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Introduction

To efficiently manage rare and threatened species, it is important to understand their population dynamics and identify the current threats acting on them [START_REF] Oostermeijer | Temporal and spatial variation in the demography of Gentiana pneumonanthe, a rare perennial herb[END_REF]. Long-term demographic surveys are needed to obtain accurate information on species life-history and identify biotic or abiotic factors that affect population dynamics [START_REF] Waite | The effects of different management regimes on the population dynamics of Ophrys sphegodes: analysis and description using matrix models[END_REF][START_REF] Fieberg | Stochastic matrix models for conservation and management: a comparative review of methods[END_REF][START_REF] Fréville | Spatial and temporal demographic variability in the endemic plant species Centaurea corymbosa (Asteraceae)[END_REF][START_REF] Pfeifer | Long-term demographic fluctuations in an orchid species driven by weather: implications for conservation planning[END_REF]. Assessing the relative impact of these factors is a central issue in ecology [START_REF] Harper | Population Biology of Plants[END_REF][START_REF] Horvitz | The 'relative' importance of life-history stages to population growth: prospective and retrospective analysis[END_REF][START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. However, for rare and endangered species, the number of long-term studies, especially on plants, is still low while crucially needed for their conservation [START_REF] Fréville | Spatial and temporal demographic variability in the endemic plant species Centaurea corymbosa (Asteraceae)[END_REF][START_REF] Jacquemyn | Long-term dynamics and population viability in one of the last populations of the endangered Spiranthes spiralis (Orchidaceae) in the Netherlands[END_REF]. Matrix population models are powerful tools to identify key demographic transitions (Hayward and Mc Donald 1997;Jimenez-Sierra et al. 2007), to assess the impact of environments [START_REF] Ehrlén | Land use and population growth of Primula veris: an experimental demographic approach[END_REF][START_REF] Ghimire | Demographic variation and population viability in a threatened Himalayan medicinal and aromatic herb (Nardostachys grandiflora): matrix modeling of harvesting effects in two contrasting habitats[END_REF], to perform viability analyses (PVA; [START_REF] Menges | Population viability analyses in plants: challenges and opportunities[END_REF][START_REF] Reed | Emerging issues in population viability analysis[END_REF] and to suggest conservation actions [START_REF] Enneson | Using long-term data and a stage-classified matrix to assess conservation strategies for an endangered turtle (Clemmys guttata)[END_REF][START_REF] Lubben | Management recommendations based on matrix projection models: the importance of considering biological limits[END_REF].

Moreover, construction of deterministic and stochastic models [START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF][START_REF] Morris | Quantitative conservation biology: theory and practice of population viability analysis[END_REF] allows making projections of demographic trajectory.

The effects and contributions of the different life-history parameters to the variation of population growth rate can be identified using life-table response experiments (LTRE), i.e. variance decomposition into contributions to the change of asymptotic growth rate [START_REF] Caswell | Analysis of life table response experiments II. Alternative parameterizations for size-and stage structured models[END_REF][START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. Classic deterministic projection matrices, variance decomposition and analyses of variation of the vital rates (log-linear models and generalized linear models, [START_REF] Caswell | Analysis of life table response experiments II. Alternative parameterizations for size-and stage structured models[END_REF][START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF] allow investigating the occurrence of spatial and/or temporal variability of demographic vital rates. One can thus assess the impact of environmental variation and the relevance of stochastic demographic projection models [START_REF] Morris | Quantitative conservation biology: theory and practice of population viability analysis[END_REF].

Demographic analyses are sometimes not sufficient to fully understand the processes acting on population dynamics. For rare species which often occur as small and isolated populations, genetic stochasticity could have severe demographic consequences [START_REF] Oostermeijer | Integrating demographic and genetic approaches in plant conservation[END_REF]. Drift load, that is the random increase of frequency of deleterious alleles or their random fixation, may lead to decreased fitness components (individual survival rates and fecundities) at the population level. For a self-incompatible species, the decrease of the number of S-alleles through genetic drift could lead to an Allee effect leading to reduced fecundity [START_REF] Willi | A threefold genetic allee effect: population size affects cross-compatibility, inbreeding depression and drift load in the selfincompatible Ranunculus reptans[END_REF][START_REF] Wagenius | Patch Aging and the S-Allee Effect: Breeding System Effects on the Demographic Response of Plants to Habitat Fragmentation[END_REF][START_REF] Leducq | An experimental study of the S-Allee effect in the self-incompatible plant Biscutella neustriaca[END_REF]. Finally, on the long-term, genetic drift could reduce standing variation and thus evolutionary potential. However, the importance of genetic impacts on extinction risks is still debated in the literature [START_REF] Lande | Genetics and demography in biological conservation[END_REF][START_REF] Caughley | Directions in conservation biology[END_REF][START_REF] Spielman | Most species are not driven to extinction before genetic factors impact them[END_REF][START_REF] Frankham | Genetics and extinction[END_REF] and few studies have tried to integrate both demography and genetic approaches [START_REF] Newman | Increased probability of extinction due to decreased genetic effective population size: experimental populations of Clarkia pulchella[END_REF][START_REF] Menges | Demographic viability of populations of Silene regia in midwestern prairies: relationships with fire management, genetic variation, geographic location, population size and isolation[END_REF][START_REF] Brook | Contribution of inbreeding to extinction risk in threatened species[END_REF][START_REF] Jacquemyn | Effects of agricultural land use and fragmentation on genetics, demography and population persistence of the rare Primula vulgaris, and implications for conservation[END_REF][START_REF] Fréville | Spatial and temporal demographic variability in the endemic plant species Centaurea corymbosa (Asteraceae)[END_REF][START_REF] Proctor | A comparative analysis of management options for grizzly bear conservation in the US-Canada trans-border area[END_REF]Endels et al. 2007a;[START_REF] Brito | Is the Atlantic Forest protected area network efficient in maintaining viable populations of Brachyteles hypoxanthus?[END_REF] whereas they likely constitute the best approach to efficiently manage endangered species [START_REF] Menges | Population viability analyses in plants: challenges and opportunities[END_REF][START_REF] Asquith | Misdirections in conservation biology[END_REF]). Unfortunately, the only two software-packages allowing to integrate genetic effects in population viability analyses, Vortex [START_REF] Lacy | Vortex -a Computer-Simulation Model for Population Viability Analysis[END_REF] and RAMAS [START_REF] Akçakaya | RAMAS Metapop: Viability Analysis for Stage-structured Metapopulations (version 4.0)[END_REF] only consider age-structured, rather than stage-structured populations. They thus cannot be used for most long-lived perennial plants, let alone plants with particular mating systems such as self-incompatibility. Until such a software is developed, one has to analyse the two kinds of information separately, or develop one's own model (as done by [START_REF] Kirchner | Modelling the dynamics of introduced populations in the narrow-endemic Centaurea corymbosa: a demo-genetic integration[END_REF][START_REF] Hoebee | Integrating population demography, genetics and self-incompatibility in a viability assessment of the Wee Jasper Grevillea (Grevillea iaspicula McGill., Proteaceae)[END_REF]).

Finally, very few studies have tried to combine data on demography and genetics with ecological data to assess the respective impact of these factors on population dynamic of a rare plant species [START_REF] Burgman | A stochastic model for the viability of Banksia cuneata populations: environmental, demographic and genetic effects[END_REF]Lamont 1992, Oostermeijer 2000). In the present study, we aim at documenting the genetic (microsatellites and S-locus) and demographic status of four populations of a protected species, and at explaining the observed differences among years and among populations in transition parameters by various factors, including diversity at the S-locus, ecological characteristics and climate. Furthermore, we monitor microsatellite diversity at a ten-year interval to document the amount of differentiation among populations and its evolution, confirm the spatial pattern of local genetic diversity, and document potential bottlenecks.

