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INTRODUCTION

Transport networks have been identified as one of the ten main pressures on biodiversity [START_REF] Maxwell | Biodiversity The ravages of guns, nets and bulldozers[END_REF] as their construction contributes to habitat degradation and destruction. Once operational, roads continue to generate negative impacts on wildlife through light, noise, and chemical pollution, direct mortality by collision with vehicles and barrier effects [START_REF] Forman | Roads and their major ecological effects[END_REF][START_REF] Trombulak | Review of ecological effects of roads on terrestrial and aquatic communities[END_REF]. These impacts have been identified from individual behaviour all the way up to population densities and dynamics [START_REF] Bennett | Effects of road density and pattern on the conservation of species and biodiversity[END_REF]. Indeed, the cumulative ecological effects of the road on biodiversity can extend from 100 to 800 m (i.e., the road effect-zone) depending the type of road, the traffic volume and the habitat crossed by roads [START_REF] Forman | Estimate of the area affected ecologically by the road system in the United States[END_REF][START_REF] Forman | The ecological road-effect zone of a Massachusetts (U.S.A.) Suburban Highway[END_REF]. For bat, the road-effect zone of major roads can extend up to 5 km (Claireau et al., 2019c). Depending on the road network densities and/or habitats on both sides of the roads, the cumulative impacts of these disturbances may thus have an impact at the landscape scale (Berthinussen and Altringham, 2012b;van der Ree et al., 2015). Final ly, these dramatic changes in landscape configurations have consequences on the overall functionality of ecosystems [START_REF] Quinn | Effects of habitat fragmentation and isolation on species richness: evidence from biogeographic patterns[END_REF][START_REF] Saunders | Biological consequences of ecosystem fragmentation: a review[END_REF][START_REF] Krauss | Habitat fragmentation causes immediate and time-delayed biodiversity loss at different trophic levels: Immediate and time-delayed biodiversity loss[END_REF].

Until recently, despite the large pressure exerted by roads on animals, the effects of roads on insectivorous bats has been poorly documented (Berthin ussen and Altringham, 2012b;[START_REF] Kitzes | Large roads reduce bat activity across multiple species[END_REF][START_REF] Abbott | Bats and roads[END_REF]Claireau et al., 2019c;[START_REF] Medinas | Road effects on bat activity depend on surrounding habitat type[END_REF][START_REF] Medinas | Spatiotemporal persistence of bat roadkill hotspots in response to dynamics of habitat suitability and activity patterns[END_REF]. Indeed, habitat connectivity in the landscape is a key element for bats [START_REF] Hale | Habitat composition and connectivity predicts bat presence and activity at foraging sites in a large UK conurbation[END_REF][START_REF] Frey-Ehrenbold | Landscape connectivity, habitat structure and activity of bat guilds in farmland-dominated matrices[END_REF][START_REF] Pinaud | Modelling landscape connectivity for greater horseshoe bat using an empirical quantification of resistance[END_REF][START_REF] Laforge | Landscape context matters for attractiveness and effective use of road underpasses by bats[END_REF] but the fragmentation effect of road remains poorly evaluated. In addition, even weak road fatalities may contribute to significantly increase the risk of population extinction, especially when breeding colonies are close to a road [START_REF] Medinas | Assessing road effects on bats: the role of landscape, road features, and bat activity on road-kills[END_REF]. Indeed, due to their life cycle (i.e., low fecundity, late sexual maturity), their population growth rate heavily depends on adult survival. Hence factors affecting adult survival are of particular interest for conservation. Berthinussen and Altringham (2012a) state that a bat flying less than five meters above a road could be considered to be at collision risk with vehicles. Considering the study of [START_REF] Fensome | Roads and bats: a metaanalysis and review of the evidence on vehicle collisions and barrier effects[END_REF], 85% of European bats fly up to 5 m from the ground and so, to be prone at collision risk. Species particularly concerned are Myotis spp., Plecotus spp. and Rhinolophus spp. as they exploit low-altitude ecological niches [START_REF] Roemer | Bat sonar and wing morphology predict species vertical niche[END_REF].

