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Introduction

Land consumption due to the development of projects (e.g., transport infrastructure, power generation infrastructure, and urbanization) is a major driver of biodiversity loss [START_REF] Maxwell | The ravages of guns, nets and bulldozers[END_REF]. Project developers should avoid and reduce their negative impacts on biodiversity as much as possible and implement offset measures when residual effects persist (mitigation hierarchy, EC 2007). Assessment studies before projects are set up aim to quantify impacts (i.e., direct loss of individuals and future habitat losses) in order to apply the mitigation hierarchy. Most of these studies mainly focus on habitat losses; however, wind farms are an exception because of weak rights of way in the construction stage and growing concerns about impacts to wildlife issues in the post-construction stage [START_REF] Gibson | How Green is 'Green' Energy?[END_REF].

Indeed, a large number of studies summarized by [START_REF] Arnett | Impacts of wind energy development on bats: a global perspective[END_REF] have shown that wind farms have adverse effects on bats through mortality events from collisions in the postconstruction stage and could threaten population viability [START_REF] Frick | Fatalities at wind turbines may threaten population viability of a migratory bat[END_REF]. Whereas many studies have focused on bat mortality through collision with wind turbines, few have studied activity loss in the post-construction stage resulting from the potential impact on habitat use around wind farms. Habitat availability, notably foraging habitat, is nevertheless recognized as a major driver of population dynamics for most taxa [START_REF] Ney-Nifle | Habitat Loss and Changes in the Species-Area Relationship[END_REF][START_REF] Rybicki | Species-area relationships and extinctions caused by habitat loss and fragmentation[END_REF][START_REF] Froidevaux | Factors driving population recovery of the greater horseshoe bat (Rhinolophus ferrumequinum) in the UK: implications for conservation[END_REF]. The establishment of such infrastructure, by modifying environmental conditions, may thus durably affect the habitat use of such long-lived species.

Moreover, agricultural landscapes are widely used by bats as foraging areas [START_REF] Wickramasinghe | Abundance and species richness of nocturnal insects on organic and conventional farms: Effects of agricultural intensification on bat foraging[END_REF][START_REF] Boyles | Economic importance of bats in agriculture[END_REF]. Indeed, some widespread habitats in agricultural areas are known to be essential for bats, such as wetlands [START_REF] Sirami | Artificial wetlands and surrounding habitats provide important foraging habitat for bats in agricultural landscapes in the Western Cape , South Africa[END_REF]) and hedgerows [START_REF] Lacoeuilhe | Effects of hedgerows on bats and bush crickets at different spatial scales[END_REF], structuring the landscape used by bats (Boughey et al. 2011a;[START_REF] Frey-Ehrenbold | Landscape connectivity, habitat structure and activity of bat guilds in farmland-dominated matrices[END_REF]).

To our knowledge, only 2 studies have dealt with the impact of the distance of wind turbines on the attractiveness of foraging habitat, and they studied small turbines (<25 m hub height). Indeed, [START_REF] Minderman | Experimental evidence for the effect of small wind turbine proximity and operation on bird and bat activity[END_REF][START_REF] Minderman | Landscape-scale effects of single-and multiple small wind turbines on bat activity[END_REF] found a significant reduction of activity for Pipistrellus pipistrellus and no effect for Pipistrellus pygmaeus (2 species studied) up to 400 m from the turbines (between 6 and 25 m hub height). Two other studies have shown a strong reduction in bat activity with proximity to wind turbines without account for impact distances.

First, Millon et al. (2014) showed a significantly lower global bat activity within European intensive agricultural fields under wind turbines of 100 m hub height than in fields away from any turbines. Then, the same authors showed a significantly lower activity (20 times in mean) at wind turbine sites (between 50 and 55 hub height) for Miniopterus sp. and Chalinolobus sp. in an island tropical context [START_REF] Millon | Wind turbines impact bat activity, leading to high losses of habitat use in a biodiversity hotspot[END_REF]. Thus, concerning the standard turbines (>55 m hub height), there has been no accurate assessment of the distance and the magnitude of the wind turbine impact on the attractiveness of foraging habitat. In addition, overall very few species have been studied in relation to these questions. Another great issue is the reduction of the mortality risk by setting up wind turbines far from attractive habitats such as wooded edges, including hedgerows (Boughey et al. 2011a;[START_REF] Lacoeuilhe | Effects of hedgerows on bats and bush crickets at different spatial scales[END_REF]. Indeed, hedgerows in agricultural landscapes concentrate most of the activity for the majority of bat species, which becomes very low at more than 200 m from hedgerows in open areas [START_REF] Kelm | Seasonal Bat Activity in Relation to Distance to Hedgerows in an Agricultural Landscape in Central Europe and Implications for Wind Energy Development[END_REF]. Guidelines of the Agreement on the Conservation of Populations of European Bats (UNEP/EUROBATS) have recommended since 2008 that turbines should not be installed closer than 200 m to any types of wooded edges (forests and hedgerows) due to the high risk of fatalities [START_REF] Rodrigues | Guidelines for Consideration of Bats in Wind Farm Projects -Revision 2014[END_REF]. However, these recommendations only consider the avoidance of collision and are based on the observation of reduced activity with increased distances to wooded edges. Reduction of activity in habitats close to turbines as well as the threshold distance of this impact are not considered in recommendations.

Moreover, the installed capacity of wind energy has rapidly grown as a renewable energy source over the last 10 years by a factor of 6.6 (Global Wind Energy Council 2016).

This strong positive trend is expected to continue. Indeed, the 2015 United Climate Change Conference (COP 21) in Paris signed by 195 countries reinforced the development of renewable energy, in which wind energy occupies an important place. The main wind farms are developed in intensive agricultural areas to avoid urban areas and habitats of conservation concern such as forests.

In this context, there is an urgent need for a more specific approach to assess the potential decrease in bat activity close to wind turbines in order to quantify the changes of habitat use and the distance of impact. This possible underestimated impact of wind turbines could constitute an important concern, affecting population dynamics with a loss of habitat availability [START_REF] Rodrigues | Guidelines for Consideration of Bats in Wind Farm Projects -Revision 2014[END_REF]. Indeed, negative impacts on activity around turbines result in a net loss of habitat for bats, which is currently not quantified. Such an approach of assessing the loss of bat activity due to the establishment of new structures could also be helpful to define ecological equivalences in the context of avoidance and offset measures [START_REF] Millon | Bat activity in intensively farmed landscapes with wind turbines and offset measures[END_REF]. This obviously implies being able to assess species-specific loss of activity according to the distance to wind turbines.

