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It is now largely recognized that pollinators are threatened in agricultural habitats. Cities are thus seen as potential refuges for pollinators, if suitable green spaces are available, because they present favorable abiotic conditions for many pollinator species. However, data on resources used by bees in urban habitats are scarce. Moreover, promoting indigenous meadows in urban green spaces could help pollinator’s survival. In this study, Apis mellifera was taken as a model to investigate potential difference in plant diversity used in agricultural and urban habitat. Pollen loads were sampled in 15 hives in both habitat types, using pollen traps. Then, the attractiveness of a melliferous meadow on wild bees was tested. To that end, a new seed mix (BF) including 35 indigenous plants producing nectar and/or pollen harvested by bees was developed and its attractiveness was compared to a seed mix widely used in Geneva (PFG). For most of the season, quantity and diversity of the pollen sampled was not significantly different between agricultural and urban habitats. Nevertheless, honey bees used different species in both habitats, probably because different plant communities are present. Sixty-one wild bee species were observed foraging in the new BF seed mix compared to only 47 species in the PFG. Likewise, more plants species were used in the BF seed mix than in the PFG. These results show that urban zones can be interesting for pollinators because they display diverse and abundant plant communities. Additionally, it shows that urban parks are species rich habitats, and that pollinator communities respond immediately to additional resources when available.
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Introduction

The use of pesticides, the homogenization of landscapes and the loss of natural habitats have been identified as the main causes for the decline of pollinator diversity in agricultural land (Brown and Paxton, 2009; Potts et al., 2010; Goulson et al., 2015). This is especially concerning as pollinators are essential to 75% of the worldwide crop production (Klein et al., 2007). Several authors suggested that, at moderate level of urbanization, cities could stand as refuges for pollinator populations (McKinney, 2008; Gunnarsson and Federsel, 2014; Hall et al., 2017; Baldock, 2020). Indeed, many cities include resource rich green spaces, displaying suitable abiotic conditions (i.e. warm and dry) for many pollinator species, especially in the wild bee group (Apoidea). Indeed, most of wild bee species is thermophilic and beneficiates from flower-rich, well-exposed meadows (Westrich, 2019), which corresponds to what can often be found in urban green spaces (Lahr et al., 2018). Besides, pesticides are less used in urban green spaces than in agricultural habitats (Muratet and Fontaine, 2015).

For several years, governments deploy strategies in favor of Biodiversity, including actions aiming at maintaining and improving their hosting potential for biodiversity in cities (Federal Office for the Environment (FOEN), 2017). For example, the use of insecticides is banished from urban public areas since 2017 in Geneva city and a biodiversity strategy plan has been implemented by Geneva region authorities since 2018 (Etat de Genève, 2018). One of the most efficient action favoring biodiversity, appears to be improving resource availability in urban areas (Bretzel et al., 2016; Dylewski et al., 2019; Wilson and Jamieson, 2019; Wenzel et al., 2020). However, the way urban green spaces are maintained is often not in favor of wild bee populations. For example, frequent mowing maintaining tidy lawns prevents many valuable plant species from flowering, consequently decreasing resources available for bees (Larson et al., 2013; Shwartz et al., 2013). This means that cities can be largely different from one another in their potential for hosting pollinator populations, depending on factors such as resources they provide, their maintenance policy for green spaces, the size and the connectivity between green spaces or the percentage of impervious surface (Gunnarsson and Federsel, 2014; Beninde et al., 2015; Turo and Gardiner, 2019; Fauviau et al., 2022).

Thus, more data are needed to determine what measures cities can implement for biodiversity, whether cities can really function as an asset for pollinator conservation and if more efforts in bringing floral resources is truly efficient to increase wild bee abundance and diversity in urban areas (Beninde et al., 2015; Bretzel et al., 2016; Ayers and Rehan, 2021).

We focused our study on wild and domestic bees, as they are known to be the most efficient pollinators (Ollerton, 2017).