In order to reduce road collisions and restore habitat connectivity for bats, a range of mitigation measures have been proposed, including bat overpasses [START_REF] Møller | Effectiveness of mitigating measures for bats -a review[END_REF]. Bat overpasses are presumed to function as linear features (e.g., hedgerows) that 'attract' and guide bats across roads and above the traffic, and are thus recommended in the mitigation hierarchy (Berthinussen and Altringham, 2012a;Claireau et al., 2019aClaireau et al., , 2019b;;[START_REF] Sołowczuk | Determinants of the performance of bat gantries installed to carry bat commuting routes over the S3 expressway in Poland[END_REF]. While more and more bat overpasses are likely to be constructed across Europe, [START_REF] Møller | Effectiveness of mitigating measures for bats -a review[END_REF] stressed the need for a robust evaluation of this mitigation measure to prove its effectiveness. However, peer-reviewed studies investigating bat overpasses are still particularly scarce (Berthinussen and Altringham, 2012a;Claireau et al., 2019aClaireau et al., , 2019b;;[START_REF] Sołowczuk | Determinants of the performance of bat gantries installed to carry bat commuting routes over the S3 expressway in Poland[END_REF] and there is no consensus on their effective. While Berthinussen and Altringham (2012a) concluded that bat overpasses are ineffective as mitigation measures, Claireau et al. (2019aClaireau et al. ( , 2019c) ) concluded that in some landscape contexts, bat overpasses can contribute to partially restore habitat connectivity. This functional restoration of the connectivity seems to occur when bat overpasses are installed in a narrow commuting route such as a hedgerow. In addition, [START_REF] Sołowczuk | Determinants of the performance of bat gantries installed to carry bat commuting routes over the S3 expressway in Poland[END_REF] concluded that sustainable crossing conditions depend on general factors (unlit road sections, location on existing commuting routes, features on both sides of the road, lack of road interchanges near the overpass, and attractive hunting grounds nearby) and on main determinants (location in a forest opening, road in a cutting, features on the commuting route, and planting corridors and re-planting of gaps). Due to the scarcity of published studies on this issue and the lack of a larger consensus on the effectiveness of overpasses, conducting a metaanalysis on this issue is not an option at present, and it implies the need for sound research designs involving before-after studies.

The aim of our study was to evaluate whether a bat overpass, as a recommended mitigation measure, contributes to the reduction of road collision risk using a before-after analysis. The study took place at a bat overpass that extended a hedgerow bisected by a highway in an agricultural landscape in Western France. The experiment was conducted from April to September 2016 before the bat overpass was constructed, and from May 2017 to May 2018 after its establishment. Using this experimental design, we tested if this bat overpass contributes to raising bat flight heights.

MATERIALS AND METHODS

Study Site

The study was carried out in France, which experienced a road increase of 12% between 1995 and 2015 (MEEM, 2017). We studied one bat overpass located in a rural area (intensive farming) near the city of Niort (46°24'W, 0°35'W) on the A83 highway (tarmac; four lanes with an emergency lane on each side; speed limit: 130 km/h; annual average daily traffic: 16,218 vehicles in 2015 -Fig. 1). This highway became operational in 2001 and the bat overpass tested was permanently installed in May 2017. Although in this study, bats were not identified to species level, the known bat species community in this agricultural landscape comprises approximately: Pipistrellus spp. (87%), Myotis spp. (8%), Barbastella barbastellus (2%) (Claireau et al., 2019a(Claireau et al., , 2019b; more information in Supplementary Appendix S1).

Placement and Features of the Bat Overpass

The choice of location for the bat overpass followed the conclusions of an independent field study conducted by a consulting firm for 'VINCI-Autoroutes' in order to identify breaking points of the bat commuting route on the A83 highway. This field study was carried out in October 2015 [START_REF] Naturalia Environnement | Expérimentation de La Pose d'un Portique En Vue de Favoriser Le Franchissement Des Chauves-Souris En Toute Sécurité[END_REF]. Naturalia Environnement's study identified an important bat commuting route in an agricultural landscape bisected by the A83 highway. This commuting route is a large hedgerow (a disused railway, closed in 1971, and completely reforested, 20 m wide) that connects two important rivers (Fig. 1).

The bat overpass, installed in May 2017, consists of a traditional gantry for road signs but in this particular case without signs (length: 31.5 m; height: 6 m; beam width: 50 cm -Fig. 1). Instead of road signs, a diamond mesh metal grate was installed on the gantry with the expectation that it could contribute to reflect bat echolocation signals more efficiently (grate height: 1.5 m; diamond mesh: 4.13 × 1.3 cm -Fig. 1). In addition, ten deciduous trees: Acer campestre (height: 4 m; trunk circumference measured at 1 m: 10 to 12 cm) were planted on both sides of the highway in order to guide bats from the hedgerow to the bat overpass.