We assessed the impact of wind turbines on the bat activity (8 species, 3 species groups and 2 guilds) in a habitat well-recognized for its importance for the species. We designed a study recording bat activity on hedgerows along a uniform gradient of distance (0-1000 m) from 151 turbines of 29 wind farms. Such a design allowed us to evaluate the current loss of activity according to the distance from turbines that can be attributed to their presence.

Finally, we also assessed how the European recommendations are applied so far, and the underlying linear of deserted hedgerows by bats that this involves.

Methods

Study area

Data were collected at 29 wind farms for a total of 151 turbines across two regions in northwest France (Figure 1), representing 16.6% of the 909 installed turbines in these regions.

All wind farms were composed of 3 to 11 turbines (mean 5.2) of 84 m (standard deviation 12 m) in hub height. For each farm, all turbines had the same height. The installed wind energy capacity in the studied regions was 12141 MW, representing 13.8% of the national installed capacity and covering 5.1% of the electricity needed in these regions [START_REF] Rte | Summary of the French wind energy[END_REF]. The study regions are dominated by agricultural areas (82.2%), whose arable land and grassland compose 48 and 34.2% of the land area, respectively. Urban areas, mainly characterized by villages and small cities, only represent 6.1%, and forests and wetlands cover 10.6 and 1.1%, respectively.

The precise location (geographical coordinates) and establishment date of the studied 909 wind turbines were known thanks to information from the French environmental authority.

Sampling design and bat data

We studied bat activity at hedgerows along a uniform gradient distance of 0 to 1000 m from the nearest wind turbine (Figure 2) through recordings of echolocation calls on 207 sites distributed around the 151 wind turbines of the 29 farms studied in operation. Wind farms were selected by minimizing the landscape heterogeneity and optimizing the variation in the distance of hedgerows from turbines. We defined sites for a given wind farm in order to minimize differences in the hedgerow quality and local surrounding habitats and to facilitate accessibility. Only one site per hedgerow was sampled, only once, and sites were separated by at least 300 m from each other. We simultaneously sampled 5-13 sites (average = 9) per night, covering a uniform gradient of available distances from the nearest turbines (Table A.1).

Sampling was carried out using bat acoustic records over 23 nights from the 7 th of September to the 8 th of October 2016 during the migration period [START_REF] Voigt | Wildlife and renewable energy: German politics cross migratory bats[END_REF][START_REF] Voigt | Habitat use of migratory bats killed during autumn at wind turbines[END_REF]. Among the 23 nights, 14 were dedicated to the sampling of only one wind farm per night, while the other 9 nights allowed us to simultaneously sample 2 wind farms per night (these wind farm were in average 8.1 km distant).

Recordings were performed during the entire night, from 30 minutes before sunset to 30 minutes after sunrise. Standardized echolocation calls were recorded using one SM2BAT recorder per site. The detectors automatically recorded all ultrasounds that were 6 dB over the background noise, ensuring a large detection range. SMX-US microphones were placed at a height of 1.50 m from the ground and oriented upward on a vertical axis.

Since it is impossible to determine the number of individual bats from their echolocation calls, we calculated a bat activity metric (bat passes), calculated as the number of contacts per night per species. Thus, a bat pass was defined as a single or greater echolocation call within a 5-second interval. This interval is considered a good compromise according to bat pass duration among species [START_REF] Millon | Bat activity in intensively farmed landscapes with wind turbines and offset measures[END_REF]. In a first step, echolocation calls were detected and classified to the most accurate taxonomic level, allowing us to assign a confidence index to each bat pass using the software TADARIDA [START_REF] Bas | Tadarida : A Toolbox for Animal Detection on Acoustic Recordings[END_REF]. In a second step, we performed a manual validation of the automatic identification. A sample of 1811 bat passes of 10 species and 2 groups were randomly double checked manually by KB and YB using the BatSound© software. A mean of 18 (SD=10) bat passes per class of the confidence index for each species and group were checked, except for Rhinolophus species, where all passes were checked due to the low total number (Table A.2). Based on the results of these manual checks, we performed a logistic regression between the success/failure of automatic species assignation (binomial response variable) and the confidence index of the automatic identification (explanatory variable) for each species or group. This allowed us to predict the needed confidence index from the automatic identification process to tolerate a given maximum error risk (Figure A.1). Then, we filtered the bat dataset on 5 confidence index thresholds corresponding to a predicted maximum error risk between 0.5 and 0.1 (Table A.3) in order to perform analyses on different thresholds of maximum error risk tolerance and check the consistency of the results.

Three groups (Pipistrellus kuhlii/nathusi, Plecotus spp. and Myotis spp.) were constructed because species within these groups were difficult to distinguish from each other, except one species of Myotis spp., Myotis nattereri, for which echolocation calls are most often characteristic [START_REF] Siemers | Natterer's bat ( Myotis nattereri Kuhl, 1818) hawks for prey close to vegetation using echolocation signals of very broad bandwidth[END_REF][START_REF] Obrist | Variability in echolocation call design of 26 Swiss bat species: consequences, limits and options for automated field identification with a synergetic pattern recognition approach[END_REF][START_REF] Barataud | Ecologie Acoustique Des Chiroptères d'Europe, Identification Des Espèces[END_REF]. We also constructed 2 functional groups, the fast-flying species guild, containing Barbastellus, Pipistrellus, Eptesicus and Nyctalus genera known to fly along wooded edges and in nearby open environments, and the gleaner species guild, containing Plecotus and Rhinolophus genera, as well as Myotis nattereri, known to fly in cluttered environments [START_REF] Schnitzler | Echolocation by Insect-Eating Bats[END_REF]. We did not include Myotis spp. in the gleaner species guild due to the diversity of flight behaviours (not always in cluttered environments) of the remaining undetermined species [START_REF] Schnitzler | Echolocation by Insect-Eating Bats[END_REF][START_REF] Schaub | Flight and echolocation behaviour of three vespertilionid bat species while commuting on flyways[END_REF].

