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Introduction

Species distribution models (SDMs) have become widely used tools in the past few years thanks to recent methodological developments that link traditional data on presence/absence of species with modern geographical data including remote sensing and geographical information systems [START_REF] Dormann | Biotic interactions in species distribution modelling: 10 questions to guide interpretation and avoid false conclusions[END_REF][START_REF] Araújo | Standards for distribution models in biodiversity assessments[END_REF]. These developments have brought new perspectives in predicting species distributions and responses to environmental changes such as climate change [START_REF] Ruesch | Projected climate-induced habitat loss for salmonids in the John Day River Network, Oregon[END_REF]Feng et al., 2020). Therefore, new tools in SDMs may give a fresh look at some problems that have remained challenging for ecologists or conservation biologists. Crayfish in Europe could be considered as an example of such a challenging problem. Crayfish are members of the infraorder Astacidea (Arthropoda: Crustacea: Decapoda) with 669 species distributed mostly in North America, Europe, and Australia [START_REF] Crandall | An updated classification of the freshwater crayfishes (Decapoda: Astacidea) of the world, with a complete species list[END_REF]. In Europe, crayfish have been important food items since the Middle-Age [START_REF] Laurent | Introductions d"écrevisses en France et dans le monde, historique et conséquences[END_REF][START_REF] Trouilhé | Etude biotique et abiotique de l"habitat préférentiel de l"écrevisse à pattes blanches (Austropotamobius pallipes) dans l"ouest de la France[END_REF][START_REF] Collas | La situation des écrevisses en France: résultats des enquêtes nationales réalisées entre 1977 et 2006 par le Conseil Supérieur de la Pêche[END_REF]. During the nineteenth century, several species of crayfish were introduced from North America to Europe resulting in the accidental introduction of Aphanomyces astaci, a fungus which is harmless to North American crayfish species but extremely pathogenic for the European ones [START_REF] Svoboda | Hosts and transmission of the crayfish plague pathogen Aphanomyces astaci: a review[END_REF]. The collapse of European native crayfish populations caused by this alien pathogen prompted the introduction of more North American crayfish during the nineteenth century and the first half of the twentieth century to maintain the economic activities linked to the harvest of crayfish in rivers (reviewed by [START_REF] Ackefors | Freshwater crayfish farming technology in the 1990s: a European and global perspective[END_REF]. Furthermore, introductions of alien species of crayfish in Europe appears to be a continuous process motivated mainly for aquaculture and concerning different species from North America and from Australia [START_REF] Kouba | Continental-wide distribution of crayfish species in Europe: update and maps[END_REF][START_REF] Patoka | Predictions of marbled crayfish establishment in conurbations fulfilled: evidences from the Czech Republic[END_REF][START_REF] Perdikaris | Freshwater crayfish distribution update and maps for Greece: combining literature and citizen-science data[END_REF]. Introduction of North American crayfish has also been reported to result in the introduction of its associated pathogen in Indonesia [START_REF] Putra | Procambarus clarkii (Girard, 1852) and crayfish plague as new threats for biodiversity in Indonesia[END_REF] and in Japan [START_REF] Martín-Torrijos | Crayfish plague in Japan: a real threat to the endemic Cambaroides japonicus[END_REF]. These new introductions pose a number of issues for the conservation of native species which can be assessed by analysing the environmental factors affecting the distributions of the native and alien species of crayfish.

The Alpine region is of special interest for crayfish conservation: its water bodies are particularly suitable habitats for most crayfish species, and it has been a historical place of crayfish culture for human consumption [START_REF] Laurent | Introductions d"écrevisses en France et dans le monde, historique et conséquences[END_REF]. As a consequence, several nonnative species were introduced in the Alps, some of them eventually have become invasive.

It is therefore particularly important to assess the ecological factors affecting the distribution of these species. Several studies have shown that introductions of non-native species of crayfish have significant impacts on local ecosystem functioning [START_REF] Reynolds | Ecological roles of crayfish in freshwater and terrestrial habitats[END_REF]. The magnitude and direction of these impacts vary depending on the species and the regions [START_REF] Lodge | Global introductions of crayfishes: evaluating the impact of species invasions on ecosystem services[END_REF]. Furthermore, crayfish consume substantial quantities of water-filtering animals and are thus important bioindicator species [START_REF] Simon | Utilisation du modèle écrevisse comme espèce bioindicatrice de pollution. Application à l"étude des transferts trophiques du cadmium[END_REF].