In Corsica, about 13% of plant species are endemic [START_REF] Jeanmonod | Flora Corsica[END_REF] and most of them need management for their conservation. Brassica insularis Moris (Brassicaceae) is listed in the French Red Book [START_REF] Olivier | Livre Rouge de la Flore Menacée de France. Tome 1. Espèces prioritaires[END_REF] of endangered species and protected by European "Habitat Directive". This species is endemic to the Mediterranean region. Demographic surveys of four populations in Corsica were initiated in 2000. Using a combination of demographic analyses, projection models and genetic analyses (performed in 2000 and[START_REF] Laikre | Neglect of Genetic Diversity in Implementation of the Convention on Biological Diversity[END_REF][START_REF] Petit | Gene flow and local adaptation in two endemic plant species[END_REF]Glémin et al. 2005[START_REF] Glémin | Consequences of low mate availability in the rare self-incompatible species Brassica insularis[END_REF] present study), the aim of the present study is to assess the viability of these four populations and evaluate the most efficient management for each of them. From the ten-year demographic dataset available, we used deterministic and stochastic matrix models combined with genetic, ecological and climatic data to answer the following questions: (1) Do populations have different demographic dynamics? (2) Is there significant variation in vital rates among populations and years? (3) Is there any relationship between vital rates and environmental variables? (4) Is there any evidence for an impact of genetic stochasticity through time? And finally, (5) can populations persist in the future? We then suggest potential management strategies for each population of this rare and endemic species.

Material and Methods

Study species, demographic and environmental data

Brassica insularis (Brassicaceae) is a rare Mediterranean species of the Brassica oleracea group. Its distribution is restricted to small, isolated populations in Corsica (with 9 known populations), Sardinia (17 populations), Tunisia (5), Algeria (1) and in Pantelleria island, near Sicily [START_REF] Snogerup | Brassica sect. Brassica (Brassicaceae). I. Taxonomy and variation[END_REF]). The species is found primarily on limestone or schist cliffs at elevations of 300-1000m. It is a perennial, insect pollinated species, which flowering period extends from March to May with only a small proportion of individuals flowering in any given year. Seedlings emerge in autumn. As in other Brassica sp., there is a sporophytic self-incompatibility system (see [START_REF] Hiscock | Pollen recognition and rejection during the sporophytic self-incompatibility response: Brassica and beyond[END_REF] for a review).

We studied four Corsican populations localised from north to southeast (Fig. 1 1). Based on estimations of population sizes in 2003 (Glémin et al. 2005), we estimated that we have been following about 12.5% of all the individuals in Teghime, 20% in Corbaghiola, 27% in Inzecca, and 100% in Calcina.

To assess ecological differences among populations, in 2007 we measured the magnitude of intra and interspecific competition experienced by each individual both semiquantitatively (as "null", "low", "medium" or "high") and qualitatively (competition with herbaceous plants, woody plants or both). Because the type of substrate may differ in moisture and stability, it was recorded and three categories were defined: bare soil, grassy soil and scree. The presence of herbivorous aphids was also recorded since 2000; aphid attacks occurred mainly on inflorescences and could have an impact on fecundity.

Finally, daily data from April 1999 to May 2009 obtained from four meteorological stations (Météo France) localised in the vicinity of each population (less than 10 km away)

were collected and we corrected the data for the altitude (subtracting or adding one Celsius degree per 100m when the altitude of the meteorological station and the site differed). The meteorological variables described the basic climatic conditions at each site (i.e. temperatures and precipitations). For each time period, these variables were: (a) the minimum of mean day temperature per month for the winter months (from October to March), (b) the maximum of mean day temperature per month for the summer months (from April to September), (c) the cumulative degree day for the year (in Celsius degree), (d) the cumulative rainfall for the year (in mm), (e) the total number of rain events > 0.1 mm and < 1mm per year and (f) the total number of rain events >1mm per year.

Demographic analyses

We analyzed our demographic data using two different softwares, which handle environmental stochasticity in different ways. For most demographic analyses, we used the POPBIO package [START_REF] Stubben | Estimating and analyzing demographic models using the popbio package in R[END_REF] from the R statistical freeware (R version 2.6.0). For viability analyses, we also used RAMAS/Metapop [START_REF] Akçakaya | RAMAS Metapop: Viability Analysis for Stage-structured Metapopulations (version 4.0)[END_REF], so that we could compare the results from the two analyses (see below for the specific description of each analysis).

Matrix model construction and asymptotic growth rates -Based on survival and fecundity data, we built a projection matrix model [START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]) and a three stages life-cycle with a one-year time step: (1) seedlings (<1-year old), (2) vegetative adults (always at least 1-year old) and (3) flowering plants (always at least 2-year old) (Fig. 2). We estimated the transition probabilities probabilities a ij from survival and flowering probabilities (see Fig. 2). Matrix elements were calculated per population and per year. No individual fecundity or early juvenile survival was available (f and s 0 , Fig. 2). Thus, fecundity and seedling establishment and survival could not be analysed separately, and the matrix element a 13 only contains a single vital rate 'reproduction': the ratio of the number of seedlings observed a given year divided by the total number of flowering plants observed in the same population the previous year. No data on the soil seed bank or dormancy was available.

However, because we estimated the fecundity term a 13 from seedlings in t+1 and flowering plants in t, the presence of a seed bank should not affect our demographic projections, unless no flowering plant occurred in a given year t, a situation which never happened in this 10-year study. Furthermore, for a long-lived species such as B. insularis, soil seed bank is likely to have a low impact on population dynamics [START_REF] Olano | Prediction of plant cover from seed bank analysis in a semi-arid plant community on gypsum[END_REF][START_REF] García | Life span corelates with population dynamics in perennial herbaceous plants[END_REF]. Therefore, we did not include a seed stage in the life-cycle (as, e.g., in [START_REF] Fréville | Spatial and temporal demographic variability in the endemic plant species Centaurea corymbosa (Asteraceae)[END_REF][START_REF] Jongejans | Demographic vulnerability of the clonal and endangered meadow thistle[END_REF]. Our model did not include either any seed dispersal among populations, as genetic differentiation and geographical distances both suggest that such dispersal events were very unlikely [START_REF] Petit | Gene flow and local adaptation in two endemic plant species[END_REF]Glémin et al. 2005; present study).

For each population and each pair of years, the asymptotic growth rate λ a was calculated as the dominant eigenvalue of the corresponding matrix [START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. For each population, we also calculated the mean asymptotic growth rate λ a for the 10-year dataset, using a mean matrix obtained by averaging each transition parameter over 10 years. Contribution of vital rates variation to the variance of λ a -To assess how variation in the vital rates contributed to the variation of asymptotic growth rate λ a among years and populations, a life-table analysis response (LTRE) was performed [START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. We used the 36 values of λ a corresponding to all combinations of population (4) * pairs of years (9) combinations. In terms of higher level vital rates a ij , the variance of λ a is expressed as:

V(λ a ) ≈ ∑ ij ∑ kl C(a ij , a kl ) (δ λ a /δa ij ) (δ λ a /δa kl )
with C ( a ij, a kl) the covariance of the vital rates a ij and a kl , and δx representing small variation in variable x. In terms of the lower-level vital rates, the variance of λ a is expressed as:

V(λ a ) ≈ ∑ ij C(x i , x j ) (δ λ a /δx i ) (δ λ a /δx j )
with C(x i , x j ) the covariance of the lower-level vital rates x i , and x j . In both analyses, the contribution of each vital rate variation was calculated as the sum of the contributions for all the covariances involving that rate [START_REF] Horvitz | The 'relative' importance of life-history stages to population growth: prospective and retrospective analysis[END_REF][START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF].

Population stable stage distributions -To test for differences in population stage distribution, and to test the hypothesis that each population was at demographic equilibrium, the stable stage distribution was calculated based on the arithmetic mean matrix over the 10 years [START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. We then compared the expected stable stagedistribution to the observed stage-structure for each population and each year using a G-test [START_REF] Sokal | Biometry: the principles and practice of statistics in biological research[END_REF].

Spatio-temporal variation: log-linear analysis and generalized linear models -To investigate the statistical significance of spatio-temporal variation in transition probabilities, we performed log-linear analyses. All plants were classified into stage classes each year, including an extra class for dead plants. Loglinear analyses were performed on a four-way contingency table defined by the following factors: state S (stage of each individual at time t), population P and year Y, and fate F (stage of the individual at time t+1). In our model, P, Y and S were considered as explanatory variables, and F as the response variable [START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. The (sequential) effects of year Y, population P and their interaction on transition probabilities were assessed by a model selection approach using the Akaike's information criterion (AIC, [START_REF] Burnham | Model selection and inference: a practical informationtheoretic approach[END_REF][START_REF] Caswell | Matrix population models: construction, analysis and interpretation[END_REF]. To analyse the pattern of variations of lower-level vital rates, survival (s x ) and flowering (p y ) probabilities, we performed generalized linear models using a logit-link function and specifying binomial error. The relevance of adding the effects of year Y, population P and their interaction to explain the variations of these vital rates were tested by comparing the models based on AIC selection criteria. The tests for population differences in fecundity (f) and in early juvenile survival probability (s 0 ) were not performed due to the absence of individual values.