Environmental covariates

We selected 7 environmental covariates (the distance to wetlands, forests and urban areas; proportion of arable land, grassland and forest; and length of hedgerows) known as good predictors of bat activity for the species studied (Boughey et al. 2011;[START_REF] Lacoeuilhe | Effects of hedgerows on bats and bush crickets at different spatial scales[END_REF]) and which showed enough variability (Table 1). The proportion or length of these environmental covariates was calculated within a 250, 500, 750 and 1000 m radius around the sampling sites in order to use the best scale when selecting those with the smallest Akaike Information Criteria (AIC). Recent landscape data (2016) were provided by the National Institute of Geography (from BD TOPO for data on forests and urban areas, from BD Carthage for wetland data, from BD ORTHO for manual digitization of hedgerows and from Graphical Parcel Register for arable and grass land data (www.ign.fr); distances, lengths and proportions were calculated using ArcGIS 10.0).

The precise location of wind turbines also allowed us to calculate the current distance to the nearest wooded edge (forest or hedgerow) for each turbine in order to describe the current situation with respect to 2008 EUROBATS recommendations.

Statistical analysis

We assessed whether bat activity of species or groups recorded at hedgerows differed according to the distance to the nearest wind turbine using a Generalized Linear Mixed Model (GLMM, R package lme4). According to the nature of the response variable (i.e., number of bat passes) and potential over-dispersion, we chose the best error distribution among Poisson or negative binomial distributions [START_REF] Zuur | Mixed Effects Models and Extensions in[END_REF].

We included the distance to the nearest wind turbine and the 7 environmental covariates in the models as fixed effects. All variables used in the models were scaled to allow direct comparisons [START_REF] Schielzeth | Simple means to improve the interpretability of regression coefficients[END_REF]. We included interactions between the distance to the nearest wind turbine variable and land cover variables (arable land, grass land and forest proportions, and length of hedgerows) in order to assess the landscape dependence of the wind turbine effects. According to the sampling design (i.e., simultaneous recordings of bat activity along a continuous distance to the nearest wind turbine the same night), we included the date in the models as a discrete random effect to control for inter-night variations (e.g., landscape context, weather conditions). Since only one wind farm was sampled per date, rarely two when they were very close, it was not possible to perform models containing, as fixed effects, the farm characteristics, such as height and number of turbines, which were confounded in the random effect. In addition, these characteristics had a low variability (see study area section). For the fast-flying and gleaner species models, we added the species composing the guild as a second random effect in order to take into account abundance variations among species.

Models were performed on data selected at confidence indices corresponding to a 0.5 maximum error risk tolerance under which data were discarded. This allowed us to conserve a maximum number of bat passes and species occurrences in models (Table A.3). The results were also confirmed at the higher restrictive threshold of confidence indices minimizing the maximum error risk tolerance (0.1) for a majority of species for which data at such a threshold were sufficient (number of bat passes and occurrences).

Full models were constructed by checking correlations between environmental covariates and the distance to the nearest wind turbine and between environmental covariates (Table B.1). We detected a correlation between arable land and grassland covariates (r > 0 .7); therefore, they were not simultaneously included in the modelling procedure using the dredge function (R package MuMIn). The potential non-linear effect of the distance to the nearest wind turbine was checked by visual inspection of the plot from Generalized Additive Mixed Models (GAMM, R package mgcv). We detected a quadratic relationship for N. leisleri and Nyctalus noctula (Figure B.1); we therefore took this into account in GLMMs for these species by adding a quadratic effect for the distance to wind turbine variable.

We checked that no multicollinearity problems occurred by performing variance-inflation factors (VIF) using the corvif function (R package AED; [START_REF] Zuur | A protocol for data exploration to avoid common statistical problems[END_REF]) on each full model.

All variables showed a VIF value < 2, meaning there was no striking evidence of multicollinearity [START_REF] Chatterjee | Regression Analysis by Example[END_REF]. Then, we generated from full models a set of candidate models containing all possible variable combinations ranked by corrected AIC (AICc) using the dredge function. For each set of candidate models, we performed multimodel inference averaging on a delta AICc < 2 using the model.avg function to obtain an averaged regression coefficient for each fixed effect (R package MuMIn, [START_REF] Barton | MuMIn: Multi-Model Inference[END_REF]. We used the allEffects function (R package effects) to get the predicted number of bat passes shown in Figure 3. From these predictions, we calculated the percentage of lost bat passes as a percentage of the maximum predicted activity for a given species/group. The relative importance of variables as well as the number of candidate models selecting each variable were extracted from the dredge procedure. We also checked the non-spatial autocorrelation of residuals of each best model using the dnearneigh and sp.correlogram functions associated with Moran's I method by visual inspection and significance tests (R package spatial, [START_REF] Moran | Notes on Continuous Stochastic Phenomena[END_REF]. We did not detect any problem from the over-dispersion ratio on full and best models (< 1.28; Table B.2). Models were validated by visual examination of residual plots. Since some species had low occurrences, which may cause statistical problems, we confirmed the results of the distance to wind turbine variable by confronting models with and without covariates. All analyses were performed using a significant threshold of 5% in the R statistical software v.3.3.1.

Applied quantification of the loss of hedgerow use by bats

For our results could be easily transferable to stakeholders (i.e., for loss quantification and offset sizing), we proposed a representation of the impacts on activity. We converted the cumulative loss of bat activity at the landscape scale around wind turbines (1 km) to an equivalent of linear length of deserted hedgerows.

The method presented as an example for a given wind farm in Figure 4 consists of three main phases:

1) The total length of hedgerows (∑H) in a 1000 m radius was calculated (step 1; Figure 4).

2) With the aim of accounting for the network of hedgerows (length and distance) in the surroundings of the wind farm, each hedgerow in a 1000 m radius was segmented by 10 m sections (steps 2; Figure 4). The distance of each central point of the hedgerow sections to the nearest turbine was calculated (steps 3; Figure 4). Then, we calculated the average distance of all sections. This measure corresponds to the averaged distance D of all hedgerows to wind turbines 1000 m around the farm (step 4; Figure 4).

3) Using model predictions (see statistical analysis section), we estimated the corresponding percentage of lost bat activity at this average distance D (%pred D ). This loss is expressed as the percentage of the maximum predicted activity (i.e., activity at 1000 metres in our study, see Table S2.7). Finally, this loss (%pred D ) was multiplied by the total length of hedgerows (H) to get the length of deserted hedgerows by bats (step 5; Figure 4).

