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Abstract
1.	 Insect decline and loss of biodiversity not only affect large-scale agricultural land-

scapes, but are increasingly recognized in urban environments. It is undisputed 
that a greater supply of flowers in urban green spaces can provide insects with 
more food and habitat. However, it is still controversial whether native wild plants 
or non-native ornamental plants and varieties are the right choice.

2.	 To answer this question we investigated the number of insects interacting with 
different types of plants: twelve ornamental and six related wild perennials. In this 
context, the number of flower visitors per plant species and plot was recorded at 
10-minute observation intervals, as well as the feeding damage caused by insect 
herbivores on the leaves and stems of the study plants. We established 18 plant 
species in ten independent study plots in the city of Darmstadt, Germany. The 
plants were six native wild plant species, six ornamental plant species related to 
the wild plants from the same genus or family and six exotic ornamental plant 
species from other genera and families than the wild plants.

3.	 Native insects (wild bees, flies, beetles, wasps) that feed on pollen and nectar 
visited wild perennials significantly more often (67% of all visits) than related or-
namental (24%) and unrelated exotic plants (9%). In contrast, honey bees (Apis 
mellifera) showed no preferences to any of the three target plant groups and in-
teracted with other plant species than most of the native insects in our study 
according to analyses of interaction networks.

4.	 The assessment of leaf damage caused by insect herbivores on the individual 
plants confirmed a similar and significant difference in the insects' choices. Leaves 
from wild plants showed the highest herbivory (mean 2.3% of the leaf area), fol-
lowed by related ornamental plants (0.8%), whereas unrelated exotic plants were 
hardly consumed (0.1%) by herbivores.

5.	 Practical implication. Our study shows that in urban green spaces, both flower-
visiting and leaf-feeding insects are more likely to use native wild plants as a food 
source than closely related and exotic ornamental plants.
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1  |  INTRODUC TION

Insect decline and biodiversity loss have become terms we are 
confronted with on a regular basis. In 2017, the so-called “Krefeld 
Study”’ drew the attention of the general public to this topic. 
The core finding of the study was the decline of the biomass of 
all flying insects by 75% over 27 years (Hallmann et  al.,  2017). 
These alarming observations were supported by further work in 
the following years. For example, Seibold and colleagues demon-
strated a similarly strong decline in individual and species numbers 
across all trophic levels between 2008 and 2017 in 150 grasslands 
(Seibold et al., 2019). If this trend is not halted, living conditions 
in the world will change drastically for us humans. Without the 
pollination services of insects, for example, 35% of global food 
production, including most fruits and vegetables, would be lost 
(Schowalter, 2020). In principle, only a high species richness at the 
various trophic levels can maintain ecosystem functions (Soliveres 
et al., 2016).

Already today, almost 60% of wild bees are considered endan-
gered in Germany (Chemnitz et al., 2020). However, the honey bee 
(Apis mellifera L.) is still very popular with people, and the number 
of bee colonies in Germany has increased by 52% between 2007 
and 2021 (Ahrends, 2022). The honey bee, which originates mainly 
from beekeeping, is no longer considered a wild insect, having been 
adapted to the needs of beekeeping through decades of breed-
ing work (Tiesler et  al., 2016). In addition to bees, the so-called 
non-bee pollinators also play an important role in the pollination 
performance of insects in agricultural landscapes. The non-bees 
include flies (Diptera), beetles (Coleoptera), moths and butterflies 
(Lepidoptera), wasps (non-bee and non-ant Hymenoptera) and 
ants (Hymenoptera, Formicidae). Non-bees provide 25–50% of 
the total number of flower visits (Rader et al., 2016). For example, 
cherry trees are 50% pollinated by flies (Larcenaire et al., 2021). 
Another advantage of non-bees is that they may be less sensitive 
than bees to changes in land use (Rader et al., 2016). If non-bees 
and bees pollinate the same crops, increased ‘response diversity’ 
may lead to stabilization of pollination performance (Elmqvist 
et  al.,  2003; Schmack & Egerer,  2023). Furthermore, visitation 
by diverse wild bees and non-bees promotes fruit and seed set 
of crops more than increased visitation by honey bees (Rader 
et  al.,  2016). In addition to pollination services, flower-visitors 
such as parasitic wasps, predatory flies/larvae and beetles are of 
great importance in biological crop protection (Khan et al., 2018). 
The value of natural pest control by insects has been estimated 
at 4.5 billion USD per year for the United States alone (Losey & 
Vaughan, 2006).

The causes of insect decline are manifold, but one of the main 
causes is the massive loss of suitable habitats due to agriculture 

(Chemnitz et  al.,  2020), soil sealing (Umweltbundesamt,  2022), 
but also general urbanization (Wagner et al., 2021). Cities are rap-
idly expanding, and by 2060, two-thirds of the world's population 
is expected to live in cities (Menke, 2016). Living green spaces in 
cities today are an important tool for improving the urban climate, 
reducing pollution and creating recreational opportunities and social 
meeting places for people as well as habitats for animals and plants, 
including refuges from impacts by pesticides and intensive agricul-
ture (Menke, 2016). With regard to animals and plants in urban areas, 
it is now known that private gardens, which can provide a high qual-
ity and quantity of flowers and nesting sites in a confined space, can 
make an important contribution to increasing biodiversity (Baldock 
et al., 2015; Hall et al., 2017; Wenzel et al., 2020). For example, 115 
species of wild bees were observed in a 320-m2 private garden in 
Tübingen, Germany (Zurbuchen & Mueller, 2012). Can public urban 
green spaces also help to protect the insect fauna? Until a few years 
ago, frequently mown park lawns and changing beds of flowering 
plants, also called flower borders, were the typical planting of urban 
green spaces. These areas, often re-planted annually or up to three 
times a year, were characterized by a rich display of flowers and co-
lours. To achieve this, non-native ornamental plants and varieties 
were often used. In recent years, some municipalities have changed 
their maintenance practices so that they now only mow once or 
twice and create permanent planting beds to counteract the decline 
in insects (Mody et al., 2020).

