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Introduction

Wetlands are one of the ecosystems with the highest biodiversity in the world, but they are fragile and their species and habitats are among the most threatened. Indeed, the Millennium Ecosystem Assessment showed that environmental degradations are the most prominent within wetland ecosystems [START_REF] Finlayson | Ecosystems and human well-being: wetlands and water: synthesis[END_REF], with about half of the global wetland area lost as a result of human activities during the twentieth century [START_REF] Zedler | Wetland resources: status, trends, ecosystem services, and restorability[END_REF]. Water is the most important component of wetland ecosystems, controlling soil characteristics and associated plant and animal communities. Wetlands are inundated or saturated near the surface long enough to influence vegetation and fauna, resulting in species that are adapted to tolerate wet environments and that are not found in other habitats. Among them, many species of mammals depend, to diverse degrees, on wetland habitats for survival.

Dispersal plays an important role on global population survival in wetlands. Indeed, wetlands often occur as discrete patches within a matrix of upland habitat, where many wetland-dependent organisms like amphibians or invertebrates are organized as metapopulations [START_REF] Gibbs | Importance of small wetlands for the persistence of local populations of wetland-associated animals[END_REF][START_REF] Schooley | Metapopulation dynamics of wetland species[END_REF]. Their local populations are often small and thus vulnerable to extinctions caused by demographic events, diseases or natural events such as changing water levels, succession of wetland vegetation and habitat destruction by floods. In this context, dispersal among local populations is necessary to maintain the global metapopulation. The temporal fluctuations in water levels are an important factor which particularly affects small mammal assemblages [START_REF] Amori | The influ-_ ence of spring floods on small mammal communities in the Nemunas River Delta, Lithuania[END_REF]. Floods, as an extreme hydrological constraint, can even jeopardize population sustainability, depending on the level of dispersal that is possible between local populations.

However, dispersal has been poorly studied in wetland species, except for seed dispersal in hydrochorous plants [START_REF] Cunnings | Fluvial seed dispersal of riparian trees: transport and depositional processes[END_REF][START_REF] Fraaije | Spatial patterns of water-dispersed seed deposition along stream riparian gradients[END_REF]. For example, the Round-tailed muskrat (Neofiber alleni) in Florida, USA [START_REF] Schooley | Enhancing the area-isolation paradigm: habitat heterogeneity and metapopulation dynamics of a rare wetland mammal[END_REF] was shown to function as a metapopulation. But overall, little is known about the genetic structure of wetland mammal populations in these naturally patchy habitats. Especially, the influence of waterways on gene flow in small mammals is still poorly documented [START_REF] Mergey | Identifying environmental drivers of spatial genetic structure of the European pine marten (Martes martes)[END_REF], while wetlands often depend on rivers that maintain hygrophilous habitats and strongly structure the landscape. Moreover, only a few studies have addressed the effect of flooding on genetic structure of small mammal populations [START_REF] Matocq | Population genetic structure of two ecologically distinct Amazonian spiny rats: separating history and current ecology[END_REF][START_REF] Kittlein | Interactions between environmental factors can hide isolation by distance patterns: a case study of Ctenomys rionegrensis in Uruguay[END_REF][START_REF] Rocha | Seasonal flooding regime and ecological traits influence genetic structure of two small rodents[END_REF]. It is assumed that floods may have similar consequences on the patterns of genetic diversity as wildfires in heterogeneous landscapes, especially in promoting gene flow [START_REF] Pereoglou | Landscape genetics of an early successional specialist in a disturbance-prone environment[END_REF]. Indeed, because fires increase the extent of suitable habitat for some small mammals tied to open areas, isolated prefire populations expand and individuals disperse to colonize newly suitable habitat. Similarly, floods prevent the establishment of trees in wetlands and thus promote the maintenance of large areas of suitable open habitats, with increased connectivity between populations. Conversely, floods could generate massive deaths resulting in demographic bottlenecks and, as a result, reduced genetic diversity and gene flow levels.

In this study, we investigated population structure and gene flow in the harvest mouse (Micromys minutus), a threatened small mammal inhabiting wetlands. The harvest mouse is a tiny and elusive rodent, with adults weighting 7-8 g, widespread in the Palaearctic and Indomalayan regions, from Spain and Great Britain to Japanese 1 islands (Wilson and Reeder 2005). Whereas the IUCN has assigned the ''least concern'' status to this species [START_REF] Aplin | Micromys minutus[END_REF], the harvest mouse has the growing attention of scientists and naturalists in some countries like Switzerland and Great Britain where populations have declined in the past decade [START_REF] Perrow | What future for the Harvest mouse?[END_REF][START_REF] Blant | Nouvelles donne´es sur la re´partition de la souris des moissons (Micromys minutus Pallas, 1771) en Suisse occidentale et implications pour la gestion de son habitat[END_REF]. Recently, several programs of biological conservation survey and species management were planned in these countries in order to restore the populations of harvest mouse. Although its vernacular name refers to harvests, the original habitat of this species is linked to wetlands and the harvest mouse was present in Europe even before the cereal crops appeared in the Neolithic (Franck 1957). Hygrophilous and dense vegetations like reed beds, sedge and macrophyte habitats are now recognized as their main habitat [START_REF] Amori | The influ-_ ence of spring floods on small mammal communities in the Nemunas River Delta, Lithuania[END_REF]. A recent review using the diet of birds of prey confirmed that in Europe, the harvest mouse is most abundant in large wetlands [START_REF] Darinot | The Harvest mouse (Micromys minutus Pallas, 1771) as prey: a literature review[END_REF]. Furthermore, this rodent uses all three dimensions of its habitat to feed, reproduce and rest, often moving up the herbaceous compartment. As a result, this species can be expected to be less sensitive to flooding than strict terrestrial species. Finally, the harvest mouse is known to be a fast colonizer of new habitats [START_REF] Churchfield | Community structure and habitat use of small mammals in grasslands of different successional age[END_REF]), but its dispersal abilities are still unknown.

