
average were recorded on B. ssp. ‘Starlight’ (8.9 visitors),
followed by C. ssp. ‘Pink Lady’ with 8.1 flower-visiting in-
sects. The pollinator abundance was the lowest on
B. bracteata ‘Mohave Yellow’ with 1.3 pollinators. The polli-
nators also showed group-specific preferences in the cultivars.
Dahlia x hortensis ‘Krishna’ and L. angustifolia ‘LesBleus
Thierry’ were mostly visited by bumblebees, whereas the other
wild bees preferred E. hypericifolia ‘Diamond Frost’ and C.
ssp. ‘Mango Punch’. Hoverflies and other pollinators were ex-
tremely rare. We can conclude, that the cultivar was a highly
significant factor for the pollinator abundance and composition
(Wald test: Df = 15, Wald statistic = 40.188, P < 0.001). The
results of the Least Square Means test showed that especially
the three cultivarsB. ssp. ‘Starlight’, B. ssp. ‘Firelight Exp.’ and
C. ssp. ‘Pink Lady’ differed significantly in the amount and
composition of the pollinator visitors.

In an RDA with the year, species and cultivar being the
explanatory variables, the displayed axes together

Fig. 3 Relative and absolute abundance of the recorded pollinators in the
year 2017 (a) and 2018 (b). Figure 3 was created in Microsoft Excel
(Office 2019) and edited in GIMP 2.10.18
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explained 12.4% of the variation in the observed insect
pollinators. All three variables had a significant impact
(Year: Df = 1, F = 12.835, P < 0.001; Species: Df = 12,
F = 11.220, P < 0.001; Cultivar: Df = 28, F = 8.391,
P < 0.001). While only the three frequently observed pol-
linator groups honeybees, bumblebees and other wild bees
showed a connection to the tested plant cultivars, a rela-
tionship between the hoverflies, other insects to the tested
plant cultivars was not noticeable (Fig. 6a–b). Within the
honeybees, the relationship was the highest with B. ssp.
‘Starlight’ and C. ssp. ‘Pink Lady’. Bumblebees were fre-
quently connected to Dahlia x hortensis ‘Krishna’ and
‘Labella Medio Pink’ and the other wild bees showed a
high relation to E. ‘Diamond frost’.

Correlations of the flowering units and number of
flower visits among the pollinator groups

We found a highly significant positive correlation between the
number of flowering units and the number of all pollinator
visits (Spearman’s rank correlation: r = 0.53, P < 0.001).
However, the correlation coefficient varied among the polli-
nator groups (Supporting Information Fig. S3). The wild bees
showed the highest correlation with flowering units (r = 0.46,
P < 0.001), followed by honeybees (r = 0.25, P < 0.001),
hoverflies (r = 0.19, P < 0.001), other pollinators (r = 0.19,
P < 0.001) and bumblebees (r = 0.13, P < 0.001).

Impacts of the tested variables on the pollinator
communities and the diversity index

Using a GLMM, we analyzed the effects of the fixed, random
and nested variables on the response variables (all pollinator
groups and the Shannon diversity index). The statistical anal-
yses revealed that the impact of the individual variables varied
according to the different pollinator groups (Fig. 7). The study
year was a decisive factor for the bumblebees (22.9%) and
even more for the other pollinators. For the latter, the variable
year explained 54% of the variance in composition and
abundance. It is noticeable that the plant species had the big-
gest impact on the bumblebees (18.5%) and other wild bees
(22.1%). The location played a considerable role for honey-
bees (16.0%) and hoverflies (11.2%). If the plant species and
cultivars were nested in other factors (year, location) the in-
fluence on the pollinator community were higher compared to
the single factor plant species alone. Under the term residual
variance, the yet unknown impact factors on the pollinator
communities were summed up and ranged from 21.5–
35.0%. The percentage shares of the fixed, random and nested
variables were also high within the biodiversity index. While
the year and the nested variables Year•Location•Species
showed a high effect on the Shannon Diversity Index
(19.6% and 11.2% respectively), the percentage shares of
the species and species•cultivar were considerably lower.
The nested variable Year•Location•Cultivars did not seem to
have an effect at all. However, the residual variance had the