Population stochastic growth rates and quasi-extinction probability -We used computer simulations to calculate a stochastic growth rate (λ s , [START_REF] Morris | Quantitative conservation biology: theory and practice of population viability analysis[END_REF]. To generate environmental stochasticity, we used the POPBIO package in R [START_REF] Stubben | Estimating and analyzing demographic models using the popbio package in R[END_REF] which allowed choosing randomly one of the matrices for each year (assuming equal probability among the 9 matrices) and multiplied it by the most recent population vector. It allowed calculating, for each population, the stochastic lambda for t = 50 years with 5000 replicates to estimate the 95% CI.

The quasi-extinction threshold is the population size below which the population is likely to be critically and immediately imperilled [START_REF] Ginzburg | Quasi-extinction probabilities as a measure of impact on population growth[END_REF]). For a whole population, a population size below n = 50 could be considered highly endangered assuming that under this threshold the demographic stochasticity becomes particularly important [START_REF] Menges | The application of minimum viable population theory to plants[END_REF][START_REF] Menges | Stochastic modelling of extinction in plant populations[END_REF][START_REF] Lande | Risks of population extinction from demographic and environmental stochasticity and random catastrophes[END_REF][START_REF] Lande | Anthropogenic, ecological and genetic factors in extinction and conservation[END_REF]. However because such threshold would be arbitrary and could depend of many other factors (e.g., the species life span, its mating system, its incompatibility system), using POPBIO we calculated for each population the cumulative probability of extinction (CPE) for a short-time t = 50 years and different quasiextinction thresholds (n = 50, 30, 20, 10, 5 and 1). Following [START_REF] Morris | Quantitative conservation biology: theory and practice of population viability analysis[END_REF] we performed one run with 5000 replicates for each population. Estimates of CPE per population were performed with the stage distribution of individuals corresponding to the mean stage distribution for the 10 years for each population. The initial population sizes we used were 2000, 500, 300 and 100 for Teghime, Inzecca, Corbaghiola and Calcina respectively. These values were consistent with population sizes estimated by Glémin et al. (2005).

We also ran simulations with RAMAS/Metapop, which uses a different method to model environmental stochasticity, under various scenarios. Instead of randomly sampling matrices as does POPBIO, RAMAS samples transition probabilities from a log-normal distribution with mean value equal to the estimated mean parameter value. Total survival for a given stage is the sum of all non-reproductive transitions from that stage to all other stages. If this sum is close to 1 and the standard deviations are also large, the sampled survival rates may add up to a number larger than 1. Since survival rates are constrained to be less than or equal to 1, survival rates will be reduced to make the sum equal to 1. If such truncations happen frequently during a simulation, the simulated survival rates will be smaller than what was entered in the model. To fix this problem, we imposed (as suggested in the Help file of RAMAS) a correlation of -1 between the largest stage-specific survival rate and other survival rates in the same column. This option is akin to assuming that the (environmental) correlation among survival rates is not perfect. In addition, we assumed that fecundity and survival rates were correlated, with the result that largest survival rates would also be negatively correlated with fecundities. For each parameter set, we ran 5000 replicate simulations during 200 time steps (years).

We first assumed that none of the populations was regulated by density, and used the same initial population sizes as above. We assumed an extinction threshold of 1, thus neglecting a likely Allee effect due to self-incompatibility. Because for each population the mean asymptotic growth-rate was close to 1, we then hypothesized that each population was in fact regulated by density. We modeled a scramble type of density-dependence, assuming that the fecundity term was regulated by the number of flowering adults (and hence also by the number of competing seedlings) the previous time step. We also assumed an Allee effect with a threshold value of three individuals. We ran simulations with same initial population sizes as above, with carrying-capacity and maximum growth-rates more or less consistent with the observed stage matrix. We used two values of the maximum growth rates: 1.01 (consistent with the observed stage matrix) and 1.09 (less consistent). We considered that in populations Calcina, Corbaghiola and Inzecca, populations were slightly over their carrying-capacity K (hence their observed asymptotic growth-rate lower than 1), whereas Teghime was below (hence its growth-rate above 1). We assumed initial population sizes (and carrying-capacities) of 100 (K=80), 300 (K=280), 500 (K=480) and 2000 (K=2500) for Calcina, Corbaghiola, Inzecca and Teghime, respectively, with an initial stable stage distribution corresponding to the mean matrix.

Environmental analyses

Climatic data -We first compared climatic data between years and between populations using non parametric analyses of variance and Kruskall-Wallis tests implemented in Proc Npar1way (SAS 9.1, SAS Institute 2005). We then tested for the effect of climatic conditions on demographic vital rates. Because the weather probably affects the demographic vital rates over more than one year, correlations between the survival rates, flowering probabilities and fecundity term observed for the annual transition from spring of year t-1 to spring of year t and the meteorological data from April t-1 to March t and from April t-2 to March t-1 were tested. Because of a lack of normality, we only computed and tested Spearman rank correlations. We first considered the whole data set (36 combinations of population * year), and then considered each population separately (9 years for each population).

Differences in ecological variables -To assess if there was significant variation among populations in the other ecological variables (aphid attacks, competition and type of substrate), we performed Chi-square tests for the presence/absence of aphids, for the qualitative intra and inter-competition data and for the substrate data and Kruskal-Wallis tests on the semi-quantitative intra and inter-competition data.

Genetic data analyses

To assess potential genetic problems in the populations over the ten-year period of the study, we used the genetic data available from individuals sampled in 2000 (Glémin et al. 2005) on microsatellite loci and the S-locus (self-incompatibility). We then re-sampled the same populations in 2009, and performed new analyses of the microsatellite loci.

Individuals were sampled and genotyped as in Glémin et al. (2005), using similar sampling sizes as in 2000 (40, 41, 41 and 70 for Calcina, Corbaghiola, Inzecca and Teghime respectively). For one population (Teghime) sampling in 2009 concerned only a subset of the population, so that for comparison we re-estimated from the 2000 dataset genetic parameters corresponding to the same subset. We performed genotyping of the 2009 individuals at 11 microsatellite markers (as done in Glémin et al. 2005). Extraction, PCR and gel migration protocols are described in appendix A. For most loci, allele sizes that were read in 2009 differed from those read in 2000, presumably because the protocols and the size markers (and readers) were different (see Appendix A for details). However, using a few DNA samples from 2000, we could recode without ambiguity the genotype of 2000 samples at 3 out of 11 loci (26A, 59A and AT129). We did not try to re-genotype the samples from 2000 at the other loci. However, for 5 other loci (D02, 38A, H09, B01, and B06), there was a systematic bias of a 1 to 4 bp, which was easily corrected by comparing allele frequencies at the overall (Corsican) level, under the assumption that highly frequent alleles in 2000 would still occur at reasonable frequencies in 2009, whereas very rare alleles could not have become highly frequent in such a short period of time. For one locus (F07), a new and very different allele (allele 168) appeared at high frequency in a single population (Inzecca). Re-genotyping and re-reading gels from 2000 clearly showed that allele 168 had in fact mistakenly been taken for a parasitic band in 2000. We thus recoded all 2000 samples for this locus. We then recovered very similar allele frequencies between 2000 and 2009, as was observed at the other loci in Inzecca population. Finally, for two loci (D08 and E06), reading difficulties, very large number of alleles, and lack of any allele occurring at high frequency in any population, prevented us from comparing the two data sets. These two loci were therefore removed from all the genetic analyses presented here.

Population genetic parameters (Heterozygozity (He = proportion of heterozygotes expected under random mating), Fixation index (F IS = relative deficit of heterozygotes compared to He), mean number of alleles per locus) were calculated using GENETIX software [START_REF] Belkhir | GENETIX, logiciel sous WindowsTM pour la génétique des populations[END_REF]). We also estimated the parameter q, which is related to population effective size, in the same way as performed by Glémin et al. (2005 -note that there is a mistake in the formula given in this paper -but not in the calculated values), from the Heterozygozity (He) under the stepwise mutation model [START_REF] Kimura | Stepwise mutation model and distribution of allelic frequencies in a finite population[END_REF],

. q was estimated as the mean of the q i estimated for each locus. We tested for the effect of population, year and locus on the number of alleles, Heterozygozity and by using Proc ANOVA with Duncan's multiple range test for comparing years, populations, or loci (SAS 9.1, SAS Institute, 2005). Bootstraps over loci implemented in GENETIX provided confidence intervals for F IS .

