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movements between breeding, foraging and overwintering habitats. Understanding how amphibians move across a landscape is a key component to improving their conservation [START_REF] Pittman | Movement ecology of amphibians: A missing component for understanding population declines[END_REF].

Frog movement has been studied for decades, initially by tagging animals (e.g. Breder, Breder and Redmond, 1923;[START_REF] Martof | Home Range and Movements of the Green Frog, Rana Clamitans[END_REF], then by VHF tracking since the 1960s [START_REF] Kays | Terrestrial animal tracking as an eye on life and planet[END_REF]. These techniques allowed the study of animal movement patterns such as homing (Breder, Breder and Redmond, 1923;[START_REF] Matthews | Response of Mountain Yellow-Legged Frogs, Rana muscosa, to Short Distance Translocation[END_REF][START_REF] Mazerolle | Landscape resistance to frog movements[END_REF], home range extent [START_REF] Martof | Home Range and Movements of the Green Frog, Rana Clamitans[END_REF] and habitat selection [START_REF] Groff | Evaluation of a waistband for attaching external radiotransmitters to anurans: Attaching Radiotransmitters to Anurans[END_REF][START_REF] Groff | Hibernal Habitat Selection by Wood Frogs (Lithobates sylvaticus) in a Northern New England Montane Landscape[END_REF].

Habitat selection by animals is traditionally assessed by comparing point observation data either to the total proportion of the considered habitat in the study area or to randomly chosen locations in the area (e.g. [START_REF] Groff | Hibernal Habitat Selection by Wood Frogs (Lithobates sylvaticus) in a Northern New England Montane Landscape[END_REF].

In recent years, the advent of GPS technology has provided new opportunities for animal tracking. In particular, the ability to obtain fixes with a constant time interval and high temporal and spatial resolution [START_REF] Cagnacci | Animal ecology meets GPS-based radiotelemetry: a perfect storm of opportunities and challenges[END_REF][START_REF] Hebblewhite | Distinguishing technology from biology: a critical review of the use of GPS telemetry data in ecology[END_REF][START_REF] Christensen | Use of GPS loggers to enhance radiotracking studies of semi-aquatic freshwater turtles[END_REF][START_REF] Kays | Terrestrial animal tracking as an eye on life and planet[END_REF][START_REF] Latham | The GPS craze: six questions to address before deciding to deploy GPS technology on wildlife[END_REF] allows the use of new statistical tools such as step selection functions (SSF, Fortin et al. 2005, Thurfjell, Ciuti and[START_REF] Thurfjell | Applications of step-selection functions in ecology and conservation[END_REF]. SSF allow the study of habitat selection considering steps instead of point observations [START_REF] Thurfjell | Applications of step-selection functions in ecology and conservation[END_REF].

Habitat use and availability are considered at a local scale [START_REF] Fortin | Wolves influence elk movements: behavior shapes a trophic cascade in Yellowstone National Park[END_REF].

Alpine ecosystems are important for biodiversity but are sensitive to human development, in particular to the development of tourism infrastructure [START_REF] Strong | Effects of mountain resorts on wildlife[END_REF][START_REF] Lassen | Ecoregion Conservation Plan for the Alps[END_REF][START_REF] Sato | The Effects of Winter Recreation on Alpine and Subalpine Fauna: A Systematic Review and Meta-Analysis[END_REF], but also to global warming, pollution, overgrazing, water abstraction or the introduction of alien species (Schmeller et al., 2022). Ski resort management alters vegetation, particularly on ski runs [START_REF] Kubota | Effects of ski resort management on vegetation[END_REF], and thus alters animal habitat [START_REF] Sato | The Effects of Winter Recreation on Alpine and Subalpine Fauna: A Systematic Review and Meta-Analysis[END_REF]. Despite this, little is known about the potential effects of human winter recreation infrastructure on amphibians [START_REF] Sato | The Effects of Winter Recreation on Alpine and Subalpine Fauna: A Systematic Review and Meta-Analysis[END_REF].

