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On the basis of a phytoecological database currently being investigated at the French Institute of Forestry, Agricultural and Environmental Engineering (ENGREF, Nancy, France), the main ecological factors that explain vegetation distribution in Northeast France were derived through principal components and correspondence analyses. More than 1,000 relevés were available with complete floristic, climatic and pedologic descriptions. Data such as concentrations of exchangeable cations (Ca, Mg, K, Al, H), hydromorphy, mean yearly temperature and C/N ratio were integrated in the computations.

Distribution models and ecological indicator values (optima) were derived for 234 forest vegetal species, using a Kernel estimation method (non-parametric regression) and logistic regression. Multiple logistic regression was performed using the S-Plus statistical software package and four-and five-variable models are presented for each species.

Finally, the potential effects of Global Change on the 100-year time scale were investigated for each of the 234 vegetal species. Different scenarios of Global Change (soil acidification and eutrophication, global warming) were run to see the influence of change in ecological conditions on the expected number of occurrences of each main species in Northeast France. Geographical Information Systems (GIS) were used for the determination of climatic variables and the spatial representation of the distribution of Lamium maculatum and Oxalis acetosella with regard to Global Change.
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INTRODUCTION

Historically, the presence of plant species in the environment has been observed either in an empirical or formalised way. At the beginning of the 20 th century, a first empirical approach consisted for example in France in the description of the types of environments where plant species could be observed. Then, [START_REF] Rameau | Flore Forestière Française -Guide Ecologique Illustré -Tome 1 : Plaines et Collines[END_REF]1991) carried out a systematic analysis of the French forest flora in order to characterise, for some important factors (mineral nutrition, nitrogen nutrition, and water balance), classes of ecological conditions in which each species may be present.

Other phytoecologists [START_REF] Ellenberg H | Zeigerwerte von Pflanzen in Mitteleuropa[END_REF][START_REF] Landolt | Ökologische Zeigerwerte zur Schweizer Flora[END_REF] empirically assessed numerical ecological preferrenda of species to environmental conditions. Indeed, in Central Europe, [START_REF] Ellenberg H | Zeigerwerte von Pflanzen in Mitteleuropa[END_REF] derived optimum values for moisture, soil reaction (acidity and lime content), nutrient availability (soil nitrogen status) salinity (soil chloride concentration), light regime, temperature and continentality for 2,726 vascular plants. The advantage of such indicator values was the possibility of statistical computations and analyses.

Formalised description of ecological gradients was mainly based on theoretical considerations with [START_REF] Whittaker R | Gradient analysis of vegetation[END_REF] and [START_REF] Godron | Analyse fréquentielle de l' écologie des espèces dans les communautés[END_REF] but practical investigations were then carried out. Many phytosociologists developed or reviewed numerical and statistical methods to try to understand the relationships between plants and their environment [START_REF] Austin | On non-linear response models in ordination[END_REF][START_REF] Ter | Weighted averaging, logistic regression and the Gaussian response model[END_REF][START_REF] Ter | A theory of gradient analysis[END_REF][START_REF] Breton | L' analyse des relations espèces-milieu par l' analyse canonique des correspondances. I. Variables de milieu quantitatives[END_REF][START_REF] Yee | Generalized additive models in plant ecology[END_REF][START_REF] Huisman | A hierarchical set of models for species response analysis[END_REF]Austin et al., 1994a;Austin et al., 1994b;[START_REF] Austin | Current approaches to modelling the environmental niche of eucalypts: implication for management of forest biodiversity[END_REF][START_REF] Zimmermann | Predictive habitat distribution models in ecology[END_REF].

Indeed, resources and conditions of a particular site are "environmental factors" that may be biotic or abiotic and they decide which type of ecosystem develops. The correlation of environmental factors and the presence/absence data on species can lead to determination of optimal conditions for the different species, through the drawing and interpretation of response curves, which show the evolution of probability of presence of species along an ecological gradient [START_REF] Austin | New approaches to direct gradient analysis using environmental scalars and statistical curve-fitting procedures[END_REF][START_REF] Austin | Models for the analysis of species' response to environmental gradients[END_REF].

Vegetation-environment relationships were also investigated in de [START_REF] De | Experimental evaluation of realized niche models for predicting responses of plant species to a change in environmental conditions[END_REF][START_REF] Harvey | Macroecological studies of species composition, habitat and biodiversity using GIS and canonical correspondence analysis[END_REF][START_REF] Odland A | Ecological optima and tolerances of Thelypteris limbosperma, Athyrium distentifolium, and Matteuccia struthiopteris along environmental gradients in Western Norway[END_REF][START_REF] Hill | Prediction in th Rothamsted Park Grass Experiment by Ellenberg indicator values[END_REF][START_REF] Franklin | Predicting the distribution of shrub species in southern California from climate and terrain-derived variables[END_REF][START_REF] Guisan A | Predicting the potential of distribution of plant species in an alpine environment[END_REF], to understand terrestrial ecosystems.

Traditionally, two main indicator values are usually derived from the interpretation of a response curve: the optimum and the tolerance of a particular species to a given variable [START_REF] Bannister | What is physiological plant ecology? Internet paper[END_REF]) and these two indicator values are either physiological, linked to the concept of potential niche or ecological, linked to the concept of ecological niche [START_REF] Austin | Current approaches to modelling the environmental niche of eucalypts: implication for management of forest biodiversity[END_REF][START_REF] Dierschke | Pflanzensoziologie. Ulmer[END_REF][START_REF] Westman | Measuring realized niche spaces : climatic response of Chaparral And Coastal Sage Scrub[END_REF]. The optimum is the value that the variable takes when the probability of occurrence is maximum [START_REF] Ter | Weighted averaging, logistic regression and the Gaussian response model[END_REF]Gégout and Pierrat, 1998) and the tolerance may be defined as the interval for a given variable in which a particular species can survive (see Figure 1). Gégout and Pierrat (1998) suggest a slightly different definition of the tolerance, where the frequency of occurrence of a species must be greater than a threshold value and a standardised index is derived to allow comparison of amplitude and different quantiles of the distribution.

The Gaussian response curve presented on Figure 1 is one of the most widely used types of curves, in the field of autecology.

Up to now, on the one hand, the different empirical approaches used to link vegetation and environment led to results concerning wide areas (countries or regions) and taking into consideration the main factors linked to the plant physiology (many plant species but empirical results) and on the other hand, formalised approaches led to partial results in terms of number of species considered and quality of selected ecological factors, as well as very reduced geographical extent of the studies.

Most of the scientists that derived ecological indicator values on the basis of response curves analysis took indeed only one variable or parameter into consideration at the same time and interaction effects between the different components of ecosystems are thus often disregarded. Moreover, all the relevant factors are not taken into consideration in many studies. Variables like temperature or precipitation are widely used in the different regressions because they strongly influence plant physiology and also because they are easy and cheap to obtain. On the contrary, edaphic variables often lack regard, because of economic considerations.

In the meantime, human activities and air pollution are reported world-wide to have direct consequences on ecosystems. Since the early eighties, it has become obvious that a Global Change could be observed in terms of change of the geochemical cycles on earth (carbon dioxide, ozone, hydrological cycle, nitrogen, etc.), causing the distortion of the major ecosystems and the fast and increasing disappearance of species (Trapp, Course on Ecology, 2001).

Global Change results then in a change of ecological conditions of the different components of ecosystems and it is very difficult to predict the following changes in vegetation distribution without a formalised knowledge of plants reaction to the main ecological factors. This step is crucial to assess the impacts on the presence/absence of species on specific sites.

In this report, the author could take advantage of a phytoecological database currently being investigated by the French Institute of Forestry, Agricultural and Environmental Engineering (ENGREF, Nancy, France) to derive explicit models of probability of presence for 234 species and to combine these models with Global Change scenarios. Focus was the north-eastern region of France, where more than 1,000 relevés, all observed in forested environments, were available with complete floristic, climatic and pedologic descriptions.

The first part of the report is an introduction to Global Change and Vegetation distribution, with a small presentation of the main features of French forests. Materials and methods are presented in the second part.

The third part summarises the results of different statistical computations performed in order to derive models and ecological optima for each of 234 vegetal species present in Northeast French forests. The computations comprise multivariate analyses (principal component and correspondence analyses), non-parametric estimations (Kernel estimation regression) and logistic regressions.

When models and optima were available for each species, different Global Change scenarios were run to assess the influence of changes in the main ecological components on vegetation distribution. That is the object of the fourth part.

INTRODUCTION TO GLOBAL CHANGE AND VEGETATION DISTRIBUTION

Main issues of Global Change

Global Change issues were reviewed in the pre-Thesis work (acidification, eutrophication, modification of global cycles, etc.) and applied to vegetation distribution with much information provided by various sources. Different practical case studies were also presented (see [START_REF] Coudun | Influence of Global Change on the distribution of vascular plant species in France[END_REF] third part of the report).

Many phytoecologists have worked on the consequences of Global Change on vegetation distribution and especially in France [START_REF] Bonneau M | Apport de pollution et de nutriments aux peuplements forestiers par l' atmosphère : intensité et variations dans le Massif Vosgien[END_REF][START_REF] Dupouey | Dynamique de la végétation et pollution atmosphérique[END_REF][START_REF] Thimonier A | Simultaneous eutrophication and acidification of a forest ecosystem in North-East France[END_REF], Germany [START_REF] Diekmann | Acidification and eutrophication of deciduous forests in northwestern Germany demonstrated by indicator species analysis[END_REF]Dupré, 1997), Sweden (Falkengren-Grerup and[START_REF] Tyler | Dynamic floristic changes of Swedish beech forest in relation to soil acidity and stand management[END_REF], Switzerland [START_REF] Zimmermann | Predictive mapping of alpine grasslands in Switzerland: species versus community approach[END_REF][START_REF] Bolliger | Risk of global warming on montane and subalpine forests in Switzerland -a modeling study[END_REF][START_REF] Theurillat | Climatic change at and above the subalpine-alpine ecocline : impact on plant diversity and distribution[END_REF] and United Kingdom (Bunce et al., 1999;[START_REF] Firbank | Causes of change in British vegetation[END_REF].

Facts and figures on the French forest

With a forests cover of 14 million hectares (i.e. a quarter of the national territory), France ranks third of the European Union, after Sweden and Finland. French forests reveal 136 woody species and are ecologically extremely rich. The French administrative departments with the highest percentages of forested areas are the Landes in the south-west (60.6 %), the Var in the south-east (56.5 %) and the Vosges in the north-east (47.8 %).

In France, two thirds of the forests are broad-leaved, the remaining portion being coniferous. Oak and beech are predominant, which is a typical feature of the European temperate zone (concept of potential vegetation). On the other side, in Germany, on the British Isles (due to forest management) or in Denmark, coniferous forests reach as much as 70 %.

Forests are mostly private (70 %) and public forests belong to the State (state forests), to territorial communities or public institutions. Public forests are managed by the Forests National Office (ONF) which supervises, maintains and protects the forested and natural spaces for which it is in charge and it also ensures their ecological, economic, tourist and landscape management.

The number of species that are linked to the forest environment is very high because it amounts to about 1,000 species, among which only 30 are vulnerable or endangered species (French Ministry of Agriculture and Fisheries, 2001).

All the data used for manipulation and computation are coming from a phytoecological database currently in construction. Data were entered into the structure of the database, uniformed and then checked for accuracy before any calculation. Two main sources of information were used to fill in the database: catalogues of forest sites and Ph.D. dissertations or other forms of reports. The preparation of the data was an important step to consider, because it could then allow the first multivariate analyses (principal components and correspondence analyses). The goal was to find the main variables and their combination that had an influence on plant physiology.

Presentation of the region

The Thesis work concerned only Northeast France because a very important data set was available for this area and forests are present in a great part of the region (47.8 % forested areas in the Vosges administrative department). Indeed, the region of the Vosges mountains has been investigated many times by phytoecologists and integration of all sources of information into the database led to the preparation of the best data set ever manipulated in Northeast France (more than 1,000 sites with complete floristic and ecological descriptions).