Using the software BOTTLENECK [START_REF] Cornuet | Description and power analysis of two tests for detecting recent population bottlenecks from allele frequency data[END_REF], we tested for evidence of a bottleneck in each population in 2000 and in 2009. The test compares the actual Heterozygosity (H e , the expected proportion of heterozygotes under panmictic equilibrium)

to the one expected at mutation -drift equilibrium, given the observed number of alleles.

Because H e is mostly determined by frequent alleles, which are less likely to disappear following a bottleneck, it is less sensitive than the number of alleles to a recent bottleneck.

Thus a signature of a bottleneck is detected whenever there is a significant excess of H e compared to what is expected at mutation -drift equilibrium given the number of alleles.

Population genetic structure was analysed by estimating global F ST , F ST between pairs of population, and F ST between years within populations. As for F IS , confidence intervals for each value were provided by bootstrapping over the 9 loci. Mantel test (also implemented in 

Results

Demographic vital rates, asymptotic growth rates and contribution of vital rates variation to variation of lambda

Arithmetic means, standard deviation and elasticities for demographic vital rates are given in Table 2. The lowest transition probability was observed for the transition from vegetative to flowering stages (a 32 ) with only 24.5 % of vegetative individuals reaching the flowering stage. This low transition was due to the low probability of flowering for vegetative individuals (p 2 = 0.296) rather than to a low survival at the vegetative state (s 2 = 0.829). The fecundity term (a 13 ) was also low (0.331) with a high standard deviation (0.424); it was highly variable among populations and years (see Appendix B). The largest transition rate that was observed was the probability for a flowering plant to survive and flower the following year (a 33 = 0.615). The probability for a flowering individual to return to a vegetative stage the following year was also high: a 23 = 0.311. The survival probability of flowering individuals (s 3 ) showed the lowest variation (0.053).

Mean asymptotic growth rates λ a ranged from 0.89 (Corbaghiola) to 1.02 (Teghime).

Asymptotic growth rates per year and per population ranged from 0.5 to 1.21 (Table 3) and were particularly sensitive to the survival probabilities of vegetative and flowering individuals (s 2 and s 3 , see elasticities in Table 2).

For Teghime population, the variation of λ a was mainly due to variation of the probability of flowering for the vegetative individuals (p 2 ) and of their survival rate (s 2 ). For the three other populations, the variation of λ a was mostly due to variation of survival rates of vegetative individuals (s 2 ) (Fig. 3).

Spatial and temporal variations in population stage structure, transitions probabilities and lower-level vital rates

The comparison of the stable and the observed stage-distributions (SSD and OSD) per population and per year showed that Teghime population was almost every year at its SSD (except in 2007(except in , 2008(except in and 2009, Fig. 4, Fig. 4). This population showed a large proportion of For the whole dataset, the variations in transition probabilities a ij were best supported by the "population + year" model which accounts for additional population and year effects (Appendix C). All the other models had no support (ΔAIC >7).

Variation in seedling survival (s 1 ) was best explained by the model including year*population effect but there was some support for the model with effects of year + population (Appendix C). Variation in vegetative survival rate (s 2 ) was best explained by the model including year + population effects. Variation in survival of flowering individuals (s 3 ) was best explained by the year model with some support also for the model including year + population. Finally, variations in both flowering probabilities (p 2 and p 3 ) were best explained by the model including year*population effects (Appendix C).

Stochastic growth rates, quasi-extinction probabilities and stochastic simulations

Only the Teghime population had a stochastic growth rate λ s larger than 1 (Table 3). Rates of population growth predicted by deterministic and stochastic models were similar (Table 3). The simulations performed with RAMAS/Metapop with a threshold of 1 over a period of 100 years, assuming initial population size close to census size and no densitydependence gave similar results, in that Teghime population was the only one unlikely to go extinct (Table 4A). However, unlike with POPBIO, the three other populations had similar time to extinction (35 -42 years on average). It could be that the smaller standard errors of vital rates in Inzecca and Corbaghiola favour these populations compared to Calcina in these simulations where (unlike those with POPBIO) vital rates are individually sampled from a log-normal distribution. Assuming initial population size of 2000 individuals (as in Teghime) in each population increased the time to extinction to 52 and 54 in Corbaghiola and Inzecca, and to 86 in Calcina, suggesting that if this population could be reinforced it might actually persist for a longer time compared to Corbaghiola and Inzecca (Table 4B).

Assuming scramble density-dependence with a maximal growth rate of 1.01, initial population sizes equal to census size, and an Allee effect with a threshold density of 3 individuals (a really low value for a self-incompatible species) increased the persistence time of Inzecca and Corbaghiola but not of Calcina, even though we assumed an initial population size larger than the carrying-capacity (Table 4C, to compare to Table 4A). This latter effect on Calcina is likely to be due to the Allee effect in these simulations. When the maximum growth rate was set to 1.09, Calcina population also quickly went extinct, presumably because of the strong Allee effect experienced in such a small population. All three other populations persisted for 100 generations under these overly optimistic conditions (Table 4d).

Comparison of meteorological and ecological data among years and populations

There were no significant differences of temperature among years (df = 8, P > 0.05 for all comparisons). Conversely the total amount of rainfall varied significantly among years Both the semi-quantitative intra and inter-competition variables tested showed a significant population effect (df = 3, P < 0.0001 for all values, Table 5). The differences among populations were significant for aphid herbivory (df = 3, P < 0.0001) and the type of inter-specific competition and the soil substrate were also highly significant (df = 6, P < 0.0001 for both effects). Thus the four populations showed significant differences for all the ecological variables tested. The most obvious difference among populations was the amount of attack by aphids, which was largest in Calcina and lowest in Teghime. Further, Inzecca and Corbaghiola were characterized by a scree type of soil substrate and a limited amount of intra-specific competition.

Correlations of vital rates with and environmental variations

We first computed Spearman correlations coefficients using the 36 combinations of population * year. The recruitment rate (transition parameter a 13 ) was negatively correlated with the maximum mean summer temperature of years t-1 and t-2 (r=-0.35, P=0.04 and r=-0.38, P=0.02, respectively). The survival rate of juveniles (parameter s 1 ) was negatively correlated with both variables concerning the number of rain events (>0.1mm or >1mm) at t-1 (r=-0.41, P=0.01 and r=-0.40, P=0.02, respectively). The survival rate of non flowering adults (parameter s 2 ) was similarly negatively correlated with the number of rain events > 1mm at t-1 (r=0.35, P=0.03). The survival rate of flowering adults (parameter s 3 ) was negatively correlated with three climatic variables at t-2: the total amount of rain (r=-0.49, P=0.002), the number of rain events > 1mm (r=-0.50, P=0.002), and the maximum mean summer temperature (r=-0.34, P=0.04). Flowering probabilities were not correlated with any climatic variable, with the exception of p 2 (probability of a rosette to flower), which was positively correlated with the maximum mean summer temperature at t-2 (r=0.35, P=0.04). Note that none of these correlation coefficients would remain significant after Bonferroni correction to take into account the type 2 error rate.

We then computed correlations between meteorological variables and the demographical vital-rates within each population.

In Calcina population, the survival rate of flowering adults (parameter s 3 ) was negatively correlated with the maximum mean summer temperature of year t-1 (r=-0.83, P=0.005), as well as with the number of rain events > 1mm at t-2 (r=-0.82, P=0.007). The survival rates of the other stages were not correlated to any climatic variable. With regards to flowering probabilities, both flowering probabilities of rosette (p 2 ) and of flowering individuals the previous year (p 3 ) were negatively correlated with the minimum mean winter temperature at t-1 (r=-0.72, P=0.03 and r=-0.82, P=0.007 for p 2 and p 3 , respectively). To sum up, for the most part only temperature variable affected demographic parameters in Calcina, with cold winters favouring flowering, and cool, dry summers favouring adult survival.

In Corbaghiola population, most vital rates were not correlated to any climatic variable.

The flowering probability of rosettes was negatively correlated with both numbers of rain events at t-1 (r=-0.70, P=0.02) and positively correlated with the maximum mean summer temperature at t-2 (r=+0.71, P=0.03). The flowering probability of flowering adults was negatively correlated with the number of rain events > 1mm at t-1 (r=-0.67, P=0.05).

Overall, dry years with hot summers favored flowering in Corbaghiola population.