In this study, we used GPS technology to track the movements of amphibians in a ski resort. Our biological model was the European common frog Rana temporaria Linnaeus 1758. This species is widespread in Europe, extending beyond the Arctic Circle, and displays several adaptive traits to the mountain environment [START_REF] Beattie | The reproductive biology of common frog (Rana temporaria) populations from different altitudes in northern England[END_REF]Ryser, 1996, Miaud, Guyetant and[START_REF] Miaud | Variations in life-history traits in the common frog Rana temporaria (Amphibia: Anura): a literature review and new data from the French Alps[END_REF]. It is also known to be sensitive to changes in the landscape matrix [START_REF] Hitchings | Genetic substructuring as a result of barriers to gene flow in urban Rana temporaria (common frog) populations: implications for biodiversity conservation[END_REF][START_REF] Johansson | The influence of landscape structure on occurrence, abundance and genetic diversity of the common frog, Rana temporaria[END_REF][START_REF] Vos | Matrix permeability of agricultural landscapes: an analysis of movements of the common frog (Rana temporaria)[END_REF][START_REF] Decout | Integrative approach for landscapebased graph connectivity analysis: a case study with the common frog (Rana temporaria) in human-dominated landscapes[END_REF]. It is therefore an excellent model species for studying how frogs move through different land covers in a human-modified mountain landscape.

The study area was located on the snow front of the Les Arcs 2000 ski resort in the department of Savoie, France (GPS coordinates: 45.569 N 6.833 E, see Supplementary Figure S1). The elevation ranged from 2050 m to 2300 m a.s.l. The landscape consisted of several features, with lowland wetlands fed by small streams and roads that traversed the landscape. The wetland was a peatland characterised by hygrophilous herbaceous vegetation (e.g. Carex sp.). The soil was waterlogged, but there was no pond or other open water. All these elements were embedded in a matrix of grassland. Shrubs and trees were absent due to human intervention.

The fieldwork took place between July and August 2017. We captured 30 frogs in the wetlands at the lowest parts of the study area using landing nets during the day and at night. We fitted them with Gipsy-5 GPS tags from TechnoSmart. As these tags do not have a remote download system, we also fitted them with radio tags (Advanced Telemetry Systems, R1605 series glue-on transmitters) in order to recover the GPS tags (Supplementary Figure S2). The GPS tags were marinized by the manufacturer with heat-shrink tubes. The radio tags were already marinized. We glued the radio tag to the GPS tag and used the technique developed by [START_REF] Groff | Evaluation of a waistband for attaching external radiotransmitters to anurans: Attaching Radiotransmitters to Anurans[END_REF] to attach them to the frogs with a waistband, as this technique was described as safe for the animals based on tests with tags weighing up to 3.8 g or 9.3% of body mass. In our study, the mean weight of the frogs was 41.0 ± 7.7 g (median = 39.9 g) so the 4.4 g tags (GPS + VHF tags) represented 10.7% of the mean body mass of the tagged animals, slightly higher than the target of 10%. The tags were programmed to record a fix every 4 hours.

Fieldwork was conducted in summer to monitor daily movements rather than migration events, as this species is known to migrate in spring and autumn. Frogs do not move much during this period [START_REF] Pittman | Movement ecology of amphibians: A missing component for understanding population declines[END_REF]. To increase the likelihood of observing movement and associated habitat selection, we released the animals at different distances from their capture points, expecting them to return to their initial position, as homing is a well-documented behaviour in amphibians (Breder, Breder and Redmond, 1923;[START_REF] Matthews | Response of Mountain Yellow-Legged Frogs, Rana muscosa, to Short Distance Translocation[END_REF][START_REF] Mazerolle | Landscape resistance to frog movements[END_REF]. Capture-release distances ranged from 21 m to 521 m (supplementary Figure S1, supplementary material S3). We deliberately chose short distances in order not to exceed the movement capacity of this species (for example, the maximum migration distance is approximately 3,000 m, [START_REF] Decout | Integrative approach for landscapebased graph connectivity analysis: a case study with the common frog (Rana temporaria) in human-dominated landscapes[END_REF].