It is undisputed that a wider range of flowers in public green 
spaces can provide insects with more food (Erickson et  al., 2022; 
Wenzel et al., 2020). However, it is still controversial whether native 
wild plants (“NATIVE”; in our study: indigenous species according to 
FloraWeb; FloraWeb, 2024), or closely related, non-native ornamen-
tal and long-established plants from neighbouring flora areas (here-
inafter “RELATED”), or the so-called exotics that come from other 
continents (“EXOTIC”) are the right choice for the targeted promo-
tion of insects (Ayers & Rehan, 2021; Berthon et al., 2021). The value 
and attractiveness of plants vary widely to pollinating and herbivo-
rous insects (Baisden et  al., 2018; Garbuzov & Ratnieks,  2014). In 
addition, breeding-related changes, e.g. in flower or leaf character-
istics, can have a negative impact on the number or species com-
position of plant-associated insects (Comba et  al.,  1999; Wenzel 
et al., 2020).

To answer the general questions (a) which plant groups (NATIVE, 
RELATED or EXOTIC plants) are more suitable as food source and 
habitat for native wild insects and (b) whether there are differences 
between insect groups, including honey bees, in terms of their plant 
preferences, we addressed the following research questions:

1.	 Which plant group is most attractive to flower-visiting insects 
and supports the highest number of species?

K E Y W O R D S
biodiversity, herbivores, honey bee, insects, leaf damage, native plants, non-bees, non-native 
plants, pollinator, urban green space
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2.	 Are there differences in the use of flowers by “wild” flower visi-
tors and Apis mellifera?

3.	 Are flower visitor-interactions more specialised among native 
than non-native plants, and more generalised for honey bees?

4.	 Which plant group is most suited as a host for herbivorous 
insects?

2  |  MATERIAL S AND METHODS

2.1  |  Study area

The study was conducted in the independent city of Darmstadt 
(160.000 inhabitants, 122 km2 urban area) in southwest Germany 
(49°52′20″ N, 8°39′10″ E). The permit to remove and, if necessary, 
kill wild insects was issued by the Darmstadt Environmental Agency 
on 14 September 2020 under the reference UNB.60.012. In autumn 
2020, a total of 10 planting beds were created in the urban area in 
spatially separated plots of nine square metres each for next year's 
survey. These planting beds are referred to below as study plots. 
The existing vegetation was removed, and a total of 328 native wild 
perennials (NATIVE) and 606 ornamental perennials were planted. 
The ornamental perennials were divided into the groups of native 
plant-related ornamental perennials (RELATED) and exotic perennials 
(EXOTIC).

The plots for the planting beds were chosen to be spatially in-
dependent (the distance between the individual plots was between 
150 and 2.100 metres) on the one hand, and to reflect the diver-
sity of inner-city green-spaces on the other. The degree of greening 
around the planting beds varied greatly. It ranged from complete 
sealing by surrounding footpaths to narrow green strips between 
buildings, car parks or streets to larger or extensively greened areas 
such as parks and cemeteries.

The study plants (Table 1) were selected in a stepwise proce-
dure. Ornamental perennials were chosen on the basis of a list 
of all ornamental plant species used in the urban area compiled 
by the Darmstadt Parks Department. For the group of RELATED 
ornamental perennials, six plant species from five different fami-
lies were selected, for which there are native perennials that are 
related at genus or family level and are similar to the ornamentals 
in flower morphology (Achillea clypeolata ‘Moonshine’, Campanula 
portenschlagiana ‘Birch’, Centaurea dealbata, Knautia macedonica 
‘Mars Midget’, Salvia verticillata ‘Purple Rain’, Thermopsis chinensis). 
Accordingly, six native wild plant species representing the NATIVE 
group were selected to match the RELATED ornamental plants 
(Achillea millefolium, Campanula rotundifolia, Centaurea jacea, 
Knautia arvensis, Salvia pratensis, Lotus corniculatus). The second 
group of ornamental plants, the EXOTIC ornamentals, were also 
chosen on the basis of a list of all ornamental plant species used 
in the urban area compiled by the Darmstadt Parks Department. 
EXOTIC ornamentals included species whose plant families 
are only sparsely represented in Europe (Asclepias tuberosa, 

Ceratostigma plumbaginoides, Kniphofia uvaria ‘Grandiflora’). This 
group included the Asclepiadaceae, which occur predominantly 
in the tropics (Asclepiadaceae, 2001), the Plumbaginaceae, which 
are native to semi-deserts and steppes as well as coastal and 
dune landscapes worldwide (Plumbaginaceae,  2001), and the 
Asphodelaceae, whose main distribution area is southern Africa 
(Asphodelaceae,  2001). On the other hand, cultivated lines of 
North American plants widely used in private and public flower-
beds were selected, including the Fragrant Nettle Agastache x cul-
torum ‘Blue Boa®’ with one Asian (Agastache rugosa) and one 
unknown parent (Google Patents,  2022), Gaura lindheimeri 
‘Whirling Butterfly’ and Helenium × cultorum ‘Rubinzwerg’.

The planting of the 18 study plant species took place on all plots 
according to a previously determined planting scheme. The position 
of each species per plot was determined by drawing lots, whereby 
the pairs of ornamental/wild plant were not allowed to stand exactly 
next to each other. Each plant species was allocated half a square 
metre as planting bed. Depending on the expected plant size, three 
to seven plant individuals per species were used, a specification 
based on the planting recommendations of the Gaißmayer perennial 
nursery (Gaißmayer, 2020) (Figure 1A).

TA B L E  1 Overview of plants used in the study.

Botanical name Short name Family

Wild plants = NATIVE

Achillea millefolium Ach_mil Asteraceae

Campanula rotundifolia Cam_rot Campanulaceae

Centaurea jacea Cen_jac Asteraceae

Knautia arvensis Kna_arv Dipsacaceae

Salvia pratensis Sal_pra Lamiaceae

Lotus corniculatus Lot_cor Fabaceae

Ornamental plants = RELATED

Achillea clypeolata ‘Moonshine’ Ach_cly Asteraceae

Campanula portenschlagiana 
‘Birch’

Cam_por Campanulaceae

Centaurea dealbata Cen_dea Asteraceae

Knautia macedonica ‘Mars 
Midget’

Kna_mac Dipsacaceae

Salvia verticillata ‘Purple Rain’ Sal_ver Lamiaceae

Thermopsis chinensis The_chi Fabaceae

Exotic plants = EXOTIC

Asclepias tuberosa Asc_tub Asclepiadaceae

Kniphofia uvaria ‘Grandiflora’ Kni_uva Asphodelaceae

Agastache × cultorum ‘Blue 
Boa®’

Aga_cul Lamiaceae

Gaura lindheimeri ‘Whirling 
Butterfly’

Gau_lin Onagraceae

Helenium × cultorum 
‘Rubinzwerg’