Fig. 4 RDA biplot examining the
relationship between the insect
pollinator groups and the location
of the testing areas (explanatory
variable). High vector lengths
indicate high relationships, short
lengths the lack of it. Figure 4 was
created in R 3.6.2 (R Core Team
2019)
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Fig. 5 Mean numbers of flower-visiting insects of all tested cultivars in
both years. Letters above the bars represent significant differences based
on Least Square Means test, where locations sharing the same letter are
not significantly different from each other (P = 0.05). Species abbrevia-
tions: B. = Bidens ssp., C. = Coreopsis ssp., E. h. = Euphorbia
hypericifolia, S. a. = Scaevola aemula, D. x h. = Dahlia x hortensis, G.

l. = Gaura lindheimeri, C. g. = Coreopsis grandiflora, S. f. = Salvia
farinacea, E. k. = Erigeron karvinskianus, S. c. = Scabiosa columbaria,
L. a. = Lavandula angustifolia, H. a. = Heliotropium arborescens and B.
b. = Bracteantha bracteata. Figure 5 was created in created in Microsoft
Excel (Office 2019) and edited in GIMP 2.10.18

Fig. 6 RDA biplots examining the relationship between the pollinator
groups and the explanatory variable cultivar. High vector lengths
indicate high relationships, short lengths the lack of it. (a) The left

RDA shows the graphical representation in original scaling, (b) shows
an excerpt with a lower scaling. Figure 6 was created in R 3.6.2 (R Core
Team 2019) and edited in GIMP 2.10.18
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highest impact within the Shannon Diversity Index and
amounted 55.3%.

Analyzing all pollinator groups together, the fixed effects
year (Df = 1,Wald statistic = 23.671, P < 0.001), plant species
(Df = 12, Wald statistic = 69.888, P < 0.001) and plant
species•cultivar (Df = 15, Wald statistic = 40.188, P < 0.001)
showed highly significant impacts. Reviewing the results in
detail confirmed that the year, plant species and cultivar were
either highly significant or significant for all pollinator groups,
suggesting that the different pollinator groups were strongly
influenced by these fixed effects (Supporting Information
Table S1). This is also true for the Shannon Diversity Index
(Year: Df = 1, Wald statistic = 19.907, P < 0.001, Species:
Df = 12, Wald statistic = 52.851, P < 0.001, Species•cultivar:
Df = 15, Wald statistic = 33.013, P < 0.01).

Discussion

Responses of the insect pollinators to the offered
ornamental plants

With this two-year study and based on more than 10,000 re-
corded flower-visiting insects, we find empirical evidence
supporting the claim that ornamental plants can have a posi-
tive benefit to urban pollinators. All of our tested ornamental
plants were visited by individuals of different pollinator
groups and we observed them collecting pollen and/or nectar
during their flower visits. Based on these observations, we
conclude that our assortment of ornamental plants was very
likely to be contributing to the nutrition of foraging honey-
bees, bumblebees, wild bees, hoverflies and other flower-

visiting insects in the urban and suburban areas of Stuttgart.
However, not all ornamental plant species and cultivars ap-
peared to be equally valuable to the pollinators as the numbers
of visiting insects varied up to 5-fold in the species and up to
9-fold in the cultivars. However, this variation was consider-
ably lower compared to the nearly 100-fold difference in the
number of visitors which was previously reported by
Garbuzov and Ratnieks (2014). One probable reason for this
difference may lie in the preselection of our tested ornamental
plants, as we deliberately chose plant species and cultivars that
were considered to be pollinator-friendly which might have
led to a lower variation in the number of visitors (see
Kretschmer 2016).

The three most frequently visited species in this study were
Bidens ssp., Coreopsis ssp. and Euphorbia hypericifolia. To
date, published data regarding the pollinator friendliness of
these plants are rare. However, one publication rated Bidens
ssp. and Coreopsis grandiflora only as ‘occasionally visited
by honeybees’, Coreopsis ssp. as ‘moderately visited by hon-
eybees’ and E. hypericifolia as ‘heavily visited by foraging
honeybees’ (Cranshaw 2009). These results partly deviate
from our observations and this might be explained by the fact
that the mentioned publication solely focused on the pollinator
honeybee, whereas in our study, all pollinator groups were
considered during the observations. Very recently, Scabiosa
columbaria, Cleome hassleriana and Dahlia x hortensis have
been tested in another scientific work (Rollings and Goulson
2019). While S. columbaria appeared to be highly pollinator-
friendly, the other two species were classified in the lower
mid-range regarding the number of pollinator visits
(Rollings and Goulson 2019). This result, we could confirm
in our study. Within the different cultivars of one species, the