We obtained movement data for 20 out of 30 frogs (13 males, 5 females, 2 undetermined). Ten others could not be used (frogs lost tags too quickly, tags malfunctioned, not enough fixes, etc.). We recorded a total of 456 fixes (264 for males, i.e. 20.3 per male; 177 for females, i.e. 35.4 per female; 15 undetermined, i.e. 7.5 fixes per unsexed frog), which corresponds to 22.8 ± 25.4 fixes per individual (median = 12.5) over a period of 11.2 ± 6.3 days (median = 12.2). We assumed that the difference in the number of fixes recorded between males and females was due to chance (the moment the tag detached) and not to any biological difference. We recovered 100% of the tags.

We created a land use raster combining aerial photo interpretation from the 2013 BD ORTHO database with 0.5 m resolution provided by the Institut Géographique National (IGNdownloadable at http://geoservices.ign.fr/bdortho#telechargementanc) and field observations. We used five land use classes: grassland, wetlands, watercourses, ski runs and roads. We created a watercourse class by applying a 3 m buffer around the watercourses we observed in the field. This class thus included both the watercourses and their banks. We also used a 2016 digital elevation model with 5 m resolution from the BD TOPO of the IGN (downloadable at https://geoservices.ign.fr/bdtopo#telechargement2016) from which we calculated slope. We used hourly rainfall and temperature data from the Tignes meteorological station (GPS coordinates 45.467 N 6.907 E, altitude 2084 m, distance from the study area ~13 km) provided by MeteoFrance (https://donneespubliques.meteofrance.fr/?fond=produit&id_produit=110&id_rubrique=37).

We used integrated step selection functions (iSSF, [START_REF] Avgar | Integrated step selection analysis: bridging the gap between resource selection and animal movement[END_REF] to analyse how landscape and weather covariates influence common frog movement. iSSF allow for a detailed analysis of the effect of habitat on animal movements. They are an extension of step selection functions (SSF, [START_REF] Fortin | Wolves influence elk movements: behavior shapes a trophic cascade in Yellowstone National Park[END_REF] and compare each observed step (straight line between two successive locations with a constant time interval) with randomly generated steps considered as available to the animal. We considered as available all locations reachable in a step according to the distribution of all step lengths in any direction.

iSSF then typically use conditional logistic regression approach to estimate the relative probability of selecting a given step compared to another [START_REF] Manly | Resource selection by animals: statistical analysis and design for field studies[END_REF][START_REF] Schmeller | Animal Movement Tools (amt): R-Package for Managing Tracking Data and Conducting Habitat Selection Analyses[END_REF].

However, conditional regression models that include a random effect on individuals are challenging to fit [START_REF] Craiu | Conditional Logistic Regression With Longitudinal Follow-up and Individual-Level Random Coefficients : A Stable and Efficient Two-Step Estimation Method[END_REF]. As conditional logistic regression models are likelihood-equivalent to a Poisson model with stratum-specific fixed intercepts, [START_REF] Muff | Accounting for individual-specific variation in habitat-selection studies: Efficient estimation of mixed-effects models using Bayesian or frequentist computation[END_REF] proposed a new frequentist approach to fit iSSF using the glmmTMB package [START_REF] Brooks | GlmmTMB Balances Speed and Flexibility Among Packages for Zero-inflated Generalized Linear Mixed Modeling[END_REF]. glmmTMB provides faster results

than other packages commonly used for fitting mixed-effects SSF like coxme [START_REF] Therneau | coxme: Mixed effects cox models[END_REF] or mclogit [START_REF] Elff | mclogit: Mixed conditional logit models[END_REF]) [START_REF] Muff | Accounting for individual-specific variation in habitat-selection studies: Efficient estimation of mixed-effects models using Bayesian or frequentist computation[END_REF].

We performed the analysis using the amt R package (Signer, [START_REF] Schmeller | Animal Movement Tools (amt): R-Package for Managing Tracking Data and Conducting Habitat Selection Analyses[END_REF]. We first converted our tracking data from points to steps, considering two consecutive locations of an individual as a step. We resampled with a sampling rate of 4 h with a tolerance of 1 h to remove the irregular fixes.