Results

Bat monitoring

In total, considering a maximum error risk tolerance of 0.5 in the data, 193 980 bat passes of 8 species and 3 species groups were recorded in the 207 study sites, where the most abundant species was P. pipistrellus, representing 81% of the observations. The least abundant species were Rhinolophus ferrumequinum (22 bat passes) and N. noctula (25 bat passes), which were present in 7 and 9% of the study sites, respectively. All other species or groups were present in more than 14% of the study sites (Table 2).

Impact of wind turbines on bat activity

We detected a significant positive effect of the increasing distance from the nearest wind turbine on the activity of B. barbastellus, Myotis spp., N. leisleri, P. pipistrellus, Plecotus spp., and fast-flying and gleaner species guilds, plus a significant quadratic effect for N. leisleri and a nearly significant quadratic effect for N. noctula (Table 3; Figure 3). This means that the closer a hedgerow was to a wind turbine, the lower was the activity of these species. In contrast, we did not detect any effects for some common (Eptesicus serotinus, Myotis nattereri and Pipistrellus kuhlii/nathusii group) and rare species (Rhinolophus hipposideros and R. ferrumequinum) (Table 3). There were significant positive interactions of the distance to the nearest wind turbine variable with the proportion of forests for Myotis spp, as well as the length of hedgerows for fast-flying and gleaner species guilds. This result suggested that Myotis spp. were mainly recorded in contexts of high forest proportion, in which the negative effect of the distance to the nearest wind turbine was significantly higher than in contexts of lower forest proportion. Similarly, for fast-flying and gleaner species guilds, when the hedgerow length was shorter, the activity was higher far from wind turbines.

All top candidate models (delta AICc < 2) showed a lower value of AICc than null models (Table B.2). Among all candidate models, the distance to wind turbine variable was always selected, confirming the relative importance of this variable compared to other environmental covariates, except for E. serotinus and Rhinolophus species (Table B.3).

We also evaluated the potential attenuation of the linear effect of the wind turbine distance testing significance of a quadratic effect. We did not found quadratic relationship of distance to the nearest wind turbine, except for N. leisleri (Figure 3). Thus, for the most species, the activity remains affected at 1000m from a wind turbine. The lost activity was therefore likely underestimated and occurred at more than 1000 m. Thus, the percentage of lost activity was high, even at long-distances: for instance, at 500 m from the nearest turbine, we detected activity losses of 57% and 77% for P. pipistrellus and the gleaner species guild, respectively (Figure 3). These results were robust no matter the level of uncertainty included in the identifications (i.e., the maximum error risk tolerance). Indeed, we re-ran the analysis using the most restrictive tolerance of maximum error risk in the data selection of the response variable (0.1), and we found mostly no change in the results for most of the species/groups and guilds (Table B.4). We also compared estimates of models with and without covariates (Table B.5). These negative effects of wind turbines on habitat attractiveness appeared to be little influenced by associated environmental covariates since we did not find any changes for most of the species/groups and guilds when covariates were excluded. Only one change was found for E. serotinus, for which the estimate became higher and the p-value significant. This could be caused by the very strong effect of the distance to the urban variable hiding the distance to the nearest wind turbine variable, despite there being no striking correlation between them or problems in VIF.

Current wind turbine establishment and generated loss of hedgerow use by bats

Among the 909 wind turbines in northwest France, which contained the studied farms, 89% were established at less than 200 m from any type of wooded edges (forest or hedgerows). The situation was the same after the publication of the EUROBATS recommendations in 2008, which recommended nevertheless the avoidance distance of 200 m from any type of edges for the establishment of wind turbines (Figure 5).

From these current establishments and with our impact assessment method (Figure 4), making previous statistical results practical for stakeholders, we could quantify the length of deserted hedgerows by bats. Indeed, focusing on the 151 sampled wind turbines, the loss of activity in a 1000 m radius around turbines for fast-flying and gleaner species guilds was 19.6% and 53.8%, respectively, corresponding to 145 and 397 km lengths of deserted hedgerows, respectively. Our 151 studied turbines represent 16.6% of the total number (909) located in northwest France. Thus, by extrapolation, the total length of deserted hedgerows by bats at this scale would be 872 and 2390 km for fast-flying and gleaner species guilds, respectively.

Discussion

To our knowledge, this study is the first test of the impact distance of tall wind turbines on bat activity. The results highlight a strong negative effect of turbines on activity, occurring even at long distances at least up to 1000 m for most species, groups and guilds.

The negative effect at long distances concerns various species, either fast-flying or gleaner species.

The detected effects are consistent with the few studies dealing with this influence of wind turbines on bat activity [START_REF] Minderman | Experimental evidence for the effect of small wind turbine proximity and operation on bird and bat activity[END_REF][START_REF] Rte | Summary of the French wind energy[END_REF][START_REF] Millon | Bat activity in intensively farmed landscapes with wind turbines and offset measures[END_REF], 2018) and complement them for less intensive agricultural landscapes with high proportions of grasslands and forests that are favourable for bats. Moreover, such a preserved farming landscape constitutes a concern for the conservation of some rare species (e.g., B. barbastellus and Rhinolophus species) listed in Annex II of the Habitats Directive 92/43/EEC.

The undetected interaction effects of distance with the arable and grassland proportions for all impacted species despite high land-use variability in our data suggest that this negative effect occurs in any agricultural landscape, no matter its composition. However, this result should be confirmed in other more intensive agricultural landscapes.

Negative effects were detected on a wide range of species with highly contrasting ecology and flight behaviour. Some of these species have so far been poorly taken into consideration in environmental studies for wind farm establishment due to a low collision risk [START_REF] Roemer | Bat flight height monitored from wind masts predicts mortality risk at wind farms[END_REF], thus reinforcing the significance of our findings. Indeed, B. barbastellus, Plecotus spp. and Myotis spp. had a very low level of collision susceptibility index with turbines, taking into account the species abundance [START_REF] Roemer | Bat flight height monitored from wind masts predicts mortality risk at wind farms[END_REF]). However, we did not detect any relationship between the distance to the nearest wind turbine and the Pipistrellus kuhlii/nathusii group, which is comprised of a migrant resident species and a long-range migrant species, with an estimate close to zero and small standard error.