Sampling Design

The experiment was carried out before the bat overpass and plantations were set up: monthly from April to September 2016 and replicated after its establishment: monthly from June to September 2017 and in May 2018 (Table 1). This represents 40 observation evenings, 20 before and 20 after the installation of the bat overpass. We performed the visual surveys from two locations, one on either side of the highway (with the same camera). Given that we only used one camera, the two sides of the highway were investigated on different nights. These surveys were realized on both sides of the highway at 30 meters from the rupture of the bat commuting route to study bat flight behaviour over the road on each side of the rupture of the bat commuting route (Fig. 1). The filming was carried out within three hours after the standard sunset time, thus corresponding to the peak activity of bats [START_REF] Newson | A novel citizen science approach for large-scale standardised monitoring of bat activity and distribution, evaluated in eastern England[END_REF]. Filming lasted for a total of 44 hours and 21 minutes (22 hours and 12 minutes before, 22 hours and 9 minutes after the installation of the bat overpass) equitably distributed before and after the overpass installation, per month and per location (Table 1). 

Thermal Video Recording

In order to characterize bat flight paths, we used a thermal camera: FLIR T640bx (FLIR System, Inc. Wilsonville, OR, USA), equipped with a standard lens with a focal length of 13.1 mm, allowing 16-bit images to be recorded in MPEG4 compression format with a resolution of 640 × 480 pixels at a frame rate of approximately 21 frames per second. A manual calibration step to rebalance the temperature levels and ensure that the bats would stand out well on the image was operated by a unique fieldworker before each observation.

Bat Flight Paths Identification

Human-based detection includes several sources of bias, such as difference between observers (i.e., various level of perception). Moreover, some of these biases vary over time such as concentration or the effect of learning/experience. Thus, to determine bat flight paths and their characteristics, we developed a workflow using a reconstruction of bat flight behaviour, hereafter named Bat Tracking Toolbox (BTT) workflow. This workflow, based on an algorithm, will produce a constant rate of nondetection or false detection. This aspect is of primary interest when the issue is a comparison over time.

The BTT workflow consists of four steps: (i) detection of movements, (ii) matching contour detections, (iii) concatenation of the detected paths, (iv) path classification with assignation of a probability to be a bat or not (Fig. 2) (for more detail see Supplementary Appendix S2). The first step of the BTT is a Python script that detected all moving object present in each frame, such as vehicles, birds, bats… by subtraction of the background and morphological frames. This resulted in the segmentation of the different objects on the frame (Fig. 2 step 1). In a second step, the BTT workflow linked pairs of closest detected objects between consecutive frames to obtain full and partial tracks (Fig. 2 step 2). In a third step, pairs of objects linked in the second step were grouped to form the longest possible sequences of detected objects, potentially flight paths. To avoid partially detected paths (e.g., one true path being detected as multiple 'partial' paths), the previously constituted detected paths were passed into a concatenation algorithm allowing for the absence of detection during a maximum of five consecutive frames (Fig. 2 step 3). In a fourth step, the BTT classified detected paths using Random Forest [START_REF] Cutler | Random forests for classification in ecology[END_REF] as a classification algorithm with features of full and partial tracks (Fig. 2 step 4). This part was coded in R (version 3.4.4). In order to distinguish bat flight paths from other detected paths (e.g., insects, birds), we constituted a reference dataset. This training dataset was composed of 196 short videos (average duration of 20 seconds). These videos were chosen to represent situations found in the field with various types of detections to test the robustness of the tool developed: 178 bat flight paths, eight bird flight paths, six insect flight paths and four small mammals appear in a dynamic context consisting of moving vegetation together with road traffic. These videos were all annotated manually by an experienced observer. Finally, using a Random Forest classification, all flight paths have a score between 0 and 1 (0 for non-bat and 1 for bat).

Minimising False Negatives Rate

We used the BTT for all videos filmed on the A83 highway and obtained an average of 500,000 detected paths. Each of them had a confidence score indicating a probability of being a bat flight path. Using theses confidence scores from the BTT, we aimed at determining a threshold in this confidence score minimising false negative rate (Fig. 2 step 5).

For that, at first, we checked manually 1% of the dataset (i.e., an average of 5,000 flight paths) stratified on the survey point, the class of confidence score (10 classes distributed equitably) and the month. The observer then visually classified detected paths to be a bat or not. Finally, this observer binary variable was used in a general linear model (GLM), with a binomial distribution, to model the reliability of bat identification according to the confidence score from the BTT (explanatory variable). We retained a threshold of a minimum 5% error risk as an optimum to minimise false positives and false negatives (Fig. 3).

Determination of Relative Flight Heights above the Road

For each bat flight path, we selected the lowest height value recorded within the flight path. Since a single camera was used for the evaluation of the bat flight height, it was necessary to estimate the depth of field. This was possible thanks to the landscape context which allowed the estimation of the bat crossing plan (a unique hedgerow bisected by the A83 highway) (Fig. 1B and1D).