SDMs are tools to model the spatial distribution of animals and plants at different geographical scales. SDMs cover a number of methodological and ecological approaches and have been widely used for a range of case studies in recent decades (e.g., [START_REF] Austin | Species distribution models and ecological theory: a critical assessment and some possible new approaches[END_REF][START_REF] Franklin | Mapping species distributions: spatial inference and prediction[END_REF][START_REF] Zurell | A standard protocol for reporting species distribution models[END_REF]. Maximum entropy (MaxEnt) modelling of species distributions was proposed by [START_REF] Phillips | Maximum entropy modeling of species geographic distributions[END_REF] as an approach to use extensive geographical data (e.g., land cover, bioclimatic variables) with presence-only data on species typically collected during census survey or field observations. One of the reasons of its wide usage is that it requires only presence data for the species as input and a set of environmental layers to create maps showing where the environmental conditions are suitable for the species of interest: such spatial information is crucial when dealing with invasive species and can be used to make invasion risk management [START_REF] Anderson | Evaluating predictive models of species" distributions: criteria for selecting optimal models[END_REF][START_REF] Roura-Pascual | Spatially-explicit sensitivity analysis for conservation management exploring the influence of decisions in invasive alien plant management[END_REF]. However, invasive species modelling with MaxEnt usually violates the assumption that the species is at equilibrium with its environment and that occurrences are independent events [START_REF] Anderson | Evaluating predictive models of species" distributions: criteria for selecting optimal models[END_REF]. Nevertheless invasive species modelling has been performed with the MaxEnt algorithm by several authors [START_REF] Anderson | Species-specific tuning increases robustness to sampling bias in models of species distributions: an implementation with Maxent[END_REF][START_REF] Elith | A statistical explanation of MaxEnt for ecologists[END_REF][START_REF] Malek | Coupling traditional monitoring and citizen science to disentangle the invasion of Halyomorpha halys[END_REF], and presence-only habitat suitability models are considered comparable to a presence-absence model [START_REF] West | Field validation of an invasive species Maxent model[END_REF].

Although inspired from data mining or machine learning techniques which search patterns among a large set of variables, further works have shown that MaxEnt is actually a modelling technique closely related to regression models based on regularization or smoothing functions such as generalised additive models [START_REF] Elith | A statistical explanation of MaxEnt for ecologists[END_REF]. Therefore, the statistical significance of the relationships inferred by MaxEnt can be assessed within a likelihood framework using information criteria such as the Akaike information criterion [START_REF] Zurell | A standard protocol for reporting species distribution models[END_REF]. The basic input data to MaxEnt modelling are a vector of geographically-referenced presences of a species together with a matrix of variables describing the environment or localities where the species might be or could be present or not (the "background environmental information"). It is also possible to specify the localities where the species is certain to be absent. Besides, one has to be careful with overall apparently significant or positive results from MaxEnt which can be generated by non-statistical assessment methods such as the area under curve (AUC; [START_REF] Lobo | AUC: a misleading measure of the performance of predictive distribution models[END_REF][START_REF] Fourcade | Paintings predict the distribution of species, or the challenge of selecting environmental predictors and evaluation statistics[END_REF][START_REF] Journé | Correlative climatic niche models predict real and virtual species distributions equally well[END_REF].

In this paper, we report a modelling study of the distribution of three species of crayfish in the French Alps. We analysed data from a field survey and a set of environmental variables using a MaxEnt approach with the aim to find the factors that mostly affect the distribution of one native and two introduced species. We then discuss the observed differences among these species and the possible current and future interactions between the native species and the introduced ones.