In Inzecca population, juvenile survival (s 1 ) decreased as the total amount of rainfall in year t-1 increased (r=-0.67, P=0.05). The survival rate of rosettes (s 2 ) was positively correlated with all three temperature variables (total degree days, maximum summer and minimum winter temperatures) at t-1 (r=0.69 to 0.77, P=0.02 to 0.04). The flowering probability of rosettes (p 2 ) decreased with increasing amount of rainfall at t-2 (r=-0.70, P=0.04) and increasing minimum mean winter temperature at t-2 (r=-0.77, P=0.02). Overall, in Inzecca survival and later flowering were both favoured by dry years, whereas only survival was enhanced by warm winters, and later flowering was favoured by cool winters.

Finally, in Teghime population, both the juvenile (s 1 ) and the rosette (s 2 ) survivals decreased with increasing number of rain events > 0.1mm (r=-0.75 and -0.80, P=0.02 and 0.01, for s 1 and s 2 respectively). Both probabilities of flowering p 2 and p 3 increased with the mean maximum summer temperature at t-2 (r=0.72, P=0.03 and r=0.87, P=0.002 for p 2 and p 3 , respectively). Overall, dry years favoured survival and hot summers favoured flowering in Teghime population.

Overall, the probabilities of flowering (p 2 and p 3 ) tended to correlate with temperature. However the effect of temperature on flowering depended on the population, consistently with the analyses described in Appendix C. Warmer summer temperatures favoured flowering in Teghime and Corbaghiola (the populations with the lowest summer temperatures), whereas colder winter temperature favoured flowering in Inzecca and Calcina (the populations with the highest temperatures, see Appendix D). Survival probabilities tended to correlate negatively with one of the rainfall variables for all populations but Corbaghiola.

Genetic monitoring

Results of genetic analyses for 2000 and 2009 on 9 loci are compiled in Tables 6 and7 6). Population pairwise F ST ranged from 0.19 to 0.55 in 2000 (Table 7A) and from 0.18 to 0.60 in 2009 (Table 7B). 7C). Differentiation within populations among years was much lower than among populations within years (cf. Table 7A-B and7C). Thus, overall no change occurred from 2000 to 2009, apart for the smallest population, Calcina.

The main evidence for a recent bottleneck concerned Teghime population in the 2009 data set, for which 6 out of 8 polymorphic loci had an excess of Heterozygosity compared to the value expected from the number of alleles (One-tail Wilcoxon tests for heterozygote excess: P = 0.02 assuming IAM mutation model, P = 0.10 assuming TPM, P = 0.47 assuming SMM, see [START_REF] Cornuet | Description and power analysis of two tests for detecting recent population bottlenecks from allele frequency data[END_REF].

Discussion

Demography: evidence for environmental stochasticity

In this study, we have compared the demographic behaviour of four populations of the rare endemic species Brassica insularis in Corsica. This species is a long-lived perennial and demographic transitions between adult stages (vegetative to flowering, flowering to flowering and flowering to vegetative) are similar to those of other long-lived perennials (e.g. [START_REF] Picó | An extended flowering and fruiting season has few demographic effects in a mediterranean perennial herb[END_REF]Endels et al. 2007b), with survival rates of 0.8 for vegetative adults and 0.9 for reproductive adults.

The observed stage distribution (OSD) for each population and each year revealed contrasting patterns among populations and years. Teghime showed a stage distribution with mainly vegetative individuals and more juveniles in comparison to the other populations, which showed mainly flowering individuals and less vegetative and juvenile individuals. The comparison between the observed and the stable stage distribution (OSD vs. SSD) suggested that demographic rates varied among years: for all populations, the OSD was significantly divergent from the SSD at least for three years. All populations have been known to exist for several decades, so temporal variation is the most likely explanation for the divergence between SSD and OSD [START_REF] Colling | Effects of habitat deterioration on population dynamics and extinction risk of an endangered long-lived perennial herb (Scorzonera humilis)[END_REF][START_REF] Jiménez-Sierra | Are populations of the candy barrel cactus (Echinocactus platyacanthus) in the desert of Tehuacán, Mexico at risk? Population projection matrix and life-table response analysis[END_REF]) rather than a recent origin of the populations. Moreover, results on demographic transitions and lower-vital-rates showed significant population and year effects as well (Appendix C). So, vital rates exhibited both spatial and temporal variations: environmental stochasticity occurs.

Genetic monitoring suggests no or limited change of diversity over 10 years

The genetic analyses showed that overall allele frequencies did not change between 2000 and 2009 and neither did population structure. The only significant differentiation between years was observed for Calcina, the smallest population. Using the software Bottleneck [START_REF] Cornuet | Description and power analysis of two tests for detecting recent population bottlenecks from allele frequency data[END_REF], we hardly detected any evidence for a recent bottleneck, in either 2000 or 2009. Despite stochastic demographic variation, perenniality may buffer genetic variation in this species. Note however that the small number of loci (nine) of the present study prevents powerful testing. There was some signature for Teghime population.

This can be related to the occurrence of a large fire in part of this population in 2003. [START_REF] Dolan | Genetic change following fire in populations of a seed-banking perennial plant[END_REF] recently showed an increase, rather than a decrease, of genetic diversity after fire in another perennial species, Hypericum cumulicola, as a consequence of recolonisation winter in Teghime provides significantly better conditions. However, we did not find any significant effect of the minimum winter temperature on the recruitment rate in Corbaghiola. It could be that the large recruitment rate in Teghime compared to

Corbaghiola is enhanced by its large population size and concomitantly its large genetic diversity, in particular at the S-locus, as well as by the lack of herbivory attack by aphids.

The particularly low recruitment rate in Calcina (mean a 13 = 0.11, see Appendix B), conversely, could be partly explained by it being heavily attacked by aphids. Aphids were found on juveniles, but also, some years, totally destroyed flowering stems (pers. obs.).

Aphids, by preventing plants to reproduce, might actually decrease the strength of frequency-dependent selection acting upon the S-locus in Calcina population, leading to a further decrease of genetic diversity at this locus, thus engaging the population in a Vortex of extinction through the interaction of environmental (aphids) and genetic (S-locus)

factors. If, indeed, reproductive events are rare in this population, it is likely that selection pressure to resist aphids is also low.

The lower adult survival rate in Corbaghiola could also, like recruitment rates, be explained by the colder winters in this population. The lower flowering adult survival rate in Inzecca compared to Calcina and Teghime might be related to the high annual rainfall in this population. This is supported by the fact that, within Inzecca, flowering probability is enhanced by former years of low rainfall.

Overall, mainly climatic factors seem to be influencing among-population variance in adult survival and flowering probability, whereas other factors, such as biotic ecological and genetic ones, might also be involved in determining recruitment rates.

Could populations persist in the future and what could be done to prevent extinction ?

at least on the short-term and in the absence of further catastrophic events such as fire.

Thus, monitoring the site is a sufficient measure to adopt.

For the three other populations (Inzecca, Calcina and Corbaghiola) the stochastic analysis assuming density-independence suggests that these populations might go extinct in the near future. Inzecca and Corbaghiola populations are smaller than Teghime, and have lower recruitment rates. Differences observed between Inzecca and Corbaghiola in the slope of extinction probability curves could be explained by their different population sizes, as

Corbaghiola is slightly smaller than Inzecca, and as our comparison between results of RAMAS simulations starting with different initial sizes suggest (compare Table 4A and4B). Alternatively, it could be that these populations are at carrying-capacity, so that the demographic transition parameters estimated in the present study do not reflect recruitment and survival rates at low density. Assuming that the probabilities of extinction which we computed under the hypothesis of density-independence reflect the likely future of each population, one can ask whether projected changes in climatic conditions will increase or decrease the likelihood that some of these populations go extinct. Since 1980, Mediterranean areas experienced warmer and drier conditions (Dufresne et al. 2006). If this trend continues, and assuming that the large amount of rainfall at Inzecca and the low winter temperature at Corbaghiola are the main determinants of their low growth-rate, this trend will favour these two populations. In terms of short-term conservation, one option would be to use these populations to create new populations elsewhere, in climatic conditions more similar to those of Teghime. Given the type of habitat of the species, i.e.

rocks, creating new populations might be difficult. The difficulty will be in finding suitable sites where introductions could have some chance to succeed. Transplants usually provide greater initial success than do sown seeds [START_REF] Menges | Restoration demography and genetics of plants: when is a translocation successful?[END_REF], but this might not be possible in rocky environments, whereas seeds could be more easily introduced (e.g., see [START_REF] Colas | Restoration demography: a 10-year demographic comparison between introduced and natural populations of endemic Centaurea corymbosa (Asteraceae)[END_REF], for successful translocation of monocarpic perennial Centaurea corymbosa using seeds in a rocky environment). Alternatively, projected climatic changes might be sufficient to increase the viability of each of these two populations. Furthermore, we will first have to conduct detailed analyses about the likelihood that these two populations are actually regulated by density rather than declining.