Hel_cul Asteraceae

Ceratostigma plumbaginoides Cer_plu Plumbaginaceae
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2.2  |  Recording of flower visitors

Data were collected between 29 May and 19 September 2021 at the 
time of peak flowering of each plant species (Figure 1B). All flower 
visitors were surveyed once during a continuous 10-minute survey 
period per plant species and plot between 9:15 am and 5:00 pm 
(1550 minutes in total). Insect individuals that could not be clearly 
identified in the field were collected and later identified in the labora-
tory. Identification was based on the specific literature for each in-
sect order or family. For example, wild bees were identified using the 
identification tables of Scheuchl (Scheuchl, 1996). It was not always 
possible to identify the species precisely, so that the taxa designated 
as species also contained individuals that could only be identified at 
the family or genus level. These flower visitors were then designated 
as morphospecies, for example, Andrena 1 and Andrena 2 (Table 2). To 
address potential differences in their relationship to flower charac-
teristics, we considered flower visitors in total as well as specific tar-
get groups including: (1) “Total Visitors” excluding Apis mellifera and 
Heteroptera; (2) “Apis mellifera”; (3) “Wild Bees” excluding Bombus; (4) 
“Bombus”; (5) “Non-Bees” such as Lepidoptera, Coleoptera, Diptera 
and (6) “Wasps”, which included members of the Crabronidae, 
Chrysididae, Ichneumonidae, Vespidae and Chalcidoidea.

True bugs (Heteroptera) were excluded from some analyses or 
considered in a separate way as they feed predominantly on plant 
juices or as predators. Honey bees (Apis mellifera) originated from 
domesticated beehives (Büchler et al., 2008) and were thus treated 
separately.

2.3  |  Recording of interaction networks

Pollination is a central part of the life cycle of seed plants, and many 
plant species have a reciprocal relationship with animals (Futuyma 
& Slatkin, 1983). The plant–pollinator interaction network describes 
the links between the interacting communities of plant species and 
plant-visiting insect species (pollinators); (Olesen et al., 2007). In our 

study, the plant–pollinator networks comprised 17 plant species (T. 
chinensis did not flower on any plot and was therefore not used) and 
91 insect species. These interactions are typically heterogeneous, 
and many species have a low number of interaction partners and 
few species have a high number (Jordano et al., 2003). We used two 
indices to describe the exclusiveness (specialisation) of interactions: 
H2' (at the network level) and d' (at the species level), as both are 
unbiased by variation in species abundance and the total number of 
observations (Blüthgen, 2010). Values of H2' and d' are standardized 
between 0 and 1, with larger values indicating higher specialization. 
The experimental design of this study did not allow all interactions 
between flower visitors and each flower to be recorded. The insects 
were recorded once when they visited the observation area and set-
tled on a flower.

2.4  |  Recording of feeding damage

In addition to recording the flower visitors, the feeding damage was 
determined on those plants that were suitable for automatic dam-
age measurement. The two Achillea species, whose leaves are pin-
nate, as well as the two Campanula species and L. corniculatus, whose 
very small leaves were not suitable for software-assisted evaluation, 
were excluded. For the other plant species, namely C. dealbata, C. 
jacea, K. macedonica, K. arvensis, S. verticillata, S. pratensis, A. tuber-
osa, K. uvaria, A. x cultorum, G. lindheimeri and C. plumbaginoides, five 
leaves per target plant species were taken blindly and randomly from 
different plant individuals in three-dimensional space.

The leaves were photographed directly on site in a picture frame 
with anti-reflective glass using a Canon EOS 40D camera. The per-
centage of leaf damage was then evaluated in the laboratory using 
“BioLeaf”, a mobile application for measuring leaf damage caused by 
insects (Machado et al., 2016). In the case of leaves whose leaf con-
tours had been lost due to insect damage, auxiliary lines were drawn 
before the analysis in order to reconstruct the original leaf shape 
(Mody & Linsenmair, 2004).

F I G U R E  1 (A) Example of a freshly planted bed; (B) Example of a flowering bed at the time of data collection.
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TA B L E  2 Overview of sampled insect taxa.

Short name Taxon Short name Taxon Short name Taxon

A_mel Apis mellifera

Wild Bees Wild Bees Coleoptera

Col_sp Colettes sp. Las_4 Lasioglossum sp. (4) Col_6 Coleoptera (6)

Ch_dis Chelostoma distinctum Las_5 Lasioglossum sp. (5) Col_5 Coleoptera (5)

Ch_rap Chelostoma rapunculi No_sex Nomada sexfasciata An_ver Anthrenus verbasci

Ce_cya Ceratina cyanea An_nan Anthidium nanum Col_4 Coleoptera (4)

Las_sp Lasioglossum spec. An_obl Anthidium oblongatum Col_3 Coleoptera (3)

And_1 Andrena sp. (1) He_cre Heriades crenulatus Col_2 Coleoptera (2)

And_2 Andrena sp. (2) He_tru Heriades truncorum Col_8 Coleoptera (8)

An_wil Andrena wilkella Meg_sp Megachile sp. Cur_1 Curculionidae (1) / 
Miarus

An_cur Andrena curvungula Ot_lig Otiorhynchus ligustici

Da_hir Dasypoda hirtipes Va_vill Variimorda villosa

Hy_sp Hylaeus sp. Psy_sp Psylliodes sp.

Hal_goldi Halictidae Cr_vit Cryptocephalus 
vittatus

Hy_nig Hylaeus nigritus Oe_vir Oedemera virescens

Osm_1 Osmia sp. (1) Oe_nob Oedemera nobilis

Os_niv Osmia niveata Ma_bi Malachius bipustulatus

Osm_3 Osmia sp. (3) Tr_api Trichodes apiarius

Osm_4 Osmia sp. (4) Cr_aur Cryptocephalus 
aureolus

Os_bic Osmia bicornis Cur_2 Curculionidae (2)

Ha_sca Halictus scabiosae Oe_pod Oedemera podagrariae

Ha_sex Halictus sexcinctus Ps_liv Pseudovadonia livida

Ha_leu Hallictus leucaheneus Ct_fla Cteniopus flavus

Las_1 Lasioglossum spec. (1) Ox_fun Oxythyrea funesta

Las_2 Lasioglossum sp. (2) Tr_hir Tropinota hirta

Las_3 Lasioglossum sp. (3) Cur__3 Curculionidae (3)

