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Introduction

In many European regions, there is an ongoing loss of semi-natural habitats [START_REF] Billeter | Indicators for biodiversity in agricultural landscapes: a pan-European study[END_REF][START_REF] Ridding | Ongoing, but slowing, habitat loss in a rural landscape over 85 years[END_REF]) and this loss is among the major causes for the decline in biodiversity of many taxonomic groups [START_REF] Hallmann | More than 75 percent decline over 27 years in total flying insect biomass in protected areas[END_REF][START_REF] Ridding | Ongoing, but slowing, habitat loss in a rural landscape over 85 years[END_REF]. Biodiversity linked to seminatural habitats provides several important ecosystem services such as pollination, carbon sequestration, reduction in fertilizer and pesticide run off, as well as pest control [START_REF] Holland | Semi-natural habitats support biological control, pollination and soil conservation in Europe. A review[END_REF]. European Union member states have implemented agri-environment schemes to restore biodiversity in agricultural landscapes involving the creation or conservation of semi-natural habitats [START_REF] Haaland | Sown wildflower strips for insect conservation: a review[END_REF][START_REF] Holland | Semi-natural habitats support biological control, pollination and soil conservation in Europe. A review[END_REF]. One of the most widespread agri-environment schemes is the sowing of wildflower strips [START_REF] Haaland | Sown wildflower strips for insect conservation: a review[END_REF]. Wildflower strips are flowerrich mixtures of indigenous herbaceous species usually sown to the edges of arable fields.

Although initially developed in the late 1980ies to enhance biodiversity in general (neutral and functional), effects on ecosystem services such as biocontrol are increasingly discussed [START_REF] Tschumi | Perennial, species-rich wildflower strips enhance pest control and crop yield[END_REF][START_REF] Pollier | Sowing of margin strips rich in floral resources improves herbivore control in adjacent crop fields[END_REF]. In France, the research on this topic has been strongly revived since the governmental plan to reduce pesticide use by 50% between 2008 and 2018 failed ("Ecophyto 2018": [START_REF] Guichard | Le plan Ecophyto de réduction d'usage des pesticides en France : décryptage d'un échec et raisons d'espérer[END_REF] and the deadline was extended to 2025 in order to provide more time and resources for the development of alternative pest control measures.

Wildflower strips or equivalent semi-natural field margins provide shelter, overwintering habitats, and food resources such as nectar or alternative prey to different groups of natural enemies of pest insects [START_REF] Bischoff | Effects of spontaneous field margin vegetation and surrounding landscape on Brassica oleracea crop herbivory[END_REF][START_REF] Holland | Semi-natural habitats support biological control, pollination and soil conservation in Europe. A review[END_REF]. The provisioning of floral resources is crucial for several important natural enemies such as parasitic wasps, hoverflies and lacewings that change nutrition from carnivorous during larval stages to herbivorous (pollen, nectar) during the adult period [START_REF] Winkler | Nectar exploitation by herbivores and their parasitoids is a function of flower species and relative humidity[END_REF][START_REF] Araj | Comparing existing weeds and commonly used insectary plants as floral resources for a parasitoid[END_REF]. For this reason, quantity, quality and period of floral resource availability are key traits in designing wildflower strip mixtures [START_REF] Gardarin | Understanding plant-arthropod interactions in multitrophic communities to improve conservation biological control : useful traits and metrics[END_REF]. The positive effects of flower-rich semi-natural habitats including wildflower strips on abundance and diversity of natural enemies are well documented but a corresponding effect on pest abundance and/or crop damage has rarely been shown [START_REF] Chaplin-Kramer | A meta-analysis of crop pest and natural enemy response to landscape complexity[END_REF][START_REF] Haaland | Sown wildflower strips for insect conservation: a review[END_REF]. The reasons for this potential lack in the desired response of pest insect activity to an increased number of natural enemies in field margins are complex and not yet well understood [START_REF] Tscharntke | When natural habitat fails to enhance biological pest control -five hypotheses[END_REF]). One problem is the possible concomitant positive effect of such habitats on natural enemies and important pest insects [START_REF] Bischoff | Effects of spontaneous field margin vegetation and surrounding landscape on Brassica oleracea crop herbivory[END_REF][START_REF] Tscharntke | When natural habitat fails to enhance biological pest control -five hypotheses[END_REF]. Another important constraint may be energetic costs of movements combined with a relative attractiveness of semi-natural habitats resulting in a strong reduction of biocontrol efficiency [START_REF] Heimpel | Does Floral Nectar Improve Biological Control by Parasitoids[END_REF][START_REF] Wanner | Using the stable isotope marker 44 Ca to study dispersal and host-foraging activity in parasitoids: Stable isotope marking of parasitoids[END_REF]. Thus effects on crop herbivory need to be better studied and integrated when evaluating the biocontrol service of sown wildflower strips.