In this study, we first investigated what resources are available for bees in urban areas, taking domestic bees as a model. We aimed at testing whether a difference in resource availability exists for bees between urban and agricultural habitats in Geneva region. The following questions were addressed: Are the plant species used by bees in both habitats the same? Is there a difference in the quantity of resource available for bees between urban and agricultural habitats? We hypothesized that Geneva is a relatively species-rich city, hosting many indigenous and exotic plant species, and providing enough trophic resources to maintain healthy colonies within urban habitats.

Secondly, we wanted to investigate whether developing a seed mix, especially designed to fulfill wild bee species food requirements would increase resource availability in urban parks. We think that bringing more resources into cities, for example by adding indigenous meadows in urban parks, can benefit domestic and wild bees. This should be especially true in the summer months, when the cycles of mass-flowering plants, such as oilseed rape (Brassica napus) are completed. We hypothesized that a seed mix essentially composed of plants species known to be used by bees can perform equally or even better with fewer plant species than mixes already commercialized, composed of many plant species that are not all used by bees.





Methods




Data collection

In order to compare resources used by bees between urban and agricultural habitat, we sampled pollen load in 10 urban and 5 agricultural hives in the region of Geneva (Figure 1), using pollen traps (Topitzhofer et al., 2021). These traps were set off collecting pollen during 24 hours every second week, between May and October 2016, for a total of 11 sampling dates. Pollen loads were brought back to the lab the same day and stored at −20°C. Each sample was then weighted and a subsample of 350 pollen loads was randomly selected. These 350 pollen loads were sorted according to color and the number of pollen loads for each color was counted. We also weighted approximately thirty pollen loads subsamples, where the exact number of loads were known, in order to assess the mean weight of a single pollen load, which enabled us to calculate the contribution of each plant group within the whole sample. Usually, domestic bees collect one plant species at a time (Percival, 1947; Louveaux, 1990; Topitzhofer et al., 2021) which enable us to make one microscopic preparation for each color of pollen load. Because several plant species can display very similar colors, we used three to five pollen loads among a color, for each microscopic preparation. Pollen could then be identified to the furthest taxonomical level using morphological criteria under a light microscope (Moore et al., 1991; Kirk, 1994; Karpovich et al., 2015).




Figure 1 | Position of the 15 hives sampled around Geneva region. Yellow marks represent agricultural hives, red marks represent urban hives. Red squares represent the three urban parks were the comparison of seed mixes was implemented.



Based on the list of plant taxa we found to be collected by domestic bees in both habitats and on the literature search as well as expert recommendations (Bieri, personal communication; Pritsch, 2007; Westrich, 2019), we elaborated a new seed mix designed to be sown in urban parks. Three criteria were applied to select the plant species included in the BF seed mix: (1) the different plant species must be used by bees (for pollen, nectar or both), (2) they must be ecologically adapted to environmental conditions in target parks, and (3) together, their flowering phenology must span throughout the whole season. This specific mixture of seed targets a nectariferous and polliniferous semi-dry meadow (Mesobromion) from central European regions. Because we know that wild bee species might use different plant families depending on specific traits (i.e. morphology or level of specialization) (Danforth et al., 2019; Westrich, 2019) and that plant from the same family are likely to display similar pollen nutritional content (Jeannerod et al., 2022), we tried to maximize the number of plant families included in the seed mix so as to maximize the attractiveness of the mix for a large number of wild bee species. The initial theoretical composition of this central European Mesobromion includes 50 species displaying an optimum level of development within this community. The list of high-frequency species was extracted from the database compiled by R. Pantke, used as support for the Phytosuisse project (Prunier et al., 2014; Prunier et al., 2019). Protected, non-native or regionally vulnerable species (Mombrial et al., 2020) were excluded. Polliniferous and nectariferous production and the flowering period were considered using a four-scale level (Pritsch, 2007). A selection of nectariferous and polliniferous species, specific to the pioneer communities of the Dauco-Melilotion was added in order to facilitate the initiation of the plant succession. The final list considers the availability of seeds from local suppliers certifying local origin for the region, according to the Swiss green list (infoflora, 2023). Two Poaceae (Bromus erectus and Festuca rubra) were added in order to help structuring the plant community at the early stage of the succession. Finally, this mix called Beeflora (BF), includes 37 indigenous plants species within 17 families, all of them being used by bees for pollen, nectar or both, except from the two grass species (Appendix 1).