Bombus Diptera Heteroptera

Bom_1 Bombus sp. (1) Dip_1 Diptera (1) / Empis De_lut Deraeocoris lutescens

Bom_2 Bombus sp. (2) Dip_2 Dipters (2) Sy_rho Syromastus rhombeus

B_pra B. pratorum Dip_3 Diptera (3) Pt_sta Pterotmetus 
staphyliniformis

B_terr B. terrestris Dip_4 Diptera (4) Ph_mel Phylus melanocephalus

B_pas B. pascuorum Lom_sp Lomatia sp. Le_anc Lepidargyrus ancorifer

Lepidoptera Cal_sp Calliphoridae Het_1 Heteroptera (1)

Ly_phl Lycaena phlaeas Dro_sp Drosophila sp. Het_3 Heteroptera (3) / 
Miridae

Ma_jur Maniola jurtina Car_sp Carpomya sp. Het_4 Heteroptera (4) / 
Miridae

Pi_rap Pieris rapae Coe_sp Coenosia sp. Het_5 Heteroptera (5)

Wasps Me_equ Merodon equestris Het_6 Heteroptera (6) / 
Miridae

Le_cly Lestica clypeata Er_ten Eristalis tenax

Chry_1 Chrysididae Sp_sci Sphaerophoria scripta

Ho_fas Holopyga fastuosa generosa My_flo Myathropa florea

(Continues)
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2.5  |  Statistical analysis

The statistical analyses were performed with PAST 4.03 (Hammer 
et al., 2001) and the network analyses with R version 4.1.1 (R Core 
Team, 2021) using the R-package “bipartite” (Dormann et al., 2016). 
We used Patefield's null model (Patefield, 1981) to compare the ob-
served networks with expected patterns from random associations. 
This null model maintains the structure of the network, namely the 
number of plant and pollinator species and the total interaction fre-
quencies per species (i.e. the marginal totals of the matrix), and ran-
domly allocates the individual interactions. We used the Patefield's 
algorithm implemented as r2dtable in R and performed 10,000 ran-
domizations per network.

Of the possible 180 plant species–plot combinations, 155 could 
be used for the statistical analysis, as T. chinensis did not flower on 
any plot and 15 other species plots remained without a flowering 
plant (Table 3). Mean numbers of individuals and species of flower 
visitors using the three target plant groups (NATIVE, RELATED, 
EXOTIC) in the different plots were compared using the non-
parametric Friedman paired-samples test, followed by pairwise 
Wilcoxon post-hoc tests with sequential Bonferroni correction using 
PAST 4.03 (Hammer et al., 2001). The same analysis was performed 
for insect herbivore feeding damage (percentage feeding damage 
averaged from five leaves per plant species per plot).

3  |  RESULTS

In the course of the survey, 674 flower visitors belonging to around 
100 species were recorded in the 10 study plots. Bees including 
Wild Bees, honey bees and bumblebees were the most abundant 
flower visitors, followed by beetles, flies, Wasps, true bugs and but-
terflies (Table 3).

3.1  |  Flower visitors

During the 155 observation periods on the ten plots, a total of 511 
flower visits from native insects feeding on pollen and nectar were 
recorded (Wild Bees, Bombus, Lepidoptera, Coleoptera, Diptera, 
and Wasps; excluding Apis mellifera and Heteroptera) (Table  3). 
More flower visits were observed in the NATIVE perennials, with 

an overall percentage of 67.1%, compared to 23.5% in the RELATED 
and 9.4% in the EXOTIC perennials (Figure 2). This highest number 
of visits to the NATIVE perennials was consistently observed in the 
different study plots, regardless of the surroundings of the study 
plot, which seemed to have a strong influence on the number of 
flower visitors (Figure S1). The highest number of 19 visits in total 
during an observation period was recorded for K. arvensis, followed 
by C. rotundifolia with 18 visits (Figure 2A). The average number of 
Total Visitors differed significantly between the three target plant 
groups. It was highest for NATIVE, followed by RELATED perenni-
als. Lowest numbers were found for EXOTIC perennials (Figure 2A). 
Thus, there was a marked decline in insect numbers from the fre-
quently visited NATIVE to the RELATED to the least visited EXOTIC 
perennials. This was also reflected in the absolute number of visits 
per target plant group. NATIVE perennials were visited 343 times, 
RELATED perennials 120 times and EXOTIC perennials 48 times.

With a total of 241 flower visits, Wild Bees accounted for 37% of 
the total number of recorded visits. The average number of flower vis-
its by Wild Bees was significantly higher on NATIVE than on RELATED 
and the least visited EXOTIC perennials (Figure 2B). The number of 
flower visits by Wild Bees was not significantly different between 
the RELATED and the EXOTIC perennials. The difference between 
NATIVE perennials and the other plant groups was also reflected in 
the total number of visits, with 158 flower visits observed for the 
NATIVE compared to 62 visits for the RELATED and 21 visits for the 
EXOTIC perennials.

A total of 232 flower visits by Non-Bees was observed, account-
ing for 36% of the total number of visits. The highest number of vis-
its during one observation period was recorded for A. millefolium, 
followed by K. arvensis and L. corniculatus (Figure 2C). Like for Wild 
Bees, the average number of visits by Non-Bees was significantly 
higher for NATIVE than for RELATED and EXOTIC perennials. No 
significant difference in number of visits was found between the 
RELATED and the EXOTIC perennials (Figure 2C). NATIVE perenni-
als experienced 157, RELATED perennials 50 and EXOTIC perennials 
25 flower visits in total.

For Apis mellifera, a total of 136 flower visits was observed, ac-
counting for 21% of total visits. The average number of flower visits 
by Apis mellifera did not differ significantly between the three target 
plant groups (Figure 2D). Apis mellifera visited the EXOTIC perenni-
als 52 times, the NATIVE perennials 46 times and the RELATED pe-
rennials 38 times. Apis mellifera visited the group of EXOTIC plants 

Short name Taxon Short name Taxon Short name Taxon

Crab_1 Crabronidae He_tri Helophilus trivittatus

Ce_ryb Cerceris rybyensis Si_ferr Sicus cf. ferrugineus

Ich_sp Ichneumonidae sp. Sy_pip Syritta pipiens

Anc_sp Ancistrocerus sp. Eu_lun Eupeodes luniger

Di_pic Dinetus pictus

Cha_1 Chalcidoidea

TA B L E  2 (Continued)
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relatively more often (38% of all visits by Apis mellifera) than Non-
Bees (11%) and Wild Bees (9%).