Materials and methods

Background on species biology

Eight crayfish species occur in large numbers all over Europe in freshwater ecosystems [START_REF] Kouba | Continental-wide distribution of crayfish species in Europe: update and maps[END_REF]. In this paper, we use the recent taxonomy by [START_REF] Crandall | An updated classification of the freshwater crayfishes (Decapoda: Astacidea) of the world, with a complete species list[END_REF] Over the last decades the interest in European crayfish has grown steadily due to the recognition of serious threats on native species caused by alien crayfish species, as well as by human activities, such as habitat change, pollution, land use, fisheries and freshwater management. Many governments have introduced legislation in order to protect their native species and stop the spread of invasive species originating mainly from North America and their associated diseases, particularly aphanomycosis, also known as the crayfish plague caused by Aphanomyces astaci [START_REF] Filipová | Prevalence of the crayfish plague pathogen Aphanomyces astaci in populations of the signal crayfish Pacifastacus leniusculus in France: evaluating the threat to native crayfish[END_REF][START_REF] Grandjean | Status of Pacifastacus leniusculus and its role in recent crayfish plague outbreaks in France: improving distribution and crayfish plague infection patterns[END_REF]. Nevertheless, alien species are still being introduced and cultured in some European countries, albeit crayfish plague has had a profound impact on the distribution of native species in Europe [START_REF] Patoka | Predictions of marbled crayfish establishment in conurbations fulfilled: evidences from the Czech Republic[END_REF][START_REF] Perdikaris | Freshwater crayfish distribution update and maps for Greece: combining literature and citizen-science data[END_REF]. According to the IUCN Red List of threatened species (IUCN, 2017), two native species of crayfish in Europe are either vulnerable (As. astacus) or endangered (Au. pallipes), while two others are "data deficient" (As. pachyus and Au. torrentium). Furthermore, their population trends are decreasing (except for P. leptodactylus and As. pachyus where they are "unknown") because of both direct and indirect negative impacts from introduced species.

The ecological requirements of crayfish have been studied by several authors. According to [START_REF] Ackefors | Freshwater crayfish farming technology in the 1990s: a European and global perspective[END_REF], crayfish can live in freshwater with pH larger than 6.5 and a concentration of calcium (Ca) at least 20 mg.L -1 . [START_REF] Trouilhé | Etude biotique et abiotique de l"habitat préférentiel de l"écrevisse à pattes blanches (Austropotamobius pallipes) dans l"ouest de la France[END_REF] found that Au. pallipes can live in water up to 18 °C, a concentration of oxygen (O 2 ) of at least 5 mg.L -1 , and no more than 34 mg.L -1 of nitrate (NO 3 -). [START_REF] Regnault | Nitrogen excretion in marine and fresh-water crustacea[END_REF] in a review of nitrogen excretion in Crustacea stated that their metabolism was not affected by concentrations of ammonia (NH 3 ) up to 1.67 mg.L -1 . However, nitrites (NO 2 -) produced by the oxidation of ammonia by bacteria are generally lethal to these animals [START_REF] Regnault | Nitrogen excretion in marine and fresh-water crustacea[END_REF].

Field Data

The data for the Alpine region (South-East France, Fig. 1) were collected as part of a survey conducted in 2014 to identify crayfish distribution in metropolitan France. The territorial services of The French National Agency for Water and Aquatic Environments (now French Agency for Biodiversity) ensured the dissemination of the survey questionnaire at the level of Departments, as well as the collection and verification of data.

For rivers, canals, ponds, and lakes, the data consisted of field observations (by trapping or night observation) with systematic geolocation. In addition, data from electrofishing sampling performed for monitoring programs or local studies as well as the knowledge of local partners were mobilised for this survey.

Environmental Data

We collected different sets of environmental data in order to attempt to explain the distributions of the above crayfish species. We used a database of 126,654 streams in For the present study, we used the aggregated annual data (3,211,183 records) and selected the 216 sampling sites that were found to be located within the study area. Unfortunately, the most recent records for these sites were from 2012. In order to increase the quantity of data, we considered the data collected between 2008 and 2012. We screened data for 12 variables that we considered a priori relevant for the distribution of crayfish (see subsection Background on species biology); two of them (iron and its compounds and ammonia) were dropped at an early stage because no data were available in the study area for the selected years. The ten selected variables are described in Table 1. In order to assign these environmental data to the crayfish sampling localities, we pooled the former by catchment. We used the European database of catchments and river networks (https://www.eea.europa.eu/data-andmaps/data/european-catchments-and-rivers-network, accessed 31 July 2020). We found that 12 catchments are present within the study area. The data on the ten selected variables were averaged over the five years and the sampling sites resulting in a single value for each catchment and each variable. We also calculated the standard-deviations in order to assess the within-catchment variability of the ten variables.

Finally, we used the mean annual precipitations provided by the BioClim repository (https://www.worldclim.org/, accessed 3 August 2020) which are raster data with a resolution of 30 arc-seconds [START_REF] Fick | WorldClim 2: new 1-km spatial resolution climate surfaces for global land areas[END_REF]. We extracted the data for the study area and matched them with the rasterised water bodies described above.