The boundaries of the region are the national French borders in the East and North directions. After having confronted the map of available data with a geological map of France at the same scale (1/1,000,000 th ), it was decided to set the western and southern boundaries to fixed co-ordinates: respectively 779,000 meters and 2,281,000 meters for longitude and latitude in the second Lambert scale (easy-to-use and homogeneous scale over the whole metropolitan French territory). Two maps are included in the beginning of the report to show the geographic extent of the considered forest sites on an administrative background (with the main cities), as well as the topographic features of the studied region.

The distribution of the forest sites in the different Northeast France administrative regions and departments is shown on Table 1. Data are mainly from two geographic regions, that is to say the Alsace and Lorraine regions. They together contribute to more than 90 % of the forest sites, for a surface area of approximately 32,000 km 2 , that may be compared to 44,000 km 2 , the surface area of Denmark, or to 34,000 km 2 , the one of the Netherlands . 

Presentation of the database

The concept of forest sites

The general principle behind the expression of "forest sites" is to structure the existing forested surfaces or areas that are likely to be forested, into homogeneous units called sites.

According to the definition unanimously accepted today, "a site is a piece of land of variable surface, homogeneous in its physical and biological conditions (mesoclimate, topography, soil, floristic composition and vegetation structure). A forest site justifies that, for a given species, a specific sylvicultural method may be applied, which can be expected to result in a productivity bound within known limits" [START_REF] Delpech R | Typologie des stations forestières : vocabulaire[END_REF].

Sources of data

The catalogue of forest sites

The results of a typology study are compiled in a document commonly referred to as "catalogue of forest sites". This document is made available mainly to forest managers concerned with the area, but all persons somehow involved in forests, such as researchers, teachers, etc. can find useful information in this synthesis, which presents detailed information about all identified sites : physical character, characteristic vegetation, spatial distribution, forest potential, sensitivity to various stresses... [START_REF] Becker | How to characterise the diversity of ecosystems ?[END_REF]. It is estimated today that almost two thirds of the French forest territory are covered by a site catalogue and work is going on. The concept of forest sites applies to regional areas of moderate size (50 to 2,000 km 2 ).

As far as Northeast France is concerned, 16 catalogues were used, representing 663 sites out of the total 1,239 (53.5 %). Table 2 summarises the different sources of information used in the study.

Other sources of data

Besides the catalogues of forest sites, other sources of data that presented complete description of flora and analysis of the first soil horizon, were used: M.Sc. and Ph.D. dissertations represented 415 forest sites (33.5 %), phytoecological surveys 82 sites (6.6 %) and data issued from forest sites networks 79 sites (6.4 %).

The data set prepared during the Thesis work is unique because for 1,033 forest sites, a complete floristic relevé is available as well as its corresponding description and chemical analysis of soil. It is the first time in France that this kind of data is presented in a digital database.

Aims and extent of the database

(adapted from Gégout et al., 2000) The phytoecological database was created by the French Institute of Forestry, Agricultural and Environmental Engineering (ENGREF) in order to classify, structure and enable the use of data from various sources (forest sites catalogues, M.Sc. or Ph.D. dissertations, forest sites networks like the European or RENECOFOR networks). Information about ecology, pedology, climate and flora are contained in the database that summarises lots of documents that would be difficult to exploit on their own and its construction is justified by the fact that no such database does exist as far as France is concerned : only purely floristic (SOPHY) or pedologic (DONESOL) databases had been investigated by now. The phytoecological database is being constructed in a French version.

The database is composed of complete floristic and ecological relevés that have been carried out on many forest sites. Field ecological variables, which are not sufficient to completely explain the distribution of vegetal species, are completed when available by laboratory soil analyses (edaphic data) and by meteorological or mesoclimatic data derived with a geographic information system (GIS). Climatic variables that could not be obtained on field by the authors, but determined through the use of GIS, represent an original and new type of information. 3,500 to 4,000 relevés with soil analyses will be integrated to the database, among which 1,239 concern Northeast France and were selected for investigation in the Thesis work. The constitution of the database is financed by ENGREF, the French Ministry of Agriculture and Fisheries (DERF) and the French Agency for Environment and Energy Management (ADEME) and the realisation is carried out in ENGREF, Nancy, France (Gégout et al., 2000).

Structure of the database

(adapted from Gégout et al., 2000) The structure of the database is presented in the following page.

The numerous fields to be filled in are dispatched into 19 tables in order to describe the phytoecological relevés, as well as the studies or projects they are derived from. The table "Observations" is crucial because an observation corresponds to a relevé carried out by one or more authors on a specific site and at a given time. The author(s) is (are) listed in the table "Observation's Authors".

Several observations are made for a specific study and the fields that characterise it are present in the table "Studies". The table "Studies' Authors" gives information on the different authors of studies, projects, reports, dissertations… and the table "Authors" summarises all the authors from all the studies and observations. The table "Study Financing" indicates the organism(s) that takes (take) part to the financing of the survey and the table "Organisations" presents all the organisations that have financed one or more studies from the database.

The table "Forest Sites" characterises the location and the permanent ecological conditions, as well as the mean climatic conditions of the sites.

The (Gégout et al., 2000).

Quality of the data entered in the database

(adapted from Gégout et al., 2001) A typical feature from the database is that it has been investigated for a long time and many different people have taken part to its construction. However, rules and procedures of manipulation, verification and harmonisation of the data have been summarised in an internal document (Gégout and Dossier, 2001). Verification of the data had to be carried out by another person (the author) than the one that entered them into the database and concerns every fifth relevé for floristic description and soil analyses. In case of a too important proportion of fake data, the totality of the data from the considered study is checked. Harmonisation of the data concerns translations of French names to Latin names for floristic description, with reference to CIFF, the computer-based code of French flora [START_REF] Brisse | CIFF : Code Informatisé de la Flore de France[END_REF] and it concerns the expression of data in the same units for a specific variable, as far as soil analyses are concerned (Gégout et al., 2000).

A term of error for the whole database could be computed, based on the 1,239 relevés from Northeast France and a systematic check of every fifteenth relevé (concerning 86 complete relevés, see Table 3). An error term, specific to each relevant component of the ecosystem, was also computed and found to range between 0.2 and 1.7 %. As far as flora is concerned, the presence or absence of 1 species out of 500 is fake (major mistakes) and the rate is higher if coefficients of abundance/dominance are checked (minor mistakes). Moreover, concerning edaphic or site-specific data used in the computations, 1 data out of 200 is fake. Finally, greater rates of error (1 to 2 %) may be observed on the description of the soil horizons (like the sampling depth…) but those data are not used to characterise plant ecology.

When focus is on the proportion of relevés that contain at least one mistake, values are of course much greater (53 down to 45 %, see Table 3) because the database contains numerous fields. Besides, every fifth down to every twentieth relevé contains at least one mistake for important fields (most mistakes are however minor mistakes). As long as checked data have been modified, the different rates could be computed again to find a value of 0.2 to 0.5 % for data further used in the computations of plant-environment relationships (Gégout et al., 2001). 

Presentation of the variables

Plant ecology presents mainly two faces : a descriptive one and an explicative one. The descriptive face concerns the listing of plant species in their environment (identification, quantification and description of all necessary information) and the explicative face has to cope with the measurement of the relation between vegetation and environment. Priority has to be given to plants because they know very well which kind of environment suits them best and thus, they can be used as ecological means of measurement (ecological calibration with plants). It is of crucial importance to determine the ecological behaviour of each species but only a few research teams have initiated the elaboration of catalogues in France [START_REF] De | SOPHY, Botanical and Ecological Database[END_REF].

The establishment of the phytoecological database by ENGREF is thus relevant in the context of understanding plant species distribution and sensitivity to ecological factors. Dependent variables are floristic data (presence/absence or coefficients of abundance/dominance of plants species) and independent variables are ecological data that describe and characterise the local environment (mesoclimate, topography, geology, mineral characteristics, pedology…).

In the following, the derivation of the main working tables is presented. Only 1,033 relevés out of the 1,239 were selected for further computation because they presented both floristic description and soil analyses of the first horizon.

Dependent variables

Dependent variables concern all the species encountered in any observation out of the 1,239 relevés. It has been decided not to take into account different vegetation layers for woody species in the different manipulations : it would have been however possible to distinguish between a juvenile and an adult behaviour but the interest was on particular species' behaviour and determination of plant-specific indicator values. In a same way, woody plants that were present only in the herb layer were rejected because they did not show signs of growth or adaptation to the environment.

Two main tables could thus be constructed concerning flora, with the forest sites in rows and plant species in columns : a table of presence/absence and a table of abundance/dominance. In both cases, the value 0 was set at the intersection (i,j) when the species j was absent in the forest site i. In the case of presence/absence, the value 1 was set at the intersection of a present species j in a forest site i and in the case of abundance/dominance, coefficients ranging from + to 5 were attributed according to the Braun-Blanquet (1932) scale:

5 : cover greater than 75 %, any abundance; 4 : cover between 50 and 75 %, any abundance; 3 : cover between 25 and 50 %, any abundance; 2 : important abundance or cover between 5 and 25 %; 1 : relatively important abundance but poor cover; + : poor to very poor abundance (very poor cover).

A total number of 567 vegetal species are found in Northeast France, but only 234 were selected because they were present in at least 10 relevés (or approximately 1 % of the relevés). Thus, statistics can be derived for each vegetal species. The final floristic table was thus composed of 1,033 rows (forest sites) and 234 columns (plant species).

The clear-cut of species seems to be important if the number of vegetal species is considered because 234 species are remaining out of 567 initial ones (41.3 %). However, interest is on the total number of presence, whatever the species may be and the clear-cut leads to a reduction of 19,525 observed present plants or trees down to 18,625 and it means that 95.4 % of the floristic information is kept when species present in less than 10 relevés are disregarded. The final list of species is presented in Appendix 1, with ecological indicator values found by different phytoecologists.

Fagus sylvatica is dominating in Northeast France (present in 656 relevés), followed by Abies alba (440 relevés) and Quercus petraea (373 relevés). The shape of the curve (exponential) presented in Figure 2 is characteristic of vegetal species distribution. It was built on the basis of Appendix 1 and decreasing numbers of occurrences or frequency, the species being sorted by their rank.
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Most of the vegetal species presented in this report were described by [START_REF] Rameau | Flore Forestière Française -Guide Ecologique Illustré -Tome 1 : Plaines et Collines[END_REF]1991) and [START_REF] Ferry | Guide simple d' aide à la détermination de la flore forestière commune du quart nord-est de la France. Nancy, ENGREF[END_REF]. 

Independent variables

Independent variables are investigated with regard to their relation with specific-plant presence or absence and should include variables linked to physiological plant growth and variables linked to Global Change. Three main ecological components were selected in order to classify independent variables : climatic, pedologic and lightrelated. Poor information was however available on the light conditions and computations had to be carried out without this component.

However, the relevés were performed in homogeneous light conditions (located in closed forests for most of them), meaning that the light factor may be considered as a constant factor.

The list of independent variables is presented in Appendix 2a.

As already stated, only 1,033 relevés out of the initial 1,239 were selected because they presented soil analyses of the first horizon.

Climatic variables

Two types of variables were used as far as climate is concerned : field-based and GIS-derived variables. Data measured on field were altitude, topography and exposition and data concerning location of the forest sites were derived from information given by the authors of the studies and derived from topographic maps from the French National Geographic Institute (IGN).

Geographic information systems were used to convert the location of the forest sites into different systems of coordinates and derive some climatic variables. Thus, 12 mean monthly temperature values and a mean annual one (computed over a period of 30 years between 1960 and 1990), as well as 12 mean monthly precipitation values and a mean annual one (computed over the same 30-year-period), were available. Those data are coming from the 1-km-precision grid AURELHY meteorological model of France [START_REF] Benichou | Prise en compte de la topographie pour la cartographie des champs pluviométriques statistiques[END_REF].