3.2  |  Species numbers

A total of 101 different insect taxa were identified, which could not 
always be determined to species level (Table 3). The further evalu-
ations were made only with the 90 species of insects that feed on 
pollen or nectar (excluding Apis mellifera). The highest number of 

species, a total of ten different species, was found in one obser-
vation period on C. jacea, followed by K. arvensis with nine species 
(Figure 3). A. millefolium and C. jacea were the two plant species with 
the highest number (23) of different insect taxa.

The average number of species of Total Visitors differed signifi-
cantly between the three target plant groups (Figure 3). The NATIVE 
plants were visited by more species than the RELATED perennials and 
EXOTICS and the RELATED perennials were visited by more species 
than the EXOTICS. The number of insect species visiting the target 
plants thus decreased, from NATIVE to RELATED to EXOTIC plant 

TA B L E  3 Results on flower visitor target groups.

Total
Without A. mell 
and HETE A. mell Wild Bees BOMB LEPI COLE DIPT Wasps HETE

Flower visits

Total 674 511 136 241 38 22 102 59 49 27

NATIVE 393 343 46 158 28 8 61 48 40 4

A. millefolium 80 3 6 0 0 11 26 37

C. rotundifolia 62 0 38 0 0 24 0 0

C. jacea 90 26 67 7 7 1 6 2

K. arvensis 58 9 23 13 1 8 13 0

S. pratensis 17 8 6 8 0 2 1 0

L. corniculatus 36 0 18 0 0 15 2 1

RELATED 179 120 38 62 8 6 33 6 5 21

A. clypeolata 18 0 5 0 0 6 3 4

C. portenschlagiana 40 1 20 0 0 19 1 0

C. dealbata 41 4 32 1 0 8 0 0

K. macedonica 12 3 3 1 6 0 1 1

S. verticillata 9 30 2 6 0 0 1 0

EXOTIC 102 48 52 21 2 8 8 5 4 2

A. tuberosa 4 18 1 0 2 0 0 1

K. uvaria 1 12 0 0 0 1 0 0

Agastache 14 3 10 2 1 0 1 0

G. lindheimeri 15 7 6 0 0 6 1 2

Helenium 13 12 4 0 5 1 2 1

C. plumbaginoides 1 0 0 0 0 0 1 0

Species 101 90 1 32 5 3 24 17 9 10

Flower visits Non-Bees

p-value 0.00007 0.3 0.0006 0.0002

Chi2(2,27) 19.05 2.45 13.95 16.8

Species

p-value 0.0001

Chi2(2,27) 17.45

Feeding damage (%) Total

p-value 0.0001

Chi2(2,27) 18.2

Note: Total: total of flower visitors; Flower visitors, species and feeding damage (%) that used the three target plant groups (RELATED, NATIVE, 
EXOTIC perennials) were compared for averaged numbers per plant group and plot using repeated-measures Friedman tests, p < 0.05.
Abbreviations: A. mell, Apis mellifera; BOMB, Bombus; COLE, Coleoptera; DIPT, Diptera; HETE, Heteroptera; LEPI, Lepidoptera.
The values in bold show the plant species most frequently visited by the individual target groups.
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species. The NATIVE perennials were visited by 73 different species, 
the RELATED perennials by 37 and the EXOTIC perennials by 26.

3.3  |  Network analyses

For the entire plant-flower visitor network (Figure 1A), a medium–
high degree of specialization was found (H2' = 0.52). Flower visi-
tor specialization was highest for the NATIVE and RELATED plant 
species (subnetwork native: H2' = 0.69; related plants: H2' = 0.77), 
whereas a much lower degree of specialization was found for the 
EXOTIC plants (H2' = 0.43). All subnetworks were significantly more 
specialized than random associations (p < 0.0001). Among the in-
sect species, the highest specialization was found for the wild bee 
Chelostoma distinctum (d' = 0.61) and a weevil of the genus Miarus 
(d' = 0.57). Both species interacted mainly with C. rotundifolia, which 
in turn showed the highest spezialization among the plants (d' = 0.78). 
Similarly, A. millefolium (d' = 0.74) and L. corniculatus (d' = 0.72) were 
also only used by certain insect taxa.

Quantitative interaction networks of the seven investigated in-
sect groups and the three target plant groups illustrated that the 
EXOTIC perennials were mainly visited by Apis mellifera, which 

F I G U R E  2 Comparison of the number 
of flower visits for seventeen different 
plant species belonging to the target 
plant groups NATIVE (green), RELATED 
(yellow) and EXOTIC (pink); outliers 
are displayed in the form of circles or 
stars. (A) Total Visitors excluding Apis 
mellifera and Heteroptera, (B) Wild Bees, 
(C) Non-Bees and (D) Apis mellifera. 
Different letters above grouped boxplots 
indicate significant differences between 
target plant groups (Friedman test 
followed by pairwise Wilcoxon post 
hoc tests, p < 0.05). Plant species as 
follows: Ach_cly = Achillea clypeolata, 
Cam_por = Campanula portenschlagiana, 
Cen_dea = Centaurea dealbata, Kna_
mac = Knautia macedonica, Sal_ver = Salvia 
verticillata, Ach_mil = Achillea millefolium, 
Cam_rot = Campanula rotundifolia, Cen_
jac = Centaurea jacea, Kna_arv = Knautia 
arvensis, Sal_pra = Salvia pratensis, Lot_
cor = Lotus corniculatus, Asc_tub = Asclepias 
tuberosa, Kni_uva = Kniphofia uvaria, Aga_
cul = Agastache × cultorum, Gau_lin = Gaura 
lindheimeri, Hel_cul = Helenium × cultorum, 
Cer_plu = Ceratostigma plumbaginoides.

F I G U R E  3 Comparison of the number of species of Total 
Visitors (excluding Apis mellifera and Heteroptera) for seventeen 
different plant species belonging to the target plant groups NATIVE 
(green), RELATED (yellow) and EXOTIC (pink); outliers are displayed 
in the form of circles or asterisks. Different letters above the 
grouped boxplots indicate significant differences between target 
plant groups (Friedman test followed by pairwise Wilcoxon post 
hoc tests, p < 0.05); for further details on plant species names see 
Figure 2.
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accounted for 52% of the total interactions of this plant group 
(Figure  4B). The total interactions of Apis mellifera were evenly 
distributed among the three plant groups (EXOTIC = 38.2%, 
NATIVE = 33.8%, RELATED = 27.9%). In contrast, Wild Bees, 
Bombus, Diptera and Wasps showed a clear preference for the 
NATIVE perennials. Interactions with NATIVE perennials accounted 
for 81.6% of all interactions for Wasps, 81.4% for Diptera, 73.7% 
for Bombus and 65.6% for Wild Bees. Coleoptera used both NATIVE 
(59.8%) and RELATED (32.4%) perennials, whereas Lepidoptera 
used all plant groups to roughly the same extent (NATIVE = 36.4%, 
RELATED = 27.3% and EXOTIC = 36.4%) (Figure 4B).