Fig. 7 Proportional effects of the
examined variables on the
pollinator community based on
the GLMM with year, plant
species and plant cultivar (nested
in species) taken as fixed effects.
Figure 7 was created in Microsoft
Excel (Office 2019) and edited in
GIMP 2.10.18
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number of foraging pollinators was also varying. This, how-
ever, was highly dependent on the plant species itself. While
the variation in the number of visitors was high within the
different cultivars in Bidens ssp., Coreopsis ssp., Dahlia x
hortensis and Gaura lindheimeri, it was considerably smaller
in E. hypericifolia and S. farinaceae. Previous studies came to
very similar conclusions (Garbuzov and Ratnieks 2014;
Rollings and Goulson 2019; Erickson et al. 2020).

Furthermore, it should be considered that not all pollinator
groups foraged in equal parts on our selection of ornamental
plants which obviously attracted the bees to a considerable
higher extent compared to non-bee pollinators. Within the
pollinator group bees, the other wild bees constituted the main
pollinators, followed by honeybees and bumblebees.
This high number in other wild bee pollinators was not docu-
mented in other previous scientific studies before, which also
investigated pollinator friendliness in ornamental plants (e. g.
Garbuzov and Ratnieks 2014; Garbuzov et al. 2015; Rollings
and Goulson 2019). However, they reported of significantly
higher numbers in bumblebees, while the percentage shares of
honeybees were almost similar (Garbuzov and Ratnieks 2014;
Garbuzov et al. 2015). We expect the reason for this being
mainly our assortment of ornamental plant species and culti-
vars and conclude that with this selection of plants especially
the urban wild bee abundance can be promoted. During our
observations, only a small percentage of flower-visiting in-
sects belonged to hoverflies or other pollinators like butter-
flies, moths, flies, beetles and wasps. This raised the question
whether the selection of ornamental plants was less suitable
for these flower-visiting insects or whether these other polli-
nators were per se less frequent in the urban and suburban
environments of Stuttgart. Previous studies indicated that re-
garding the biodiversity loss, butterflies and moths as well as
hoverflies are particularly affected (Biesmeijer et al. 2006; van
Dyck et al. 2009; Sánchez-Bayo and Wyckhuys 2019).
Therefore, we assume that these groups in general occurred
less frequent at the tested locations than the bees.
Additionally, it appears that large parts of the ornamental
plants are generally scarcely visited by non-bee pollinators
like butterflies, moths and hoverflies (see Silva Mouga et al.
2015; Garbuzov and Ratnieks 2014; Rollings and Goulson
2019). Finally, in order to particularly support non-bee polli-
nators, Shwartz et al. (2013) and Erickson et al. (2020) rec-
ommend a careful choice of suitable plants. For example, to
support butterflies one should refer to butterfly-friendly plant
species likeOriganum vulgare, Buddleia davidii or Erysimum
bicolor (Shackleton and Ratniecks 2016) or Lantana camara
and Zinnia ssp. (Erickson et al. 2020). Diptera might be sup-
ported by planting Lobularia maritima (Erickson et al. 2020).

So far, it is poorly understood what is the cause for the
variation of pollinators within the cultivars and the preference
of particular pollinator groups for specific species in ornamental
plants. However, we found clear evidence for a positive

correlation of the pollinator numbers and the number of
flowering units. This finding is in line with earlier studies
(Földesi et al. 2016; Theodorou et al. 2017; Lowenstein et al.
2019). Still, the number of flowering units alone cannot suffi-
ciently explain the obtained results. It is very likely that further
floral signals which have not been tested in this study, consti-
tuted to the variation and preference in pollinators. It is proven
that the quality and quantity of floral reward and the flower
accessibility represent further crucial factors for pollinators
(Comba et al. 1999; Corbet et al. 2001; Somme et al. 2015).
Furthermore, it has been suggested that the environmental con-
text and multiple cultivar-specific floral traits like color, odor
and shape drive also pollinator choices (Erickson et al. 2020).