A third category of climatic variables comes from the computation of different indexes [START_REF] Lebourgeois | Cours de Bioclimatologie. I -Les indices bioclimatiques[END_REF] based on the temperature and precipitation data:

Angot index This index only takes monthly precipitation into consideration and characterises continentality of the sites. Two sets of months are considered : the six warmest and the six coldest months. P has to be expressed in the same unit for the twelve months.

Gorczinski index

This index characterises the thermal continentality of the sites.

( )

14 9 10 sin 7 . 1 ' - ⋅ + + ⋅ = h A K γ (2)
where A is the thermal annual amplitude in °C (T july -T jan LVWKHODWLWXGHLQGHJUHHVDQGKWKHDOWLWXGHLQ km).

A climate is considered as being continental or semi-continental when I A is greater than 1 and K' is greater than 25.

Lang index

It is the first index that combines mean monthly (or yearly) precipitation and mean monthly (or yearly) temperature.

T P I L = (3)

where P is expressed in millimetres and T in °C.

Monthly values smaller than one characterise deserts, values between 1 and 2 characterise steppes and values greater than 2 characterise the presence of trees. Appendix 2b reveals some fake values for the months of December, January and February because temperature are negative and close to 0 °C, leading to highly negative values of the index. Moreover, when mean monthly temperature are equal to 0, the index cannot be computed (31 cases in January and 8 in December).

De Martonne index

This index also combines precipitation and temperature but takes negative values of temperature into consideration. It is widely used by geographs and characterises decreasing aridity with increasing values of the index. Gaussen and Bagnouls index This index is one of the most widely used and gives a relative expression of summer drought in terms of duration and intensity.

P T S - ⋅ = 2 (6)
A month is considered as being "dry" when P < 2T.

Gams index

This index (a value of an angle) tends to compensate the effect of increasing precipitation with increasing altitude but is only valid for altitudes greater than 800 to 900 meters. It is thus difficult to characterise all the data set with it.

( )

A P Cot = α (7)
where P represents precipitation (mm) and A altitude (m).

All the different indexes were computed in order to investigate their relative importance in the explanation of vegetation-environment relationships.

Pedologic variables

Numerous variables linked to pedology were derived from the description of the soil horizons (see Appendix 2a). They concern data about the type of soil, the apparition of hydromorphy (reduced conditions), the different obstacles encountered in the soil (floors), the type of humus, the presence of coarse fragments and the effervescence of the material, the nature of the bedrock, compacity and moisture of the different horizons, as well as structure and texture.

Edaphic variables also concern the results of soil analyses of the first soil horizon (horizon A). They mainly characterise mineral, nitrogen and phosphorous nutrition and are quantitative measured data. As long as different methods of measurement may have been used to derive them, it was decided to separate the data with regard to those different protocols. The main principles of pedology are described in [START_REF] Duchaufour | Pédologie -Sol, végétation, environnement[END_REF][START_REF] Delecour | Initiation à la Pédologie[END_REF] and the different protocols of soil sample analysis are described in [START_REF] Baize | Guide des Analyses en Pédologie[END_REF][START_REF] Baize | Guide des Analyses Courantes en Pédologie[END_REF] and [START_REF] Baize D | Référentiel Pédologique. Paris, Association Française pour l'Etude du Sol[END_REF].

Summary statistics

Summary statistics were derived for each independent variable and are presented in Appendixes 2b and 2c. Qualitative variables (Appendix 2c) were described in terms of number of occurrence in each class and quantitative variables (Appendix 2b) in terms of their distribution with the minimum, 1 st quartile, mean, median, 3 rd quartile, maximum, standard deviation and standard error of mean values.

For all variables, the number of relevés for which information is missing, is noticed.

Presentation of the computation methods

Basics statistics, with regard to this work, were reviewed in [START_REF] Legendre | Lexique anglaisfrançais d' écologie numérique et de statistique -English-French vocabulary of numerical ecology and statistics[END_REF][START_REF] Legendre | Lexique anglaisfrançais d' écologie numérique et de statistique -English-French vocabulary of numerical ecology and statistics[END_REF][START_REF] Statsoft | Electronic Statistics Textbook[END_REF]. Four computation methods are presented below, with their respective interest and relevance.

The first analyses performed were principal component analyses, in order to detect the relations between all soil variables and between all climatic variables or indexes. The goal was also to detect redundancy in the predictor variables and select "master variables". Correspondence analyses were then computed in order to identify the main ecological factors explaining vegetation distribution, considering all 234 species.
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The last two methods concerned the assessment of the effect of the predictor variables on the probability of presence of each species, with a non-parametric case (Kernel estimation regression) and another parametric one (logistic regression), that allowed to take simultaneously more than one predictor variables into consideration (multiple regression).

Principal component analyses

Given a wide range of parameters and variables, it was important to characterise their correlation, through classical linear regressions and principal component analyses. Thus, some variables may be integrated or contained in more synthetic ones. Correlation matrices were derived for two groups, one concerning climate and one concerning soil.

The performance of principal component analyses may avoid biased results due to correlated variables, but may also enable the elimination of redundant variables as well as the definition of synthetic variables or parameters [START_REF] Bouroche | L'analyse des données. Que sais-je ? 1854[END_REF].

Correspondence analyses

The principle of correspondence analysis relies on the construction of synthetic variables that summarise the variance ("inertia") of a data set [START_REF] Bouroche | L'analyse des données. Que sais-je ? 1854[END_REF][START_REF] Dervin | Comment interpréter les résultats d'une analyse factorielle des correspondances ? ITCF : Institut Technique des Céréales et des Fourrages[END_REF]Gégout and Houllier, 1993).

A first correspondence analysis was carried out based on the floristic table composed of 1,033 relevés and the 234 species present in more than 10 relevés. The presence/absence floristic table was used rather than the abundance/dominance one in order to give a similar weight to each species.

Ecological signification of the main factorial axes was graphically or analytically derived from linear regressions (either simple or stepwise or multiple) or analyses of variance between ecological variables and forest sites factorial co-ordinates.

Interpretation of the results of the first correspondence analysis led to a second analysis to definitely characterise the main ecological gradients having an influence on the distribution of plant species in Northeast France.

The results from the second correspondence analysis are expected to be highly correlated with the results of the first one because the principle of computation of the factorial co-ordinates is based on the separation of forests sites that present very different characteristics. Indeed, two forest sites that are located close from each other on a factorial plane are expected to present similar characteristics for the considered factors. In a same way, if focus is on the species factorial co-ordinates and if two vegetal species are close from each other, they are likely to be present in the same kind of environments illustrated by the factors.

Non-parametric Kernel estimation regression

The first advantage of the kernel method is to examine data without any a priori on their distribution (contrary to the Gaussian logistic regression method).

The kernel estimation is based on the calculation of a species frequency for every value x of a quantitative variable, with the species presence or absence in the quadrats that display a gradient value close to x. The relative importance of the quadrats in this calculation decreases as their gradient value departs from x. With this method, it is possible to estimate frequencies in relation to either one or two variables and to plot them graphically in either two or three dimensions, respectively [START_REF] Yee | Generalized additive models in plant ecology[END_REF]Gégout and Pierrat, 1998).

The principle of the method relies on the construction of a window around each value x i of the studied gradient.

The frequency y' i that corresponds to x i is estimated on the basis of y values for which x is in the interval [x i -F/2] and [x i + F/2], F being the window's width. Then, decreasing weight is given to points further and further from x i , thank to the K (Kernel) function.

Mathematically, a range of data is considered (x i , y i ) with i = 1, 2…n and the smoothed values resulting from computation are y' 1 , y' 2 …y' n (n represents the number of relevés for which the information about the gradient is available).

∑ ∑ = =         - ⋅         - = n j j i n j j j i i F x x K y F x x K y 1 1 ' (8)
where F is the window's width and K the weighting function (Kernel) that gives relative importance to the different points. These two parameters have to be specified when the Kernel method is used. A Gaussian kernel was used in the computation.

                - - ⋅ =         - 2 2 1 exp F x x F x x K j i j i α (9) ZKHUH .LVDFRQVWDQWRISURSRUWLRQDOLW\

Logistic regression

Logistic regression models the relationship between a dichotomous response variable and one or more predictor variables. A linear combination of the predictor variables is found using maximum likelihood estimation, where the response variable is assumed to be generated by a binomial process whose probability parameter depends upon the values of the predictor variables (MathSoft, Inc., 1999d).

Many papers were collected in order to review the methodology of logistic regression [START_REF] Hosmer | Logistic regression[END_REF][START_REF] So | A tutorial on logistic regression[END_REF]Prophet StatGuide, 1996;[START_REF] Simonoff | An unusual episode[END_REF][START_REF] Hui | Logistic regression models with missing covariate values for complex survey data[END_REF][START_REF] Didelez | Maximum likelihood and semiparametric estimation in logistic models with incomplete covariate data[END_REF][START_REF] Hardwick | Optimizing a unimodal response function for binary variables[END_REF][START_REF] Horton | Maximum likelihood analysis of logistic regression models with incomplete covariate data and auxiliary information[END_REF][START_REF] Cook D | Binary response and logistic regression analysis[END_REF] and the S-Plus programming language [START_REF] Baumgartner | Une introduction à S-Plus[END_REF][START_REF] Chagnon M | Miniguide S-Plus[END_REF][START_REF] Thioulouse | S-Plus -DEA course chapters[END_REF].

Logistic regression analysis

The model for logistic regression analysis assumes that the outcome variable Y, is categorical (e.g. dichotomous), but logistic regression does not model this outcome variable directly. Rather, it is based on probabilities associated with the values of Y. In theory, the hypothetical, population proportion of cases for which Y = 1 (presence of species) is defined as p = P(Y = 1). Then, the theoretical proportion of cases for which Y = 0 (absence of species) is 1 -p = P(Y = 0).

In the regression context, it is assumed that there is a set of predictor variables X 1 , X 2 …X p (ecological variables here) that are related to Y and therefore provide additional information for predicting Y. Logistic regression is based on a linear model for the natural logarithm of the odds (i.e. the log-odds) in favour of Y = 1.

∑ = ⋅ + = ⋅ + + ⋅ + ⋅ + =         - p j j j p p X X X X p p 1 2 2 1 1 ... 1 ln β α β β β α (10)
The log-odds, as defined above, is also known as the logit transformation of p. The logistic regression model is thus identical to the multiple regression model except that the log-odds in favour of Y = 1 replaces the expected values of Y.

There are two reasons underlying the development of the model above. First, probabilities and odds obey multiplicative, rather than additive rules and taking the logarithm of the odds allows for the simpler, additive model since logarithms convert multiplication into addition. And second, there is a simple exponential transformation for converting log-odds back to probability [START_REF] Dayton | Logistic Regression Analysis[END_REF] 

Fitting a logistic regression model to data

First, estimates for the parameters in the model must be obtained and second, some determination must be made on how well the model actually fits the observed data.

7KHSDUDPHWHUVWKDWPXVWEHHVWLPDWHGIURP WKHDYDLODEOHGDWDDUHWKHFRQVWDQW

.DQGWKHORJLVWLFUHJUHVVLRQ FRHIILFLHQWV j . Because of the nature of the model, estimation is based on the maximum likelihood principle rather than on the least-squares principle. In the context of logistic regression, maximum likelihood estimation involves the definition of the likelihood function L, as the product, across all sampled cases, of the probabilities for presence or for absence:
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where p i is the probability of the i th case (for which Y i is either 1 or 0) based on a sample of n cases [START_REF] Dayton | Logistic Regression Analysis[END_REF].

The result of the likelihood function L is nearly always a very small number and its natural logarithm is often taken to make it easier to handle. Probabilities are always less than one, so log-likelihood values are always negative and negative log-likelihood values are considered for convenience [START_REF]Logistic regression and discriminant analysis[END_REF]. As long as maximum likelihood estimation involves the maximisation of the likelihood function, it is the same as minimising -2 times the log of this function (-2LL).