The aim of our study was to investigate the spatial scale and the landscape determinants of genetic structure in this wetland species. More specifically, the objectives of our study were to assess (i) the genetic structure of harvest mouse populations, at a regional spatial scale over several countries of Western Europe, and at a local scale in a flooded wetland in France; (ii) the effects of landscape features and floods on gene flow, at a local scale, in an area (Marais de Lavours, France) crossed by a large and embanked river (the Rhoˆne). A high level of genetic differentiation was expected between Western European populations of the harvest mouse, as it was shown in other small mammal species widely distributed in Europe, such as the common vole (Microtus arvalis) [START_REF] Heckel | Genetic structure and colonization processes in European populations of the Common vole, Microtus arvalis[END_REF] or the field vole (Microtus agrestis) [START_REF] Jaarola | Phylogeography of Field voles (Microtus agrestis) in Eurasia inferred from mitochondrial DNA sequences: phylogeography of Field voles[END_REF]. At the local scale, the study area is wide (45 km 2 ) and shows a low level of landscape fragmentation, for which a weak level of genetic structure was expected. Because the harvest mouse is known to be a good disperser, we hypothesized that it may be able to escape rising waters and then rapidly recolonize flooded areas. We hence hypothesized that floods have a weak effect on the population genetic structure of this species, similarly as in post-fire specialist mammals. The combination of both genetic structure and landscape genetic analyses will provide clues to inform conservation strategies of the species: the former will inform on the current genetic status of the different study populations (isolated or part of a larger group); the latter will enhance our understanding of which environmental factors most affect gene flow, and hence predict the potential effect of future land management actions on gene flow in the harvest mouse.

Material and methods

Study area, habitat description and sampling

The study was performed at two spatial scales: (1) a regional scale (Fig. 1a), including four sites distributed along 110 km of the Rhoˆne River in France (Prodon marsh near Geneva lake, Lavours marsh, Chautagne marsh, Saugey meander) and four sites 70-890 km away from the former (Potsdam pond in Northern Germany, Neuchaˆtel lake in Switzerland, Birieux pond, Meyranne marsh in Southern France); and (2) a local scale (Fig. 1b), focusing on Lavours marsh and Chautagne marsh, the latter being separated from the former by the Rhoˆne River. At each site, sampling was conducted in marshy habitats characterized by various plant communities, varying according to water table depth and flooding intensity (list of stations provided in Table 1, Online Resource 1).

Individual sampling was conducted between 2014 and 2016, except in Neuchaˆtel Lake (2012), using livetrapping. In each site, several stations were sampled with an average of 300 trap-nights (sampling details are provided in Table 2, Online Resource 1). Ear biopsies were taken in the field, sampling a piece of tissue of approximatively 3 mm 2 , without any injury to the animals (no bleeding in particular). Tissues were stored in 80% ethanol for DNA analysis. Tissues from Potsdam pond came from ten tail tips kindly given by the Tu¨bingen University (Deutschland), whereas tissues from the Neuchaˆtel Lake came from 13 livers (specimens numbers IZEA 7613,7617,7619,7620,7623,7624,7629,7748,7749,7571,7582,7584,7586) courtesy of the Cantonal Museum of Zoology of Lausanne (Switzerland). 

Production of polymorphic microsatellite markers

We used six of the seven polymorphic microsatellite loci previously described for the harvest mouse [START_REF] Jiang | Polymorphic Microsatellite Markers for the Harvest Mouse (Micromys minutus) in Taiwan[END_REF] see Table 1 in Online Resource 2). To increase this number, a microsatellite library was specifically developed for M. minutus by the biotechnology company Genoscreen (Lille, France www. genoscreen.fr) using the method of highthroughput pyrosequencing (454 GS-FLX Titanium, Roche Diagnostics) as described in [START_REF] Malausa | High-throughput microsatellite isolation through 454 GS-FLX titanium pyrosequencing of enriched DNA libraries: pyrosequencing of SSRenriched DNA libraries[END_REF]. From Genoscreen we received potential primer pairs for 101 microsatellite loci (83-di, 14-tri, 3-tetra and 1penta-nucleotides), among which 40 markers (22-di, 14-tri, 3-tetra, 1-penta-nucleotides) were selected and tested for amplification and polymorphism. For each primer pair, melting molecular temperature (MT) was determined with OligoCalc [START_REF] Kibbe | OligoCalc: an online oligonucleotide properties calculator[END_REF], then tested for amplification with standard polymerase chain reaction (PCR) as follows: in a final volume of 10 ll containing 5 ll of Master Mixsolution from Qiagen TM (2X), 1 ll of each forward and reverse primers at 2 lM; 2 lL water and 1 lL of genomic DNA. All microsatellite loci were amplified with the following cycling: an initial denaturation step of 15 min at 95 C, followed by 30 cycles of denaturation (30 s at 94 C), optimal annealing (90 s at the optimal temperature; see Table 1, Online Resource 2) and elongation (1 min at 72 C), and ending with a final elongation step of 30 min at 60 C. DNA amplification was evaluated on agarose (2%) gel electrophoresis.