Then, since the plan is distorted by perspective, we used projective geometry to assess bat flight height [START_REF] Coxeter | Projective geometry[END_REF] (Fig. 4A, Fig. 2 step 6). Projective geometry requires four homologous reference points between the picture and the reality (Fig. 4A, points A to D). For videos before the installation of the bat overpass, we used the back of a semitrailer at the location of the future bat overpass as a reference point [Fig. 4B 

Assessment of the Effect of the Bat Overpass Installation on Bat Flight Height

The BTT workflow applied on the video recording allowed us to estimate the height of bat flight paths crossing the road before and after the installation of the bat overpass. Using a linear mixed model (LMM, 'lme' function R package 'nlme' - [START_REF] Pinheiro | Nlme: linear and nonlinear mixed effects models[END_REF] we tested if these bat heights (our response variable) were influenced by the 'Period' (i.e., before or after installation of the bat overpass). To account for the possibility that bat flight behaviour could vary within the night [START_REF] Rydell | Timing of foraging flights of three species of bats in relation to insect activity and predation risk[END_REF], we included 'Time' (number of minutes after sunset) as a second fixed effect in our model. In order to take into account the conditions of nights (e.g., effects of weather, temporal FIG. 2. Overview of the Bat Tracking Toolbox (BTT) processes step by step correlation, seasonal effects) we tested three random effects: 'Point' (A and B) and 'Date' (year/month) separately and together using the maximum restricted likelihood (REML) of the R function lme and selected the most appropriate random effect comparing AIC values. The random effect selected was only 'Date'. Thus, the full model was written as follows:

'Bat height' ~ 'Period' + 'Time' + 1|'Date' Following the approaches of [START_REF] Chatterjee | Variance estimation in high dimensional regression models[END_REF] and [START_REF] Zuur | A protocol for data exploration to avoid common statistical problems: data exploration[END_REF], as all variables showed a VIF value < 3 and the mean VIF values were < 2, there was no evidence of multicollinearity. Following a multi model inference approach [START_REF] Burnham | AIC model selection and multimodel inference in behavioral ecology: some background, observations, and comparisons[END_REF] we generated a set of candidate models containing all possible variable combinations and ranked them by corrected Akaike information criterion (AIC). Furthermore, we evaluated the quality of our models by comparing them to the null model (including only the random effects) using Aka ike's information criterion (AIC) [START_REF] Mac Nally | Model selection using information criteria, but is the 'best' model any good[END_REF].

RESULTS

Running the Bat Tracking Toolbox workflow, we detected 268 bat flight paths: 42 before and 226 after the installation of the bat overpass (Figs. 5 and6). The average height of flying bats was 6.1 m above the road before the installation of the bat overpass and 9.3 m after (Fig. 6).

The model selected demonstrate that the installation of the bat overpass increased significantly the height of flying bats (P < 0.01 -Tables 2 and3). Moreover, the proportion of bats crossing the road at collision risk (i.e., < 5 m -Berthinussen and Altringham, 2012a) was 19.05% before and 0.89% after the installation of the bat overpass (Fig. 6). 

DISCUSSION

We demonstrated that bat flight height increased significantly after the installation of the bat overpass, thus reducing drastically the proportion of bats crossing the road at collision risk. In addition, even if this approach has not a control-impact design (BACI), our study using thermal video recordings highlights an increase of the number of bat crossings after the installation of the bat overpass. This result is congruent with a previous study based on a BACI design and involving an acoustic method (Claireau et al., 2019b).

In the present experiment, the bat overpass reduced the number of bats crossings at collision risk from 20% to 1%. Nevertheless, as suggested by [START_REF] Sołowczuk | Determinants of the performance of bat gantries installed to carry bat commuting routes over the S3 expressway in Poland[END_REF], the effectiveness of bat overpasses depend on general factors and main determinants. Indeed, our study site was located in an agricultural landscape dominated by intensive farming, with shoulders above the road (an average of 1.7 m) and fences of 2 m. In this context, bats commuting along hedgerows -themselves on embankmentsare prone to fly high above the road and probably less at collision risk (here, 80% of bat flight paths were in the safe zone before the installation of the bat overpass).

It would be important to replicate this experiment in another landscape context (less intensive agriculture, with more trees), with other configurations (road under shoulder or at the same height) and in the same seasons to confirm our findings. Also, the results might depend on the species community as all species do not behave the same way when crossing roads. In our case, the community is dominated by Pipistrellus spp. (87%) (Claireau et al., 2019b), meaning that our conclusions mostly apply to these aerial species.