Test statistics

Wald statistics

To distinguish them from parameters, we denote the maximum likelihood estimates a and b j . Given that these estimates have been calculated for a real data set, tests of significance for individual logistic regression FRHIILFLHQWVFDQEHVHWXS7KDWLVIRUWKHK\SRWKHVLV+ j = 0, a statistic of the form z = b j / S j is calculated based on the estimated standard error, S j , for b j 7KHYDOXHV l 2 = z 2 are often labelled as Wald statistics [START_REF] Dayton | Logistic Regression Analysis[END_REF] and are simply the square of the t-statistics.

Confidence interval for the logistic regression coefficient

The confidence interval around the logistic regression b coefficient is plus or minus 1.96*ASE, where ASE is the asymptotic standard error of coefficient b. "Asymptotic" means the smallest possible value for the standard error when the data fit the model [START_REF] Garson | Logistic Regression, in a on-line textbook on statistics[END_REF]).

R-squared

There is no widely-accepted direct analogy to ordinary least square regression's R 2 [START_REF] Veall | Pseudo-R2 measures for some common limited dependent variable models[END_REF]. This is because an R 2 measure seeks to make a statement about the "percent of variance explained", but the variance of a dichotomous or categorical dependent variable depends on the frequency of distribution of that variable. Nonetheless, a number of R-squared measures have been proposed but they are not goodness-of-fit tests. They rather attempt to measure strength of association.

An easy computable R-squared measure is presented below, which varies from 0 to 1, where 0 indicates the independent variables have no usefulness in predicting the dependent one. where dev is the model deviance and dev null the model null deviance (-2LL for the model which includes only the intercept).

Comparison of different logistic regression models

There are three common criteria or measures of fit that are used to compare models, the first one, being the deviance (-2LL), is often the convergence criterion during the fitting procedure. However, this criterion is adjusted in order to account for the effect of the number of parameters of variables [START_REF] Bergerud | Introduction to logistic regression models with worked forestry examples[END_REF]:

Akaike Information Criterion ( ) var 1 2 2 n LL AIC + ⋅ + - = (15) Schwartz Criterion ( ) ( ) var 1 ln 2 n N LL SC + ⋅ + - = (16)
where -2LL is the deviance of the model, n var is the number of explanatory variables, 1 states for the null FRHIILFLHQW .DQG1 LVWKHWRWDOQXPEHURIVDPSOLQJXQLWVIRUHVWVLWHV

The criterion selected in the study is the Schwartz criterion because it strongly penalises models that contain a greater number of parameters or variables.

Interpretation of the fitted logistic regression model

Odds ratio

The logit can be converted easily into a statement about the odds ratio of the dependent variable rather than logodds simply by using the exponential function. For instance, if the logit b 1 = 2.303, then its odds ratio is 10 and when the independent variable X 1 increases one unit, the odds that the dependent equals 1 increase by a factor of 10, when the other variables are controlled. Similar statements can be made for each of the independent variables.

The ratio of the odds ratios of the independent variables is the ratio of relative importance of the independent variables in terms of effect on the dependent variable [START_REF] Garson | Logistic Regression, in a on-line textbook on statistics[END_REF].

Increase/decrease in odds First, each term in the logistic regression equation represents contributions to estimated log-odds. Thus, for each one unit increase (decrease) in X j , there is predicted to be an increase (decrease) of b j units in the log-odds in favour of Y = 1. Also, if all predictors are set equal to 0, the predicted log-odds in favour of Y = 1 would be the constant term a.

Second, since most people do not find it natural to think in terms of log-odds, the LRA equation can be transformed to odds by exponentiation:

p p p p X b X b X b a X b X b X b a e e e e e p p ⋅ ⋅ ⋅ ⋅ + + ⋅ + ⋅ + ⋅ ⋅ ⋅ ⋅ = = - ... 1 2 2 1 1 2 2 1 1 ... ( 17 
)
With respect to odds, the influence of each predictor is multiplicative. Thus, for each one unit increase in X j , the predicted odds is increased by a factor of exp(b j ). If X j is decreased by one unit, the multiplicative factor is exp(b j ). Similarly, if all factors are set equal to 0, the predicted odds are exp(a).
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RESULTS
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Results from the principal components analyses

Principal components analyses on soil variables

Characterisation of correlation between soil variables

Simple linear regressions were performed on the different quantitative soil variables in order to characterise correlation between them. Coefficients of determination (R 2 ) are presented on Table 4, as well as the sign of the particular correlation. 

Al + + + - - - - + + - - - - + - - - 39 
H + + + - - - - + + - - - - + - - - +
Relative strong correlation exists between the different variables linked to mineral nutrition (pH, exchangeable cations and S/T ratio. It is noticeable that the coefficients of correlation are higher when the concentrations of cations are expressed in a log-basis. The more synthetic variables for mineral nutrition are pH and S/T ratio and are relatively well correlated with the other variables, but further computations are needed to decide which variables may be selected for the final computations.

Characterisation of the links between soil variables

A principal components analysis on the different variables presented on the previous table was performed, on the basis of a table comprising 321 rows (forest sites) and 14 columns (soil variables). The five natural concentrations of exchangeable cations were added to the analysis as supplementary variables (see Figure 3).

The first and second axes represent respectively 47.9 % and 13.9 % of the total inertia and variables are represented in four groups.

The first group is composed of the three parameters representing hydromorphy and among them, the depth of apparition of strong hydromorphy was selected as final variable in order to respect choices made during the kernel regression computations and because information is given for most forest sites (only 7 missing values).

The second group is composed of S/T, pH, humus and exchangeable cations (either expressed in natural or lognatural concentrations) linked to mineral nutrition (Ca, Mg, K), facing the third group composed of toxic exchangeable cations (H and Al). This negative correlation between these two groups was already observed in Table 4.

The fourth group is represented by one variable: the C/N ratio, which is also taken as a relevant synthetic variable for further computations. 

Principal component analyses on climate variables

Characterisation of correlation between climatic variables

The same methodology was used for climatic variables as for soil variables. A table of coefficients of determination was first derived and is presented in Appendix 3. In this table, T states for temperature, P for precipitation, L for Lang index, DM for De Martonne index, A for Angström index and G for Gaussen index. All these indexes were defined in section 2.3.2.1.

Values smaller than 30 % for coefficients of determination are expressed in bold characters. Most climatic variables are highly inter-correlated because of the construction of indexes (up to 100 % between precipitation values and Gaussen indexes that are a linear combination of precipitation values).

Characterisation of the links between climatic variables

A principal components analysis was performed on the different variables presented in Appendix 3 and the first two axes (principal plane) represented respectively 84.1 % and 10.6 % of the total inertia, meaning that most information is contained in the first axis.

Temperature, precipitation and altitude were considered as main variables and all the indexes as supplementary variables.

Results from the correspondence analyses

First correspondence analysis

The different percentages of inertia explained by the factors are summarised in Table 5. Inertia represents the total variance in the species data set and dividing each axis' eigenvalue by this number results in a determination of the percentage variance explained by that axis. The three first axes were considered further in order to determine the most relevant variables that are linked to factorial co-ordinates.

Representation of the forest species factorial planes

The co-ordinates of the 1,033 forest species in the different factorial planes (axes 1 to 4) are represented in Appendix 4a. A quick overview on the first graph (main factorial plane F1 -F2) reveals that the points are scattered over the whole graph, meaning their wide distribution over the two first axes ("normal situation", [START_REF] Dervin | Comment interpréter les résultats d'une analyse factorielle des correspondances ? ITCF : Institut Technique des Céréales et des Fourrages[END_REF]. However, the next two graphs (factorial planes F1 -F3 and F1 -F4) show that the dispersion over the axis 1 is greater than the one over the axes 3 and 4, meaning that the points are concentrated on a narrow range of factorial co-ordinates. It is also noticeable that a small data set diverges from the main group in those two graphs.

Ecological meaning of the first axis

Simple linear regressions Simple linear regressions were performed and revealed that the first axis was characterising the trophic level (mineral and nitrogen nutrition). Appendix 4b summarises those simple linear regressions, as well as the coefficient of determination R 2 (representing the proportion of common variation of two variables, i.e. the "strength" or "magnitude" of the relationship) and the significance p (probability that the observed relationship in a sample occurred by "pure chance" and that in the population from which the sample was drawn, no such relationship exists).

Appendix 4b reveals that the most relevant variables that may explain the first axis are : ln(H + ), the saturation rate (S/T), the 1 to 6 humus gradient (1: mor/dysmoder, 2: eumoder, 3: hemimoder/dysmull, 4: oligomull, 5: mesomull, 6: eumull from the poorest to the richest humus), pH, the logarithms of exchangeable cations and the C/N ratio. It is noticeable that taking the logarithms of the exchangeable cations seems to explain better the distribution of the vegetation because the logarithm has an ecological meaning (if the concentration of a component is doubled, from 1 unit to 2 units or from 2 to 4 units, the influence on the vegetation is the same).

The different coefficients presented in Appendix 4b are coherent because they oppose rich and poor environments. Rich conditions represent environments with higher Ca and Mg content (mineral nutrients), lower Al content (toxic cation), moderate to higher pH values (mineral nutrition) and lower C/N ratios (nitrogen nutrition). The definition is changed to the opposite for poor environments.

From left (rich) to right (poor) parts of the first axis are decreasing pH, Ca exch. and Mg exch., saturation rate environments, as well as increasing Al exch. and C/N ratio environments. Influence of phosphorous seems however to be minor when coefficients of determination are considered, probably because information is scarce and three types of measurement do exist.

Finally, calcium appears to be the most meaningful exchangeable element, with aluminium. The latter element is known to be toxic to plants and the former one is often used as an indicator of trophic level (e.g. Ca/Al ratio).
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The advantage of the calcium element is to be present in most forest sites in a typically wide range of concentrations [START_REF] Baumeister M | Effet de l'élément Calcium sur la végétation[END_REF].

Multiple linear regressions

Based on the observation and analysis of the results of simple linear regressions, stepwise regressions were performed to combine the effect of different variables in order to explain a larger part of the total variance of the data and they led to the following regression table (Table 6). This table shows the different features exposed in the previous paragraphs. All the results are very significant (the p value is smaller than 1 %). Exchangeable aluminium cations are not integrated into this regression because of their very strong correlation with exchangeable protons (R 2 = 0.8034 and p = 0 between ln(Al exch.) and ln(H + exch.)).

Ecological meaning of the second axis

Simple linear regressions

The second axis was more difficult to characterise because simple linear regressions did not reveal strong relationships between factorial co-ordinates and ecological variables (see Appendix 4b).

The results were not satisfying because no single ecological component could explain the second axis. The assumption that very wet environments had a biased influence on the distribution of the forest sites in the main factorial plane was made because they all were present in the same region (see Appendix 4c).

Ecological meaning of the third axis

Simple linear regressions

The third axis seems to reveal soil moisture and drainage conditions of the forest sites (see Appendix 4b for correlation between the factorial co-ordinates and ecological variables).

Single variables like type of soil, depth to hydromorphic conditions, topography, drainage and depth to the water table seem to explain the distribution of the forest sites along the third axis.

Multiple linear regressions

Forward stepwise regressions were also performed to include relevant variables in order to explain the third axis in the best way. Table 7 summarises the results.

Axis 3 is thus illustrating the influence of soil moisture and drainage conditions, with single variables such as the depth to strong hydromorphy to characterise the possibility of roots to respire, the presence/absence of a major riverbed (1 if present, 0 if absent) and the presence/absence of a depression to characterise topography and the presence/absence of a carbonated bedrock to characterise the ability of the soil to store water. 

Second correspondence analysis

Preparation of the second correspondence analysis

Analysis of axes 2 and 3 of the 1 st correspondence analysis revealed that "moist" environments were concentrated in the same region of the different factorial planes (see Appendix 4c). It was then decided to perform a second factorial analysis without the concerned points and forest sites that presented a hydromorphic soil type or that were present in a water saturated environment were disregarded (88 forest sites). The same procedure as the one presented in section 2.3.1. was used in order to select the vegetal species that were present in at least 10 relevés.