Flight in migration could be expected to be different, faster and less connected to habitats. Therefore, we hypothesize that this absence of effect could be linked to the coexistence of two behaviours in the group, a negative impact on P. kuhlii (i.e., avoidance) and a positive impact (i.e., attractiveness) for P. nathusii. In this way, migratory species such as P. nathusii should be studied at the species level by studying areas in which P. kuhlii is absent, as in some areas in Northern Europe [START_REF] Ancillotto | Extraordinary range expansion in a common bat: the potential roles of climate change and urbanisation[END_REF]. Finally, an appropriate design is needed for E.

serotinus, for which we detected a negative effect of turbines, but statistically masked by the strong correlation with the distance to small urban areas, for instance, by studying this species in a territory where colonies are well known or far from all small urban areas.

The detected negative effects of wind turbines on bat activity in our study could be caused by avoidance. Mechanisms leading to avoidance of wind turbines are still widely unknown and deserve to be evaluated; one of them suggested by [START_REF] Bennett | Red aviation lights on wind turbines do not increase batturbine collisions[END_REF] could be the red aviation lights, which were always present in our studied turbines. Noise produced by wind turbines could also constitute another mechanism, in particular for species listening for prey (i.e., passive listening) to find food, which can be highly affected by anthropogenic noise [START_REF] Schaub | Foraging bats avoid noise[END_REF].

Implications for wind energy development

Despite new recommendations in 2008 from EUROBATS, we showed that the recommendation of a minimal distance of 200 m from woody edges for installing a wind turbine is still far from being considered in most cases. Hence, based on our findings, we first encourage efforts to improve the first step in the application of the mitigation hierarchy proposed by the Business and Biodiversity Offsets Programme, consisting of avoidance by installing turbines as far as possible from edges. Ideally, the EUROBATS recommendation of 200 m is not sufficient. This implies concentrating wind energy in less sensitive areas for bats, far from wooded edges, at more than 1000 m. Reflections should be conducted on the planning of wind energy establishment and on the place of bats in the aim of conciliating agricultural and energy production. Indeed, bats should be considered in this trade-off, considering their huge ecosystem services in agriculture [START_REF] Boyles | Economic importance of bats in agriculture[END_REF][START_REF] Maine | Bats initiate vital agroecological interactions in corn[END_REF]. In addition, for bat conservation, the mitigation of such negative impacts is highly recommended due to the strong links existing between activity (notably foraging activity) indicative of habitat quality and population dynamics. In that case, replanting hedgerows on a length that corresponds to the loss of activity could be a helpful measure [START_REF] Millon | Bat activity in intensively farmed landscapes with wind turbines and offset measures[END_REF].

In addition, such offsets require a calculation of the length of deserted hedgerows by bats for sizing, for which our impact assessment method explained in Figure 4 can be used, making the results transferable to stakeholders. Indeed, such an assessment method aims to improve the positioning of turbines in relation to wooded edges and the quantification of offset hedgerows needed, and it can be easily applied by wind turbine operators. However, this method of estimating the length of deserted hedgerows by bats presents a limitation: It is not a physical loss of hedgerow by removal. This means the hedgerow remains potentially functional for a proportion of bat individuals and for other taxa, such as arthropods. The method to assess the loss of an equivalent linear amount of deserted hedgerows is thus an extrapolation to all hedgerows around a given wind farm and only considers bats in the calculation. In addition, in no case should any hedgerows be removed with the aim of reducing impacts on bat activity. Our study should encourage operators to stop the installation of wind turbines close to wooded edges, and without offsetting when closer than 1000 m to edges, by objectifying losses and the corresponding need for offsetting. The absence of offsetting so far has led to a length of up to 2400 km of deserted hedgerows by bats at the study regions' scale. 
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Table A.2. Total bat passes by confidence index classes from the automatic identification, the number of bat passes manually checked and errors noted.

Species

Confidence index classes of the automatic identification 0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1 threshold. This allows a restriction of the data in order to limit errors and can be performed for higher thresholds, such as 0.8, for which we confirmed our model results. 

Barbastella barbastellus

Figure A. 1 .

 1 Figure A.1. Example of logistic regression between the success of the automatic identification (binomial distribution) and associated confidence index. The blue line shows a success probability of 0.5, allowing us to select data with a corresponding confidence index above this

Figure B. 1 .

 1 Figure B.1. Plots from Generalized Additive Mixed Models (GAMMs) showing the relationship between bat passes and the distance to the nearest turbine variable, to detect nonlinearity cases and to take it into account in Generalized Linear Mixed Models (GLMMs) using a quadratic effect. The 95% confidence intervals (dotted lines) converge when nonlinear relationship was not detected in the GAMMs.

  

  

  

  

Table 2 .

 2 Number of bat passes per species/groups and the corresponding percentage of total passes and occurrences (percentage of presence sites among the 207) according to the applied maximum error risk tolerance for data selection (raw data, maximum error risk tolerance of 0.5 and 0.1).

		Number of passes recorded	% of total passes	Occurrence (%)
	Species									
		Raw	0.5	0.1	Raw	0.5	0.1	Raw	0.5	0.1
	Pipistrellus pipistrellus	159386 159386 159385	81	81	84	99	99	99
	Pipistrellus kuhlii/nathusii	24023	23603	22122	12	12	12	98	98	97
	Barbastella barbastellus	5479	5472	5436	3	3	3	90	90	90
	Myotis spp.	5736	3802	1946	3	2	1	90	86	68
	Plecotus spp.	1092	982	566	1	1	< 1	73	72	63
	Myotis nattereri	1532	974	439	< 1	< 1	< 1	80	67	45
	Eptesicus serotinus	579	543	473	< 1	< 1	< 1	47	42	38
	Rhinolophus hipposideros	125	114	110	< 1	< 1	< 1	16	16	15
	Nyctalus leisleri	127	53	4	< 1	< 1	< 1	27	16	2
	Rhinolophus ferrumequinum	22	22	22	< 1	< 1	< 1	7	7	7
	Nyctalus noctula	346	25	8	< 1	< 1	< 1	29	9	3

Table 3 .

 3 Estimates and standard errors of the distance to the nearest wind turbine variable (linear and quadratic effects) for the 8 species, 3 species-groups and the 2 guilds studied (*** P < 0.001, ** P < 0.01, * P < 0.05,. P < 0.1). Complete results of other covariates can be found in TableS2.6.