Maximum entropy modelling

The MaxEnt models were fitted with the R package maxnet [START_REF] Phillips | maxnet: Fitting 'Maxent' Species Distribution Models with 'glmnet[END_REF]. In a first step, we evaluated a global model for each species with the R package ENMeval [START_REF] Muscarella | ENMeval: an R package for conducting spatially independent evaluations and estimating optimal model complexity for M AXENT ecological niche models[END_REF] in order to select the appropriate value of the regularization multiplier and the appropriate transformations of the predictors (linear, quadratic, hinge, product, or threshold) based on the smallest value of AICc [START_REF] Burnham | Model selection and multimodel inference. A practical information-theoretic approach[END_REF] returned by ENMeval. Several values of the regularization multiplier were tested (0.5, 1, 1.5, …, 4). Data partitioning by the block method was selected randomly 500 background localities to assess model performance by the AUC of the receiver operating characteristic method [START_REF] Fawcett | An introduction to ROC analysis[END_REF]. The selected model was then re-fitted with maxnet in order to visualize the effects of each predictor. The predictors with no clear effects were then removed and the reduced model was fitted with ENMeval to calculate the new value of AICc. This process was repeated as long as the value of AICc was lowered. The final model was used to calculate the predicted probabilities of presence given the observed environmental predictors. The AUC (for the training and test data) and AICc were reported for both the selected model and the full model which includes all variables listed in Table 1.

All analyses were done with R version 4.0.2 (R Core Team 2020). Geographical data were manipulated with the packages rgdal [START_REF] Bivand | rgdal: Bindings for the[END_REF] and raster [START_REF] Hijmans | raster: Geographic Data Analysis and Modeling[END_REF]. A script with all commands used for data preparation, analyses, modelling, and graphics is provided in the Supplementary Information.

Results

The sampling resulted in a total of 744 occurrences of crayfish, 695 in rivers and 49 in lakes. The caught numbers were: 541 for the white-clawed crayfish (Austropotamobius pallipes), 117 for the spinycheek crayfish (Faxonius limosus), and 64 for the signal crayfish (Pacifastacus leniusculus; Table 2). Additionally, occurrences of three other species were recorded during this survey: two occurrences of the European noble crayfish (Astacus astacus); three occurrences of the Danube crayfish (Pontastacus leptodactylus, syn. Astacus leptodactylus), a species introduced in Europe from Western Asia during the nineteenth century; and 17 occurrences of the red swamp crayfish (Procambarus clarkii), an introduced species from Central and North America. The presence of the stone crayfish (Austropotamobius torrentium) was also reported previously in the French Alps but a preliminary genetic analysis suggested a possible introduction from Croatia [START_REF] Grandjean | Bilan génétique des populations d"écrevisses autochtones de Haute-Savoie[END_REF].

For the three most abundant species, relatively large numbers of captures were done where the main land cover was herbaceous (Fig. 2). The two introduced species were also associated with water bodies since they were captured in lakes more frequently than the native white-clawed crayfish (Table 2). Furthermore, urban areas were more frequently associated with captures of the two introduced species than to the native one (Fig. 2).

We calculated the means and standard-deviations of the ten environmental variables in each of the twelve catchments resulting in 120 means and standard-deviations. In 98 cases the mean was larger than the SD suggesting that the variation among catchments was larger than the variation within-catchment. Three environmental variables were further dropped from the subsequent MaxEnt analyses: total nitrogen (N) which was strongly correlated with nitrate (r = 0.95), dissolved oxygen (DO) which did not vary much among catchments (9.5-12 mg.L -1 ), and pH which varied only slightly among catchments (8-8.3).

Figure 3 shows a summary of the modelling results for the three species. A total of 529 records of white-clawed crayfish were used for the MaxEnt modelling. The training AUC was 0.83, and the test AUC was 0.80. Four variables were found to be influential on the distribution of this species: altitude, slope, NH4, and TSS (Fig. 4). For the spinycheek crayfish, 105 records were considered as valid. The training AUC was 0.86 and the test AUC was 0.84. The five signifcant variables for this species were altitude, slope, NH4, NO3, and Ca (Fig. 5).The model computed for the signal crayfish used 59 valid presence points. The training AUC was 0.89 and the test AUC was 0.86. The significant variables in the MaxEnt model of this species were altitude, slope, NO3, NO2, TSS, and temperature (Fig. 6).