Among the 234 initial vegetal species selected for the previous computations, only 214 were present in at least 10 relevés (or approximately 1 % of the relevés). The second final floristic table was thus composed of 946 rows (forest sites) and 214 columns (plant species).

The clear-cut of species from 567 (all species observed in Northeast France) to 214 species represent a conservation of 37.7 %. However, interest is on the total number of presence and the clear-cut leads to a conservation of 85.7 % of the floristic information (reduction of 19,525 to 16,739 occurrences).

The different percentages of inertia explained by the factors are summarised in Table 8. The two first factors F1 and F2 are explaining a greater proportion of variance than in the first correspondence analysis (respectively 6.27 and 3.96 for the 2 nd analysis and 5.95 and 3.70 for the 1 st analysis).

Correlation of forest sites factorial co-ordinates from the two analyses

Linear regressions were performed between the forest sites factorial co-ordinates from the two analyses (with the 88 "wet" forest sites in the first analysis being disregarded) and the regression equations are presented below. It seems clear that the first five factors of the second analysis are highly correlated with factors from the first analysis (see the different coefficients of determination) and correlation is very significant (p < 10 -3 ). However, the third axis of the first analysis, that was found to characterise hydromorphy in section 3.2.1.4., is not found in the second analysis and that is because it was decided to remove hydromorphic environments before running the computations. The ecological gradient behind the second axis of the two analyses can be now better characterised.

Ecological meaning of the second axis

Simple linear regressions

The second axis seems to represent temperature because the variables that are best correlated to the co-ordinates are mean yearly temperature, altitude and mean yearly precipitation (see Appendix 4b).

Multiple linear regressions

Multiple linear regressions were performed and led to the results presented in Table 9. The regression coefficients are significant at the 10 -3 level Data obtained from field measurements or from GIS computations are complementary to each other because different parameters characterising temperature can be found in this regression equation: mean yearly temperature (obtained from GIS computations), exposition (cos(expo) reveals that the more southern, the warmer and sin(expo) that the more eastern, the warmer; issued from field measurements) and solar radiation in July (obtained from GIS computations). Data issued from GIS at a different length scale are used (solar radiation is available at the 50-m scale and mean yearly temperature at the 1-km scale), that is why multiple linear regression was performed with all the forest sites that were located precisely (512 forest sites are located with a precision smaller than 50 meters).
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Conclusion

Correspondence analysis enabled the determination of the main ecological gradients having an influence on the distribution of vegetal species in Northeast France. Three axes were selected to explain this distribution : the first one characterises mineral and nitrogen nutrition, the second one represents an axis of temperature and the third one shows the influence of soil moisture and drainage (hydromorphy). It may be noticed that the different climatic indexes presented in section 2.3.2.1., built to better explain plant ecology, did not bring significant results because they are less explicative than simple variables like mean yearly temperature.

All the different selected variables have an ecological meaning for the plants. Those preliminary results could then lead to the selection of particular variables for further investigation and derivation of indicator values.

Appendix 4d is a representation of the species in the first two factorial planes (axes AFC1 F1 to AFC1 F3).

Selection of soil variables for further computations

The depth of apparition of strong hydromorphy and C/N ratio were selected as relevant soil parameters because they were explicative of vegetation distribution (in respectively axes 2 and 1) and because they were not correlated with other variables (results from principal components analyses).

In order to choose among the variables present in the second (S/T, pH, humus, Ca, Mg, K) and third (H, Al) groups of the principal component analysis, multiple linear regressions were performed to explain axis 1 of the correspondence analysis and two alternatives were selected.

pH

The multiple regression between axis 1 and pH and C/N led to the equation: 101 observations were deleted due to missing values and this first alternative was kept with regard to its simplicity of handling in terms of Global Change (soil pH is often a variable characterising acidification).

N C pH F AFC / 0471 . 0 3919 . 0 3746 . 1 . 1 1 ⋅ + ⋅ - = ( 

ln(S/Al) and ln(H)

The second alternative was more ecology-based because meaningful variables were selected with known separate effects on vegetation: S characterising mineral nutrition (S = Ca + Mg + K), Al characterising toxicity to plants (often described in literature) and ln(H) soil acidity. The relevance of the synthetic parameter ln(S/Al) was reviewed by [START_REF] Sverdrup | The effect of soil acidification on the growth of trees, grass and herbs as expressed by the (Ca+Mg+K)/Al ratio[END_REF].

The multiple regression equation between axis 1 and those variables was:

N C Al S H F AFC / 0456 . 0 ) / ln( 0947 . 0 ) ln( 1739 . 0 0635 . 0 . 1 1 ⋅ + ⋅ - ⋅ + - = (24 
) R 2 = 0.8252 and p < 10 -3 444 observations were deleted due to missing values, but the goodness-of fit was significantly increased.

Selection of climatic variables for further computations

Most climatic variables were redundant with each other and the choice of selecting only the mean yearly temperature, was made to summarise the effect of climate. It has a physiological sense because it characterises relevant plant growth conditions. However, the results probably revealed correlation inherent to the use of the meteorological model AURELHY [START_REF] Benichou | Prise en compte de la topographie pour la cartographie des champs pluviométriques statistiques[END_REF]. Indeed, temperature and precipitation values given by the model are likely to contain information about the local topographic conditions (drainage, altitude, exposition, etc.) and to further characterise the correlation found, it might be relevant to understand the construction and computations of the model. 

Summary of the main explicative variables

Five single variables were selected for the Kernel estimation regression : soil water pH, saturation rate at pH of the soil, C/N ratio, mean yearly temperature and depth to strong hydromorphy. They all explain a significant part of a main axis of the correspondence analyses and are thus major factors explaining vegetation distribution.

Two cases were selected for further application of the logistic regression method. The first one keeps five synthetic variables: depth of apparition of strong hydromorphy, mean yearly temperature, C/N ratio, ln(S/Al) and ln(H). This case focuses more on ecology and understanding of plant physiology.

The second case replaces ln(S/Al) and ln(H) by a more synthetic pH and is very practical in terms of Global Change because it may take global warming, acidification and eutrophication into account.

Results from the Kernel estimation regression

The kernel estimation regression method was applied to each of the 234 vegetal species found in more than 10 relevés out of the total 1,033 and five variables were selected to illustrate each of the main axes from the correspondence analyses: soil water pH, saturation rate at pH of the soil and C/N ratio for the 1 st axis; mean yearly temperature for the 2 nd axis and depth to strong hydromorphy for the 3 rd axis. Results are presented in Appendix 1. The width of the different windows is presented in Table 10, as well as the extent of the gradient on which the estimation regressions were made. Mean yearly temperature 5.9 to 10.5 1.8

The optima for each variable presented in Appendix 1 (opt KE) may be divided into four groups because species may have a minimum, an intermediate or a maximum indicator value along the gradient or they may present a wide amplitude (w.a.), meaning that there is no optimum for the considered variable. Absence of hydromorphy was considered as being equivalent to 150 cm of depth of strong hydromorphy (abs.). Figure 4 present these four groups for the five variables (see Table 13 for numerical values).

According to the definition of rich environments given in section 3.2.1.2., species are statistically well distributed in environments with moderate to higher pH values, higher S/T ratios, lower C/N ratios and higher temperatures.

Indicator values that were computed for soil pH, S/T (saturation rate at soil pH, where T = Ca + Mg + K + Al + H), C/N ratio and mean yearly temperature (Ty) are original and precise. It is the first time that quantitative indicator values are computed for edaphic parameters in such a wide area and with such a number of relevés. However, indicator values concerning hydromorphy have to be investigated further because the number of relevés in hydromorphic environments was too small to allow a good estimation of indicator characteristics of species (Gégout et al., 2001). 

Results from logistic regression

Simple logistic regression is a standard method in plant ecology in order to draw response curves and derive ecological indicator values such as optimum and tolerance (ter [START_REF] Ter | Weighted averaging, logistic regression and the Gaussian response model[END_REF]. During the Thesis work, focus was on multiple logistic regression to understand the behaviour of 234 forest vegetal species. The four to five variables previously described were taken simultaneously into account, which is a new approach, that was seldom encountered in literature.

Choosing a "best" model for each species

The input data to perform multiple logistic regression were a table composed of 1,033 rows (forest sites) and 234 columns for each species, as well as 4 or 5 columns for the selected variables. A programme was written with the S-Plus software package (MathSoft, Inc., 1999a to 1999e) in order to perform automatic regressions for all species (the programme is available on request to the author).

The principle of the programme relies on the computation of all possible models for each species, from the most simple model (or null model) to the most complex one (taking into account all variables and their squared). In a particular model, it was important to have a squared variable only if the simple variable was already integrated in the model. Thus, in case of 4 variables, there were 81 possible models and in case of 5 variables, the number rose to 243 possible models (n being the number of variables, the number of possibilities was 3 n ).

Then, a criterion had to be chosen to select the best model. Among the three most used criteria, the deviance, Akaike and Schwartz criteria, the latter was preferred because it really penalised models that tended to include more parameters. The Schwartz criterion was thus the basis of comparison between all possible models for a single species.

Presentation of logistic regression results

Appendix 5a summarises the results found for each species when respectively five or four variables are taken simultaneously into consideration. Each row corresponds to one species with information on the best model according to the Schwartz criterion: the values of the regression coefficients are expressed in order to allow the On the other hand, some plant species were found to be very site-specific: Athyrium filix-femina, Carex sylvatica, Carpinus betulus, Deschampsia flexuosa, Evonymus europaeus, Glechoma hederacea, Impatiens nolitangere, Milium effusum, Polygonatum multiflorum, Polytrichum formosum, Quercus petraea, Urtica dioica and Viburnum opulus do react to all variables in the four-variable case (pH, hydromorphy, temperature and C/N ratio).

Sensitivity of species towards variables

The sensitivity of species towards a given variable is expressed by the regression coefficient values in case of increasing or decreasing probability of presence. Graphically, it expresses the slope of the response curves: the steeper it is, the more sensitive the species is. Table 12 presents the rate of species that are sensitive to each main explicative factor (KE states for Kernel estimation, LR for logistic regression, 4 and 5 indicate the number of variables taken into consideration and s and m distinguish between simple and multiple models). Vegetal species are mostly sensitive to pH and temperature and less sensitive to hydromorphy (small number of relevés in hydromorphic conditions).

Significance of the regression coefficients

The significance of all regression coefficients is also presented on Appendix 5a Most of those coefficients are significant at the 5 % level and even at a much more strict level. However, it may be noticed that some models include coefficients that are not significant at the commonly used 5 % level. The choice was made not to include a second criterion on the determination of the "best" model regarding significance of the coefficients. The Schwartz criterion is one criterion among others and the results presented in Appendix 5a follow this criterion.

Nevertheless, most models do not present any non-significant regression coefficients (see Appendix 5c that counts the number of coefficients that are not significant at the 1 % and 5 % levels).
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Discussion of logistic regression results

Goodness-of fit (pseudo-R 2 )

As already stated in section 2.4.4.3., the multiple R 2 coefficient used in the least squares estimation does not exist for logistic regression because interest in on maximisation of the likelihood function. A pseudo R 2 coefficient was chosen among others in the Thesis work [START_REF] Veall | Pseudo-R2 measures for some common limited dependent variable models[END_REF] but its values is rarely greater than 0.40 or 0.50.

Figure 5 summarises the distribution of the pseudo-R2 values found for each multiple regression model. Most models have a poor R 2 value: less than 0.3 in 79 % and 75 % of the models respectively for the four-and fivevariable models. Only three species have a R 2 value greater than 0.5 for the four-variable case (Campylopus fragilis, Phalaris arundinacea and Sesleria caerulea) and only six species for the five-variable case (Allium ursinum, Hepatica nobilis, Iris pseudacorus, Phalaris arundinacea, Sesleria caerulea). The results presented for Cicerbita alpina in the five-variable case are fake and cannot be taken into consideration. 