Climate has a large influence on plant diversity and community composition [START_REF] Thuiller | Climate change threats to plant diversity in Europe[END_REF]. Additionally, climate may change plant-insect interactions even on the same plant species [START_REF] Rasmann | Climate-driven change in plant-insect interactions along elevation gradients[END_REF]. So far, it is not well known at which scale such changes occur and whether plant mixtures for wildflower strips need to be adapted to climatic conditions in order to obtain a desired biocontrol effect. Currently, European species mixtures for wildflower strips are usually suggested at country scale although local origin is recommended [START_REF] Vander Mijnsbrugge | A question of origin: Where and how to collect seed for ecological restoration[END_REF][START_REF] Haaland | Sown wildflower strips for insect conservation: a review[END_REF]. Robust mixtures performing well under different climatic conditions may be a solution to simplify logistics of involved seed companies if regional seed sourcing is respected. They would also improve the resilience of established plant communities and associated insects to global climate change and the resulting increase in the probability of extreme weather events.

In our study, we tested the performance of a species-rich wildflower strip mixture in five French regions with different climate. We analysed the response of major natural enemy groups in the strips and the resulting effects on pest insects in adjacent winter wheat fields using a subset of four regions. To evaluate the biocontrol effects, we compared wildflower strips with both grass strips and spontaneously emerging vegetation. Sowing of grass strips to field margins is supported in French agri-environment schemes to reduce machinery impact on soil structure, soil erosion and water pollution by fertilizer and pesticide run-off close to water bodies [START_REF] Cordeau | Sown grass strips harbour high weed diversity but decrease weed richness in adjacent crops[END_REF]. Such commonly used, species-poor grass mixtures were thus the first baseline to which the biocontrol efficiency of wildflower strips was compared. Spontaneous vegetation was used as a second baseline because natural field margin succession is also common and thus more straightforward than using bare soil or cereal strips as controls [START_REF] Haaland | Sown wildflower strips for insect conservation: a review[END_REF]. Wildflower strips involving costs for seed material, soil preparation and sowing need to improve biocontrol performance compared to less costly practices representing our baselines. Both grass strips [START_REF] Collins | Influence of beetle banks on cereal aphid predation in winter wheat[END_REF] and spontaneous margins [START_REF] Bischoff | Effects of spontaneous field margin vegetation and surrounding landscape on Brassica oleracea crop herbivory[END_REF]) have been shown to provide resources and shelter to natural enemies of crop pests. We further used a correlative analysis to compare the influence of vegetation (independent of strip type) and climate on biological control.

In order to test the effect of sown wildflower strips on conservation biological control and the robustness of effects under different climatic conditions, we addressed the following research questions: (i) Does the selected wildflower strip mixture develop well under different French climates and increase floral resource provisioning in all study regions? (ii) Is this mixture in all regions successful in increasing natural enemy abundance and predation compared with grass strips and spontaneous vegetation? (iii) Does the potential increase in mixture-related resources translate in higher natural enemy densities in the field (spill-over) and in a better regulation of pest insects? (iv) How strong is the influence of vegetation characteristics compared to regional climate?

Material and methods

Study sites and design

The experimental design includes five study regions with three (Rennes) to five (Angers, Avignon, Grignon, Dijon) fields per region (Appendix A: Fig. A.1). Three study regions are located in North-Western France with temperate Atlantic climate characterised by mild winters and relatively low summer temperatures (Grignon, Rennes, Angers, Table 1). Among these three regions, the average annual temperature is higher in Angers than in the other two regions whereas winters are colder in Grignon. The Dijon region is located in central-eastern France. The climate is thus more continental, in particular with lower winter temperatures. The Avignon region is characterised by Mediterranean climate with high summer temperatures, mild winters and summer drought.