When analysing the interactions of insect groups with individual 
plant species, it became clear that several NATIVE perennials had a 
relatively specific set of visitor taxa, shown by a high degree of ex-
clusiveness (d') (Figure 5A). A. millefolium (far right) had the highest d' 
value of 0.47 in this network. The group of Wasps with a d' value of 
0.51 almost exclusively used A. millefolium as an interaction partner. 
The two plant species on the far left, K. uvaria and S. verticillata, with 
d' values of 0.33 and 0.35, showed an almost exclusive interaction 
with Apis mellifera. This network had a relatively low degree of spe-
cialization (H2' = 0.34), but was significantly more specialized than 
random associations (p < 0.0001; Figure 5A).

When focusing on the bees alone, differences between Wild Bees 
and Apis mellifera became visible (Figure 5B). The degree of specializa-
tion (H2') decreased from 0.57 in the pure Wild Bee network to only 
0.47 in the network of Wild Bees and Apis mellifera due to the broad 

interaction spectrum of Apis mellifera (Figure 5B). The two Campanula 
species and L. corniculatus were visited only by Wild Bees, of which 
Chelostoma distinctum and Chelostoma rapunculi, which only visited 
Campanula species, had particularly high d' values of 0.74 and 0.55, 
respectively. The exclusivity of these interactions is also reflected in 
the high d' values of the plants, with a d' value of 0.79 for C. rotundifolia 
and a d' value of 0.76 for L. corniculatus. Centaurea jacea, on the other 
hand, had many different interaction partners and a low d' value of 
0.29. The EXOTIC perennials were mainly approached by the general-
ist Apis mellifera and had low d' values (H. × cultorum d' = 0.11, K. uvaria 
d' = 0.23, A. tuberosa d' = 0.27, S. verticillata d' = 0.33).

3.4  |  Feeding damage

Feeding damage by insect herbivores differed significantly between 
the three target plant groups. The NATIVE perennials were more 
frequently used as a food source by herbivores than the RELATED 
and EXOTIC perennials and the RELATED perennials were used as a 
food source more often than the EXOTIC perennials (Figure 6). This 
highest feeding damage to the NATIVE perennials was consistently 
observed in the different study plots, regardless of the surroundings 
of the study plot, which seemed to have a strong influence on the 
level of herbivory (Figure S2). On average, 2.3% of the leaf area of 
the NATIVE plants, 0.8% of the RELATED and 0.1% of the EXOTIC 
perennials were consumed by herbivores.

F I G U R E  4 Quantitative network 
of (A) flower visitor–plant interactions 
(without Heteroptera). Each species is 
represented as a rectangle (plants = gray; 
insects = black). The widths of the black 
rectangles are proportional to the 
abundance of the insect species; those 
of the gray rectangles are proportional 
to the number of interactions of each 
plant species with insect individuals. 
Interactions are shown as connecting 
bars; their width reflects the number of 
interactions. Lines indicate interactions 
that were observed only once. 
Quantitative network of (B) insect 
group–plant group interactions. Plant 
groups: pink = EXOTIC, yellow = RELATED, 
green = NATIVE perennials. For further 
details on plant species names see 
Figure 2, and for further details on flower 
visitor names see Table 2.
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4  |  DISCUSSION

4.1  |  Flower visitors

Our study showed that the NATIVE perennials were used as a food 
source by flower visitors in urban green spaces to a greater extent 
than the RELATED and EXOTIC plants, and that there was a grada-
tion in utilisation from the NATIVE to the EXOTIC plants. Greater 
utilisation of the NATIVE plants and intermediate utilisation of the 
RELATED plants was observed for most groups of flower visitors. 
As these flower visitors differ in the way they approach and use the 
flowers, this result suggests that not only one but several traits char-
acterising the flowers of the NATIVE plants are involved in the pref-
erential selection of the NATIVE plants by flower visitors.

The greater utilisation of native plants by flower-feeding insects 
does not seem surprising, as native insects and native wild plants have 
co-evolved over long periods of time and have developed complex 
feeding relationships (Schoonhoven et  al.,  2005). Our finding that 
the native plants are visited significantly more often and probably 
have a higher value for insects is thus consistent with the results 
of other studies (Jain et al., 2016; Pardee & Philpott, 2014; Webber 
et al., 2012). However, there are also studies that show no difference 

F I G U R E  5 Quantitative network of (A) 
insect group–plant species interactions. 
Each group is shown as a rectangle (plant 
species = gray; insect groups = black). 
The widths of the black rectangles are 
proportional to the abundance of insect 
species; those of the gray rectangles 
are proportional to the number of 
interactions of each plant species with 
insect individuals. Interactions are 
shown as connecting bars; their width 
reflects the number of interactions. 
Lines indicate interactions that were 
observed only once. Flower visitor groups: 
purple = Apis mellifera, pink = Lepidoptera, 
green = Bombus, yellow = Wild Bees, 
brown = Coleoptera, turquoise = Diptera, 
blue = Wasps. Quantitative network 
of (B) Wild Bee–Apis mellifera–plant 
species interactions. Each species is 
shown as a rectangle. The widths of the 
black rectangles are proportional to the 
abundance of insect species, those of 
the green, yellow and pink rectangles 
to the number of interactions of each 
plant species with insect individuals. 
Plant species: gGreen = NATIVE, 
yellow = RELATED, pink = EXOTIC 
perennials. Interactions of Apis mellifera 
are shown in purple. For further details on 
plant species names see Figure 2, and for 
further details on flower visitor names see 
Table 2.