Presence/absence data versus probability of presence

The difficulty in modelling presence/absence data lies on the discrete nature of the input data (0 for absence of the species, 1 for presence) and the transformation to probabilities of presence. The total number of occurrences is kept because the total number of 1s (number of forest sites where a species is present) is equal to the sum of probabilities of presence for all forest sites.

Other link functions

The choice of the logistic function as link function was naturally made on the basis of the available existing literature, but other link functions may also have been selected [START_REF] Nelder | Generalized Linear Models[END_REF].
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Comparison of ecological indicator values

Interests of ecological indicator values

Vegetation is an essential component of most terrestrial ecosystems and may reflect the environment in which the plant species are growing. Indeed, plant species carry information about the changes in environmental conditions and thus may be used as indicators of key environmental factors. The basis of indicator values is the realised ecological niche, stating that plants have a certain range of tolerance of temperature, light, soil pH, etc. [START_REF] Hill | Ellenberg's indicator values for British plants[END_REF]. [START_REF] Landolt | Ökologische Zeigerwerte zur Schweizer Flora[END_REF] and [START_REF] Ellenberg H | Zeigerwerte von Pflanzen in Mitteleuropa[END_REF] did formalise ecological indicator values respectively for Switzerland and Central Europe, that are widely used for the detection of long-term ecological change and for many other applications (Ertsen et al., 1998;[START_REF] Schaffers | Reliability of Ellenberg indicator values for moisture, nitrogen and soil reaction: a comparison with field measurements[END_REF]. However, even if Ellenberg's indicator values have been used in Central Europe, as well as in adjacent parts of western Europe, they are probably not available in a form convenient to the French flora. One aspect of the Thesis work was thus to derive specific indicator values, valid for Northeast France ecological conditions.

Summary of the different methods

The previous parts of the report were aimed at the derivation of ecological optima of 234 vegetal species present in Northeast France. Some existing data were available: Ellenberg's indicator values as well as values derived by Rameau and Gégout (unpublished).

Then, indicator values were derived based on kernel estimation regression (performed by Jean-Claude Gégout) and by logistic regression (performed by the author). Four sets of indicator values were derived for logistic regression: simple and multiple optima for four-variable models and simple and multiple optima for five-variable models (see Tableau 13). Table 13 reveals that the results are similar for simple logistic regression models with four or five variables (LR4s and LR5s, for the variables Ty, C/N and hyd), which is coherent because the same variables are used in the same kind of computations. The difference is the number of relevés involved: 925 in the four-variable case and 587 for the five-variable one.

Table 13 also reveals that the proportion of species for which the indicator value is at the edge of the gradient (either at the minimum or at the maximum), is often greater than the proportion of species for which it is intermediate (see last column). This is in contradiction with the theoretical ecological niche, that assumes an even distribution of niches along the gradient. However, pH and temperature (to a lesser extent) respect this theory because most species present their optimum inside the gradient.

Species also generally tend to be present in rich environments: a comparison of the first and third column of Table 13 shows that higher temperatures are preferred (favouring plant growth), as well as more nutritive environments (higher pH, higher S/T ratios, higher ln(S/Al) rations and lower C/N ratios) and absence of hydromorphy.

Correlation between the different methods

After performing different statistical analysis to derive ecological indicator values, the interest was to compare the results found for each category of variable: temperature, mineral nutrition, nitrogen nutrition and hydromorphy. This was done through the construction of correlation matrixes presented in Appendix 6 (u states for simple logistic regression models and m for multiple ones).

Ellenberg's, as well as Rameau and Gégout's indicator values are relatively poorly correlated with the values found with the Kernel and logistic regression methods (temperature, nitrogen nutrition and hydromorphy), probably because they proposed synthetic factors that are compared with specific variables. However, the coefficients of correlation are significantly high for mineral nutrition, meaning that the variables pH or S/T summarise the information contained in the R coefficient of Ellenberg or the mineral nutrition coefficient of Rameau and Gégout. The interest is of course that these variables may be measured with analytical devices and are based on numerical values.

The different indicator values computed in this study are well correlated with each other, because they reflect the behaviour of the vegetal species in the same region. They were derived from the same data set. It may finally be observed that the simple and multiple optima from logistic regression computations are also strongly correlated.
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DISCUSSION ON THE SENSITIVITY OF VEGETAL SPECIES TO GLOBAL CHANGE

Scenarios of Global Change

Acidification in the Vosges mountains (a great part of the studied region) is reported by many scientists, as well as a eutrophication phenomenon due to nitrogen deposition. Global warming may also be taken into consideration for Global Change scenarios.

No assumption was made on the expected increased precipitation over the studied region because the regression models were computed with the inclusion of four variables (mean yearly temperature, pH, C/N ratio and depth of apparition of strong hydromorphy).

The different scenarios are based on a 100-year time scale and assumption was made that the range of dates of the different floristic relevés was narrow compared to the value of 100 years. This assumption is probably fake for old relevés.

Finally, Sala et al. (2000) showed that land use was the driver with the largest effect on biodiversity, mainly by reducing habitat availability for species, followed by climate change, nitrogen deposition, biotic exchange and CO 2 enrichment. The main cause of change in vegetation distribution, change in land use, is thus disregarded here, in favour of global warming, acidification and eutrophication. The influence of Global Change on vegetation distribution was also investigated in [START_REF] Diaz S | Plant functional types and ecosystem function in relation to global change[END_REF], European Environment Agency (1998), Renecofor (1999aand 1999b[START_REF] Schleppi P | Three years of increased nitrogen deposition do not affect the vegetation of a montane forest ecosystem[END_REF], Sala and Chapin (2000), [START_REF] Chapin | Consequences of changing biodiversity[END_REF] and [START_REF] Rustad | Warming effects on ecosystem functioning[END_REF].

Scenario 0 represents the current situation.

Change in temperature: global warming

Scientists may predict values from 1.0 to 3.5 °C of potential increase of temperature for the next century [START_REF] Rustad | Warming effects on ecosystem functioning[END_REF] and two scenarios were run as far as temperature is concerned. First, an increase of 1 °C was assumed on the 100-year term (scenario 1a) and second, an 3 °C-increase was assumed (scenario 1b).

Change in soil pH: acidification

Two phenomena lead to the acidification of some areas of the studied region. First, most of the Vosges mountains are not resistant to acidification and are the second least resistant region to acidification. Second, the amount of acidic atmospheric deposition reaching the soils is quite high in the Vosges mountains because of industrial areas (France's second highest acidic atmospheric deposition rate).

Many studies were carried in Northeast France in order to characterise soil acidification [START_REF] Bonneau M | Apport de pollution et de nutriments aux peuplements forestiers par l' atmosphère : intensité et variations dans le Massif Vosgien[END_REF][START_REF] Dupouey | Dynamique de la végétation et pollution atmosphérique[END_REF][START_REF] Dambrine E | Apport de pollution et de nutriments par l'atmosphère aux peuplements forestiers vosgiens : intensité, variations spatiales et historiques et conséquences sur la nutrition des forêts[END_REF][START_REF] Thimonier A | Simultaneous eutrophication and acidification of a forest ecosystem in North-East France[END_REF].

A first scenario on acidification assumed a 0.5 unit decrease in soil pH over the whole region (scenario 2a) and a second one assumed a 1.0 unit decrease in soil pH (scenario 2b).

Change in the C/N ratio: eutrophication

Eutrophication was also reported many times in Northeast France [START_REF] Bonneau M | Apport de pollution et de nutriments aux peuplements forestiers par l' atmosphère : intensité et variations dans le Massif Vosgien[END_REF][START_REF] Thimonier A | Simultaneous eutrophication and acidification of a forest ecosystem in North-East France[END_REF]. Mean nitrogen deposition in the Vosges mountains is reported by [START_REF] Bonneau M | Apport de pollution et de nutriments aux peuplements forestiers par l' atmosphère : intensité et variations dans le Massif Vosgien[END_REF] to be 12.9 kgN.ha -1 .yr -1 , (in the interval between 5 and 20 kgN.ha -1 .yr -1 ). With a mean depth and density of the first horizon of the soil equal respectively to 21.9 cm and 1.06 g.cm -3 [START_REF] Dupouey | Variations de la densité des sols des hêtraies du nord-est de la France en relation avec leurs caractéristiques physico-chimiques[END_REF] and assuming that the amount of carbon stored in the soil is kept constant, the C/N ratio was found to decrease by 15 % in mean conditions in the 100year term (scenario 3a). Another scenario was assumed on the basis of a 30 % reduction of the current C/N ratio (scenario 3b).

Combination of the changes

In order to characterise interaction of the different manifestations of Global Change, the different abovepresented scenarios were combined to give scenarios 4a and 4b.

Scenario 4a 1 °C increase of temperature 0.5 unit decrease of soil pH 15 % decrease of the C/N ratio Scenario 4b 3 °C increase of temperature 1 unit decrease of soil pH 30 % decrease of the C/N ratio

Choice of species

Plants distribution may be modified by Global Change. As long as ecosystems tend towards a state of equilibrium (theory of climax) and tend to keep it when reached (homeostasis), different scenarios may happen: either ecosystems regulate the environmental factors and come back to the previous equilibrium, or they adapt to the new conditions (slight changes), or they are replaced by new systems that are better adapted to the conditions [START_REF] Trapp | Course on Ecology[END_REF], Course on Ecology).

Choice of non-tree plants

In order to illustrate on maps the potential change in vegetation distribution, some "interesting" species had to be selected. The first choice was in favour of plant species, instead of trees because trees are not likely to react to Global Change in terms of presence/absence (at least on a relative short-term scale) but in terms of growth conditions. Moreover, presence/absence of trees is often depending on the actions of forest managers.

Sensitive species

Plants are likely to leave a specific site if ecological conditions have become unfavourable for their growth but they will colonise environments where conditions are adapted to growth only on the condition that they may reach it (see the chapters about seed dispersal in [START_REF] Coudun | Influence of Global Change on the distribution of vascular plant species in France[END_REF].

Particular species were selected because they were sensitive to Global Change either in terms of disappearance or in terms of potential colonisation of new sites. Two species were interesting as far as change in distribution is concerned : Lamium maculatum and Oxalis acetosella.

Results from the different scenarios

Spatial representation of probabilities of presence

The spatial representation of probabilities of presence has been carried out with the GeoConcept software package [START_REF] Geoconcept | Manuel d' utilisation GeoConcept[END_REF]Gégout and Piedallu, 1999). Given the ecological conditions of the 925 forest sites integrated in the four-variable logistic regressions, it was possible to assess the probability of presence of each species on each site.

For example, Appendix 5a shows that the model linking the probability of presence of Oxalis acetosella and the predictor variables is: 

N C pH pH Ty p p oxac oxac ⋅ - ⋅ - ⋅ + ⋅ - =         - 080 

Effect of Global Change scenarios on the numbers of occurrences

Appendix 7b lists all the 234 species and the expected total numbers of occurrences after running each of the eight scenarios ("occ" states for occurrences and "per" for percentage). Those results were obtained by applying the procedure explained in section 4.3.1. (computation of probabilities of presence and sum to obtain the expected numbers of occurrences).

Disappearance of species

In the less pessimistic scenario where all contributions to Global Change are taken into account (scenario 4a), six species are likely to disappear from the region because they are expected in less than 3 forest sites. The list of the concerned species is: Cardamine heptaphylla, Carex digitata, Lonicera nigra, Lunaria rediviva, Rumex arifolius and Sesleria caerulea.

However, Carex digitata and Sesleria caerulea are not likely to disappear because those species are found in calcareous environments (see Ellenberg's or Rameau's empirical indicator values). A decrease in soil pH is not expected to be significant in soils that are calcareous, because these soils act as buffers and the H + ions may be neutralised by the calcium carbonate (CaC0 3 ) buffer system.