		Effect of the distance to the nearest
	Species	wind turbine on bat activity
		Linear	Quadratic
	Pipistrellus pipistrellus	0.413 ± 0.100 ***	/
	Pipistrellus kuhlii / nathusii	-0.004 ± 0.100	/
	Barbastella barbastellus	0.237 ± 0.107 *	/
	Myotis spp.	0.260 ± 0.091 **	/
	Plecotus spp.	0.309 ± 0.096 **	/
	Myotis nattereri	0.132 ± 0.106	/
	Eptesicus serotinus	0.132 ± 0.169	/
	Rhinolophus hipposideros	0.099 ± 0.223	/
	Nyctalus leislerii	0.537 ± 0.208 *	-0.413 ± 0.198 *
	Rhinolophus ferrumequinum	0.329 ± 0.293	/
	Nyctalus noctula	0.308 ± 0.290	-0.575 ± 0.307 .
	Fast-flying species	0.344 ± 0.123 **	/
	Gleaner species	0.335 ± 0.068 ***	/

Estimating habitat loss due to wind turbine avoidance by bats: implications for European siting guidance Appendix A: sampling design, validations and selection of acoustic data

  Table A.1. Number of recording points per night according to classes of distance to the nearest wind turbine.

		Number of recording points per distance classes (m) to the nearest
	Sampled dates	0-	101-	201-	301-	wind turbine 401-501-	601-	701-	801-	Total
		100	200	300	400	500	600	700	800	900

Table A .

 A 3. Predicted confidence index of the automatic identification of number of bat passes and occurrences (presence rate over sites) corresponding to the maximal error risk tolerance used for data selection. NA values show error risk probabilities for which it was not possible to predict low risks in automatic identification, due to the low number in manual checking (see TableS1.2).

	Appendix B:						
	Species	Raw	0.5	Maximum error risk tolerance 0.4 0.3	0.2	0.1
	Barbastella barbastellus						
	Confidence index	/	0.120	0.134	0.149	0.168	0.196
	No. of bat passes	5479	5472	5468	5466	5455	5436
	Occurrences	0.899	0.899	0.899	0.899	0.899	0.899
	Eptesicus serotinus						
	Confidence index	/	0.181	0.201	0.222	0.247	0.286
	No. of bat passes	579	543		537	526		512	473
	Occurrences	0.473	0.420	0.415	0.411	0.396	0.377
	Myotis spp.						
	Confidence index	/	0.402	0.434	0.469	0.512	0.577
	No. of bat passes	5736	3802	3597	3371	3024	1946
	Occurrences	0.899	0.860	0.845	0.821	0.787	0.681
	Myotis nattereri						
	Confidence index	/	0.418	0.456	0.497	0.548	0.624
	No. of bat passes	1532	974		893	825		644	439
	Occurrences	0.797	0.667	0.643	0.594	0.536	0.454
	Nyctalus leisleri						
	Confidence index	/	0.279	0.337	0.401	0.418	0.594
	No. of bat passes	127	53		32	16		12	4
	Occurrences	0.256	0.155	0.121	0.063	0.053	0.019
	Nyctalus noctula						
	Confidence index	/	0.484	0.508	0.534	0.566	0.614
	No. of bat passes	346	25		21	15		10	8
	Occurrences	0.285	0.092	0.082	0.063	0.043	0.034
	Pipistrellus kuhlii						
	Confidence index	/	0.165	0.217	0.273	0.342	0.445
	No. of bat passes	23676	23563	23432	23219	22914	22122
	Occurrences	0.981	0.981	0.981	0.976	0.976	0.971
	Pipistrellus nathusii						
	Confidence index	/	0.652	0.758	NA		NA	NA
	No. of bat passes	347	40		2	0		0	0
	Occurrences	0.449	0.135	0.010	0.000	0.000	0.000
	Pipistrellus pipistrellus						
	Confidence index	/	0.000	0.000	0.000	0.000	0.097
	No. of bat passes	159386	159386	159386	159386	159386	159385
	Occurrences	0.986	0.986	0.986	0.986	0.986	0.986
	Plecotus spp.						
	Confidence index	/	0.187	0.238	0.295	0.363	0.466
	No. of bat passes	1092	982		934	835		725	566
	Occurrences	0.734	0.715	0.715	0.710	0.657	0.628
	Rhinolophus ferrumequinum						
	Confidence index	/	0.000	0.000	0.000	0.000	0.000
	No. of bat passes	22	22		22	22		22	22
	Occurrences	0.068	0.068	0.068	0.068	0.068	0.068
	Rhinolophus hipposideros						
	Confidence index	/	0.386	0.399	0.412	0.428	0.453
	No. of bat passes	125	114		113	113		113	110
	Occurrences	0.164	0.155	0.150	0.150	0.150	0.150

additional information about statistical analyses, results and calculation of lost length of hedgerow use by bats

  

	Table B.1. Correlation matrix between variables (dist: distance; WT: wind turbine; F: forest;			
	U: urban; W: wetland; H: hedgerow; GL: grassland; AL: arable land) including the buffer size		
	of the calculation (250, 500, 750 and 1000 m radius). Only the arable land and grassland			
	variables were highly correlated (r > 0.7), and were not simultaneously included in the				
	modelling procedure. Note that despite this correlation check step, we checked for potential			
	collinearity problems in the full models using the Variance Inflation Factor (VIF) before				
	modelling.																		
		distF	distU	distW	H250	H500	H750	H1000	GL250	GL500	GL750	GL1000	AL250	AL500	AL750	AL1000	F250	F500	F750	F1000
	DistWT	-0.02	-0.39	-0.13	0.25	0.18	0.13	0.10	-0.03	0.03	0.04	-0.01	-0.06	-0.16	-0.15	-0.09	-0.12	-0.07	-0.06	-0.01
	DistF	1.00	0.04	-0.23	-0.10	-0.21	-0.21	-0.25	0.12	0.19	0.26	0.29	-0.03	-0.01	-0.02	-0.03	-0.39	-0.53	-0.56	-0.54
	DistU		1.00	-0.02	-0.27	-0.24	-0.19	-0.16	-0.13	-0.18	-0.16	-0.10	0.19	0.25	0.23	0.16	0.17	0.04	-0.01	-0.03
	DistW			1.00	0.05	0.07	0.07	0.07	0.07	0.01	-0.04	-0.04	-0.07	0.01	0.04	0.03	0.24	0.26	0.25	0.24
	H250				1.00	0.83	0.72	0.66	0.38	0.37	0.32	0.28	-0.42	-0.42	-0.37	-0.34	-0.14	-0.15	-0.09	-0.03
	H500					1.00	0.92	0.85	0.32	0.38	0.35	0.31	-0.36	-0.41	-0.40	-0.38	-0.06	-0.13	-0.07	-0.02
	H750						1.00	0.95	0.30	0.35	0.34	0.30	-0.35	-0.39	-0.38	-0.36	0.03	-0.09	-0.09	-0.05
	H1000							1.00	0.28	0.31	0.29	0.27	-0.32	-0.37	-0.35	-0.34	0.07	-0.01	-0.04	-0.04
	GL250								1.00	0.88	0.73	0.65	-0.94	-0.82	-0.68	-0.59	-0.11	-0.16	-0.17	-0.21
	GL500									1.00	0.92	0.83	-0.82	-0.91	-0.85	-0.76	-0.17	-0.24	-0.23	-0.26
	GL750										1.00	0.96	-0.67	-0.81	-0.88	-0.84	-0.21	-0.33	-0.32	-0.33
	GL1000											1.00	-0.58	-0.70	-0.82	-0.86	-0.22	-0.36	-0.36	-0.37
	AL250												1.00	0.87	0.71	0.61	0.00	0.05	0.09	0.14
	AL500													1.00	0.92	0.80	0.01	0.02	0.03	0.08
	AL750														1.00	0.94	0.05	0.08	0.04	0.07
	AL1000															1.00	0.08	0.14	0.08	0.06
	F250																1.00	0.76	0.56	0.41
	F500																	1.00	0.85	0.69
	F750																		1.00	0.92
	F1000																			1.00