Discussion

Crayfish provide several ecosystem services from an economic or cultural point of view and because of their status in some local gastronomies [START_REF] Trouilhé | Etude biotique et abiotique de l"habitat préférentiel de l"écrevisse à pattes blanches (Austropotamobius pallipes) dans l"ouest de la France[END_REF]. Introductions of alien crayfish species have occurred in many places around the world with various impacts on local native species and ecosystems [START_REF] Vilà | How well do we understand the impacts of alien species on ecological services? A pan-European crosstaxa assessment[END_REF][START_REF] Lodge | Global introductions of crayfishes: evaluating the impact of species invasions on ecosystem services[END_REF]. Assessing the variables affecting the distributions of both native and introduced species is important to predict the interactions between these species and propose management solutions to minimise negative impacts. Furthermore, in a context of continuously global warming, animals leaving in freshwater may be particularly exposed to the ongoing temperature increase because of the structure of their habitats preventing them to disperse, although and be transported by waterbirds (e.g., ducks) over long distances, thus providing opportunities for efficient long distance dispersal. Alpine ecosystems have been shown to be particularly exposed to predicted temperature increase [START_REF] Thuiller | Are different facets of plant diversity well protected against climate and land cover changes? A test study in the French Alps[END_REF], it is therefore of particular interest to focus on the crayfish species occurring in this region.

All six species found during the survey were primarily found in rivers; however, the most frequent native species (white-clawed crayfish) was found almost exclusively in rivers (99.6%) while the two introduced species (spinycheek crayfish and signal crayfish) were found less exclusively in this habitat (71.1% and 85.9%, respectively). This suggests that these three species have different habitat requirements. Interestingly, the most influential environmental variables in the MaxEnt modelling for the white-clawed crayfish showed that this species preferred altitude around 500 m (see Figs. 3 and4). This result points to the potential sensitivity of this species to global warming. [START_REF] Capinha | Effects of climate change, invasive species, and disease on the distribution of native European crayfishes[END_REF] modelled different climate-based scenarios to show that the distribution overlaps of native and invasive crayfish species in Europe was predicted to increase in the twenty-first century, and suggested that native species might be negatively affected as a consequence of crayfish plague carried by introduced species. The two introduced species studied here showed different influential variables compared to the white-clawed crayfish. Besides, we found that the spinycheek crayfish was the most frequent species in rivers. This is in agreement with the fact that the most influential variables are quite different among these three species. These results could be due to interspecific interactions occurring in this region where the ecological preferences of a species may be affected by the presence of others. On the other hand, there are very few data about the ecological factors influencing the distributions of these three species. For instance, it is known that the spinycheek crayfish requires a substrate with silt but this species is otherwise very tolerant to other ecological variables such as water quality [START_REF] Adams | Orconectes limosus. The IUCN Red List of Threatened Species 2010[END_REF].

The three species studied here showed an effect of altitude of slope on their inferred presence although with some remarkable differences. The native white-clawed crayfish was inferred to be absent from lower altitudes (below 200 m) while the two introduced species were inferred to be most frequent at these lower altitudes. Correspondingly, the whiteclawed crayfish optimal slope was estimated to be around 10% whereas it was 0% (i.e., flat terrain) for the two others. This shows a clear contrast between the native and introduced species studied here which may be important in maintaining their coexistence in the study area.

The fact that we found a positive relationship between concentration in ammonium (NH 4 + ) and the predicted probability of presence for two species is intriguing. Ammonium and ammonia (NH 3 ) are the main products of catabolism of nitrogen-based compounds in Crustacea and are excreted by the gills [START_REF] Regnault | Nitrogen excretion in marine and fresh-water crustacea[END_REF][START_REF] Weihrauch | Ammonia excretion in aquatic and terrestrial crabs[END_REF]. The mean concentrations of NH 4 + used in our models varied between 0.04 and 0.53 mg.L -1 . These means were calculated using 780 measures (see Sect. 2.3) which varied between 0.025 and 12.07 mg.L -1 (overall mean: 0.11 mg.L -1 ). Among these, 740 measures (95%) were less than 0.23 mg.L -1 , 772 measures (99%) were less than 1 mg.L -1 , and only four measures were larger than 2 mg.L -1 . These data suggest that water in the study area had generally low concentrations of ammonium. By contrast, [START_REF] Svobodová | The relationship between water quality and indigenous and alien crayfish distribution in the Czech Republic: patterns and conservation implications[END_REF] recorded more frequent large values of this variable based on 1008 sites throughout the Czech Republic and an overall mean of 0.37 mg.L -1 . Furthermore, these authors inferred a negative effect of the concentrations in ammonium on the presence of the European noble crayfish. The positive relationship that we observed could be explained by the fact that crayfish are more abundant when they are more frequent (and maybe also other invertebrates that excrete ammonium or ammonia) resulting in more nitrogen-based metabolic waste in the water.