The attractiveness of the BF seed mix was compared to a commercial seed mix called “Prairie fleurie genevoise” (PFG), which is already largely sown in Geneva region. The PFG seed mix is composed of 45 indigenous plant species, including 15 grass species. Both seed mixes were sown in three urban parks in the city of Geneva in autumn 2017 (LaGrange, MonRepos and Beaulieu) on 16 to 25 m2 plots (Figure 1). The attractiveness of the seed mixes was monitored from April to August 2019, for a total of 9 sampling dates. On each date, we followed the attractiveness of the two seed mixes using one square meter quadrat, placed according to the presence of flowering plants. For each quadrat, we first estimated the covering percentage of every plant species that displayed flowers ready to be visited by bees. We then observed the quadrat for two minutes and recorded every bee visit along with the plant species it was visiting. When possible, we identified bees directly in the field. The rest of the species was collected, brought back to the lab and prepared for identification. Bees that could not be captured were identified to the furthest taxonomical level directly in the field. Wild bees collected were identified to the species level using Amiet et al. (2001; 2004; 2007; 2010; 2014; 2017). For each sampling date, park and seed mix, we used four quadrats of one square meter.





Data analyses

In order to compare abundance and diversity of pollen collected in agricultural and urban habitats at each sampling date, we first used a Wilcoxon test, testing the difference in pollen total weight between agricultural and urban colonies for each sampling date separately. To test the influence of the type of habitat at each sampling date on pollen taxa richness, we also used a Wilcoxon test. Then, we sorted pollinic resources according to plant traits, grouping trees and bushes on the one hand and herbaceous plants in the other hand and we tested whether the proportion of each plant type changed during the season using Qi square, in urban and agricultural habitats separately. In order to detect whether domestic bees had collected more quantity of pollen from herbaceous or from ligneous plants at each sampling date, we then applied a Wilcoxon test, comparing quantities of pollen loads collected from herbaceous or ligneous plants in urban and agricultural habitats separately. For the sake of clarity, we converted the number of pollen loads in grams on figures that illustrate the comparison of pollen quantity collected between ligneous and herbaceous vegetation.

To compare abundance and diversity of bees between BF and PFG mixes throughout the season, we first cumulated all the visits for a given park and a given mix in a month. We then used a general linear model with mixed effect to test whether the number of visits and the number of species visiting mixes were different between mixes for each months of the season. Wild bee total abundance was log-transformed in order to reach normality. We also tested the total number of visits of wild bee species on spontaneous plants compared (i.e. from the seedbank) to the number of visits on plant species sawn for both mixes, using linear model. We repeated the same analysis for the number of visits for domestic bees.

For this analysis, we cumulated all the visits of wild bees or domestic bees for a given category of plant (from the seedbank vs from a seed mix) throughout the hole season for a given park. The number of visits of domestic bees was log-transformed to reach normality.

In order to compare the resource availability between seed mixes, we took the covering percentage of flowering plants cumulated over the whole season for a given park, sorted plants according to their origin (from the seedbank vs from a seed mix) and compared the quantity of flowering plants between the two mixes using a linear model, taking the origin of the plant species as a factor.

All statistical analyses were performed using R software (R Core Team, 2010).