Genotyping

Genomic DNA was extracted from ear tissues using the Red-Extract-N-Amp kit Sigma-Aldrich. Multiplex PCRs were conducted in a 10 ll reaction volume containing 3 ll of H2O, 5 ll of the Master Mixsolution from Qiagen, 1 ll of each multiplexed primer at 2 lM and 1 ll of DNA. All microsatellite loci were amplified using the same cycling as above. Forward primers were end-labeled with fluorescent dyes FAM TM , VIC, NED TM , PET (Applied Biosystems). Amplified DNA was quantified by agarose (2%) gel electrophoresis. Then 3 ll of diluted PCR product were mixed with 0.2 ll size standard GeneScan TM 500 LIZ (Applied Biosystems) and 15 ll formamide (Hi-Di [START_REF] Peakall | genalex 6: genetic analysis in Excel. Population genetic software for teaching and research[END_REF]. Allelic richness was corrected for sample size with the rarefaction approach implemented with HP-RARE 1.0 [START_REF] Kalinowski | hp-rare 1.0: a computer program for performing rarefaction on measures of allelic richness[END_REF]. Hardy-Weinberg equilibrium was tested by estimating the differences between observed and expected heterozygosities using the program GenePop 4.6 [START_REF] Rousset | genepop'007: a complete re-implementation of the genepop software for Windows and Linux[END_REF], and p-values were estimated by the Markov chain method with 100,000 dememorizations, 1000 batches and 50,000 iterations per batch.

The level of genetic divergence among sites was estimated by calculating pairwise FST according to [START_REF] Weir | Estimating F -statistics for the analysis of population structure[END_REF], and their upper and lower confidence intervals by bootstrapping among loci (10,000 permutations), using the functions genet.dist and boot.ppfst in the R package hierfstat [START_REF] Goudet | HIERFSTAT, a package for R to compute and test hierarchical F-statistics[END_REF]). We tested for isolation-by-distance among the eight sites, using the maximumlikelihood population-effects (MLPE) approach [START_REF] Clarke | Confidence limits for regression relationships between distance matrices: estimating gene flow with distance[END_REF]: we ran a mixed model where the response variable was Fst/(1-Fst), the predictor variable was the logarithm of the geographic distance among sites and site identity was included as a random factor. Mixed models were run using the mlpe_rga function (package ResistanceGA, Peterman 2018) in R 3.6.2 (R Core Team 2019).

We also looked for the presence of genetic clusters with two approaches. First, we used STRUCTURE 2.3.4 [START_REF] Falush | Inference of population structure using multilocus genotype data: linked loci and correlated allele frequencies[END_REF]. Twenty independent runs were performed for each value of K (the number of genetic clusters) between 1 and 12 (to test for the possibility of existence of several genetic clusters within the study areas) using the admixture model and correlated allele frequencies, with prior information corresponding to the location of samples (Locprior option). This option is recommended when using a reduced number of markers or small sample sizes [START_REF] Porras-Hurtado | An overview of STRUCTURE: applications, parameter settings, and supporting software[END_REF]. For each run, Markov Chain Monte Carlo (MCMC) were carried out with 106 repetitions and a 5.10 5 burn-in period. The best number of genetic clusters was inferred through both the analysis of data likelihood for each value of K (LnL(K)) and Evanno's delta(K) method [START_REF] Evanno | Detecting the number of clusters of individuals using the software structure: a simulation study[END_REF], using STRUCTURE HARVESTER v0.6.8 [START_REF] Earl | STRUCTURE HARVESTER: a website and program for visualizing STRUCTURE output and implementing the Evanno method[END_REF]. The results of genotype clustering from STRUCTURE were analyzed with CLUMPAK [START_REF] Kopelman | CLUMPAK: a program for identifying clustering modes and packaging population structure inferences across K[END_REF], which separates groups of runs representing distinct solutions and identifies an optimal cluster label alignment across different values of K, simplifying the comparison of clustering results across K. It was shown that when several hierarchical levels of population structure exist, the delta(K) method identifies the uppermost level [START_REF] Evanno | Detecting the number of clusters of individuals using the software structure: a simulation study[END_REF]. As a result, we conducted a hierarchical STRUCTURE analysis [START_REF] Coulon | Congruent population structure inferred from dispersal behavior and intensive genetic surveys of the threatened Florida Scrub-Jay (Aphelocoma coerulescens)[END_REF][START_REF] Janes | The K=2 conundrum[END_REF] to explore population subdivision. To do so, we repeated the same procedure described above (this time, with ten independent runs for each value of K between 1 and 5) on each of the genetic clusters obtained at the previous step, until no further structure was present. Because the results inferred by STRUCTURE can be altered in the presence of isolation-by-distance [START_REF] Meirmans | The trouble with isolation by distance[END_REF][START_REF] Perez | Assessing population structure in the face of isolation by distance: are we neglectingthe problem?[END_REF], we also used a discriminant analysis of principal components (DAPC), a multivariate method which allows to identify and describe clusters of genetically similar individuals [START_REF] Jombart | Discriminant analysis of principal components: a new method for the analysis of genetically structured populations[END_REF]. The DAPC was performed with the adegenet 2.0.0 R package [START_REF] Jombart | adegenet: a R package for the multivariate analysis of genetic markers[END_REF]). The number of groups K was first determined with the find.clusters function (keeping 60 principal components, based on the plot of cumulated variance). We then used a cross validation procedure (with the function xvalDapc) to assess the most appropriate number of principal components to use for the DAPC in itself. Finally, the DAPC was performed on the groups identified at the first step, based on 30 principal components and 5 discriminant functions.