The experiment was set up in 2014 and analysed for two seasons. Both study years were warmer than the long-term average with a mild winter in 2014 and a warm summer in 2015 but differences between regions corresponded to the long-term climatic data (Appendix A: Table A.1).

In the regions of Rennes and Dijon, one field was lost in 2015 due to unexpected changes in crop and strip management. At the Grignon, Rennes, Angers and Dijon sites, the experiment was set up in oilseed rape field followed by wheat. In Avignon, the experiment was run in apple orchards. Thus, Avignon data were only included for measurements within margins. In Grignon, no data were available from the first year. In March 2014, three strip treatments were established in each of the 23 fields: (1) a wildflower strip (WS) with 32 flowering indigenous plant species (Appendix A: Table A.2). Cultivars or species non-native to the five study regions were excluded. The sowing density was 300 seeds/m² (0.8 g/m²) and density proportion of all species equal. The sown mixture comprised plant species of different height and flower morphology that produce high quantities of floral or extrafloral nectar at complementary flowering periods.

Annual, biennial and perennial plants were included to guarantee a sufficient cover in the first and subsequent years and to avoid expensive re-sowing. (2) A grass strip mixture (GS) with Lolium perenne (0.84 g/m² = 420 seeds/m²) and Festuca arundinacea (2.16 g/m² = 1540 seeds/m²). The two species are commonly used in France to obtain a fast vegetation cover outcompeting weed species and avoiding soil erosion. (3) A strip of spontaneously emerging vegetation (C). The soil of all treatments was ploughed and harrowed prior to sowing. The strip area was 30 m x 3 m and the three treatments were randomly assigned to a 90 m long field margin of each field. The strips were mown after the growing season in autumn 2014. The establishment of the three treatments in the same fields reduced bias resulting from differences in soil, microclimate and land use intensity but limited the analysis of long-distance spill-over since distance differences to different strip types were getting smaller in central parts of the field.

Measurements

Vegetation

The vegetation of margin strips was monitored in early June 2014 and in late June 2015. The presence of all vascular plant species was recorded in a survey area of 15 m x 3 m in the centre of the margin strips. Percentage cover of each plant species was visually estimated as the vertical projection of all aboveground organs. At the same time, the percentage of flowering plants was evaluated for each species. Individual flower cover was calculated by multiplying plant cover and the proportion of flowering plants in each species. The sum of individual flower cover was used as a proxy of total flower cover.

Natural enemies and predation in field margin strips

The insect surveys were conducted in the same weak as vegetation surveys corresponding to peak abundance of major pest insects. We selected hoverflies and ladybirds as natural enemy groups that occurred at all sites. In order to avoid disturbance, adult individuals were first counted from outside the strip in walking slowly along the edges of a 10 m x 3 m segment.

Afterwards hoverfly and ladybird larvae were recorded on the plants requiring a penetration of strips (observation time: 10 min in total x 2 observers). Hoverfly and ladybird counts for adults and larvae were pooled for analysis to avoid zero inflation. The observation period was between 10 AM and 4 PM under favourable weather conditions (sunny, not windy, no rain).

Aphid predation pressure was evaluated using bait aphids glued to sand paper (predation cards). We used the commercially available pea aphid Acyrthosiphon pisum as sentinel prey, assuming that predator identity and predation rates are similar for different aphid species (Östman 2004).

Predation cards were prepared by gluing (contact spray 'Cléopâtre ltd') three aphids on 5cm x 5cm black sand paper sheets. Aphid predation was evaluated after 24 h. An aphid was considered as predated when damaged or missing. We fixed one card on the ground in the centre of each margin strip in the Rennes, Angers, Grignon and Avignon region.

Crop herbivores, natural enemies and predation in adjacent fields

In June 2015, the effect of different strip types was also tested in adjacent winter wheat fields (n=17) at a distance of 5 m and 30 m from the margins. In addition to natural enemies and aphid predation, the abundance of cereal aphids and cereal leaf beetle larvae as major crop herbivores were included. For hoverflies and ladybirds, the observation method was similar to that used within margin strips: adult insects were first counted by observation along a segment of 3m x 10m parallel to the margin, from a distance and without touching the wheat tillers. In a second step, the number of larvae was recorded by close observation. Cereal leaf beetles (Oulema sp., larvae), cereal aphids (dominant species: Sitobion avenae and Metopolophium dirhodum) and aphid mummies were counted on 50 consecutive tillers along each segment. Aphid parasitism rate was estimated by dividing the total number of mummies by the sum of aphids and mummies. Aphid predation was measured as inside the margin strips by attaching a predation card to the ground of each segment corresponding to two cards per margin strip treatment. Aphid abundance, leaf beetle abundance and aphid parasitism were recorded in all experimental fields with winter wheat (Rennes, Angers, Grignon, Dijon) whereas hoverfly abundance, ladybird abundance and aphid predation were measured in a subset of three regions (Rennes, Angers, Grignon).