Results

In total, we collected nearly 2 Kg of pollen, representing around 290,000 loads. One hundred and twenty-nine plant taxa of different taxonomical resolutions were observed, 115 in urban and 92 in agricultural habitat. These taxa belonged to 60 different families, among them 27 trees and bushes, 31 herbaceous plant families and two species of climbing plants. The Wilcoxon tests comparing pollen quantities collected between agricultural and urban habitats throughout the season showed that there was no difference in abundance of pollen collected in both habitats for all sampling dates except mid-May, where agricultural colonies collected significantly more pollen than urban colonies (on average respectively 53.04g ± 2.37 and 38.4g ± 23.97 for agricultural and urban colonies; p = 0.013, w = 45; Figure 2). Likewise, the number of plant taxa collected by urban and agricultural colonies were not different along the season for all sampling dates, except in the beginning of May where the agricultural colonies collected significantly more taxa than urban colonies (on average respectively 9.2 ± 1.2 taxa and 6.11 ± 0.54 taxa for agricultural and urban colonies; p = 0.012, w = 40; Figure 3). The Qi square tests, comparing proportion of pollen between ligneous and herbaceous vegetation throughout the season showed differences in proportion of plant types during the season for agricultural and urban colonies (p < 0.001, X2 = 61,694.45 and p < 0.001, X2 = 35,935.84 for urban and agricultural colonies respectively). The comparisons of the quantity of pollen collected from ligneous or herbaceous vegetation for each sampling date showed that there is significantly more trees and bushes used by urban colonies in the two first sampling dates (p = 0.024, w = 66 and p = 0.006, w = 85, for the beginning of May and mid-May respectively) and significantly more trees and bushes than herbaceous plants collected in mid-May by agricultural colonies (p = 0.009, w = 25). On average, urban colonies collected 11.66g ± 3.33 of pollen from trees and bushes and only 2.63g ± 1.29 of pollen from herbaceous vegetation in the beginning of May and 37.06g ± 23.93 of pollen from trees and bushes and only 0.64g ± 0.16 of pollen from herbaceous vegetation in mid-May. Agricultural colonies collected on average, 43.52g ± 5.26 of pollen from trees and bushes and only 8.94g ± 4.58 of pollen from herbaceous vegetation in mid-May (Figures 4A, B).




Figure 2 | Mean pollen quantity (g) collected by urban (grey line) and agricultural (brown line) colonies at each sampling date. Error bars represent standard error, stars represent significant differences: *<0.05.






Figure 3 | Mean number of taxa collected by urban (grey line) and agricultural (brown line) colonies at each sampling date. Error bars represent standard error, stars represent significant differences: *<0.05.






Figure 4 | Mean weight of pollen collected from ligneous (blue line) and herbaceous (orange line) vegetation throughout the season by urban (A) and agricultural (B) colonies. Error bars represent standard error, stars represent significant differences: *<0.05; **<0.01.



We observed the opposite trend at the end of the season, where herbaceous vegetation was more used than ligneous one by agricultural and urban colonies. However, our results showed that agricultural colonies use significantly more herbaceous than ligneous vegetation in July and August (p = 0.009, w = 0 and p = 0.029, w = 0, for July and August respectively), whereas urban colonies use significantly more herbaceous than ligneous vegetation only in August (p = 0.01, w = 2). On average, agricultural colonies collected 17.25g ± 10.01 of pollen from herbaceous vegetation and only 0.04g ± 0.03 of pollen from trees and bushes in July and 4.97g ± 2.64 of pollen from herbaceous vegetation and only 0.13g ± 0.04 of pollen from trees and bushes in August. Urban colonies collected on average, 6.54g ± 3.97 of pollen from herbaceous vegetation and only 0.32g ± 0.19 of pollen from trees and bushes in August (Figures 4A, B).