Finally, the development of the bat tracking toolbox (BTT) is a useful approach to measure bat behavioural responses in before-after studies. This innovative method significantly reduces observer bias [i.e., uncertainties on the estimation [START_REF] Erwin | Observer variability in estimating numbers: an experiment[END_REF][START_REF] Cunningham | Quantifying observer heterogeneity in bird counts[END_REF][START_REF] Diefenbach | Variability in grassland bird counts related to observer differences and species detection rates[END_REF][START_REF] Frederick | Accuracy and variation in estimates of large numbers of birds by individual observers using an aerial survey simulator[END_REF], the experience [START_REF] Fitzpatrick | Observer bias and the detection of low-density populations[END_REF], learning effect [START_REF] Kendall | Firsttime observer effects in the North American Breeding Bird Survey[END_REF][START_REF] Jiguet | Method learning caused a first-time observer effect in a newly started breeding bird survey[END_REF] and their perception or representation [START_REF] Tuyttens | Observer bias in animal behaviour research: can we believe what we score, if we score what we believe?[END_REF]]. Moreover, the BTT saves considerable time in analysing thermal videos and represents a good compromise between costs and benefits.

Conclusions

Our study is one of the first evidences that bat overpasses can increase bat flight height above the road. Added to findings from Claireau et al. (2019a), who found an increase in habitat connectivity, bat overpasses are thus possibly an (partially) effective mitigation measure in road ecology. Nevertheless, we recommend to replicate this before-after study design in other study sites to confirm our findings. Finally, roads remain a loss of biodiversity and mitigation measures cannot operate alone; offset measures have to be implemented in order to have a no-net-loss of biodiversity. 

  FIG. 1. A -Location of study site; B -Sampling plan: thermal camera (red dot) and bat overpass (solid white line); C -Picture of the gantry; D -Picture of the study site before; E -Technical drawing of the gantry (Source: Institut National de l'Information Géographique et Forestière, Koox-production/VINCI-autoroutes)

  : points A and B: top of the semitrailer (height: 4 m), points C and D: the bottom of semitrailer (height: 1.2 m)] (Council of the European Union, 1985: Council Directive 85/3/EEC of 19 December 1984 on the Weights, Dimensions and Certain Other Technical Characteristics of Certain Road Vehicles). For videos after the installation of the bat overpass, we used the bottom of the bat overpass (height: 6.08 m; Fig. 4C, points C and D) and top of the bat overpass (height: 7.66 m; Fig. 4C, points A and B) (VINCIautoroutes, 2017) as a reference point.

FIG. 3 .

 3 FIG. 3. Model fitted (GLM) using different scores from BTT of successes of being a bat allocated during manual verification of detected paths from the BTT (0, no-bat; 1, bat)

FIG. 4

 4 FIG. 4. A -Illustration of the method used for the evaluation of bat flight height (Coxeter, 2003). Black border, thermal image from camera; V, target (bats); Grey area, back of a semi-trailer or bat overpass; A, B, C, D, reference points; points U & S, value respectively projected on the reference lines AB) and DC; h, distance between AB and DC; X, bat flight height from DC. B -Reference points before the installation of bat overpass. Height of A and B: top semi-trailer (4 m). Height of C and D: bottom of semi-trailer (1.2 m). C -Reference points with bat overpass. Height of A and B: bottom of bat overpass (6.08 m). Height of C and D: top of bat overpass (7.66 m)

  

TABLE 1 .

 1 Summary of the duration of thermal camera surveys before (2016) and after (2017 and 2018) the installation of the bat overpass

	Survey	Before

TABLE 2 .

 2 Estimates, standard errors and P-values of the flight height before and after the bat overpass establishment of the selected model. The before period are the intercept in this model's summary

	Variables	β	LMM'Bat height' ~ 'Period' + 'Time' + 1|'Date' S E P-value
	(Intercept)	9.133	0.487	< 0.001
	Period before	-2.955	0.782	< 0.01
	Time	/		/	/
	AIC selected model	1081.62	
	AIC null model	1089.72	

Legend: '/' -not selected in the best model

TABLE 3 .

 3 Full, selected and null models with their AIC Bat flight height before and after the installation of the bat overpass

	Models	Variables	AIC	ΔAIC selected model to null model
	Full model	'Bat height' ~ 'Period' + 'Time' + 1|'Date'	1092.42	
	Selected model	'Bat height' ~ 'Period' + 1|'Date'	1081.62	8.1
	Null model	1 + 1|'Date'	1089.72	
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