Analysis

Prior to statistical analysis, entomophilous flower cover was calculated based on total flower cover to obtain a more straightforward proxy of floral resource provisioning. The Biolflor database [START_REF] Klotz | Database on Biological and Ecological Traits on the Flora of Germany[END_REF] was used to identify entomophilous plants and to eliminate windpollinated species that do not produce nectar.

The strip treatment effect on vegetation characteristics, natural enemy abundance and aphid predation inside margin strips was analysed using generalized linear mixed models. Treatment, region and the region-by-treatment interaction were included as fixed, field within region as a random effect. Vegetation data and arcsin(sqrt(x))-transformed aphid predation were normally distributed and thus analysed using a Gaussian distribution and identity link. Count data were fitted using a Poisson distribution with log-link function. When overdispersion was detected, a negative binomial model with log-link function was applied. The glht function (multcomp package, Tukey) was used for multiple comparisons when treatment main effects were significant.

We used the same statistical model to analyse strip treatment effects within wheat fields but additionally included distance as a fixed effect. Thus the model comprised three fixed effects (region, treatment, distance), field within region as random effect and the two-way interactions region-by-treatment (fixed) and treatment-by-distance (fixed). For a higher parsimony of the model, we did not include the interaction between region and distance and the three-way interaction between region, treatment and distance. All GLMM analyses were run in R, version 3.3.1, using the glmer function of lme4 package (R Development Core Team 2015).

In order to compare the influence of climatic variables and vegetation characteristics beyond strip treatments on natural enemies and pest insects, a Redundancy Analysis (RDA) was applied to field margin data. Response variables were log-transformed to homogenise variances and to obtain similar scales. Independent of strip treatment, plant species number and entomophilous flower cover were included as explanatory variables to characterise vegetation. Summer temperature, the number of winter frost days and annual precipitation were used as major climatic variable potentially influencing response variables. Pseudo-F statistics using permutation tests with 499 unrestricted permutations was applied to evaluate the relative significance of explanatory variables in the full model. RDA including permutation tests was run in Canoco 5 (ter Braak & Smilauer 2012).

Results

Compared with the unsown strips with spontaneous vegetation, the wildflower strip treatment added on average eight plant species to the first year community and nine species in the second year (Fig. 1). Twenty-four sown species developed well in all regions, eight sown species were rare or absent (Table A2). In the first year, annual species from the soil seed bank dominated in all regions with sown species only representing on average 25% of soil cover and 40% of total vegetation cover in wildflower strips. All annuals such as Capsella bursa-pastoris, Cyanus segetum, Matricaria chamomilla, Papaver rhoeas and Sinapis arvensis but also some perennials such as Malva sylvestris flowered in the first year. In the second year, the cover of sown wildflower species increased to 50% with nearly all biennial and perennial species flowering.

The cover of Lolium perenne and Festuca arundinacea sown to grass strips reached on average 17% in the first and 40% in the second year. Several species sown to wildflower strips were part of the soil seed bank explaining their relatively high cover in unsown strips (Appendix A: Fig.

A.2).

The strip treatment had a significant effect on plant species richness, on the cover of sown wildflower strip species and on entomophilous flower cover, with the highest values for wildflower strips followed by spontaneous vegetation (Table 2, The strip treatment effect on flower cover did not significantly differ between regions. Strip treatment effects were stronger between wildflower strips and grass strips than between other treatments. In the first year, differences between wildflower strips and strips of spontaneous vegetation were for example not significant for flower cover (P=0.22) whereas differences between wildflower and grass strips were marginally significant (P=0.09). Differences between spontaneous vegetation and grass strips were never significant. Strip treatment effects on sown wildflower species and flower cover increased from the first to the second year.