Landscape genetic analyses at the local spatial scale

We first described the fine scale genetic structure within Lavours marsh and Chautagne marsh by testing for the presence of isolation by distance at this spatial scale (with the same MLPE approach as for the IBD test performed at the global scale). We also performed a spatial autocorrelation analysis, with Genalex [START_REF] Peakall | genalex 6: genetic analysis in Excel. Population genetic software for teaching and research[END_REF], based on distance classes of 500 m.

Then, we tested whether the Rhoˆne River acted as a barrier in the harvest mouse, by comparing the genetic distance of stations separated or not by the Rhoˆne, controlling for the geographic distance among them. The MLPE approach was performed on three matrices: a genetic distance matrix (Fst/(1-Fst)); a binary ''barrier'' matrix in which pairs of stations on the same side of the Rhoˆne took a value of 0, and pairs of stations on the opposite sides took a value of 1; and a geographic distance matrix (log(geographic distance among stations)). Because geographic distance and the « barrier» state are correlated, we first ran an MLPE model of genetic distance on geographic distance. We then performed a MLPE of the residuals of this first model on the barrier variable-this two-step approach allows us to assess the effect of the Rhoˆne River once the effects of the geographic distance are taken into account. This analysis was performed on a subset of 1 stations (listed in Table 1 in Online Resource 1), so that the distribution of geographic distances between the stations separated or not by the Rhoˆne was balanced (i.e. we only kept the pairs of stations that were separated by a distance ranging between 1.8 and 2.3 km).

Finally, in order to assess more finely the effects of land cover and flooding on gene flow, we took advantage of the more intense sampling in the Lavours marsh. The resistance of the different types of land cover on one hand and of the different degrees of flood intensity on the other hand, was assessed using the optimization approach implemented in ResistanceGA [START_REF] Peterman | ResistanceGA: an R package for the optimization of resistance surfaces using genetic algorithms[END_REF]. ResistanceGA is an R package which relies on a genetic algorithm to optimize resistance surfaces (i.e. GIS layers in which each cell is assigned a value representing the degree to which the corresponding land cover impedes movements-gene flow, here), looking for the set of resistance values that maximizes the correlation between genetic and resistance distances. This approach allows estimating without a priori the effect on gene flow of each type of landscape element represented in the resistance layer. Genetic distances were estimated with FST and resistance distances were calculated according to circuit theory [START_REF] Mcrae | Circuit theory predicts gene flow in plant and animal populations[END_REF][START_REF] Mcrae | Using circuit theory to model connectivity in ecology, evolution, and conservation[END_REF]), using the function Commute Distance. A linear mixed effect model with a maximum likelihood population effect parameterization was fitted to the data. In order to assess which environmental characteristics most affect gene flow in this species, we which included a large number of phytosociological units that were synthesized into nine habitat classes, taking into account the ecology of the harvest mouse: open water, large maize field, small stream with vegetation, mixed farming, wet meadows, reeds, poplar grove, forest, artificial soil (Fig. 2). We used vegetation maps at two time points to account for the potential delay between changes in land cover and their translation into the genetic structure of a population. From 1966 to 2012, the main land changes consisted in landscape fragmentation, with a reduction of wet meadows, an increase of woodlands and the emergence of largescale corn crops. We quantified those changes in habitat area and configuration between 1966 and 2012 with the Landscapemetrics R package [START_REF] Hesselbarth | Landscapemetrics: an open-source R tool to calculate landscape metrics[END_REF].

We also optimized resistance based on (iii) a map of winter flood intensity (Fig. 3), built from maps of the flood hazards of the Rhoˆne upstream on the administrative districts of Lavours marsh (French administration risk prevention units) and which consisted in four classes: unflooded artificial soil, water level below 1 m, between 1 and 1.5 m, and above 1.5 m. Finally, we used (iv) a map of emergent vegetation height, manually built (by expert knowledge) in combining vegetation and winter flood intensity maps. We identified five classes of vegetation: unflooded artificial soil, 1 completely flooded vegetation, emergent vegetation height below 1 m, between 1 and 1.5 m, above 1.5 m. The range of resistance values allowed in the iterations was 1-3500. We performed five runs for each model of resistance and we used AIC (Akaike's information criterion) to compare the performance of the different resistance surface transformations to explain observed pairwise genetic differentiation [START_REF] Peterman | Ecological resistance surfaces predict fine-scale genetic differentiation in a terrestrial woodland salamander[END_REF].

Results

New polymorphic microsatellite markers Among the 40 microsatellites tested, only 9 polymorphic loci were retrieved because 18 loci could not be amplified, 1 locus was unreadable with GeneMapper and 12 loci were monomorphic. In total, 15 polymorphic microsatellite markers were hence used in this survey (Table 1 in Online Resource 2): 9 new ones and 6 previously described by [START_REF] Jiang | Polymorphic Microsatellite Markers for the Harvest Mouse (Micromys minutus) in Taiwan[END_REF]. None of the 15 loci exhibited null alleles.