F I G U R E  6 Comparison of percent feeding damage related 
to eleven different target plant species for which leaf area 
damage could be analysed. Different letters above the grouped 
boxplots indicate significant differences between groups (p-value 
< 0.05). Different colours indicate the different plant groups 
(green = NATIVE, yellow = RELATED, pink = EXOTIC). Outliers are 
displayed in the form of circles or asterisks. For further details on 
plant species names see Figure 2.
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between native and non-native plants (Philpott et al., 2023) or even a 
higher utilisation of non-native plants (Baker et al., 2020; Garbuzov & 
Ratnieks, 2014; Staab et al., 2020; Wenzel et al., 2020). A summarised 
meta-analysis found that native plants outperformed exotic plants 
in 43% of studies in terms of positive effects on biodiversity, while 
33% of studies showed mixed effects, 17% showed neutral effects 
and exotic plants were superior in 8% of studies (Berthon et al., 2021). 
Understanding these contrasting results is certainly of great impor-
tance for optimising the use of plants to promote insects in urban 
areas. Based on our study and other studies, it is important which in-
sects are considered in the study, as not all insects respond in a similar 
way to plant species and plant origin (Lowenstein et al., 2019).

For bees, which represent a dominant group of flower visi-
tors in our study and are also the focus of many other studies on 
flower–insect interactions in urban areas, it seems helpful to con-
sider the degree of flower specialisation when drawing conclusions 
about the suitability of native and non-native plants as food sources 
(Prendergast et al., 2022). While generalist (polylectic) bees, includ-
ing the honey bee, most bumblebees and other polylectic wild bee 
species, appear to readily accept and utilise non-native plant species 
(Baker et al., 2020; Garbuzov & Ratnieks, 2014; Wenzel et al., 2020), 
more specialised (oligolectic) bee species tend to stick to native 
plants or their close relatives (Lowenstein et al., 2019). In our study, 
the different use of native and non-native plant species by specialised 
and generalist bees is nicely illustrated by the two strictly oligolectic 
scissor bees (Chelostoma distinctum and Chelostoma rapunculi), which 
used flowers (Campanula) that were not used by generalists such 
as the honey bee. The sole visitation of Campanula flowers by the 
specialist bees may be related to a strong adaptation to Campanula 
pollen as larval food (Praz et al., 2008), suggesting that specific nu-
tritional requirements (here determined by pollen composition) are 
a driving force for flower use patterns (Ritchie et al., 2016; Wood 
et al., 2018). Answering the question of whether these specific re-
quirements can be met less well by cultivation and selection requires 
more specific studies of the pollinators and herbivores concerned. 
However, it is known that the cultivation and selection of plant va-
rieties can alter the quality of flowers for flower feeding herbivores 
and also for their natural enemies (Mody et al., 2015, 2017), as well 
as the chemical composition of nectar and pollen (Egan et al., 2018). 
This means that such cultivated plants, including the ornamental 
plants included in our RELATED and EXOTIC plants, may differ in 
terms of their usefulness as food for pollen-feeding insects.

If in the case of bees it is necessary to characterise and indi-
cate the degree of specialisation of the bees studied in terms of 
plant use and suitability, what about other groups of flower-visiting 
insects? The strongest preference for NATIVE plants was found 
in the Non-Bee groups Wasps and Diptera. Both groups are very 
heterogeneous in size and feeding behaviour. Wasps can be social 
or solitary, and they can be predators or parasitoids requiring prey 
or hosts for larval development. Unlike bees, wasps visit flowers 
primarily to feed on nectar and sometimes to hunt prey, but not so 
often to collect flower products for rearing their offspring. Their 
relationship to individual plant species is therefore generally less 

pronounced than that of bees (there are exceptions, e.g. wasp or-
chids), and the specialisation of interaction in wasp–flower net-
works may be less than in the overall pollination network (Mello 
et  al.,  2011). Nevertheless, there are certain flower characteris-
tics that make flowers more attractive to wasps (Rosas-Guerrero 
et  al.,  2014). These traits include colour (pale colours and ultra-
violet patterns), floral scent (e.g. sweet and spicy scents), nectar 
availability (flowers with easily accessible nectar are preferred, 
as wasps do not have specialised structures for nectar extraction 
from deep flowers) and flower shape (preference for open, flat 
flowers and for small and clustered flowers). Although this variety 
of floral traits provides the opportunity to distinguish between the 
NATIVE and EXOTIC plants, it is not possible on the basis of our 
study to determine which of these traits are responsible for the ob-
served visitation patterns. However, Achillea millefolium, the most 
frequently visited plant species (much more than A. clypeolata), ful-
filled the described attractive characteristics more than any other 
plant in the experiment. To better understand whether a direct, 
origin-related adaptation to A. millefolium or rather the combina-
tion of attractive traits is related to the strong preference for this 
plant species, specific tests with plants of different origins combin-
ing these traits in a comparable way would be required. Like wasps, 
dipterans typically lack the long proboscis of many bees and but-
terflies, making flowers with easily accessible nectar particularly 
attractive to dipterans. As with wasps, A. millefolium (also not A. 
clypeolata) was the most frequently used plant by dipterans, show-
ing that the presence of very specific plant species can also be 
crucial for the occurrence of flower-visiting dipterans and wasps.

Flower-visiting beetles, the second largest group of flower vis-
itors in our study, have been reported to not strongly respond to 
general availability of floral resources compared to other factors 
including area of built-up area in the surrounding of green spaces 
(Horak et al., 2022). Nevertheless, beetles may require specific flo-
ral traits that are distinctly different from those that determine bee 
use. In our study, beetles were not strongly restricted to a single 
plant species, but still showed a higher use of NATIVE and RELATED 
plants than of EXOTIC plants, suggesting that the floral traits that in-
fluence beetle use may also be related to plant origin, but to a lesser 
extent than for some other groups of flower visitors.