Corresponding to the significant effect of strip treatment on flower cover, strip treatment also had a significant effect on hoverfly abundance with highest abundance in wildflower strips and lowest in grass strips (Table 2, Fig. 2). Interactions with region were not significant suggesting a similar strip treatment effect under different climatic conditions of the study regions. The significant strip treatment effect was mainly explained by a significant difference between wildflower strips and grass strips (year 1 marginally significant: P=0.092, year 2: P= 0.016) whereas the difference between wildflower strips and spontaneous vegetation was not or marginally significant (year 1: P=0.097, year 2: P=0.142). Neither strip treatment nor region had a significant effect on ladybird abundance. Aphid predation was significantly affected by strip treatment in the second year again being the highest in wildflower strips and the lowest in grass strips. In the first year, there was no treatment main effect on aphid predation but a significant interaction of treatment with regions. Predation was higher in wildflower than in grass strips in Angers and Rennes regions whereas in the Avignon region, the highest predation was measured in spontaneous vegetation.

In adjacent wheat fields, the significant effect on hoverfly abundance and aphid predation found within strips was confirmed (Table 3, Fig. 3). Again significant differences were observed between wildflower strips and grass strips (hoverflies: P<0.001, aphid predation: P=0.04) whereas the difference between wildflower strips and spontaneous vegetation was only significant for hoverflies (P<0.001). For hoverflies, a significant distance-by-strip type interaction occurred. The positive wildflower strip effect was limited to crop plants close to the margin (5 m, P<0.001) whereas the strip type effect on hoverflies was not significant at inner parts of the field (30 m). A marginally significant effect of strip type was detected for aphid parasitism with a higher parasitism of aphids at both distances of the wildflower strips.

Corresponding to the absence of significant differences within margins, the effect of strip type on ladybird abundance within wheat fields was not significant. The positive effects of wildflower strips on hoverflies, aphid predation and aphid parasitism did not result in a reduction of aphid abundance, nor leaf beetle abundance was affected by strip treatments.

A comparison of major climatic variables and characteristics of the field margin vegetation pooled for margin strip treatments showed a dominant influence of flower cover on natural enemies and aphid predation observed in field margins (Fig. 4). Flower cover was the only significant explanatory variable in the RDA on natural enemy abundance and predation in margin strips (PseudoF=14.4, P=0.004). It was strongly correlated with the first RDA axis explaining 30% of the total variation (second axis only 2%). At the same time, hoverfly abundance was correlated with flower cover whereas no correlation was observed for ladybirds.

Neither annual precipitation nor summer temperature nor winter harshness (number of frost days) were significantly correlated with natural enemy abundance and aphid predation.

Discussion

Treatment effects within strips and stability under different climate

The wildflower strip treatment had a consistent positive effect on plant species richness and flower cover in all study regions. The establishment rate of the sown species and the increase in plant species richness are in line with the results of a European scale experiment in orchards using country-specific wildflower strip mixtures [START_REF] Pfiffner | Design, implementation and management of perennial flower strips to promote functional agrobiodiversity in organic apple orchards: a pan-European study[END_REF]. Wildflower strip species spontaneously establishing from the soil seed bank had a higher cover in unsown than in grass strips. Thus, differences to sown wildflower strips were only significant to grass strips in the first year but not to unsown strips with spontaneous vegetation. Accordingly, first year flower cover was only different between wildflower strips and grass strips. Although treatment differences were not very strong between grass strips and spontaneous vegetation, these results suggest that sowing of competitive grasses may hamper the establishment of wildflowers known to improve pest biocontrol service.