Genetic diversity

For the eight studied populations, genotypic data revealed a rather low level of diversity for all 15 loci: 76 alleles were detected in total with an average of 7.2 alleles per locus. Furthermore, the six loci from [START_REF] Jiang | Polymorphic Microsatellite Markers for the Harvest Mouse (Micromys minutus) in Taiwan[END_REF] presented twice the mean number of alleles per locus as compared to ours. Observed heterozygosity (Ho) at each locus ranged from 0.014 to 0.613, with an average value of 0.36 for all loci. Expected heterozygosity (He) at each locus ranged from 0.018 to 0.612, with an average value of 0.35 for all loci. However, microsatellites from [START_REF] Jiang | Polymorphic Microsatellite Markers for the Harvest Mouse (Micromys minutus) in Taiwan[END_REF] showed higher values than ours, with a mean Ho of 0.57 vs 0.22 and a mean He of 0.55 vs 0.22, respectively. A significant deficit in heterozygotes with respect to the Hardy-Weinberg equilibrium (HWE) was detected for the loci Mm10 and MME05 in the whole sampling (Table 1 in Online Resource 2). When applying the Bonferroni correction for multiple tests, no significant linkage disequilibrium was observed for each pair of loci. Mean allelic richness per population (AR) varied between 1.49 and 3.96, whereas seven populations exhibited private alleles (Table 1). Observed (Ho) and expected (He) heterozygosities per population ranged from 0.127 to 0.556 and from 0.159 to 0.560, respectively. Three populations significantly deviated from HWE. Genetic structure at the regional spatial scale Pairwise FST values were very low (FST\0.03) between Lavours marsh and Chautagne marsh. For all other sites, pairwise FST ranged from 0.14 to 0.71 (Table 2 in Online Resource 2) and all FST values were significant. There was a significant isolation by distance pattern at this regional spatial scale (slope = 0.1 ± 0.007).

The first analysis performed by STRUCTURE, on the whole dataset (309 individuals), showed that LnL(K) reached a plateau at K = 10 groups whereas the delta(K) approach indicated K = 2 as the most likely number of clusters (Fig. 4a). For K = 2, the 20 repetitions gave the same clustering with Lavours marsh and Chautagne marsh belonging to one group and all the other populations to the other one, with Saugey meander in an intermediate position. When looking for potential substructure within each of these two clusters, the analysis conducted on Birieux, Prodon, Neuchatel, Meyranne and Postdam (80 individuals) revealed that each of them represented a distinct cluster (Fig. 1a in Online Resource 2). The substructure analysis performed on Lavours, Chautagne and Saugey populations only (229 individuals) confirmed that Saugey meander clustered apart from the others (Fig. 1b in Online Resource 2). Finally, the STRUCTURE analysis performed on Lavours marsh and Chautagne marsh (211 individuals) revealed a very subtle level of genetic structuring, as shown by the large variability in LnL(K) values for K of 2 or more (Fig. 4b), with the station 12 of Lavours marsh that appeared genetically different from other stations of Lavours and Chautagne marshes. Basically, the 123 same results were obtained from K = 10 which identified in majority (14 out of 20 repetitions) Postdam, Meyranne, Neuchatel, Prodon, Birieux, Saugey and station 12 of Lavours marsh as separate clusters, whereas all stations of Lavours (12 excepted) and Chautagne marshes were not differentiated.

Results from the DAPC mainly confirmed the STRUCTURE analyses. On the whole dataset (309 individuals), the best number of clusters was K = 11 (Figs. 2 and3 

Landscape genetic analyses at the local spatial scale

There was a weak but significant isolation-by-distance pattern at the local spatial scale (slope = 0.02 ± 0.016).

There was significant spatial autocorrelation in interindividual genetic distances for the first distance class only (\500 m) (Fig. 4 in Online Resource 2). When controlling for geographic distance, there was no effect of the Rhoˆne River on gene flow (« barrier» estimate: 0.002 ± 0.013). In the Lavours marsh, there was a significant effect of landscape elements on dispersal movements of harvest mice as indicated by the four resistance surfaces ''habitat 1966'', ''habitat 2012'', ''flood intensity'' and ''emergent vegetation height'' that explained more variation in the pairwise FST than Euclidean distance alone (Fig. 5, and Table 1, Fig. 1, Fig. 2 in Online Resource 3). The best model was the ''emergent vegetation height'', even if the difference was small relative to ''habitat 2012 and ''habitat 1966''. The model ''flood intensity'' alone was less supported than the other three models. In the ''emergent vegetation height'' model, resistance was the highest for the emergent vegetation class between 1 m and 1.5 m (mean resistance value = 377 ± 60), which corresponds to reed beds (Fig. 6d). Caution should be taken when interpreting STRUCTURE outputs performed in the presence of isolationby-distance [START_REF] Meirmans | The trouble with isolation by distance[END_REF][START_REF] Perez | Assessing population structure in the face of isolation by distance: are we neglectingthe problem?[END_REF]. However, results of the DAPC and STRUCTURE analyses were consistent, which suggests these genetic structure results are robust. An interesting finding was that allelic richness and heterozygosity indices, which reflect the genetic diversity of populations, were the highest in populations located in very large wetlands that are associated with numerous suitable habitats for the harvest mouse: Birieux pond (AR = 3.96, Ho = 0.556), Saugey meander (AR = 3.02, Ho = 0.433) and Lavours marsh (AR = 2.66, Ho = 0.353). Conversely, allelic richness and heterozygosity indices were the lowest in populations located in small or less favorable areas, like Potsdam pond (AR = 2.5, Ho = 0.400), Prodon marsh (AR = 1.74, Ho = 0.164) and Meyranne marsh (AR = 1.49, Ho = 0.127). At a finer scale, some genetic proximity seems to exist between both Lavours and Chautagne populations and Saugey meander, which are only 37 km away from each other, following the Rhoˆne stream. As the surrounding landscape is hilly and most probably unfavorable to the harvest mouse, it is likely that the Rhoˆne functions, or has functioned, as a corridor for this species (see paragraph below), by promoting gene flow through populations located in suitable vegetation on both banks like reed beds, small wetlands associated with the river, and small channels of vegetation.