Table B .

 B 2. Full and best models from the multi-inference model procedure, distribution (NB: negative binomial) and overdispersion ratio (dist: distance; WT: wind turbine; F: forest; U: urban; W: wetland; H: hedgerow; GL: grassland; AL: arable land, s: scaled variables) according to buffer size (250, 500, 750 and 1000 m radius).

	Species	AICc R²	Null, full and best candidate models	Distribution (overdispersion)
	Barbastella barbastellus	1726.8	<0.01	(1|date)
		1737.9	0.08	distWT*H1000s + distWT*GL500s + distWT*AL500s + distWT*F500s +distF + distU + distW + (1|date)	NB (1.00)
		1723.8	0.04	distWT + distF + AL500s + (1|date)	NB (0.96)
	Eptesicus serotinus	719.2	<0.01	(1|date)
		719.6	0.20	distWT*H250s + distWT*GL500s + distWT*AL500s + distWT*F500s + distF + distU + distW + (1|date)	NB (0.86)
		708.7	0.11	distU + AL500s + (1|date)	NB (0.86)
	Myotis nattereri	1006.9	<0.01	(1|date)
		1005.6	0.19	distWT*H1000s + distWT*GL1000s + distWT*AL1000s + distWT*F250s + distF + distU + distW + (1|date)	NB (0.87)
		996.5	0.11	distW + AL1000s + F250s + (1|date)	NB (0.85)
	Myotis spp.	1423.2	0.02	(1|date)
		1424.7	0.30	distWT*H500s + distWT*GL1000s + distWT*AL1000s + distWT*F250s + distF + distU + distW + (1|date)	NB (0.99)
		1411.2	0.21	distWT*F250s + AL1000s + (1|date)	NB (0.94)
	Nyctalus leisleri	272.4	0.03	(1|date)
		279.2	0.15	distWT*H250s + distWT*GL250s + distWT*AL250s + distWT*F1000s + I(distWT^2) + distF + distU + distW + (1|date)	Poisson (1.08)
		263.2	0.12	distWT + I(distWT^2) + H250s + distF + (1|date)	Poisson (1.14)
	Nyctalus noctula	161.4	<0.01	(1|date)
		176.0	0.15	distWT*H1000s + distWT*GL250s + distWT*AL750s + distWT*F750s + I(distWT^2) + distF + distU + distW + (1|date)	Poisson (0.76)
		159.3	0.08	distWT + I(distWT^2) + F750s + (1|date)	Poisson (0.84)
	Pipistrellus kuhlii/nathusii	2264.1	0.02	(1|date)
		2258.1	0.15	distWT*H250s + distWT*GL750s + distWT*AL750s + distWT*F500s + distF + distU + distW + (1|date)	NB (1.29)
		2255.5	0.11	distWT*H250s + F500s + distW + (1|date)	NB (1.25)
	Pipistrellus pipistrellus	3054.8	0.05	(1|date)
		3051.7	0.23	distWT*H500s + distWT*GL1000s + distWT*AL1000s + distWT*F750s + distF + distU + distW + (1|date)	NB (0.88)
		3039.4	0.13	distWT*AL1000s + distF + H500s + F750s + (1|date)	NB (0.88)
	Plecotus spp.	1069.4	<0.01	(1|date)
		1078.9	0.07	distWT*H750s + distWT*GL1000s + distWT*AL1000s + distWT*F250s + distF + distU + distW + (1|date)	NB (0.88)
		1060.7	0.04	distWT + (1|date)	NB (0.86)
	Rhinolophus ferrumequinum	146.8	0.04	(1|date)
		151.1	0.26	distWT*H750s + distWT*GL1000s + distWT*AL250s + distWT*F250s + distF + distU + distW + (1|date)	Poisson (0.39)
		142.4	0.13	distW + F250s + (1|date)	Poisson (0.64)
	Rhinolophus hipposideros	302.6	0.01	(1|date)
		316.2	0.29	distWT*H250s + distWT*GL1000s + distWT*AL500s + distWT*F1000s + distF + distU + distW + (1|date)	NB (0.70)
		298.9	0.19	distW + F1000s + (1|date)	NB (0.61)
	Fast-flying species	1706.0	0.59	(1|date) + (1|species)
		1701,9	0.64	distWT*H750s + distWT*GL750s + distWT*AL750s + distWT*F500s + distF + distU + distW + (1|date) + (1|species)	NB (1.04)
		1701.1	0.61	distWT*H750s + GL750s + (1|date) + (1|species)	NB (1.04)
	Gleaner species	846.1	0.17	(1|date) + (1|species)
		855.4	0.25	distWT*H500s + distWT*GL750s + distWT*AL1000s + distWT*F1000s + distF + distU + distW + (1|date) + (1|species)	NB (0.96)
		839.4	0.24	distWT*H500s + F1000s + (1|date) + (1|species)	NB (0.91)

Table B .