Hoverfly abundance within margin strips followed the pattern of flower cover with a significantly higher density in margin strips of all study regions. The lack of significant interactions with region demonstrated the robustness of the positive wildflower strip effect under different climate from temperate oceanic to temperate subcontinental and Mediterranean. Again, the differences to grass strips were significant in both years whereas the differences to spontaneous vegetation were only significant in one year confirming the trend of floral suppression by grass sowing. Nectar accessibility is a key trait for positive interactions between flowering plants and hoverflies [START_REF] Van Rijn | Nectar accessibility determines fitness, flower choice and abundance of hoverflies that provide natural pest control[END_REF][START_REF] Gardarin | Understanding plant-arthropod interactions in multitrophic communities to improve conservation biological control : useful traits and metrics[END_REF]. Zoophagous hoverflies need flowers with a short corolla tube or with an open corolla to access nectar or even extra-floral nectar (Campbell et al., 2012;[START_REF] Van Rijn | Nectar accessibility determines fitness, flower choice and abundance of hoverflies that provide natural pest control[END_REF], which was considered in the choice of wildflower strip species. Correlative studies analysing the influence of unsown semi-natural habitats such as herbaceous field margins did not always show such a clear positive relationship between hoverfly abundance and floral cover [START_REF] Pollier | Effects of spontaneous field margin vegetation on the regulation of herbivores in two winter crops[END_REF][START_REF] Bartual | The potential of different semi-natural habitats to sustain pollinators and natural enemies in European agricultural landscapes[END_REF]. The stronger positive signal obtained for sown wildflower strips taking into account the floral requirements of hoverflies [START_REF] Tschumi | Perennial, species-rich wildflower strips enhance pest control and crop yield[END_REF][START_REF] Pollier | Sowing of margin strips rich in floral resources improves herbivore control in adjacent crop fields[END_REF]) demonstrated the potential for improving conservation biological control by optimising floral resource provisioning. The analysis of floral visits at two of the five sites demonstrated the high attractiveness of sown wildflower strip species compared with spontaneous vegetation [START_REF] Pollier | Sowing of margin strips rich in floral resources improves herbivore control in adjacent crop fields[END_REF].

Ladybirds did not show any significant response to the strip treatments and no interaction with study region was observed. Larvae and adults are predominantly carnivorous but gut content analyses showed that ladybirds also feed on floral resources and flowering plants may thus increase their lifespan (Walton & Isaac 2011). Accordingly, several studies have found a positive relationship between flower cover in semi-natural habitats and ladybird abundance [START_REF] Bischoff | Effects of spontaneous field margin vegetation and surrounding landscape on Brassica oleracea crop herbivory[END_REF][START_REF] Tschumi | High effectiveness of tailored flower strips in reducing pests and crop plant damage[END_REF][START_REF] Pollier | Effects of spontaneous field margin vegetation on the regulation of herbivores in two winter crops[END_REF][START_REF] Pollier | Sowing of margin strips rich in floral resources improves herbivore control in adjacent crop fields[END_REF]. In our study, ladybird abundances were both low and highly variable between fields within regions limiting the probability to detect significant differences.

Aphid predation was significantly affected by strip treatment in the second year when wildflower strip species were well established. Corresponding to the results on hoverfly abundance, highest predation was observed in wildflower strips and lowest in grass strips. Again, the result was robust under the different climates of our study regions resulting in a non-significant region-by-strip type interaction. The corresponding results of aphid predation and hoverfly abundance suggest a causal relationship since hoverfly larvae are major predators of aphids [START_REF] Laubertie | The contribution of potential beneficial insectary plant species to adult hoverfly (Diptera: Syrphidae) fitness[END_REF]. However, ground dwelling arthropods contribute to the predation of aphids on predation cards [START_REF] Blaise | The key role of inter-row vegetation and ants on predation in Mediterranean organic vineyards[END_REF]. Thus, the increase in predation may also be explained by a positive effect of wildflower strips on these arthropod groups [START_REF] Tschumi | High effectiveness of tailored flower strips in reducing pests and crop plant damage[END_REF].

The multivariate analysis comparing the influence of climatic factors and vegetation traits on predators and predation in the margin strips confirmed the particularly strong influence of floral cover on hoverflies (van Rijn & Wäckers 2016; [START_REF] Gardarin | Understanding plant-arthropod interactions in multitrophic communities to improve conservation biological control : useful traits and metrics[END_REF] and to a lesser degree on aphid predation. Floral cover explained much better the variation of response variables than climate. Climate may change plant-insect interactions as studies on latitudinal or altitudinal gradient showed [START_REF] Rasmann | Latitudinal patterns in plant defense: evolution of cardenolides, their toxicity and induction following herbivory[END_REF][START_REF] Rasmann | Climate-driven change in plant-insect interactions along elevation gradients[END_REF]. Often biotic interactions are getting stronger with warmer climate since the number of insects associated to plant species increases. However, in our study we sowed the same species everywhere limiting climate-related responses based on long-term adaptive processes.