At a local scale, our major finding is that Lavours (stations 1 to 11) and Chautagne marshes (stations 14 to 17) as well as station 13 of Lavours marsh constitute one single population in the studied landscape, an area over 45 km 2 . We found no signal of isolation by distance between extreme stations (i.e. between stations 1-16, 3-15, 11-16) in this area, and no barrier effect of the embanked Rhoˆne between them. Finally, only the station 12 from Lavours marsh appeared to be differentiated from other localities. All stations from Lavours but station 12 belong to the same watershed. Station 12 is isolated from the Lavours watershed by large forest areas, which may explain why the harvest mice in station 12 belong to a distinct population, a result that could also explain the HWE deviation observed for the Lavours marsh (including stations 1-13; see Table 1 in Online Resource 1). Several studies revealed that large or embanked rivers can represent partial barriers to dispersal for small or medium mammals, such as the Rhine River in Germany for the wild cat (Felis sylvestris) [START_REF] Hartmann | Potential barriers to gene flow in the endangered European wildcat (Felis silvestris)[END_REF], large rivers of Mexico for the painted spiny pocket mouse (Liomys pictus) (Garrido-Gardun˜o et al. 2016), the North Oconee River for the white-footed mouse (Peromyscus leucopus) in the United States [START_REF] Klee | Riverine peninsulas: an experimental approach to homing in White-footed Mice (Peromyscus leucopus)[END_REF] or large streams of South Africa for the natal multimammate mouse (Mastomys natalensis) [START_REF] Russo | Landscape determinants of fine-scale genetic structure of a small rodent in a heterogeneous landscape (Hluhluwe-iMfolozi Park, South Africa)[END_REF]. But in 1 some other species, it was shown that even wide rivers do not reduce gene flow, such as the Jurua River, a wide affluent of the Amazon River, for the arboreal spiny rat (Mesomys spp.) [START_REF] Patton | Gene genealogy and differentiation among arboreal spiny rats (Rodentia: Echimyidae) of the Amazon basin: a test of the riverine barrier hypothesis[END_REF], mountain rivers in the Alps for the common shrew (Sorex araneus) [START_REF] Lugon-Moulin | Do riverine barriers, history or introgression shape the genetic structuring of a Common shrew (Sorex araneus) population?[END_REF], or the 60 m wide Kolba¨ck River in central Sweden [START_REF] Wyttenbach | Genetic structuring and gene flow in a hybrid zone between two chromosome races of the Common shrew (Sorex araneus, Insectivora) revealed by microsatellites[END_REF] for the common shrew. As our analyses did not indicate any barrier effect at the scale of our study area, we can conclude that harvest mice are probably able to cross the Rhoˆne and this was most likely the case in the past. Before it was first embanked, 240 years ago, banks had gentle slopes with dense herbaceous cover, the stream was wider than today, with a lot of small islands covered by willow thickets and herbaceous vegetation, which might have constituted suitable halts for the mice. Moreover, meanders and braided channels were numerous and probably easy to cross for such good swimmers as harvest mice. Nowadays, the Rhoˆne is embanked and the width of the stream is between 100 and 350 m, with some rare islands, which lead us to hypothesize that this river now acts as a barrier to gene flow although this remains to be demonstrated. Indeed, a time lag effect does not seem likely, given the large number of generations since the embankment happened which can be estimated at about 700 generations [START_REF] Darinot | Dispersion et structure ge´ne´tique d'une population de Rat des moissons (Micromys minutus PALLAS, 1771) soumise a` des inondations re´gulie[END_REF]. Moreover, we can hypothesize that the effective population size on both sides of the Rhoˆne could be large enough to prevent the genetic signature of a barrier effect to develop. A recent study on an endangered butterfly, the False ringlet (Coenonympha oedippus), that was conducted in exactly the same area as our survey, also showed that in the past, and perhaps also today, the Rhoˆne was not a barrier to gene flow and that the population of this butterfly probably spread over the Lavours and Chautagne marshes as a whole [START_REF] Despre´s | Inferring the biogeography and demographic history of an endangered butterfly in Europe from multilocus markers[END_REF]. Although, such a genetic homogeneity is not often observed in small mammals, another example is provided by the common vole (Microtus arvalis), which is not a wetland species and which was documented to form one population over 500 km 2 [START_REF] Gauffre | Spatial genetic structure of a small rodent in a heterogeneous landscape[END_REF]. Although no such study exists for wetland small mammals, we can however mention a study performed on the water vole (Arvicola sapidus), which conversely showed strong spatial genetic structuring, a result consistent with spatially restricted dispersal [START_REF] Berthier | Genetic structure of the cyclic fossorial Water vole (Arvicola terrestris): landscape and demographic influences[END_REF]. In other species of Muridae with good dispersal capabilities, such as the wood mouse (Apodemus sylvestris), a substructure possibly exists even at a microgeographic scale (\3 km) but in this case it was attributed to restricted gene flow due to habitat fragmentation [START_REF] Berckmoes | Effects of environmental pollution on microsatellite DNA diversity in Wood mouse (Apodemus sylvaticus) populations[END_REF][START_REF] Booth | Spatial genetic structuring in a vagile species, the European wood mouse[END_REF]). The most suitable habitats for the harvest mouse are wetland habitats, but it is not a strict wetland species as it also lives in a wide variety of interstitial and wetland connected habitats [START_REF] Harris | Breeding season, litter size and nestling mortality of the Harvest mouse, Micromys minutus (Rodentia: Muridae), in Britain[END_REF]). Thus, the lack of population genetic structure at a local scale is most likely linked to this ecological valence, allowing this rodent to use a range of habitats which make up the wetland habitat matrix.