 B 6. Complete results from model averaging of candidate models with delta AICc < 2, estimates, with the standard error and p-value for each species/group and guild according to the selected scale for proportion covariates (250, 500, 750 and 1000 m radius; dist: distance; WT: wind turbine).

	Main effects Dist. to WT wind turbine 0.005 Interaction of BB ES MN Msp NL NN PKN PP Plsp RF RH FF 0.237 ± 0.107 0.132 ± 0.169 0.132 ± 0.106 0.260 ± 0.091 0.537 ± 0.208 0.308 ± 0.290 -0.004 ± 0.100 0.413 ± 0.096 0.309 ± 0.096 0.329 ± 0.293 0.099 ± 0.223 0.34424 ± 0.123 0.027 0.439 0.216 0.00447 0.0102 0.29 0.966 < 0.001 0.001 0.265 0.659 the distance to BB ES MN Msp NL PN PKN PP Plsp RF RH FF	Gl 0.334 ± 0.068 Gl

Table B .

 B 7. Loss of activity in relation to the distance to the nearest wind turbine (distWT), 1 calculated as a percentage of the maximum predicted number of bat passes for a given 2 distance (1-[predicted activity of a given distance / maximum predicted activity]) for 3 significantly affected species (BB: Barbastella barbastellus; Msp: Myotis spp.; NL: Nyctalus 4 leislerii; PP: Pipistrellus pipistrellus; Plsp: Plecotus spp.; FF: fast-flying species guild; Gl: 5

	6	gleaner species guild).					
		distWT	BB	Msp	NL	PP	Plsp	FF	Gl
		0	51.56	52.50	81.64	71.48	62.63	56.58	94.74
		1	51.53	52.47	81.55	71.45	62.59	56.54	94.72
		10	51.21	52.15	80.66	71.12	62.26	56.21	94.58
		20	50.86	51.79	79.65	70.76	61.89	55.84	94.42
		30	50.47	51.43	78.60	70.39	61.51	55.47	94.25
		40	50.11	51.07	77.52	70.02	61.13	55.10	94.08
		50	49.71	50.70	76.40	69.64	60.75	54.73	93.90
		60	49.34	50.33	75.24	69.25	60.36	54.35	93.72
		70	48.94	49.96	74.05	68.87	59.97	53.96	93.53
		80	48.57	49.59	72.82	68.47	59.57	53.58	93.34
		90	48.20	49.21	71.56	68.08	59.17	53.19	93.14
		100	47.82	48.83	70.27	67.67	58.77	52.80	92.94
		110	47.44	48.45	68.94	67.26	58.36	52.40	92.72
		120	47.06	48.06	67.58	66.85	57.95	52.00	92.51
		130	46.68	47.67	66.19	66.43	57.53	51.60	92.28
		140	46.29	47.28	64.76	66.01	57.11	51.20	92.05
		150	45.90	46.89	63.31	65.58	56.69	50.79	91.82
		160	45.51	46.49	61.83	65.14	56.26	50.37	91.57
		170	45.11	46.09	60.32	64.70	55.82	49.96	91.32
		180	44.71	45.69	58.78	64.26	55.39	49.54	91.06
		190	44.31	45.28	57.22	63.81	54.95	49.12	90.79
		200	43.91	44.88	55.64	63.35	54.50	48.69	90.52
		210	43.50	44.46	54.04	62.89	54.05	48.26	90.23
		220	43.09	44.05	52.42	62.42	53.60	47.83	89.94
		230	42.68	43.63	50.78	61.95	53.14	47.39	89.64
		240	42.26	43.21	49.13	61.46	52.67	46.95	89.33
		250	41.84	42.79	47.47	60.98	52.21	46.51	89.01
		260	41.42	42.36	45.79	60.49	51.73	46.06	88.68
		270	41.00	41.93	44.11	59.99	51.26	45.61	88.35
		280	40.57	41.49	42.42	59.48	50.77	45.15	88.00
		290	40.14	41.06	40.74	58.97	50.29	44.69	87.64
		300	39.70	40.62	39.05	58.45	49.79	44.23	87.27
		310	39.27	40.17	37.36	57.93	49.30	43.76	86.89
		320	38.83	39.72	35.68	57.40	48.80	43.29	86.50
		330	38.38	39.27	34.02	56.86	48.29	42.81	86.09
		340	37.94	38.82	32.36	56.31	47.78	42.34	85.68
		350	37.49	38.36	30.72	55.76	47.26	41.85	85.25
		360	37.03	37.90	29.09	55.20	46.74	41.37	84.81
		370	36.58	37.44	27.49	54.64	46.21	40.87	84.36
		380	36.12	36.97	25.92	54.06	45.68	40.38	83.89
		390	35.65	36.50	24.37	53.48	45.14	39.88	83.41
		400	35.19	36.03	22.85	52.90	44.60	39.38	82.91
		410	34.72	35.55	21.37	52.30	44.05	38.87	82.40
		420	34.24	35.07	19.92	51.70	43.50	38.36	81.87
		430	33.76	34.58	18.52	51.09	42.94	37.84	81.33
		440	33.28	34.09	17.15	50.47	42.38	37.32	80.78
		450	32.80	33.60	15.84	49.85	41.81	36.79	80.20
		460	32.31	33.10	14.57	49.21	41.23	36.26	79.61
		470	31.82	32.60	13.36	48.57	40.65	35.73	79.00
		480	31.33	32.10	12.20	47.92	40.06	35.19	78.37
		490	30.83	31.59	11.10	47.27	39.47	34.65	77.73
		500	30.33	31.08	10.06	46.60	38.87	34.10	77.06
		510	29.82	30.57	9.08	45.93	38.27	33.55	76.37
		520	29.31	30.05	8.16	45.24	37.65	32.99	75.67
		530	28.80	29.52	7.31	44.55	37.04	32.43	74.94
		540	28.28	29.00	6.54	43.85	36.42	31.87	74.19
		550	27.76	28.47	5.83	43.14	35.79	31.30	73.42
		560	27.24	27.93	5.19	42.42	35.15	30.72	72.63
		570	26.71	27.39	4.63	41.70	34.51	30.14	71.81
		580	26.18	26.85	4.15	40.96	33.86	29.55	70.97
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