Spill-over to adjacent wheat fields and control of pest insects

Insects depending on floral resources show limited movements from flower-rich margins into the field, and parasitism or predation rates may decrease far below maximum distances of movements [START_REF] Lavandero | Enhancing the effectiveness of the parasitoid Diadegma semiclausum (Helen): movement after use of nectar in the field[END_REF][START_REF] Wanner | Using the stable isotope marker 44 Ca to study dispersal and host-foraging activity in parasitoids: Stable isotope marking of parasitoids[END_REF]. Additionally, the higher availability of resources in semi-natural habitats may prevent natural enemies from moving into crop fields [START_REF] Heimpel | Does Floral Nectar Improve Biological Control by Parasitoids[END_REF].

In our study, positive wildflower strip effects on aphid parasitism and predation combined with the absence of a significant distance-by-strip type interaction indicated a spill-over of parasitoids and generalist predators to central parts of our fields. Although strip effects were weaker in the field than in field margins (predation: only wildflower vs grass strip significant, parasitism: only significant at P<0.1), the results clearly demonstrated the potential of wildflower strips in aphid control. Such an increase of aphid parasitism and/or predation in central parts of the field has not been found in previous studies (Hatt et al. 2017 at 15 m;[START_REF] Pollier | Effects of spontaneous field margin vegetation on the regulation of herbivores in two winter crops[END_REF] at 50 m) but markrecapture experiments showed that parasitoids can move over whole fields [START_REF] Lavandero | Enhancing the effectiveness of the parasitoid Diadegma semiclausum (Helen): movement after use of nectar in the field[END_REF][START_REF] Wanner | Using the stable isotope marker 44 Ca to study dispersal and host-foraging activity in parasitoids: Stable isotope marking of parasitoids[END_REF].

Hoverflies showed a higher abundance close to wildflower strips at 5m in the wheat fields but not at 30m suggesting dilution effects (treatment effects diminishing with distance from the margin) and limited spill-over. Such limited spill-over of hoverflies was also found in studies by Tschumi et al. (2016: potatoes, 1m) and Pollier et al. (2018: wheat, 5m) whereas [START_REF] Hatt | Pest regulation and support of natural enemies in agriculture: Experimental evidence of within field wildflower strips[END_REF] observed an increased hoverfly abundance in central parts of fields with wildflower strip margins. However, our study design may underestimate spill-over since inner parts of the fields may have been influenced by different strip treatments. This may have been avoided by establishing treatments in different fields but a one field -one treatment design increases the risk of confounding effects with other environmental factors such as field management, soil conditions, neighbouring habitats and microclimate.

The positive effect of wildflower strips on hoverflies, aphid predation and aphid parasitism in wheat fields did not result in lower aphid abundance close to the margin. The presence of wildflower strips had also no effect on cereal leaf beetles as the second major pest insect group.

Reviews by [START_REF] Chaplin-Kramer | A meta-analysis of crop pest and natural enemy response to landscape complexity[END_REF] and by [START_REF] Haaland | Sown wildflower strips for insect conservation: a review[END_REF] confirm that such a response of pest insects to an increase in natural enemy abundance is often lacking. In a study on cereal aphid regulation, the density of semi-natural habitats increased for example both natural enemy but also aphid abundance [START_REF] Thies | The landscape context of cereal aphidparasitoid interactions[END_REF]. A lower abundance of aphids and cereal leaf beetles in crop fields adjacent to wildflower strips was found by [START_REF] Tschumi | Perennial, species-rich wildflower strips enhance pest control and crop yield[END_REF] aphids in potato), Hatt et al. (2017: cereal aphids) and [START_REF] Tschumi | High effectiveness of tailored flower strips in reducing pests and crop plant damage[END_REF] cereal leaf beetles), corresponding to a higher natural enemy density. However, controls of these studies were cereal strips instead of spontaneous vegetation which increases the magnitude of wildflower strip effects on natural enemy abundance and thus the probability of detecting spill-over.