Indeed, the comparison between agricultural and urban colonies for the top 5 most abundant plant taxa collected at each sampling date shows that urban colonies mostly harvest pollen from ligneous vegetation in the three first sampling dates (ligneous Rosaceae, Acer pseudoplatanus, Aesculus hippocastanum and Acer campestre in May; Acer pseudoplatanus, Acer platanoides, Aesculus hippocastanum, Acer campestre and ligneous Rosaceae in mid-May and Cornus sanguinea, Gleditsia sp. Liriodendron tulipifera and ligneous Rosaceae in the end of May) whereas for agricultural colonies, several herbaceous plant species belong to the top 5 most abundant plants collected already at the beginning of the season (Pisum sp. and Brassica napus in May, Trifolium pratense in mid-May, Centaurea cyanus, Papaver rhoeas, and Brassica napus in the end of May). In the end of June, urban colonies still used a majority of ligneous plant species (Tilia sp., Ligustrum vulgare, Rubus sp. and Castanea sativa), whereas the plant species mostly used by agricultural colonies only included Castanea sativa and Rubus sp. The rest of the top 5 most used plant species were Centaurea cyanus and species from the Poaceae family. At the end of June, agricultural colonies also collected important quantities of fungi spores. In July, agricultural colonies mostly collected pollen from herbaceous species (Poaceae family, Plantago lanceolata, Helianthus annuus, Trifolium repens and herbaceous Rosaceae), whereas urban colonies still used important quantity of ligneous species (Ligustrum vulgare and Magnolia sp.). In August, urban and agricultural colonies mostly used herbaceous plant species (Taraxacum officinale aggr., Plantago lanceolata, herbaceous Rosaceae and herbaceous Fabaceae for urban colonies and Poaceae and Asteraceae for agricultural colonies). In September and October, urban and agricultural colonies mostly used Hedera helix, which represented 99% and 72% of the pollen collected by urban and agricultural colonies respectively. Finally, we selected several herbaceous plant species, such as Centaurea species or Cichorium intybus from the Asteraceae family, Echium vulgare or species from the Fabaceae family, that were especially appreciated by domestic bees, to elaborate our new BF seed mix.

In total, we observed 893 plant–bee couples during the monitoring of the Prairie fleurie genevoise (PFG) and the Beeflora (BF) seed mixes in 2019. Four-hundred and ninety-one couples were observed in the BF mix and 402 were observed in the PFG mix. Four hundred and ninety-four wild bees were captured and identified to the species level, 269 were identified in situ including 222 Apis mellifera, and 130 wild bees could not be captured or identified. Sixty-nine wild bee species were identified in total, 61 species were observed in the BF mix and 47 in the PFG mix. Twenty-two wild bee species were strictly observed in the BF mix, whereas only 8 species were strictly observed in the PFG mix. These 8 species were observed visiting plants that are also present in the BF seed mix, two of them being spontaneous (Taraxacum officinale aggr. and Veronica filiformis), whereas 9 wild bee species strictly observed in the BF seed mix were visiting sawn plants that are absent from the PFG seed mix (Cichorium intybus, Echium vulgare, Lotus corniculatus, Malva moschata, Melilotus officinalis and M. albus). Thirty-nine wild bee species were observed in both seed mixes. Fifty-one plant species were visited by bees, 33 plant species in the BF mix (including 21 sawn species, 64%) and 31 in the PFG mix (including 17 sawn species, 55%) (Appendix 1). Although we found more species and individuals visiting plants in the BF than in the PFG seed mix in total, the models testing the effect of the mix and the sampling month on the abundance and richness of wild bees showed that there is, on average, no difference between the BF and the PFG seed mix (p = 0.4, df = 18 and p = 0.56, df = 18, for abundance and richness of wild bees respectively). Nevertheless, the models showed that the month of sampling had a significant effect on abundance and diversity of wild bees (p < 0.001, df = 4 for abundance and diversity). Indeed, there was more species and individuals visiting both mixes in June and July than in all other sampling dates (Figures 5A, B). Additionally, the model testing the effects of seed mixes and of the origin of the plant visited (spontaneous vs sawn) on the number of wild bee visits showed that wild bees used significantly more often the plant species originated from the mix than spontaneous plant species in both seed mixes (p < 0.01, df = 1; Figure 6). Likewise, domestic bees also used more often plants originated from the mix than spontaneous species (p < 0.001, df = 1), but they also visited significantly more often the BF than the PFG mix (p < 0.05, df = 1; Figure 7). In the same way, the model testing the effect of the seed mix and the origin of the plant (spontaneous vs sawn) on the quantity of flowering plants showed that there are significantly more flowering plants originated from the mix than spontaneous flowering plants in the BF mix (p < 0.01, df = 1), whereas in the PFG mix, both spontaneous and sawn flowering plants showed similar total quantity (p = 0.35, df = 1; Figure 8). This is in line with the observation of the most visited plants in both seed mixes. Indeed, within the 9 most used plants in the PFG mix (Leucanthemum vulgare aggr., Achillea millefolium, Salvia pratensis, Daucus carota, Reseda lutea and Centaurea jacea), accounting for 85% of the visits, 3 were spontaneous (Taraxacum officinale aggr., Geranium molle and Veronica filiformis), whereas in the BF seed mix, only one spontaneous plant (Veronica filiformis) belongs to the 9 most used plants, accounting for 77% of the visits (Malva moschata, Echium vulgare, Melilotus albus, M. officinalis, Daucus carota, Salvia pratensis, Centaurea jacea and Reseda lutea) (Appendix 2).