Unfortunately, with this scientific work alone, we cannot
evaluate the ecological value of ornamental plants as food
sources for insect pollinators completely. To answer this ques-
tion, a comparison of ornamental (exotic) and native plants
would have been necessary (see Salisbury et al. 2015;
Lowenstein et al. 2019). However, based on the results obtained
in this study and similar to Garbuzov and Ratnieks (2014), we
can conclude that with our selection of ornamental plants, it was
not possible to support a diverse pollinator community.
Pollinator conservation strategies in urban areas differ highly
in comparison to the strategies in natural or near-natural envi-
ronments. In cities, the aim is to increase the overall abundance
and diversity of pollinator communities, rather than focusing on
rare or endangered species. For this purpose, the use of orna-
mental plants is certainly adequate (Erickson et al. 2020). In
addition, many ornamental plants are bred for high number of
flowers, a long flower life and repeated blooming (De 2017) and
can therefore fill temporal gaps with limited availability of floral
resources. Our selection of ornamental plants flowered continu-
ously from the beginning of June until early October and pro-
vided a long, continuous foraging resource for pollinators. In
urban areas, where the needs for aesthetics sometimes require
the use of ornamental plants over native plants, the best options
are long-blooming, rewarding, as well as for pollinator and hu-
man attractive ornamental plants (Mach and Potter 2018). Thus,
urban pollinator communities might be stabilized (Erickson
et al. 2020). However, to enhance the garden’s or park’s overall
value for all flower-visiting insects which also include special-
ists, endangered species and non-bee pollinators, it is highly
recommended to plant a combination of exotic and native plants
(Harrison and Winfree 2015; Salisbury et al. 2015).

Influence of the variable location on the pollinator
communities

Our results must be assessed under the aspect that all testing
areas were located in urban or suburban areas and these habitat
types are generally known to be less favorable environments
for pollinators compared to natural habitats (Hernandez et al.
2009; Bates et al. 2011; Geslin et al. 2013). Nevertheless, we
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were able to observe a remarkable number of pollinators dur-
ing our study and assume that our flower beds, in addition to
other local green areas, constituted as valuable habitats in an
otherwise hostile urbanized environment. This goes in agree-
ment with some previously published studies (e. g.
McFrederick and LeBuhn 2006; Theodorou et al. 2020).

In this study, the abundance of pollinators varied significantly
within the 13 tested locations. Another study, in which identical
sets of ornamental plants had been tested at two different sites,
also reported about site-specific variations in the observed pol-
linator communities (Erickson et al. 2020; but see Garbuzov and
Ratnieks 2014). As possible causes for this, the environmental
context and cultivar-specific characteristics were proposed
(Erickson et al. 2020). Previous literature indicated that with
an increasing degree of urbanization, the abundance and diver-
sity of pollinators decreased and finally, pollinators were found
less frequent in highly urbanized areas, compared to suburban or
rural areas (McIntyre and Hostetler 2001; Bates et al. 2011;
Matteson et al. 2013; Verboven et al. 2014). In order to quantify
urbanization, the percentage of impervious area was very often
taken as a landscape characteristic variable, which seemed to be
one important negative factor in driving the pollinator commu-
nities (Ahrné et al. 2009;Matteson and Langellotto 2010; Geslin
et al. 2016; Hamblin et al. 2018). While the percentage of im-
pervious surface varied highly within a 250 m and 500 m radius
surrounding the testing areas at the 13 locations in Stuttgart in
our study, we were not able to correlate this in any way with to
the number or composition of pollinators. In fact, we did not find
any relationship between the classification urban/suburban and
the pollinator community.

In addition to the varying numbers of pollinators, we also
found the composition of the pollinators to be different within
the 13 locations. Again, the obtained variation could not be
explained by only the two recorded landscape variables im-
pervious surface and classification urban/suburban. This find-
ing clearly shows the need in recording further local landscape
variables in order to explain the obtained results and we rec-
ommend future studies to ideally record and incorporate e. g.
the variables total garden area, floral area, canopy cover, the
presence of wild/unmanaged area and the sunlight availability
in their analyses (see Matteson and Langellotto 2010).
Additionally, the evaluation of variables which describe the
surrounding landscape/habitat in greater detail, e. g. popula-
tion density could be beneficial. Furthermore, we assume the
ranking of the observed foraging pollinators in the five polli-
nator groups in our study as not being detailed enough for
these kinds of statistical analyses and therefore also suggest
an identification to genus or even species level in future stud-
ies. Although we were not able to explain the observed vari-
ation in pollinators within the different locations, we can fi-
nally conclude that urbanized areas can indeed represent a
suitable habitat for some insect pollinators.

Further impact factors on the pollinators and the
diversity index

Our statistical approach revealed that the year of the survey had a
significant impact on the abundance and composition of the pol-
linators. This was especially true for the bumblebees, other wild
bees and other pollinators. Honeybees and hoverflies revealed
less differences within the two years. A recently published study
from Pennsylvania (USA) reported also of significant variations
in the pollinator abundance and composition during the years on
ornamental cultivars (Erickson et al. 2020).