Finally, for Calcina population, extinction probability based on demographic data was large under the assumption of density-independence. However, at least with POPBIO simulations, it was surprisingly low compared to Inzecca and Corbaghiola, given its lowest population size and genetic diversity at both S-and microsatellite loci. It could be that local climatic conditions, with mild winters and abundant rainfall, and albeit hot summers, favour adult survival rates enough to decrease the extinction risks. The survivorship of adults in this population could allow it to cope with high variations in reproductive output, as observed in other species [START_REF] Enneson | Using long-term data and a stage-classified matrix to assess conservation strategies for an endangered turtle (Clemmys guttata)[END_REF]. Comparisons of Table 4A and B, whereby we increased the initial population size of Calcina, suggest that indeed demographic stochasticity might be a major problem in this population. Indeed, census size and genetic diversity, including at the S-locus, are very low. Given its large survival rates and low recruitment rates, finding ways to increase the recruitment rate would be useful.

This might be done in two ways: acting upon genetic diversity, in particular at the S-locus, and acting upon aphid attack. Adding individuals with different genetic make-up will likely increase the number of S-alleles and therefore potentially increase the reproductive success in this population. Adding individuals will also help decrease the impact of demographic stochasticity and, according to our viability analysis, strongly increase the time to extinction (compare again Tables 4A and4B). It will be easy to introduce genetic diversity in Calcina population from the other Corsican populations. Because Teghime is the healthier, largest and most diverse population, we recommend introducing a few individuals from there.

Note, however, that reinforcement could be problematic in Brassica insularis for which the occurrence of sub-species, varieties and/or local adaptation are still not clear [START_REF] Petit | Gene flow and local adaptation in two endemic plant species[END_REF]. Further considerations are necessary prior to such management actions [START_REF] Lubben | Management recommendations based on matrix projection models: the importance of considering biological limits[END_REF]. Concerning aphids, pesticide treatment is not something one would want to recommend, but biocontrol using ladybugs could be an option.

Thus, the combination of ecological, demographic and genetic analyses used in this study have allowed us to determine the main threats acting on four Corsican populations of Brassica insularis and suggest management options for their conservation, as summarized by Table 8.

Conclusion : Integration of demographic analyses, climatic data, biotic ecological factors, and genetic analyses: implications for conservation

Few plant studies have integrated demographic, genetic and ecological data [START_REF] Newman | Increased probability of extinction due to decreased genetic effective population size: experimental populations of Clarkia pulchella[END_REF][START_REF] Menges | Demographic viability of populations of Silene regia in midwestern prairies: relationships with fire management, genetic variation, geographic location, population size and isolation[END_REF][START_REF] Fréville | Spatial and temporal demographic variability in the endemic plant species Centaurea corymbosa (Asteraceae)[END_REF]Endels et al. 2007a). However, such integrative studies are necessary to assess factors threatening protected species [START_REF] Schemske | Evaluating approaches to the conservation of rare and endangered plants[END_REF][START_REF] Menges | Population viability analyses in plants: challenges and opportunities[END_REF][START_REF] Reed | Emerging issues in population viability analysis[END_REF][START_REF] Oostermeijer | Integrating demographic and genetic approaches in plant conservation[END_REF]. Overall, our results suggest that limiting the conservation study to only one kind of analyses (demographic or genetic or ecological) would have led to incomplete assessment of those factors threatening each population and possibly misevaluate the management or restoration to apply, as suggested by [START_REF] Robert | Integration of demography and genetics in population restorations[END_REF]. Furthermore, it is clear that for populations of long-lived perennials with asymptotic growth-rates close to one, purely demographic analyses at the population level must be complemented by detailed analyses of density-dependent factors acting on vital rates. Such detailed demographic analyses would be sufficient to assess population viability. However, in order to actively manage populations, it is necessary to understand the factors influencing vital rates and population viability. Depending on whether the main factors involved are, e.g., climatic or biotic or genetic, management options will be quite different. If climatic differences among populations are found to be the main explanatory factor, it is clear that reinforcement of threatened populations will not be very useful, and translocation of those populations in more suitable environments (such as those of healthy populations) would be a better option.

If conversely or complementary, genetic factors are involved, such as a lack of diversity at the S-locus, or because of the accumulation of deleterious mutations (as would be suggested by strong heterosis among populations), reinforcement of threatened populations by individuals from other populations would be most useful. Finally, biotic factors such as herbivores, pathogens, and competitors, if shown to threaten a population, could lead to particular targeted management actions. All these factors are likely to interact, so that it is necessary to analyse them simultaneously.

Last, it would be important to understand the generality for the apparent suitability of local ecological factors, that is to assess the species niche and its variation among populations. If particular climatic conditions are systematically associated with declining populations, it is likely that the species is unable to adapt to these conditions. In this case, reinforcing such declining populations, occurring in unsuitable conditions, will probably be useless. However, if variation in climatic factors does not explain variation in vital rates, in particular if there is no significant variation of climatic factors among sites, it could be that declining populations are simply less well-adapted to their own environment. In this case, reinforcing such populations might allow them to adapt. Further, unlike climatic factors, biotic factors are themselves influenced by the level of local adaptation of populations. A population might be heavily attacked by a given herbivore because of local climatic and edaphic conditions, or because it lacks genes for resistance to this herbivore (or both).

Reinforcement might be efficient at reducing herbivory in the latter, but not the former situation. Clearly, genetic monitoring of traits involved in local adaptation to ecological factors would be helpful. Unfortunately, even neutral genetic diversity is not properly considered in most conservation strategic plans [START_REF] Laikre | Neglect of Genetic Diversity in Implementation of the Convention on Biological Diversity[END_REF]. It will take some time before non neutral genetic variation, at the basis of phenotypic evolution and adaptation, is taken into account.
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Figure 1. correspond to the transitions between stages, the lower-vital rates (s i ) correspond to survival probabilities (i=1, 2, 3), (p i ) to flowering probabilities (i=2, 3), and f is the fecundity term. 

  ): Teghime, Punta Corbaghiola (hereafter called Corbaghiola), Inzecca and Punta Calcina (Calcina). The demographic survey was initiated in 2000 and in this paper we analyse the 2000-2009 data set. Within each site, 32 to 54 permanent plots (quadrats) of various sizes (1 to 10m², depending on local density and accessibility) were set up in 2000, covering all individuals that were safely accessible. Within each quadrat, individuals were localised by at least two coordinates using fixed points. Once a year, during the flowering season, we recorded the stage of each individual present within each quadrat. The total number of individuals studied in each population since 2000 varied from 151 to 554 individuals with on average 131.3 individuals per population and year (Table

  GENETIX) was performed to test for significance of the correlation (Pearson correlation coefficient) between the 2000 and 2009 F ST matrices.

  vegetative individuals and low proportions of seedling and flowering individuals, corresponding to a low probability of flowering and a large survival rate of vegetative individuals (p 2 = 0.132, s 2 = 0.884, see Appendix B). This was consistent with the high transition a 22 (0.755) in this population. In 2007, 2008 and 2009, lower recruitment rates or excess of flowering plants may explain the deviation from the SSD (Appendix B). Conversely, the three other populations were significantly different from their SSD in 5 to 7 out of the 10 years. Compared to Teghime population, they had more flowering individuals and less vegetative individuals and seedlings due to higher flowering probabilities and lower recruitment rates. For most populations and years, the years that deviated from the SSD showed less vegetative and more flowering individuals compared to the stable-stage distribution.

Figure 5

 5 Figure 5 presents the quasi-extinction probabilities (P ext ) for each population at 50 years for the mean stage-distribution for the 10 years. The results show an extinction risk at 50 years constant and null for Teghime whatever the quasi-extinction threshold (none of the simulation trajectories led to extinction). For the three other populations, extinction probabilities were positive and increased with the quasi-extinction threshold. For quasiextinction thresholds below 30, Corbaghiola population always showed the highest extinction probabilities at 50 years, followed by Inzecca and Calcina (Fig 5).