Effects of landscape features on gene flow

Surprisingly, results from ResistanceGA revealed little differences in resistance surfaces between 1966 and 2012. In 2012, the landscape was more fragmented than in 1966 (Table 1 in Online Resource 4) with a number of landscape units growing from 259 to 458, and an average area of these units decreasing from 12.7 to 7 ha. This fragmentation was probably not strong enough to subdivide the population, probably because of high dispersal abilities (demonstrated by their low level of local genetic structuring) and rather high ecological valence of the harvest mouse. Some habitats, such as large maize fields and poplar groves, which did not exist in 1966, are now recognized as one of the causes of the destruction of wetlands in Europe and their effect on harvest mouse dispersal had to be assessed. Maize fields were assigned very low resistance to gene flow despite the fact that they constitute a poor habitat for the harvest mice [START_REF] Darinot | The Harvest mouse (Micromys minutus Pallas, 1771) as prey: a literature review[END_REF]. This result might be explained by the fact that these crops are crossed by numerous small ditches covered with very suitable vegetation (tall grasses and reeds) for the species. Large maize fields are therefore a composite habitat, representing a strong support for dispersal and thus permeable to the species movements. Poplar groves form a special type of artificial afforestation, with a very developed and dense herbaceous stratum formed by the remaining meadows that existed before tree planting. This herbaceous stratum is still somehow attractive to harvest mice, even if this habitat is degraded due to the abundance of nitrophilous plants. This could explain why ResistanceGA assigned a lower resistance to gene flow to poplar groves than to natural forests that do not have any suitable vegetation for the harvest mouse. The ''streams with vegetation'' class that corresponds to the Se´ran River (Fig. 1b) and several large ditches with tall vegetation and reed on the banks, showed resistance values in 1966 and 2012 that did not significantly differ from the resistance of reeds (Fig. 1A and 1B in Online Resource 3). These two habitat types (ditches and reed) hence similarly negatively affect harvest mouse gene flow: despite the fact that they represent suitable habitats, they were assigned high resistance values, most likely due to their role of refuge during winter floods, as explained in the next section. Indeed, even if they are in large parts different, the resistance models based on habitat on one hand and on flooding on the other hand are partly redundant, the height of emergent vegetation being dependent on the type of vegetation (i.e. land cover).

The ''forest'' class resistance was rather low in 1966, which can be explained by the fact that the woods then formed linear habitats along the streams, i.e. riparian forests, which could be easily crossed by the mice. The ''forest'' class resistance was twice as high in 2012 as in 1966 while at the same time the forest area has increased from 794 to 1154 ha, making large wooded areas in the center of the marsh: unlike riparian forests, these wooden areas are very little permeable to mice movements and therefore to gene flow.

Effects of flooding on gene flow

Interesting results on the effect of winter flooding on gene flow at the landscape scale were provided by the outcomes of ResistanceGA. These floods occur between November and March, several times each winter, with varying degrees of intensity. Among the four models tested, the best one was the ''emergent vegetation height'' model, which indicated that winter floods have an effect on dispersal, with stronger resistance in areas where the height of vegetation that emerges from water is the highest. These areas correspond to the highest and tallest reed beds, which, as discussed above, also constitute the most resistant habitat surfaces in 1966 and 2012 (Fig. 1 in Online Resource 3). Moreover, the study of the distribution of private alleles within the Lavours marsh population revealed that they are only present in the most heavily flooded stations, which is consistent with low gene flow levels (locus Mm3 in stations 1, 3, 6 and locus Mm10 in station 4, see Fig. 1b). These observations (moving upwards and presence of private alleles in the most heavily flooded stations) strengthen the hypothesis that mice do not disperse during periods of floods. When floods arise, small mammal behavior is known to depend on their mobility, attachment to their habitat and ability to find refuges [START_REF] Zhang | Recovery of a rodent community in an agro-ecosystem after flooding[END_REF]). Species that are present in the floodplain can have two kinds of response: some move toward higher ground in order to escape floods, whereas others stay in the flooded area with an amphibious way of life and seek refuges in above water vegetation [START_REF] Sheppe | The annual cycle of small mammal populations along the Chobe River, Botswana[END_REF]. We demonstrated in complementary experiments based on live-trapping and camera-traps that some harvest mice respond in the latter manner, remaining in the reed during the flood, with no apparent escape movements nor effort to disperse (unpublished results). The same behavior was observed in the Salt marsh harvest mice (Reithrodontomys raviventris halicoetes), in the San Francisco Bay Estuary (U.S.A.), which remain in vegetation above the water during high tides [START_REF] Smith | Effects of natural and anthropogenic change on habitat use and movement of endangered Salt Marsh Harvest Mice[END_REF].

Another outcome of ResistanceGA is that submerged habitats or those with less than 1 m of emergent vegetation are the least resistant to gene flow, meaning that more dispersal occurred. These habitats mainly correspond to hygrophilous meadows that are suitable for the harvest mouse during the breeding season, but during floods, they can probably no longer persist because of the lack of emergent vegetation and animals are forced to escape, thus promoting dispersal.