It became obvious that besides our so far statistically exam-
ined variables (year, location, plant species and cultivar) addi-
tional factors influenced the pollinator communities. The statisti-
cal model revealed, that within the pollinator assemblages we
were only able to explain about 2/3 of the variance. The un-
identified rest was simply summed up as residual variance. We
assume, that the remaining factors comprised of the surrounding
landscape characteristics (habitat quality) as well as the occur-
rence of dominator species or predators. For future studies, we
recommend to pay special attention on these additional variables,
as they might help to elucidate the combination of factors with
the highest influence on the different pollinator groups. This is
also a crucial requirement for management strategies targeting
the conservation of pollinators in urban habitats.

When the outcome of the Shannon Diversity Index had been
assessed, it became apparent that the tested variables not only
showed impacts on the abundance but also on the richness of the
pollinator communities. Here, the results indicated, that the tested
variables had varying impacts on the pollinator community rich-
ness. However, the percentage of residual variance was still quite
high. As this is one of the first studies to evaluate the impact
factors year, location, tested plant species and cultivar on the
pollinator community richness, unfortunately, this aspect of our
results cannot be related to existing studies.

Practicability of the standardized method and
observations

Our standardized method which contained raised flower beds
and an identical selection of ornamental plants has proven to be
very suitable for the analysis of the abundance and composition
of pollinators in an urban area. It required only small space and
was relatively cost-efficient. With this standardized set-up, it was
possible to record and compare the foraging behavior of different
pollinator groups on selected ornamental plants at various loca-
tions within a large city district. However, as no pollinator was
removed after it was counted in our 20-min observations, we
cannot exclude the possibility that pseudo-replicationmight have
taken place within the testing plants and locations. This might
have led to a slightly increased number of recorded pollinators.
Nonetheless, we consider our results as reliable due to the long
observation periods and the very large dataset with a
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considerably higher number of recorded flower-visiting insects
compared to a similar studies (Garbuzov et al. 2015). By the use
of a multivariate statistical model and redundancy analysis we
further quantified the combined effects of plant species, cultivar,
study year and location on the abundance and composition of
pollinators. According to our experience, the method and statis-
tics represented a practicable approach to evaluate the pollinator-
friendliness of ornamental plants while simultaneously assessing
the local and annual impacts.

An additional positive side-effect was that all of the testing
areas were accessible for the public. Right from the start of the
study, we realized an increasing public interest in our study and
in questions of bee decline and pollinator protection.
Furthermore, many of the sites were located on areas belonging
to the Urban Gardening association in Stuttgart and many vol-
unteers helped watering the flower beds during the summer sea-
sons and kept them free from weeds. Therefore, this method
provided not only scientific data on urban pollinators. At the
same time, it reached and motivated the public to engage for
pollinator protection activities and even citizen science projects
in urban areas.

Conclusion and recommendation

This study demonstrated that our tested set of ornamental plants
constituted a suitable foraging resource for many pollinators in
urban areas. Especially bees and hereby mainly the other wild
bees benefited from this additional food source and were ob-
served rather frequently collecting pollen and nectar. However,
for hoverflies and other pollinators the ornamental plants seemed
to be less suitable. This is one of the first studies providing data
on Bidens ssp. and Coreopsis ssp. in regard to their pollinator
visitors,which,we both highly recommend for plantings in urban
parks, domestic gardens or allotments. Furthermore, we found a
high variation in the pollinator numbers in our selection of orna-
mental plant species and cultivars, indicating differences in the
value for the pollinators. Further impact factors on the pollinator
abundance and richnesswere the location and the year. However,
a large part of the variance in the pollinator communities
remained unexplained by our observed variables. Finally, we
conclude that urban and suburban areas can constitute an ade-
quate habitat for pollinators, especially bees, and that many or-
namental plants provide a potential foraging resource for polli-
nators. Conservation strategies in urban areas should include
besides a careful choice of plants also location and pollinator-
dependent approaches.

We generally suggest that new ornamental plant species
and cultivars are continuously tested regarding their
pollinator-friendliness and that the results are made accessible
for the public. The results of the plant species and cultivars we
have tested so far, can be reviewed in the Internet: https://lvg-
sortenfinder.de (for the German-speaking countries).

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11252-020-01085-0.
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