Conclusions and implications

The tested wildflower strip mixture established well in all study regions involving a large climatic gradient and increased plant diversity and flower cover compared with spontaneously emerging vegetation and sown grass strips. Such a robust plant species combination represents a cost-efficient and environmentally sound alternative to regionally differentiated species composition, in particular if local provenance can be provided in each region. Core mixtures of wide ecological amplitude may be complemented by several region-specific plant species if logistics is sufficiently developed [START_REF] Pfiffner | Design, implementation and management of perennial flower strips to promote functional agrobiodiversity in organic apple orchards: a pan-European study[END_REF]. Further tests are needed to adjust the optimum diversity level required for efficient biological control [START_REF] Gardarin | The hump-shaped effect of plant functional diversity on the biological control of a multi-species pest community[END_REF].

The increase in flower cover and diversity resulted in a consistent positive effect of wildflower strips on hoverfly abundance and aphid predation within the margin strips potentially improving the control of aphids as major herbivores in several arable crops [START_REF] Tschumi | Perennial, species-rich wildflower strips enhance pest control and crop yield[END_REF][START_REF] Pollier | Effects of spontaneous field margin vegetation on the regulation of herbivores in two winter crops[END_REF]. The widespread practice in France to sow grass mixtures in field margins showed rather negative effects on entomophilous flower cover and parameters of biocontrol since competitive grasses may hamper the development of herbaceous species.

We also demonstrated a spill-over effect of natural enemies into winter wheat fields but no reduction in major pest insect abundance was detected. Further multi-site experiments are needed to develop methods increasing the spill-over into crop fields and to obtain consistent and sufficiently strong effects on pest insect regulation. Differences between strip types are indicated using ">" (P<0.05), "(<)" (P<0.1) and "=" (not significant) with WS: wildflower strip, SV: spontaneous vegetation (unsown) and GS: grass strip. Region-by-strip type interactions are presented if significant. 
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 1 Fig. 1. Number of plant species (A, B), and flower cover (C, D) in different margin strip types
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 2 Fig. 2. Hoverfly abundance (A, B), ladybird abundance (C, D) and sentinel aphid predation (E,
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 3 Fig. 3. Hoverfly (A), ladybird (B), leaf beetle (C) and aphid abundance (D) measured on 50

Fig. 4 .

 4 Fig. 4. Ordination biplots of Redundancy Analysis (RDA) showing relations between

  

Table 2 .

 2 Chi-square values of Generalised Linear Mixed Models testing the effect of different strip treatments on vegetation, natural enemies and predation within field margins of different regions. Significant effects and interactions are indicated: ( * ) P<0.1, * P < 0.05, ** P < 0.01, ***

	P < 0.001.							
	a) Year 1						
		Df	Plant	Sown	Flower	Hoverfly	Ladybird	Aphid
			richness	cover	cover	number	number	predation
	Region	3	8.87*	1.71	1.12	15.92**	3.14	0.78
	Strip type	2	27.80*** 20.50*** 5.18 ( * )	6.50*	4.72	4.26
	Region x strip	6	10.11	4.80	3.02	9.18	4.02	11.27*
	b) Year 2						
		Df	Plant	Sown	Flower	Hoverfly	Ladybird	Aphid
			richness	cover	cover	number	number	predation
	Region	4	8.85 ( * )	10.12*	19.41*** 10.68*	6.93	7.09*
	Strip type	2	49.64*** 22.66*** 14.57***	8.65*	1.43	4.99*
	Region x strip	8	18.92*	15.75*	11.03	5.50	4.14	0.72

Table 3 .

 3 Chi square values of Generalised Linear Mixed Models testing different strip treatments at 3 to 4 regions and two distances on pest insects, natural enemies and parasitism/predation within winter wheat fields (year 2). Significance levels: see Table2.

		Df	Hoverfly	Ladybird	Leaf beetle	Aphid	Aphid	Aphid
			number	number	number	number	predation	parasitism
	Region	2-3	6.88*	0.06	4.16	16.32*** 1.24	22.24***
	Strip type	2	33.74***	1.71	1.01	3.23	3.71*	2.46 ( * )
	Distance	1	4.53*	0.63	0.02	0.19	0.03	0.78
	Region x strip	4-6	19.64***	1.59	1.02	7.64	1.18	2.44*
	Distance x	2	28.39***	0.12	1.09	0.38	2.41	0.52
	strip							
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Appendix A. Supplementary data

Differences between strip types are indicated using ">" (P<0.05). "(<)" (P<0.1) and "=" (not significant) with WS: wildflower strip. SV: spontaneous vegetation (unsown and GS: grass strip. Region-by-strip type interactions are presented if significant.