Contrary to our initial hypothesis, our results suggest that the effect of flooding on gene flow in harvest mouse is quite different from that of fire. Indeed, floods are able to prevent wet meadows and reed beds from being closed by the colonization of trees, and thus they maintain large areas of suitable 1 habitat with potentially high connectivity. Unlike a fire which will completely remove the vegetation in place, a flood affects very little its characteristics, and in particular its cover, density and height. Thus, the attributes of the vegetation, which correspond to different habitats for the harvest mouse, condition the mouse response to flood, which is absolutely not true for a fire which kills all mammals that remain in the vegetation, regardless of its characteristics. This is shown by the higher resistance assigned to reed beds than to wet meadows. Although floods can result in some mortality of mice due to drowning, hypothermia or increased predation by birds of prey [START_REF] Wijnhoven | Flooding ecology of voles, mice and shrews: the importance of geomorphological and vegetational heterogeneity in river floodplains[END_REF], it is not as systematic as fires.

It would be interesting to identify refuge areas at the periphery of the wet meadows, which are used by migrating mice during floods. Dispersal appears to be high in the wet meadows, implying that individuals fleeing the flood do not return breeding in their native habitat. This hypothesis should be verified with individual movement monitoring. Finally, additional studies in the reed bed (unpublished results) have shown that some mice moved over long distances (several hundred meters) in the summer, outside the flood period. These movements were not highlighted in the wet meadows. This raises the question of dispersal during the reproduction period of the harvest mouse: does this dispersal exist and how does land cover affect it?

Conclusions

In general, the hydrological functioning of wetlands and in particular the flooding events have largely unknown effects on the genetics of the populations of the animal species that develop there. Our work is one of the few devoted to assess the effects of landscape and floods on the genetics of a small wetland mammal. Our results showed that the genetic structure of a wetland small mammal population can be quite homogeneous, despite major disturbances such as floods. Concerning the apparent lack of effect of river embankment on the dispersal of a small mammal such as the harvest mouse, our results must be taken with great care and they deserve to be deepened. It is by no means certain that the artificialization of rivers has no impact on gene flow in small mammals. Our study indicates that artificial vegetation (maize fields and poplar groves) can be permeable to the harvest mouse movements when suitable habitat (small ditches or herbaceous stratum) still persist. This knowledge is not only interesting from scientific considerations, but should also be useful for the development of plans to safeguard wetland ecosystems.
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 1 Fig. 1 Geographic distribution of the eight sites sampled for harvest mice (a: regional scale; b: local scale; N: number of sampled
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 2 Fig. 2 Maps of the 1966 and 2012 vegetation in the Lavours marsh
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 3 Fig. 3 Map of winter flood intensity in the Lavours marsh (averaged on the period 1944-2014)

  in Online Resource 2) with the individuals from Meyranne, Neuchatel, Prodon and Birieux clearly representing separated genetic clusters (8, 7, 10 and 6, respectively in Fig. 2 in Online Resource 2). The individuals sampled in Lavours marsh, Chautagne marsh and Saugey meander exhibited shared membership probabilities, and the corresponding clusters (1, 3, 4, 5, 9, 11) overlapped on the Fig. 4 Results of the STRUCTURE analysis performed on a the whole sampling and b Lavours-Chautagne stations. In both cases, the top panel represents the natural logarithm of the likelihood (LnL(K)) and of delta(K) computed following the Evanno's method (2005) for K = 1 to 12 for (a) and 1 to 5 for (b). The bottom panel is the bar plot for K = 2 from CLUMPAK, representing the proportion of the genome of each individual (one bar = one individual) assigned to each cluster (one color = one cluster). The bar plot was based on twenty independent runs for (a), 10 for (b)
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 5 Fig. 5 Boxplots of mean delta AIC (over 5 repetitions) of the mixed models explaining genetic distances by resistance distances based on different representations of the landscape:

Fig. 6

 6 Fig. 6 Boxplots of resistance values per environmental variable for each model. a habitats in 1966, b habitats in 2012, c flood intensity, d emergent vegetation height. Note the different scales in the four y axes

Table 1

 1 Genetic diversity of Micromys minutus in eight study sites

		Population genetic				HWE test	
			parameters							
	Population	N	AR	AP	Ho	He	Fis	Df	Chi-sq	P
	Lavours marsh	180	2.66	4	0.348	0.380	0.112	28	65.60	0.000***
	Chautagne marsh 31	2.51	0	0.374	0.372	-0.027	22	23.45	0.377
	Saugey meander	18	3.02	0	0.433	0.436	0.020	24	15.36	0.910
	Birieux pond	37	3.96	8	0.556	0.560	0.102	28	43.80	0.029*
	Prodon marsh	9	1.74	0	0.164	0.159	-0.075	12	4.72	0.967
	Neuchaˆtel lake	13	2.33	1	0.294	0.347	0.155	26	28.00	0.358
	Meyranne marsh 11	1.49	0	0.127	0.161	0.187	12	19.98	0.067
	Potsdam pond	10	2.50	5	0.400	0.393	-0.031	22	218.83	0.012*

N sample size, AR allelic richness, AP private allele, H0 observed heterozygosity, He expected heterozygosity, Fis fixation index, HWE Hardy-Weinberg equilibrium with probability (P) noted * when significant (P\0.05), ** when very significant (P\0.01) and *** when highly significant (P\0.001) 1 DAPC. The individuals from Postdam (cluster 2) partly overlapped with the group Lavours-ChautagneSaugey and the cluster 6 of Birieux. Finally, the main difference between STRUCTURE and DAPC analyses concerned the station 12 of Lavours that appeared as differentiated from other Lavours and Chautagne stations only with STRUCTURE.
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