Figure 5 | Mean number of wild bee species (A) and mean number of bee visits (B) in the Beeflora (BF) seed mix (blue bars) and the Prairie Fleurie Genevoise (PFG) seed mix (orange bars) for each sampling month. Error bars represent standard deviation, letters indicate significant differences.






Figure 6 | Mean number of wild bee visits for the Beeflora (BF) seed mix (right hand side) and the Prairie Fleurie Genevoise (PFG) seed mix (left hand side). Blue bars represent sawn species (From the mix) and orange bars represent species from the seedbank (Spontaneous). Error bars represent standard deviation, stars represent significant differences: **<0.01.






Figure 7 | Mean number of domestic bee visits for the BF seed mix (right hand side) and PFG seed mix (left hand side). Blue bars represent the sawn species (From the mix) and orange barres represent species from the seedbank (Spontaneous). Error bars represent standard deviation, stars and letters represent significant differences: ***<0.001.






Figure 8 | Mean quantity (m2) of flowering plants for the BF seed mix (right hand side) and PFG seed mix (left hand side). Blue bars represent the sawn species (From the mix) and orange bars represent species from the seedbank (Spontaneous). Error bars represent standard deviation, letters represent significant differences.







Discussion

We showed that, in Geneva, resources available in urban habitats are similar to resources available in agricultural habitats in terms of quantity and richness. Indeed, the quantity and richness of pollen collected by domestic bees in urban habitat were not different from agricultural land for all sampling dates, except in May were agricultural colonies collected more quantity of pollen (mid-May) from more different taxa (beginning of May) than urban colonies. Facilitated access to cultivated and wild ligneous Rosaceae for bees in agricultural land probably explains this result, as the vast majority of the pollen collected by bees in agricultural habitat in the beginning of May came from ligneous vegetation. However agricultural colonies still collected a certain quantity of pollen from herbaceous plants in the beginning of May, while urban colonies concentrated their pollen collection on ligneous vegetation and collected almost no pollen from herbaceous plants. This might explain why they also collected fewer taxa than agricultural colonies. Except the two first sampling dates, quantity and richness of the pollen collected by agricultural and urban colonies were similar. This means that, for most of the season, urban habitats release enough trophic resources for a successful beekeeping production. However, we showed that urban and agricultural colonies did not use the same plant species throughout the season. Indeed, urban colonies relied longer on resources from ligneous vegetation than agricultural colonies. We know that domestic bees particularly appreciate plants that produce large nectar flows (Percival, 1947; Louveaux, 1990), because they found important resource quantity at the same place. Many ligneous plants produce a large number of flowers ready to be visited at the same time, which explains why trees and bushes are also largely appreciated by domestic bees (Donkersley, 2019). Urban habitat includes non-native tree species such as Gleditsia or Liriodendron that flower later in the season than native tree species such as Acer or Prunus. This explains why urban colonies use pollen released by ligneous vegetation longer in the season, as nectar flows lasts longer