Each step was defined by a geo-referenced start point, a geo-referenced end point and a start date. For each step, we extracted the land use class at the start, the land use class at the end, the air temperature and the slope of the step using the step length and the elevation difference (Fig. 1A.). We used rainfall as a categorical variable (rain / no rain) and temperature as a quantitative variable in degrees Celsius. Using conditional logistic regression, we compared these covariates with those of 200 randomly generated steps for each step (Fig. 1B), as well as their effect on step length. We define 'habitat selection' as whether animals preferentially choose (or remain in) one land use class over others [START_REF] Avgar | Integrated step selection analysis: bridging the gap between resource selection and animal movement[END_REF][START_REF] Fieberg | A 'How to' guide for interpreting parameters in habitat-selection analyses[END_REF]. We define 'habitat avoidance' as an animal tending to move at high speed, i.e. long step length in a land use class it is located in, following [START_REF] Aiello | Movement models and simulation reveal highway impacts and mitigation opportunities for a metapopulation-distributed species[END_REF]. To account for homing behaviour, we introduced a 'homing' variable, i.e. the square distance from the capture location, expressed as (x -x_capture)^2 + (y -y_capture)^2, where x_capture and y_capture are the coordinates of the capture location, and x and y the coordinates of the location under consideration. We included random effects of individuals to account for multiple observations on the same individual using the package glmmTMB [START_REF] Brooks | GlmmTMB Balances Speed and Flexibility Among Packages for Zero-inflated Generalized Linear Mixed Modeling[END_REF].

We started the analysis with a full model including all 8 covariates (effect of sex on step length, habitat selection, habitat avoidance, slope, effect of slope on step length, effect of rainfall on step length, effect of air temperature on step length and homing). We performed model selection by removing covariates one by one on the basis of the best Akaike's Information Criterion (AIC) gain and keeping the variables whose effect was significant on the basis of 95% confidence intervals. If a variable showed a significant interaction effect (e.g. step length x slope), we kept the base variable in the model in addition to the interaction following [START_REF] Brooks | GlmmTMB Balances Speed and Flexibility Among Packages for Zero-inflated Generalized Linear Mixed Modeling[END_REF]. We treated the homing variable differently, keeping it in the first models as part of the experimental design. We tested the effect of removing it at the end of the selection process, though, for illustrative purposes. Following [START_REF] Burnham | Multimodel Inference: Understanding AIC and BIC in Model Selection[END_REF] and [START_REF] Mazerolle | Improving data analysis in herpetology: using Akaike's Information Criterion (AIC) to assess the strength of biological hypotheses[END_REF], we considered the model with the lowest AIC as the best supporting model. Finally, for easier interpretation we also calculated the Akaike weights to represent the relative likelihood of each model.

Males moved significantly greater distances between steps than females (mean step length: 7.5 m versus 3.8 m, Wilcoxon test with P < 1e-9).

The best performing model including homing (as part of the experimental design) is the model including habitat avoidance, habitat selection, slope and the interaction of step length and slope (model 'no sex, no weather', Table 1).The effects of sex, air temperature and rain were not included. The homing effect was also not significant and did not appear in the best model ('No sex, no weather, no homing', Table 1). Three models had an Akaike weight >0.10. The model estimates and confidence intervals were very similar from one model to another, making interpretation easier.

Slope

A significantly negative regression coefficient (-0.152 [-0.274, -0.031] in the best performing model) for the interaction of slope and step length ('slope x step length' covariate) was included in all models (Table 1). This means that in our experiment the frogs moved more slowly in the steep areas than in the low slope areas. Note that we kept the 'slope' covariate as a main effect in all models that included the 'slope x step length' interaction, as it is recommended to keep all covariates as main effects that are included as interactions [START_REF] Brooks | GlmmTMB Balances Speed and Flexibility Among Packages for Zero-inflated Generalized Linear Mixed Modeling[END_REF].

Habitat selection

The regression coefficient for each habitat represents selection relative to grassland (which is considered the default habitat). In each model, watercourses were more attractive than any other land cover (Table 1). The effects of wetlands and ski runs were not significant, and roads did not appear in the models due to lack of data (we did not have registered locations on roads).

Habitat avoidance

Habitat avoidance was included in each model (Table 1). Ski runs were significantly (estimate = 0.686 [0.168, 1.204] in the best performing model) more avoided than grassland (i.e. frogs located on ski runs tended to move faster). Wetlands and watercourses did not differ from grassland in terms of frog avoidance.