Of all the flower visitor groups studied, only Lepidoptera and 
especially the honey bee did not show higher visitation to NATIVE 
flowers. Lepidoptera were quite rare on the study plants, which is 
consistent with other studies showing that Lepidoptera are rather 
rare in urban areas compared to other flower visitor groups such as 
bees (Staab et al., 2020; Theodorou et al., 2020). Lepidoptera typ-
ically have a long, coiled proboscis that allows them to reach not 
only openly accessible nectar but also nectar hidden deep inside 
tubular flowers (Krenn, 2010). This adaptation is crucial for feed-
ing on a wide range of flower shapes and sizes, which may explain 
the use of plants from all three study groups when nectar is avail-
able and colours are attractive. While we found a remarkably uni-
form use of the three plant groups for Lepidoptera, the honey bee 
was unique in its almost exclusive and strong use of many of the 
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EXOTIC plants. As a super-generalist that has also been bred for 
high productivity and efficiency (Büchler et al., 2008), the honey 
bee can use a wide variety of flowers to obtain nectar and pollen 
(Giannini et  al., 2015). By using exotic plants not used by other 
flower visitors, it can avoid competition, although it can easily com-
pete with native flower visitors for the floral resources of native 
plants (Urbanowicz et al., 2020). Although honey bees can use a 
wide variety of flowers, they prefer flowers that provide abundant 
and easily accessible nectar and produce large quantities of high-
quality pollen. As many plants that are particularly useful to honey 
bees are not, or only marginally, useful to other groups of plant vis-
itors, the current practice of tailoring seed mixtures or plantings 
to the needs of bees, or even specifically honey bees, may be det-
rimental to the important group of non-bee species, as it may be 
difficult to find suitable forage plants in these circumstances. An 
example of this is the seed mixtures sown by farmers in Germany 
(Hesse) as part of the Hessian programme of agri-environmental 
and landscape conservation measures, which mainly contain bee-
friendly plants such as Phacelia, Fagopyrum or Melilotus, known as 
bee pastures (Brand, 2019; Decourtye et al., 2010). These plants 
are particularly rich in nectar and pollen and are therefore fre-
quently visited by honey bees. For generalists, these often annual 
mixtures are a good food source. However, such seed mixtures 
or plantings, which are mainly adapted to honey bees, can hardly 
contribute to the conservation and promotion of biodiversity. This 
is because even many oligolectic wild bee species that specialise in 
low-nutrient pollen, such as bellflower scissor bees, would not find 
food for their offspring in such a flower mix or perennial plant-
ing. Typical bee flowers with larger amounts of nectar, such as the 
two Salvia species (Kadereit et  al., 2021), are mainly of interest 
to large pollinators such as Bombus or other social bees such as 
honey bees. In particular, Bombus only collect nectar from the res-
ervoir with large amounts of nectar (Kradolfer & Erhardt, 1995), 
because the larger the pollinator, the more nectar is consumed per 
visit (Pacini et al., 2003). The two Salvia species in our study were 
mainly visited by Apis mellifera and Bombus and only to a small ex-
tent by the Non-Bee group. On the other hand, the two Campanula 
species were not visited by Bombus. This result shows once again 
the importance of creating well-balanced flower mixtures or pe-
rennial plantings with a suitable species and family diversity to 
meet the needs of each insect group.

4.2  |  Feeding damage

The results of the feeding damage analysis also support the hy-
pothesis that NATIVE perennials are more suitable as a food re-
source for insects in urban green spaces than RELATED perennials 
or EXOTIC plants. The level of herbivory on NATIVE plants in our 
study is comparable to feeding damage in grasslands, which is 
reported to be between 0.5 and 15% damage, with most plants 
showing no more than 2% damage (Scherber et  al.,  2006; and 
references therein). In contrast, damage to RELATED plants, and 

especially to EXOTIC plants, was lower than in grasslands, sug-
gesting that these plants are of little use to insects. These results 
are consistent with other studies showing that herbivores in gar-
dens can benefit from the presence of native plants (Salisbury 
et  al.,  2020). While the damage to NATIVE plants in our study 
shows that insect herbivores can occur in urban green spaces, the 
almost complete absence of damage to EXOTIC plants indicates 
that not all plants can be utilised by these herbivores. Whether 
the EXOTIC plants are not accepted as food or are unsuitable,i.e. 
the question of whether herbivore preference or performance de-
termines the observed level of damage (Price et al., 2011), is not 
answered by our study.

In other study systems, it has been shown that varieties of na-
tive plants that have been improved by the horticultural industry for 
aesthetic value and disease resistance can differ from wild plants in 
terms of insect herbivory. It has also been observed that introduced 
species are less suitable for herbivores than comparable native spe-
cies (Berthon et  al.,  2021; and references therein). For example, 
insect herbivory has been shown to be reduced in cultivars com-
pared to wild-type woody plants due to anthocyanin enrichment, 
which changes leaf colour (Baisden et al., 2018). A study from the 
Netherlands compared the suitability of native mustard cabbage 
(Brassica nigra), native field mustard (Sinapis arvensis) and exotic ori-
ental grouper (Bunias orientalis) as caterpillar food for two butterfly 
species specialized on different cruciferous plants (small cabbage 
white butterfly (Pieris rapae) and large cabbage white butterfly (Pieris 
brassicae)) (Harvey et al., 2010). The study showed that B. orientalis 
was highly toxic to the larvae of both pierids, with a mortality rate 
close to 100%. Analysis of glucosinolate concentrations in leaf tis-
sues revealed considerable quantitative and qualitative differences 
in these secondary plant compounds among the three plant species 
(Harvey et al., 2010). Thus, non-native plant species may also rep-
resent a potential toxic trap for specialized herbivores. Changes in 
chemical and structural environmental conditions caused by non-
native plants can alter the foraging behaviour and dispersal abilities 
of native insects (Bezemer et  al., 2014; Heleno et  al.,  2009). One 
possible consequence is a decline in insects, as observed by Heleno 
and colleagues for insect biomass when native plants were replaced 
by non-native plants (Heleno et al., 2009).

5  |  CONCLUSION

In view of the global decline in insects (Hallmann et al., 2017; Janzen 
& Hallwachs, 2019; Seibold et al., 2019; Wagner et al., 2021), meas-
ures are being sought to promote insects. In this context, our study 
shows that planting urban green spaces with native plants as a food 
source for flower-visiting and leaf-feeding insects can be a way to 
promote various insect species in urban areas. Plantings or sowings 
that are only geared to the needs of honey bees are less suitable 
for the conservation and promotion of insect biodiversity in urban 
green spaces, as the flower preferences and needs of honey bees 
do not match those of most other insects. Based on our findings, 
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we recommend designing urban green spaces with a variety of pre-
dominantly native plants to meet the different food requirements of 
all insect species.
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Figure S1. Comparison of the average number of flower visitors 
observed on the studied plant species per study plot, summarized 
for the target plant groups NATIVE (green), RELATED (yellow) and 
EXOTIC (pink).
Figure S2. Comparison of the mean feeding damage (%) observed for 
the studied plant species per study plot, summarized for the target 
plant groups NATIVE (green), CONVERTED (yellow) and EXOTIC 
(pink).
Table S1. Overview of plant species that have not flowered in the 
named plots.
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