thanks to non-native tree species. For agricultural and urban colonies, the contribution of trees and bushes in providing pollen resources is important, especially in the beginning of the season. In the summer, domestic bees found resources provided by herbaceous vegetation, which was less abundant, but relatively more diverse. Indeed, the quantity of pollen collected from trees and bushes nearly reached zero in July for agricultural colonies and equaled zero in August for urban and agricultural colonies. Additionally, from July on, agricultural colonies started collecting pollen from unusual sources. Indeed, we observed that a relatively important part of the pollen used in the summer by agricultural colonies were collected from Poaceae species (mainly from Zea mays) or even from fungi spores. While fungi spores have been reported to be a valuable food source for bees (Parish et al., 2020), Zea mays seems to be less suitable than many dicotyledon plant species, providing poor quantity of essential nutrients (Wood et al., 2022). This suggests that domestic bees are not able to find more attractive pollinic resource at that time in agricultural land, consequently collecting any resources they find because they need to store important quantities of pollen for their brood to survive winter (Pound et al., 2022). We did not observe the same trend in urban colonies, that seem to continue finding resources from typically melliferous species, such as Trifolium or Potentilla, even in the summer months. This result is probably explained by the fact that such common herbaceous plant species are tremendously abundant in urban green spaces (especially when no pesticides is used to maintain lawns) and that citizen owning hives in their backyard are also conscious that this kind of plant species need to be preserved in order to raise healthy colonies. Indeed, in this study, healthy urban hives were either close to an urban park or in residential zone displaying private gardens. Urban hives that were not in such situation, for example on roof tops, were largely unsuccessful, which also explain the larger error bars on abundance data of urban colonies. The so-called “hungry gap”, well known among beekeepers (Percival, 1947) seems to be more intense in agricultural than in urban habitats.

Summer is thus the time of the year when domestic bees mostly need additional resources under temperate continental climate. Consequently, it is also when we can have an impact on resource availability by creating indigenous meadows. That is why we elaborated the Beeflora seed mix so as to display its maximum richness and resource abundance in the summer months. Altogether, we found 69 wild bee species foraging in our experimental meadows. This represents almost 20% of all species present in Geneva region (Amiet et al., 2001; Amiet et al., 2004; Amiet et al., 2007; Amiet et al., 2010; Amiet et al., 2014; Amiet et al., 2017). Knowing that these species were observed in only six relatively small sized plots in only three different urban parks, it suggests that urban green spaces in Geneva are suitable for hosting a large wild bee diversity. Moreover, it shows that enhancing plant species attractive to bees can have positive effects even with small scales meadows (Simao et al., 2018; Griffiths-Lee et al., 2022). This confirms previous works on urban diversity in Geneva, which suggested that pollinator diversity might be surprisingly large. Indeed, Pétremand et al. (2022) observed 73 species of syrphids in four urban parks in the city of Geneva.