By contrast to ammonium, the negative relationship between concentrations in nitrates (NO 3 -) and the inferred probabilities of presence of two species was as expected and in agreement with previous studies. Interestingly, this negative effect was observed only in the two introduced species (quite clearly for the signal crayfish). [START_REF] Svobodová | The relationship between water quality and indigenous and alien crayfish distribution in the Czech Republic: patterns and conservation implications[END_REF] inferred a similar negative effect of nitrate concentration on the presence of the native European noble crayfish in the Czech Republic. It is not clear why we did not observe an effect of this chemical on the presence of the native white-clawed crayfish. Nitrates are produced by different sources, including soil bacteria. [START_REF] Trouilhé | Etude biotique et abiotique de l"habitat préférentiel de l"écrevisse à pattes blanches (Austropotamobius pallipes) dans l"ouest de la France[END_REF] mentioned that the white-clawed crayfish can tolerate concentrations of nitrates up to 34 mg.L -1 . The concentrations observed in our study were mostly well below this value: only one measure was larger than 34 mg.L -1 (overall mean: 4.6 mg.L -1 ). The difference between the native species and the introduced ones may be due to different habitat preferences. We found that the two latter species were more frequently found in human-modified habitats which could be more affected by excess of nitrates in relation to agriculture.

Overall, our results show that, giving the current distribution of the two introduced species considered here, it is unlikely that these species affect negatively the white-clawed crayfish. It seems rather that the most important threat for this native species is caused by the increase of temperature caused by global warming. On the other hand, if the introduced species continue to spread, they may provide a synergy with the increase of temperature and threaten the native populations. Consequently, if these alien species are not controlled, they may affect negatively the native species which might be already weakened by global environmental changes. In this scenario, it could be extremely interesting to continue the monitoring of the occurrences of the species in the future and compare them with the changes in the variables more affected by global warming. Moreover, since some species of crayfish seems to be sensitive to pollution that they accumulate through food chain [START_REF] Simon | Utilisation du modèle écrevisse comme espèce bioindicatrice de pollution. Application à l"étude des transferts trophiques du cadmium[END_REF], another issue that could be explored in the future is the modelling of the distribution of the different species according to the change of pollution level in freshwater. Highlights  Field survey of crayfish in the French Alps.  Six species were found, two native species and four introduced species.  One native and two introduced species were found in very small numbers.

 MaxEnt modelling of one native and two introduced species showed different significant variables affecting their distributions.  Our results suggest no negative effect of introduced crayfish species in native species.

  also indicating synonymy (syn.) with the taxonomic names widely used in the literature. Five indigenous species, Astacus astacus, Pontastacus leptodactylus, (syn. Astacus leptodactylus), As. pachypus, Austropotamobius pallipes, and Au. Torrentium; and three introduced species, Faxonius limosus, (syn. Orconectes limosus), Pacifastacus leniusculus, and Procambarus clarkii, are found distributed unevenly across the continent.
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 1 Fig. 1. (A) Map of Southwestern Europe showing the study area (in grey). (B) Locations of
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 2 Fig. 2. Frequencies of land cover associated with the captures of six species of crayfish
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 5 Fig. 5. Significant variables predicting the distribution of the spinycheek crayfish
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 6 Fig. 6. Significant variables predicting the distribution of the signal crayfish (Pacifastacus