(

  Chi-2=17.20, 8 df, P=0.028), with years 2001Chi-2=17.20, 8 df, P=0.028), with years , 2003Chi-2=17.20, 8 df, P=0.028), with years and 2009 being particularly wet. The number of rain events > 0.1mm also varied among years, with year 2002 being particularly dry (Chi-2=17.5, 8 df, P=0.025).All temperature variables showed significant differences among populations (df = 3, P < 0.04 for all comparisons). Teghime and Corbaghiola had the lowest values for all three temperature variables, whereas Inzecca population had the largest values. The amount of rainfall also varied significantly among populations, with Inzecca significantly wetter than the three other populations for the total amount of rainfall as well as the number of rain events > 0.1 mm, and Corbaghiola and Teghime significantly drier for the number of rain events > 1 mm (Appendix D). Overall, Corbaghiola and Teghime experienced relatively cold and dry climatic conditions, Inzecca experienced hot and wet conditions, whereas Calcina experienced hot and slightly wet conditions relative to Corbaghiola and Teghime, but dry relative to Inzecca.

  . The number of alleles depended on the population and the locus considered. The mean number of alleles per locus was not significantly different in 2009 compared to 2000 (3.47 in 2000 versus 3.14 in 2009, df = 1, F = 0.4331, P = 0.51). It was significantly smaller in Calcina population compared to the three others (1.61 in Calcina, versus 3.72 -4.16 in the three other populations, see Table7; df = 3, F = 6.36, P = 0.0007). Two loci out of the 9 analysed (D02 and H09) displayed significantly larger number of alleles compared to the seven others (5.87 and 6.37, respectively, versus 2.00 -2.87 for the other loci; df = 8, F = 8.73, P < 0.0001). Expected heterozygosity (and θ, results not shown) depended on population (df = 3, F = 9.19, P < 0.0001) and locus (df = 8, F = 3.70, P < 0.0013), but did not vary between 2000 and 2009 (df = 1, F = 0.0041, P = 0.95). Expected heterozygosity was significantly lower in Calcina compared to the three other populations (0.10 versus 0.42-0.47). Within populations fixation index (F IS ) did not vary between 2000 and 2009: mean F IS was 0.10 (bootstrap over loci confidence interval: 0.01-0.20) in 2000 and 0.14 (0.06-0.24) in 2009. F IS was positive and significantly different from 0 in Corbagiola and Teghime in both years, whereas it was negative in Calcina in 2000 (see confidence intervals obtained by bootstrapping over loci in Table

  Among-population F ST values of 2000 and 2009 were significantly correlated (Mantel test, r = 0.98, P=0.001). Overall differentiation among populations was similar in 2000 and 2009 (F ST = 0.34 in both years) (confidence intervals from bootstrapping over loci: 0.26 -0.41 and 0.26 -0.44 in 2000 and 2009, respectively). Differentiation among years was low and significantly different from 0 in Calcina population only (Table

  Figure 1. Localization of the four study populations of Brassica insularis in Corsica. In the text, Punta Calcina and Punta Corbaghiola are refered to as Calcina and Corbaghiola, respectively.

Figure 2 .

 2 Figure 2. Life-cycle of Brassica insularis. Three stages are considered: seedlings, vegetative and flowering individuals. The time-step is one year. The upper-vital rates (a ij )

Figure 3 .

 3 Figure 3. Contribution (*100) of the lower vital rates variation (s i and p j ) to asymptotic growth rate λ a variation per population.

Figure 4 .

 4 Figure 4. Observed stage structure (OSD) per population and year and stable stage structure (SSD) per population. The percentages of each of the three stages are shown in light grey (seedlings), black (vegetative individuals) and dark grey (flowering individuals). The stars indicate years when the stage-structure are significantly different (after sequential Bonferroni correction) from the corresponding stable stage-structure (last distribution on the right) calculated from the mean matrices over all years per population.

Figure 5 .

 5 Figure 5. Quasi-extinction probabilities per population (P ext ) after 50 years for different quasi-extinction thresholds n assuming the average stage distribution over the 10 years. The extinction probabilities were computed from 5000 replicates each. Initial population sizes for the simulations for each population were 300 (Corbaghiola), 100 (Calcina), 500 (Inzecca) and 2000 (Teghime).

Table 1 :

 1 Summary of sample size for demographic data(2000 -2009) for each population of Brassica insularis.

	Population	Teghime	Inzecca	Calcina	Corbaghiola
	Year				
	2000	199	113	77	54
	2001	252	167	92	36
	2002	218	100	88	47
	2003	263	162	92	69
	2004	240	151	88	60
	2005	256	160	95	68
	2006	233	128	95	63
	2007	260	125	87	65
	2008	265	121	86	59
	2009	247	113	89	71
	Mean/year	243.3	134	88.9	59.2
	Total since 2000	554	360	169	151
	Approximate				
	Population size	2000	500	100	300

Table 2 :

 2 Arithmetic mean values and standard deviation (SD) of the upper-level (a ij ) and the lower-level (s x and p y ) vital rates, calculated over the 36 population-year matrices. The elasticities were calculated for the arithmetic mean matrix.

	Upper-Level Vital rates						
	Parameter	a 13	a 21	a 22	a 23	a 32	a 33
	Mean	0.331	0.581	0.583	0.311	0.245	0.615
	SD	0.424	0.209	0.166	0.181	0.168	0.179
	Elasticities	0.068	0.068	0.272	0.105	0.173	0.314
	Lower-Level Vital rates						
	Parameter	s1	s 2	s 3	p 2	p 3	
	Mean	0.581	0.829	0.926	0.296	0.664	
	SD	0.209	0.085	0.053	0.196	0.190	
	Elasticities	0.068	0.445	0.419	0.058	0.106	

Table 3 :

 3 Stochastic growth rates λ s and mean asymptotic growth rate λ a per population. The λ a (00-09) over all years was calculated from the arithmetic mean matrix per population. CI λ a is the confidence interval for asymptotic λ a calculated by boostrapping over the years.Asymptotic growth-rate corresponding to individual population matrices are also given for each pair of years.

	Population	λ s (00-09)	λ a (00-09)	CI λ a	λ a (00-01)	λ a (01-02)	λ a (02-03)	λ a (03-04)	λ a (04-05)	λ a (05-06)	λ a (06-07)	λ a (07-08)	λ a (08-09)
	Corbaghiola 0.885	0.891	0.712-0.921	0.831 0.896 1.017 0.500 1.003 0.880 0.865 0.873 0.812
	Calcina	0.942	0.946	0.875-0.997	0.940 1.032 0.895 0.885 1.053 0.975 0.765 1.031 0.884
	Inzecca	0.899	0.900	0.866-0.930	0.850 0.881 0.956 0.927 0.858 0.814 0.956 0.950 0.920
	Teghime	1.005	1.017	0.921-1.102	1.201 0.970 1.046 0.843 1.208 0.910 1.088 1.054 0.784

Table 4 .

 4 Results from RAMAS simulation during 100 time steps (years): proportion of time steps during which each population remain extant(Minimum, Average, Maximum, and + or 

	-1 standard deviation, for 5000 replicates). A) No density-dependence, initial population
	sizes are observed sizes (300, 100, 500 and 2000 for Corbaghiola, Calcina, Inzecca and
	Teghime, respectively). B) No density-dependence, initial population size = 2000 in each
	population. For each population the initial conditions correspond to the stable age structure
	of the mean matrix. C) Scramble competition with an Allee effect (threshold level=3
	individuals), initial conditions as in A, respective carrying-capacity = 280, 80, 480 and
	2500, Maximum growth-rate 1.01). D) Same as C with maximum growth-rate=1.09.
	A. Population			Number of Time Steps	
		Minimum	-1 S.D.	Average	+1 S.D.	Maximum
	Corbaghiola 19.0	29.5	35.4	41.3	62.0
	Calcina	18.0	29.3	36.5	43.8	79.0
	Inzecca	25.0	35.7	41.7	47.7	73.0
	Teghime	100.0	100.0	100.0	100.0	100.0
	B. Population			Number of Time Steps	
		Minimum	-1 S.D.	Average	+1 S.D.	Maximum
	Corbaghiola 35.0	45.2	51.6	58.1	85.0
	Calcina	63.0	78.7	86.5	94.4	100.0
	Inzecca	38.0	48.3	54.4	60.6	81.0
	Teghime	100.0	100.0	100.0	100.0	100.0

Table 5 .

 5 Summary of the ecological data measured in the field in our study(only in 2007 for the competition measures and soil substrate). The semi-quantitative competition values are the average of the individual values as 0 for "null", 1 for "low", 2 for "medium" or 3 for "high"; the qualitative measures of competition, soil substrate and plant aphids attack are expressed in percentage for each population. SD = standard deviation.