Decrease/increase in the probability of presence

When scenario 4a is run, 129 vegetal species (out of 234) present a decrease in the expected number of occurrences compared to the current situation and 87 species present an increase (see Table 14). The remaining 18 species were found to be not sensitive to Global Change: Castanea sativa, Galium palustre, Galium rotundifolium, Hieracium murorum, Hypericum pulchrum, Impatiens parviflora, Juncus effusus, Lapsana communis, Lathyrus linifolius subsp. montanus, Lysimachia vulgaris, Mnium hornum, Mycelis muralis, Phyteuma spicatum, Ranunculus repens, Salix caprea, Stachys officinalis, Veronica officinalis, Vinca minor. The main feature of Table 14 is that Global Change has a significant effect on the frequency of the species. For all scenarios except scenarios 3a and 3b, there are much more species that present a decrease in their frequency than an increase. However, the total number of occurrences is increased, meaning that a few species become dominant because they represent most of the occurrences. Temperature, as a crucial physiological factor for plants, favours their growth and production of biomass and it is clearly defined as the main factor linked to vegetation distribution, because scenarios 4a and 4b are similar to scenarios 1a and 1b. Those results were not obvious to predict because two changes out of the three are favourable for plants (an increase in temperature and decrease of the C/N ratio).
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Discussion on the methodology

Long-term predictions

The results presented are based on a 100-year time scale and of course, they have to be critically viewed. The loads of pollutants on forest soils are likely to change and the computations were based on the current static situation. The logistic regression models are derived from a static view of today's vegetation distribution and they were combined with dynamic models of Global Change.

Immediate colonisation of modified environments by vegetal species, assumed in the simulations, is likely to be a fake assumption because there is a lag between the time when the site conditions have become favourable and the time when favoured species may colonise it.

The 100-year term scale was chosen mainly to have "sensitive" changes in vegetation distribution and because all the relevés were made during a 25-year period (see Figure 6). It was considered that all relevés did belong to the same period in terms of Global Change even if the global situation has critically changed since the 1970's and the firsts demonstrations of the pollution effects. Most of them were realised in a five-year period (1992)(1993)(1994)(1995)(1996)(1997). B e f. 1 9 7 0 1 9 7 0 1 9 7 1 1 9 7 2 1 9 7 3 1 9 7 4 1 9 7 6 1 9 7 7 1 9 7 8 1 9 7 9 1 9 8 0 1 9 8 1 1 9 8 2 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 

Factors of uncertainty

The different models that were presented may reveal that some particular species are likely to disappear if ecological conditions become unfavourable for their growth. Disappearance of species due to Global Change (and thus human activities) is the worst scenario that may happen because it is very difficult for plants to recolonise environments where the conditions have become again favourable for growth because plants mobility is limited by factors such as seed dispersal [START_REF] Bullock | Long distance seed dispersal by wind: measuring and modelling the tail of the curve[END_REF][START_REF] Cain | Longdistance seed dispersal in plant populations[END_REF][START_REF] Galdau | Educational programs of the Center for High Pressure Research[END_REF][START_REF] Hoshizaki K | Evaluation of secondary dispersal in a large-seeded tree Aesculus turbinata: a test of directed dispersal[END_REF][START_REF] Hovestadt T | Seed dispersal mechanisms and the vegetation of forests islands in a West African forest-savanna mosaic (Comoé National Park, Ivory Coast)[END_REF][START_REF] Tufto | Stochastic dispersal processes in plant populations[END_REF].

Thus, all the computations are assumptions that have to be checked carefully with a continuous monitoring of flora. The different Global Change scenarios, especially the most complex ones (scenarios 4a and 4b) are assumptions of what could be the situation in 100 years but the results may be totally different if for example, forest management is modified.

A homogeneous increase of temperature over the whole area may be coherent, but a homogeneous decrease of pH is reasonably a fake assumption because calcareous soils may act as buffers while acidic soils may become more acidic. This is a disadvantage of the methodology used to assess impacts of Global Change.

Moreover, the simulations were run using a data set that covered complete existing C/N and pH gradients (describing all types of environments), but the data set covered a partial temperature gradient: there are natural environments with greater and smaller mean yearly temperature values with adapted species. If temperature increases, species that were not considered in the study and that are adapted to the new conditions, may appear but they could not be integrated in the simulations.

Land use was reported by Sala et al. (2000) to be the main driver of biodiversity change for the year 2100, but was not investigated in the scenarios of this study. The GCTE international programme (Global Change and Terrestrial Ecosystems) is investigating scenarios combining land use, climate change, nitrogen deposition, biotic exchange (introduction of species into an ecosystem) and atmospheric concentration of carbon dioxide.

Finally, human influence on species transport (through clothes, car wheels, etc.) has also to be taken into consideration with regard to vegetation distribution. Parameters like distance of the forest site to the closest road can be used but is not integrated in the ENGREF phytoecological database. Human pression on forests is thus of relevant importance because many cars/persons enter environments that were not managed before (Dupouey, personal communication). These phenomena are however not clearly defined and understood up to now.
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CONCLUSIONS
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Difficulty of ecological modelling

Heterogeneity of the data

The phytoecological database from ENGREF builds on many different paper sources (see section 2.2.) and heterogeneity is probably an factor that has an influence on the quality and relevance of the results presented. Each of the 26 persons or teams that performed phytoecological relevés in Northeast France may have had different objectives for their particular study and they may have different scientific backgrounds (pedologists, phytoecologists, M.Sc. and Ph.D. students, agricultural engineers…), which may have resulted in small biases.

Moreover, different devices and methods of analyses were used by the different authors of the studies and some data could not be investigated because of lack of availability. Thus, phosphorous nutrition was not taken into consideration because at least three different methods of analysis do exist to measure P 2 O 5 concentrations. Gégout and Jabiol (2001, to be published) suggest a formalised methodology for forest soil analyses and thus act for harmonisation of the different works and studies in France.

Light conditions had also to be disregarded and the simple assumptions of homogeneous forest cover, to be made, although the phytoecological database presents fields like tall trees, small trees, tall shrubs, small shrubs, herbs and mosses covers that may allow the computation of the part of solar radiation reaching each layer of the ecosystem.

Simple models

Models were computed as simple as possible, with relevant data illustrating the functioning of the forest ecosystem. Many parameters and variables were available (see Appendix 2a) but most of them are redundant with each other and contain the same type of information. The first step of characterisation of the main ecological gradients through correspondence analyses was thus crucial.

The different climatic indexes presented in section 2.3.2. did not enter the final computations because they were not explaining the main features of vegetation distribution, as mean yearly temperature or soil pH did. Other synthetic parameters were also investigated, as for instance available water capacity and computation of a forest water balance, but they were not gone deeper into because of lack of time. An investigation of forest energy and water balance based on Danish forests is available in the Ph.D. dissertation from [START_REF] Schelde | Modelling the forest energy and water balance[END_REF].

Four-or five-variable models are adequate with an overview of the main ecological characteristics of ecosystems. Variables were selected for their ecological meaning and availability over the whole data set. Temperature was selected to illustrate plant growth conditions, hydromorphy to illustrate root respiration, pH, ln(H) and ln(S/Al) to illustrate mineral nutrition, acidity and toxicity to plants and C/N ratio to illustrate nitrogen nutrition. Precipitation was strongly correlated with temperature in the region (AURELHY model) and light conditions were supposed to be constant.

Among the whole set of variables available, it would also have been relevant to perform stepwise logistic regression in order to find the most suitable variables for each species. The advantage of the computations of multiple regression in this study was to treat each possible case and choose the best model according to a previously chosen criterion (Schwartz criterion).

Autecology vs. synecology

It is known that some species frequently appear together and it could have been possible to predict them as a group of plant species and [START_REF] Ellenberg H | Zeigerwerte von Pflanzen in Mitteleuropa[END_REF] gave some indicator values for sociological behaviour. However, the focus in this study was on the determination of autecological accounts for each of the 234 species and no attempt was made to characterise the sociological behaviour of plants: plant species were not grouped in communities or societies. Models would have been more complicated to derive if some of the predictor variables of presence of some plant species, would have been some other plant species.
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Further research

The different optima computed during this work concern the behaviour of 234 vegetal species in Northeast France and its particular climatic and pedologic conditions. A further study will be to compute the same kind of results in other regions of France and that will be the subject of a future three-year Ph.D. work performed by the author, under the supervision of Jean-Claude Gégout and Jean-Claude Rameau.

No catalogue does exist, for the French territory, that indicates the ecological behaviour of vegetal species to the main environmental factors and the expected results of further research is an exhaustive list of ecological optima and tolerance values for each species with regard to the main factors concerning soil and climate in the French forests.

Indicator values may then be used to predict the values of site-specific ecological conditions, thank to floristic information and thus they avoid costly analyses (approximately 1,000 FF/150 Euros for an complete analysis of soil characteristics).

It would also be interesting to predict abundance of species, instead of a probability of presence, in order to characterise competition between species. The data of abundance/dominance of the different species were available for this study but not used, in order to give each species the same weight.

In any case, this study was exploratory, because it was the first time that, for all vegetal species in closed forest environments, general explicit models took into account all important ecological factors. Moreover, it was also original that a fine analysis of the consequences of Global Change on forest species distribution and flora evolution, was performed according to coherent scenarios.
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Figure 1 .

 1 Figure 1. The Gaussian response curve (optimum u = 3, tolerance t = 1)

Figure 2 .

 2 Figure 2. Vegetal species present in Northeast France and their occurrence (see Appendix 1 for details).

  Yearly values of the index between 30 and 40 characterise environments dominated by forests and values greater than 40 characterise exclusive forest environments.Angström indexIt is based on De Martonne index but slightly different because it uses an exponential function of temperature.The value of the denominator doubles for each 10°C increase in temperature. Christophe COUDUN, Technical University of Denmark page 24

Figure 3 .

 3 Figure 3. Correlation circle resulting from the principal component analysis on soil variables (based on 321 forest sites and 14 variables).

Figure 5 .

 5 Figure 5. Distribution of the pseudo-R 2 values for the multiple logistic regression models (7 classes, 234 models for LR4m and 221 for LR5m).

Figure 6 .

 6 Figure 6. Distribution of the 1,033 floristic relevés in terms of dates of observation (only 786 sites are presented here because the date of observation is unknown in 247 cases).
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Table 1 . Distribution of the studied forest sites in the Northeast France administrative regions and departments.