  The stream data were then rasterized using a resolution of 30 arc-seconds. The produced raster was used to define background locations defined as places where crayfish were not observed. All cells of the raster outside water streams or still bodies were set as unsuitable for crayfish and thus excluded of the MaxEnt modelling analyses. The dimensions of a 30arc-second cell was 676 m at the southern limit and 639 m at the northern limit of the study area. The choice of this resolution allowed us to have a reasonable number of background localities for the MaxEnt analyses (see Results below). Furthermore, this allowed us to Land cover data were obtained from the European Space Agency Climate Change Initiative (ESACCI; http://maps.elie.ucl.ac.be/CCI/viewer/download.php, accessed 18 April 2018). These raster data have a resolution of 10 arc-seconds and classify land cover into 38 categories for each year starting 1992 until 2018. The data for the year 2014 were used. Out of the 38 land classes, 24 were observed within the study area which were further

	land class.
	Data on physico-chemical variables were taken from the Waterbase database of the
	Eurepean Union (https://www.eea.europa.eu/data-and-maps/data/waterbase-water-quality-
	2, accessed 31 July 2020). The full data set comprise 33,848,578 records of 873 variables
	collected over 56,464 sites between 1931 and 2017.

France for the year 2014 stored as geographical lines with a resolution of up to 1 m and the UTM coordinate reference (http://services.sandre.eaufrance.fr/telechargement/geo/ETH/BDCarthage/FXX/2014/arcgis /FranceEntiere/COURS_D_EAU_FXX-shp.zip, accessed 24 July 2020) together with a database of 45,180 still water bodies (http://services.sandre.eaufrance.fr/telechargement/geo/ETH/BDCarthage/FXX/2014/arcgis /FranceEntiere/HYDROGRAPHIE_SURFACIQUE_FXX-shp.zip, accessed 6 August 2020) with the same geographical characteristics. The streams and still water bodies within the study area were selected resulting in the selection of 9460 streams and 4804 still water bodies, and their geographical coordinates were converted into longitude and latitude to be matched with the data below. The geographical limits of the study area were taken from the Global Administrative Database (https://www.gadm.org/, accessed 24 July 2020). discard redundant information from captures that were geographically close since we considered presence/absence of the crayfish in a cell of 30 arc-seconds

[START_REF] Aiello-Lammens | spThin: an R package for spatial thinning of species occurrence records for use in ecological niche models[END_REF]

. Additionally, this matches the resolution of the coarsest data used in this study (i.e., BioClim data described below).

Elevation data were taken from the CGIAR repository (http://srtm.csi.cgiar.org/srtmdata/, accessed 19 October 2019): these are raster data with a spatial resolution of 3 arc-seconds (≈ 65 m at this latitude). The slope of each location was calculated using the altitudes of the nearby eight cells (i.e., at a distance of 65 m) and averaged among them and expressed as slope percentage. reclassified into 16 classes for the analyses below (Supplementary Information). The reclassified data were then aggregated at a 30 arc-second resolution using the most frequent Journal Pre-proof

Table 1 .

 1 Predictors used in the MaxEnt modelling analyses.

	Predictor	Full name	unit
	Altitude	Altitude	m
	Slope	Slope	%
	Land cover	Land cover class	land classes
	Precipitation	Precipitation	mm
	NH 4	Ammonium	mg.L -1
	BOD 5	Biological oxygen demand	mg(O 2 ).L -1
	DO	Dissolved oxygen	mg(O 2 ).L -1
	NO 2	Nitrites	mg.L -1
	NO 3	Nitrates	mg.L -1
	Ca	Calcium	mg.L -1
	TSS	Total suspended solids	mg.L -1
	Temperature	Temperature	°C

Table 2 .

 2 Summary of records for the six species found during the field survey.

	Species	Status in the	Lakes Rivers	Records used for
		French Alps			MaxEnt modelling
	Astacus astacus	native	0	2	-
	Pontastacus leptodactylus	introduced	1	2	-
	Austropotamobius pallipes	native	2	539	529
	Faxonius limosus	introduced	35	82	105
	Pacifastacus leniusculus	introduced	9	55	59
	Procambarus clarkii	introduced	2	15	-

Table 3 .

 3 Results of model selection for the three species (Nb. Par.: number of parameters).

	Species		Full model		Selected model
		Nb. par.	AUC	AICc Nb.	AUC	AICc
					par.		
			Train	Test		Train	Test
	A. pallipes	24	0.83	0.79 9535 12	0.83	0.80 9525
	F. limosus	25	0.87	0.82 2062	7	0.86	0.84 2044
	P. leniusculus	14	0.88	0.83 1194	9	0.89	0.86 1181
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