Our results showed, on average, no difference in diversity or abundance of wild bee species between the Beeflora (BF) and the Praire fleurie genevoise (PFG) seed mixes, which could mean that this new BF seed mix does not perform better at attracting bees than an already commercialized seed mix. However, the BF meadow was able to attract 14 more species in total, including 8 species that visited plants exclusively present in the BF seed mix. Moreover, the BF seed mix attracted on average the same number of wild bee individuals as the PFG mix with fewer plant species sawn. This is probably because fewer grass species were included in the BF mix and because several melliferous plants sawn, such as Melilotus sp or Echium vulgare are particularly appreciated by bees, as they produce a large number of flowers at the same time and because their blossoming lasts for several weeks. Many spontaneous plants were also visited by bees, outlining the important role of common plant species, such as Taraxacum or Veronica, in providing resources availability for bees in cities. Although Taraxacum and species from the Asteraceae family in general are known to be poor quality food source for bees (Wood et al., 2022), they might still provide bee species with additional resources when other plant species in flower become scarce, which could be helpful in balance with other more nutritive food sources (Splitt et al., 2021). Additionally, bees might use such sources of pollen to help avoid predation by kleptoparasites (Splitt et al., 2021), that are not able to develop on nutrient poor pollen or might be sensitive to poisonous secondary metabolite they might contain. The interdiction of pesticide use in public areas probably helps common plant species to fully develop and flower which in turn beneficiate wild bees. Nevertheless, for both mixes, the plants sawn were more often visited by wild bees than plants from the seedbank. This was also true for domestic bees, that visited spontaneous plants relatively less often than wild bees. Sawing indigenous meadow is thus an efficient tool impacting resource availability for wild bees in urban green spaces. Besides, domestic bees visited, on average, the BF mix more often than the PFG mix. We suppose that this is explained by the presence of plants in the BF mix that displayed a large number of flowers at the same time, such as Melilotus or Echium, thus corresponding to the nectar flows they particularly appreciate. No such plant was present in the PFG mix. Including plant species that honey bees especially appreciate probably helps lowering competition between domestic and wild bees as domestic bees would concentrate their efforts on working a few efficient plants producing abundant nectar and therefore keeping the more modest plant species, such as Reseda lutea or Daucus carota, available to be worked by wild bee species. For both mixes, a large part of the visits (respectively 77% and 85% for the BF and PFG mixes) were concentrated on a few plant species, revealing that the attractiveness of wildflower meadows essentially relies on key plant species (Garbuzov and Ratnieks, 2014; Warzecha et al., 2018).

Even though both mixes received more bee visits on sawn species than on species from the seedbank, we showed that the PFG mix displayed as much spontaneous as sawn cover of plants in flower. This was not the case for the BF mix, which displayed more sawn than spontaneous cover of plants in flower. This indicates that seed mix expression was more successful for the BF than for the PFG mix, implying that less effort is needed to grow the Beeflora meadow for a better result in terms of quantity of resources added compared to the Prairie fleurie genevoise seed mix.

This study revealed differences in the trophic resources available for pollinators between urban and agricultural habitats. The contribution of ligneous vegetation in providing food for bees is of great importance, especially in the beginning of the season and it lasts longer in urban than in agricultural habitats. However, data are still needed to investigate if wild bee species also use ligneous vegetation and to what extent (Donkersley, 2019). Indeed, honey bee food requirement is probably different from the requirement of wild bees as their larvae consume the product of the workers gland (Chauvin, 1968) and not the pollen and nectar directly available from the plant as wild bee species do. We know that some well-studied wild bee species, such as Osmia bicornis, use tree species as pollen source (Splitt et al., 2021; Casanelles-Abella et al., 2022), but the vast majority of wild bee species diet still needs more insights, i.e. what plant species are used as pollen and/or nectar source (Ayers and Rehan, 2021). Several studies recently investigated wild bee communities at the tree canopy and revealed that diversity could be larger than previously thought (Allen and Davies, 2023; Cunningham-Minnick et al., 2023; Urban-Mead et al., 2023). However, those studies focus on natural and semi-natural habitats, and no such research has yet been conducted in urban areas, to our knowledge. Besides, direct observations of bees visiting tree flowers should be implemented to fully understand whether wild bees actually use trees as food sources or if they were captured at the canopy, flying over tree tops for other reasons (Cunningham-Minnick et al., 2023). Nevertheless, urban trees were found to be potential valuable food sources (Somme et al., 2016). Indeed, several tree species produce nectar (Somme et al., 2016) and specific tree species such as Acer pseudoplatanus have been reported to enhance wild bee abundance at the canopy level (Allen and Davies, 2023).

Urban green spaces can be species-rich habitat, provided that suitable and sufficient trophic resources are available, which relies on several key plant species. In this context, bringing more food sources by growing indigenous meadows, even at small scales, is an efficient tool to support diversity and abundance of wild bees in urban green spaces. Besides, several tree species are valuable food source for honey bees and are likely to also provide resources for many wild bee species. Hence, these tree species must be preserved and planted when the context allows it.
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