To our knowledge, no such study using high-resolution tracking at fixed time intervals has been conducted on frogs yet. Nevertheless, the study of amphibian movements at small temporal and spatial scales could be valuable for better understanding their behaviour and scaling from the individual to the population scale [START_REF] Pittman | Movement ecology of amphibians: A missing component for understanding population declines[END_REF]. A possible reason for the lack of such studies may be the relatively large weight of GPS tags compared to the average weight of an amphibian [START_REF] Thomas | Wildlife tracking technology options and cost considerations[END_REF]. Only recently has the miniaturization of GPS technology reached a point where it is available for amphibian studies.

Our results confirmed some preferences in the way Common frogs move through different land covers. For example, we have demonstrated that the frogs tend to be attracted to watercourses in summer. This is in line with studies showing a preference for aquatic summer habitats in the mountains [START_REF] Turchin | Quantitative analysis of movements: measuring and modeling population redistribution in animals and plants[END_REF][START_REF] Cogălniceanu | Aquatic habitat use by amphibians with specific reference to Rana temporaria at high elevations (Retezat Mountains National Park, Romania)[END_REF]. The integrated step selection function allowed us to explore the effect of various covariates on movement speed as well as resource selection, providing a more complete picture than a classical resource selection model. In particular, we found that frogs were able to move faster when placed on a presumably unsuitable land use (ski runs) than when placed on a more suitable habitat such as a wetland. We interpret this as a repulsive effect of unsuitable habitats.

The choice of method for attaching transmitters to amphibians is always challenging because of the high risk of injury due to the softness of their skin [START_REF] Bull | Comparison of two radio transmitter attachments on Columbia spotted frogs (Rana luteiventris)[END_REF][START_REF] Muths | A Radio Transmitter BeJt for Small Ranid Frogs[END_REF][START_REF] Groff | Evaluation of a waistband for attaching external radiotransmitters to anurans: Attaching Radiotransmitters to Anurans[END_REF]. With the type of harness we chose based on the literature, we experienced a 100% injury rate (in particular, we observed traces of skin lacerations), which is much higher than that obtained with lighter radio transmitters [START_REF] Groff | Evaluation of a waistband for attaching external radiotransmitters to anurans: Attaching Radiotransmitters to Anurans[END_REF]. Therfore, while the use of GPS transmitters for frog movement studies is promising, improved techniques for attaching external transmitters to animals are needed to prevent animal injury. Further research is needed to improve the attachment system, for example by testing harnesses higher on the body, until even lighter GPS tags become available.

The behaviour of the Common frog changes considerably during the year [START_REF] Miaud | Variations in life-history traits in the common frog Rana temporaria (Amphibia: Anura): a literature review and new data from the French Alps[END_REF]. This study was only conducted during the summer when adults are mainly foraging and resting. The sedentary nature of the species in summer, coupled with the short battery life, led us to relocate the frogs for the purposes of the experiment. As a result, the observed movements and space use may differ from natural movements of the species at this time of year. Summer movements represent only a small part of the frogs' movements: they also move during juvenile dispersal and adult migrations [START_REF] Pittman | Movement ecology of amphibians: A missing component for understanding population declines[END_REF]. A promising extension of this work would be to replicate it during one of these phases.

They are relatively short, and a battery life of just a few days or weeks might be sufficient to study these events.

Our study contributes to the knowledge of the movements of the Common frog through different land cover at very fine temporal and spatial scales. Technological advances will provide new opportunities in the future to track smaller animals for longer periods of time. This will allow us to better understand the movement of small animals across the landscape and the impact of human infrastructure on these movements. Our results are relevant from a conservation perspective in human-transformed mountain landscapes. 

Figure and table legends

Figure1.

  Figure1. Frog movement modelling. Considering a constant time interval (4 hours), a step was defined by a start point, an end point and a start date T. For each step, we

Table 1 .

 1 Results of the models analysed. For each covariate, the coefficient estimate, standard error and 95 % confidence intervals (95 % CI). The differences in AIC with the best performing model are shown as ΔAIC, i.e. as the Akaike weight. Significant results

	at	95%	are	shown	in	bold.
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