	Population	Teghime Inzecca Corbaghiola Calcina
	Semi-quantitative competition				
	Intra-specific quantitative competition 0.750	0.367	0.375	1.110
	SD	0.906	0.600	0.655	1.080
	Inter-specific quantitative competition 1.496	1.102	1.672	0.989
	SD	0.992	0.840	1.055	0.876
	Inter-specific qualitative competition				
	Herbaceous	0.685	0.438	0.703	0.604
	Woody	0.142	0.313	0.125	0.077
	Herbaceous-woody	0.008	0.000	0.047	0.000
	Null	0.165	0.250	0.125	0.319
	Soil substrate				
	Grassy	0.627	0.297	0.516	0.451
	Bare	0.369	0.438	0.266	0.549
	Scree	0.000	0.258	0.219	0.000
	ND	0.004	0.008	0.000	0.000
	Plant aphids attack				

Table 6 .

 6 Summary of genetic data (mean and standard deviation or, for F IS , bootstrap confidence interval) obtained from individuals sampled in 2009 (this study) and in 2000 (described in Glemin et al. 2005) in each population. Abbreviations correspond to Mean number of alleles per locus (Nb_All), unbiased Heterozygosity (He), Fixation index (F IS ) and Theta (q = 4N e µ estimated assuming a stepping mutation model, see text). Significant F IS values are in bold.

		Nb_All	He		F IS		q	
	Year	2000	2009	2000	2009	2000	2009	2000	2009
	Population								
	Calcina	1.67	1.56	0.13	0.07	-0.10	0.12	0.53	0.12
		(1.32)	(0.73)	(0.23)	(0.13)	-0.22 --0.007	-0.04 -0.25	(1.31)	(0.24)
	Corbaghiola	3.89	3.56	0.47	0.48	0.14	0.20	2.19	2.20
		(1.45)	(1.42)	(0.23)	(0.22)	0.03 -0.22	0.07 -0.30	(1.91)	(1.74)
	Inzecca	3.89	3.56	0.40	0.44	-0.05	0.05	2.71	2.83

Table 7 .

 7 Fst matrix between pairs of populations within each year (A, B) and between the two years within each population (C). Mean and confidence intervals (bootstrap over loci) are given. Values significantly different from 0 are in bold characters. Among-population matrices of 2000 and 2009 were significantly correlated (r = 0.98, Mantel test P = 0.001). the alternative good model (ΔAIC ≤ 2) is indicated. The explanatory variables are 169 population (P) and Year (Y).

	A. 2000	Corbaghiola	Inzecca	Teghime
	Calcina	0.55 (0.41-0.67)	0.39 (0.20-0.53)	0.27 (0.06-0.40)
	Corbaghiola			0.37 (0.21-0.58)	0.32 (0.24-0.42)
	Inzecca				0.19 (0.12-0.25)
	B. 2009			
		Corbaghiola	Inzecca	Teghime
	Calcina	0.60 (0.44-0.72)	0.38 (0.24-0.48)	0.30 (0.21-0.39)
	Corbaghiola			0.35 (0.24-0.51)	0.34 (0.20-0.53)
	Inzecca				0.18 (0.12-0.28)
	C. 2000 versus 2009			
		F ST	(CI)	
	Calcina	0.07 (0.01-0.09)	
	Corbaghiola	0.02 (-0.003-0.05)	
	Inzecca	0.03 (-0.002 -0.08)
	Teghime	0.04	(-0.001 -0.10)
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from an extensive seed-bank. However, we have no evidence of such a seed bank in Brassica insularis, so that an increase of genetic diversity after a fire would be unlikely.

Albeit this fire and the slight evidence for a bottleneck, Teghime remained the most genetically diverse population for microsatellites. According to Glémin et al. (2005[START_REF] Glémin | Consequences of low mate availability in the rare self-incompatible species Brassica insularis[END_REF], it was also the most diverse population with regards to the number of alleles at the S-locus (estimated numbers according to the lowest and most probable scenario were 15, 11, 12 and 5 for Teghime, Inzecca, Corbaghiola and Calcina respectively; Glemin et al 2005).

Conversely, Calcina appeared as the most genetically threatened with the lowest genetic diversity in both 2000 and 2009, and, in 2000, the 

What determines variation in vital rates among populations?

We found significant differences among populations for climatic and (biotic) ecological conditions, which might be driving spatial variation for demographic transition parameters.

In particular, in Teghime recruitment rate and rosette flowering probability were larger than in the three other populations; recruitment rate in Calcina was particularly low; rosette survival rate was lower in Corbaghiola; and flowering adults survival rate was lower in Corbaghiola and Inzecca (see Appendix B). Lower temperatures, in particular summer ones, could explain the lower flowering probabilities of rosettes and still higher recruitment rate observed in Teghime compared to Calcina and Inzecca (Appendix B). Corbaghiola and Teghime have very similar climatic conditions, but it could be that the slightly less cold Our analysis suggests that environmental variation acts on demographic behaviour.

Populations experience different environments and temporal variations within these environments. Applying stochastic demographic models is thus more relevant to incorporate this environmental variation [START_REF] Morris | Quantitative conservation biology: theory and practice of population viability analysis[END_REF][START_REF] Ghimire | Demographic variation and population viability in a threatened Himalayan medicinal and aromatic herb (Nardostachys grandiflora): matrix modeling of harvesting effects in two contrasting habitats[END_REF]).

Teghime appears to be the only growing population (stochastic λ s >1), with no risk of extinction at 50 years whatever the quasi-extinction threshold chosen. Results of extinction probabilities based on demographical matrices for the last 10 years are consistent with genetic analyses. Teghime showed the highest genetic diversity and highest recruitment rates. It was the only non-threatened population. Even the occurrence of a fire in 2003 (pers. obs.) did not appear to have much consequence (other than a slight decrease of genetic diversity), and from Table 3 it is unlikely to explain the demographic growth of this population. Presumably, its large size allows this population to be very healthy, from both genetic and demographic points of view. Some preliminary results of [START_REF] Glémin | Dépression de consanguinité, systèmes de reproduction et biologie de la conservation. Approches théoriques et expérimentales chez Brassica insularis Moris[END_REF][START_REF] Glémin | Marker-based investigation of inbreeding depression in the endangered species Brassica insularis[END_REF] suggested that strong inbreeding depression and low heterosis occur for adult survival in this population. Since the population is quite large, it is unlikely that running a population viability analysis incorporating the random fixation of slightly deleterious mutations and inbreeding load would much affect our conclusion about the viability of this population, especially given that such mutations seem to be rare (low heterosis). However, if this population was to experience a sudden and strong demographic bottleneck, the occurrence of lethal or deleterious mutations (as suggested by the occurrence of inbreeding depression) could lead to a large loss of fitness, and hence of viability. Overall, Teghime population does not appear to be threatened from the genetic or environmental conditions, were then determined by radiography after migration on 8% acrylamide-bisabrylamide/ TBE gels for loci ,300 bp and on 8% acrylamide-bisabrylamide/TTE gels for the other loci..

The exact sizes of the fragments were determined using the puc 19 sequence (EMBL no.

L09137) as a reference. In 2009, the reverse microsatellite primers used were labelled with a fluorescent dye. PCR amplifications were carried out in a total volume of 10 µl, containing the PCR buffer DreamTaq Fermentas [20mM Tris-HCl (pH 8.0), 1mM DTT, 0.1 mM EDTA, 100mM KCl, 0.5% Nonidet P40, 0.5% Tween 20 and 50% glycerol]; 10 ng of genomic DNA; 0.5 unit of Taq DNA polymerase; 0.2 mM of each dNTP; 0.7 µM of each primer labelled with 6-FAM, Cy5 or Cy3 for forward primers; and 1mM (38A, B01, B06, D08, E06, F07, D02), 2mM (AT129, 59A, 26A) or 0.5mM (H09) of MgCl 2 . PCR amplifications were carried out on a PTC-100 of MJ Research and samples were amplified as follows: 2 min at 94 ; 30 cycles of 30 sec at 94 , 30 sec at annealing temperature of each locus, 50 sec at 72 ; and 2 min at 72 ; or a "touchdown" program for loci (10-B06, 10-D08, 10-E06, 10-F07, 11-H09 and 12-D02) that did not amplified with the standard protocol.

After PCR, products were separated by electrophoresis on 6% acryl-bisacrylamide gels, and sized relative to an 82 molecular size marker (Internal Lane Standard 600, Promega).

Genotyping was performed on the Hitachi FMBio scanner and photographs of gels were analysed with the FMBio Analysis 8.0 software. 

Appendix