 1 

	Administrative regions	Surface area	Number of	Percentage	Analyses of	Percentage
	or departments	(km 2 )	Forest sites	1	first soil horizon	2
	Alsace	8,335	736	59.4	552	53.4
	Bas-Rhin	4,802	448	36.2	326	31.6
	Haut-Rhin	3,533	288	23.2	226	21.9
	Bourgogne 1	8,786	5	0.4	5	0.5
	Côte-d'Or	8,786	5	0.4	5	0.5
	Champagne-Ardenne 2	19,715	40	3.2	38	3.7
	Ardennes	5,256	6	0.5	5	0.5
	Marne	8,199	15	1.2	15	1.5
	Haute-Marne	6,259	19	1.5	18	1.7
	Franche-Comté	16,305	59	4.8	52	5.0
	Doubs	5,256	6	0.5	6	0.6
	Jura	5,048	1	0.1	1	0.1
	Haute-Saône	5,390	46	3.7	39	3.8
	Territoire-de-Belfort	611	6	0.5	6	0.6
	Lorraine	23,691	399	32.2	386	37.4
	Meurthe-et-Moselle	5,286	74	6.0	70	6.8
	Meuse	6,244	39	3.1	37	3.6
	Moselle	6,262	81	6.5	77	7.5
	Vosges	5,900	205	16.5	202	19.6
	Total	76,832	1,239	100.0	1,033	100.0

1 

Bourgogne also comprises the Nièvre, Saône-et-Loire and Yonne departments 2 Champagne-Ardenne also comprises the Aube department

Christophe COUDUN, Technical University of Denmark page 19 Table 2. Summary of the different sources of information integrated into the phytoecological database (extraction : Northeast France). Radical Study Nature of the study Number of sites Analyses of first soil horizon Reference of the study

  

	Als	Alsace	Catalogue of forest sites	58	54	Timbal (1985)
	Arg	Argonne	Catalogue of forest sites	26	24	Muller et al. (1993)
	BPL	Bordure Est du Plateau Lorrain	Catalogue of forest sites	31	28	Chambaud and Simonnot (1994)
	BPR	Basse Plaine Rhénane	Catalogue of forest sites	27	24	Hauschild and Asael (1997)
	CVE	Collines Sous-Vosgiennes Est	Catalogue of forest sites	73	0	Delahaye Panchout (1992)
	Eur	Réseau Européen	Forest sites network	79	79	Badeau et al. (1998)
	Geg	Calcaire Gégout	Phytoecological survey	48	48	Gégout (1998)
	Hag	Haguenau Phytosociologie	Ph.D. dissertation	9	9	Dupouey (1983)
	Har	Hardt	Catalogue of forest sites	37	32	Oberti (1997)
	JuA	Jura Alsacien	Catalogue of forest sites	24	20	Oberti (1993a)
	Mor	Hospices Morlot	Phytoecological survey	19	19	Morlot (1994)
	MVH	Massif Vosgien Humus	Ph.D. dissertation	49	49	Penel (1979)
	MVP	Massif Vosgien Phytoécologie	Ph.D. dissertation	152	152	Gégout (1995)
	MVS	Massif Vosgien Sapin	Ph.D. dissertation	85	85	Drapier (1983)
	Nnb	Ill -Nonnenbruch	Catalogue of forest sites	30	25	Oberti (1993b)
	PCL	Plateaux Calcaires de Lorraine	Catalogue of forest sites	24	20	Becker et al. (1980)
	PLo	Plateau Lorrain	Catalogue of forest sites	28	25	Brêthes (1976)
	QPB	Nord Est -Centre Chêne Sessile	Ph.D. dissertation	52	52	Bergès (1998)
	RER	Ried Ello-Rhénan	Catalogue of forest sites	25	25	Schnitzler and Carbiener (1990)
	RME	Région des Mille-Etangs	Catalogue of forest sites	26	19	Gégout (1993)
	Thu	Ill -Vallée de la Thur	Catalogue of forest sites	34	24	Oberti et al. (1993)
	VDG	Vosges Dépérissement	MSc. Dissertation	68	68	Girompaire (1986)
	VoA	Vosges Alsaciennes	Catalogue of forest sites	167	89	Oberti (1990)
	VoN	Vosges du Nord	Catalogue of forest sites	39	36	Delahaye Panchout (1997)
	VSB	Vosges Sapin	Phytoecological survey	15	15	Bonneau and Landmann (1988)
	Woe	Woëvre	Catalogue of forest sites	14	12	Girault (1981)
			Total	1,239	1,033	

  table "Profiles" indicates the characteristic variables of the soil. It is separated from the table "Forest Sites" because some relevés do not present any soil description. The table "Mineral Horizons" describes each mineral or organo-mineral horizon and the table "Organic Horizons" each holorganic one. The table "Profiles Analyses" indicates methods and analytical characteristics common to all horizons from a given profile. The table "Horizons Analyses" present the results of laboratory analyses of the different horizons.The table "Vegetation" describes the vegetal community noticed on a forest site. The table "List of Taxa" indicates the abundance/dominance of each species present on this location and is linked to the table "Usual Taxa" where all the species encountered in the different relevés from the database are listed. This table presents plant names in French or in Latin and is linked to the table "CIFF Codes" that contains all the current names and synonyms of all species from the French flora. It is finally linked to the table "French Names" that will contain all current French names and synonyms of forest French species

Table 3 . Analysis of the error rates remaining in the phytoecological database of ENGREF, based on the verification of 86 relevés out of 1,239 concerning Northeast France (Gégout et al., 2001). Errors are calculated by comparison of numeric data with paper document sources.

 3 

	Nature of error	Number of errors	Number of relevés with error(s)	Number of fields	Error rate 1* on data (%)	Error rate 1* on relevés (%)	Error rate 2** on data (%)	Error rate 2** on relevés (%)
	Flora : presence/ absence	4	4	20***	0.23	5	0.19	4
	Flora : abundance/ dominance	14	8	20***	0.79	9	0.68	8
	Environmental conditions	15	13	38	0.46	15	0.39	13
	Horizons description	30	19	31	1.13	22	0.96	19
	Chemical analyses of horizons (used in computation)	17	14	35	0.56	16	0.48	14
	Chemical analyses of horizons (not used in computation)	13	11	9	1.68	13	1.43	11
	Total	97	46	133	0.84	53	0.72	45

* Before, ** After modifications in the database. *** The average number of species for each relevé is 20. Christophe COUDUN, Technical University of Denmark page 21

Table 4 . Squared coefficients of correlation between variables linked to mineral nutrition and hydromorphy (%), based on 321 forest sites (the same data set is used for all computations).

 4 

		Hyd (app)	Hyd (mod)	Hyd (str)	pH	ln (Ca)	ln (Mg)	ln (K)	ln (Al)	ln (H)	S/T	Ca t	Ca a	Hum C/N Ca Mg K Al H
	Hyd (app)		29	16	5	2	6	2	1	5	2	2	1	4	2	4	13	4	2	4
	Hyd (mod)	+		54	7	6	10	3	5	9	5	5	2	2	1	14 37	4	2	3
	Hyd (str)	+	+		5	6	8	2	6	5	3	11 6	2	0	23 41	4	2	2
	PH	-	-	-		65	33	23 66 77 67 19 27	42	12 61 13 27 31 48
	ln(Ca)	-	-	-	+		65	45 56 63 86 10 15	50	18 55 21 41 29 39
	ln(Mg)	-	-	-	+	+		62 23 34 61	5	2	35	14 24 41 51 9 21
	ln(K)	-	-	-	+	+	+		9	20 32	2	1	23	12 18 16 84 0	9
	ln(Al)	+	+	+	-	-	-	-		76 72 13 18	28	7	55 14 16 64 45
	ln(H)	+	+	+	-	-	-	-	+		74 12 17	44	11 54 18 24 39 69
	S/T	-	-	-	+	+	+	+	-	-		8 11	51	18 43 19 33 49 54
	Ca t	-	-	-	+	+	+	+	-	-	+		46	3	0	16	1	3	3	4
	Ca a	-	-	-	+	+	+	+	-	-	+	+		5	1	25	0	1	5	6
	Hum	-	-	-	+	+	+	+	-	-	+	+	+		36 19 10 18 23 53
	C/N	+	+	+	-	-	-	-	+	+	-	-	-	-		3	0	5	5 17
	Ca	-	-	-	+	+	+	+	-	-	+	+	+	+	-		30 26 19 23
	Mg	-	-	-	+	+	+	+	-	-	+	+	+	+	-	+		22 7	9
	K	-	-	-	+	+	+	+	-	-	+	+	+	+	-	+	+		3 12

Table 5 . Percentage of inertia explained by the 10 first factors (based on 1,033 forest sites and 234 vegetal species).

 5 

	Factor AFC1	Inertia explained (%)
	F1	5.99
	F2	3.72
	F3	2.92
	F4	2.28
	F5	1.92
	F6	1.65
	F7	1.51
	F8	1.39
	F9	1.37
	F10	1.30
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Table 6 . Multiple regression equation between the 1,033 forest sites co- ordinates of the first axis and variables linked to mineral and nitrogen nutrition (correspondence analysis 1).

 6 

	Variable	Value	Std. Error	t value	p value
	Intercept	0.6434	0.0916	7.0218	0.0000
	C/N	0.0228	0.0036	6.2584	0.0000
	Humus (1 to 6 gradient)	-0.1273	0.0119	-10.6798	0.0000
	ln(Ca exch.)	-0.0547	0.0164	-3.3464	0.0009
	ln(Mg exch.)	-0.1310	0.0195	-6.7103	0.0000
	ln(H + exch.)	0.1838	0.0134	13.6879	0.0000
	496 observations were deleted due to missing values.		
	R 2 = 0.8714				
	The regression coefficients are significant at the 10 -4 level		

Table 7 . Multiple regression equation between the 1,033 forest sites co- ordinates of the third axis and variables linked to soil moisture and drainage (correspondence analysis 1).

 7 

	Variable	Value	Std. Error	t value	p value
	Intercept	1.2027	0.0854	14.0809	0.0000
	Strong hydromorphy (cm)	-0.0083	0.0006	-14.5308	0.0000
	Major riverbed	1.3156	0.1513	8.6923	0.0000
	Depression	0.6426	0.0792	8.1153	0.0000
	Carbonated bedrock	-0.1437	0.0336	-4.278	0.0000
	105 observations were deleted due to missing values		
	R 2 = 0.4378				
	The regression coefficients are significant at the 10 -4 level		
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Table 8 . Percentage of inertia explained by the 10 first factors (based on 946 forest sites and 214 vegetal species).

 8 

	Factor AFC2	Inertia
		explained (%)
	F1	6.27
	F2	3.96
	F3	2.56
	F4	2.16
	F5	1.82
	F6	1.66
	F7	1.52
	F8	1.44
	F9	1.38
	F10	1.33

Table 9 . Multiple regression equation between the 946 forest sites co- ordinates of the second axis and variables linked to temperature (correspondence analysis 2).

 9 

	Variable	Value	Std. Error	t value	p value
	Intercept	3.6061	0.3497	10.2995	0.0000
	Mean yearly temperature	-0.2610	0.0333	-7.8390	0.0000
	Solar radiation July	-0.0047	0.0012	-3.8667	0.0001
	sin(expo)	0.1220	0.0430	2.8377	0.0047
	cos(expo)	0.1097	0.0423	2.5904	0.0099
	33 observations were deleted due to missing values (out of 512)	
	R 2 = 0.2515				

Table 10 . Window's width and extent of the gradient for the computation of ecological indicator values for pH, S/T, C/N hydromorphy and mean yearly temperature, based on the Kernel estimation regression method.

 10 

	Variable	Extent of the gradient used for computation	Window' s width (F)
	pH in water	3.0 to 7.5	1.5
	S/T (%)	2 to 100	40
	C/N	8.2 to 30.9 (8 to 31)	10
	Hydromorphy	0 to 150 (absence is coded 150)	100

Number of species with minimum (black), intermediate (black grey), maximum (white grey) and no (wide amplitude, white) indicator values for kernel estimation.

  

		minimum intermediate maximum wide amplitude	
	100%				
	90%				
	80%				
	70%				
	60%				
	50%				
	40%				
	30%				
	20%				
	10%				
	0%				
	pH	S/T	C/N	hyd	Ty
	Figure 4.				
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Table 11 . Rates of species that react to 0, 1, 2, 3, 4, or 5 factors for multiple logistic regressions (expressed in %).

 11 

	Sensitivity to x variables	LR4m 1 LR5m 2
	0	6	10
	1	28	32
	2	34	35
	3	26	21
	4	6	3
	5	-	0
	1 234 species considered		
	2 221 species considered		
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Table 12 . Rates of species that are sensitive to each variable, for the different computations methods (expressed in %).

 12 

	Method	Ty	hyd	pH	ln(H)	S/T	ln(S/Al)	C/N
	KE 1	90	93	95	-	97	-	82
	LR4s 1	70	30	85	-	-	-	68
	LR4m 1	56	33	75	-	-	-	33
	LR5s 2	66	27	-	84	-	88	62
	LR5m 2	45	19	-	26	-	50	30
	1 234 species are considered					
	2 221 species are considered					

Table 13 . Rates of species reacting to each variable according to the 5 sub-models (KE and LR4 are based on 234 species and LR5 is based on 221 species).

 13 

	Method	Minimum Model 1	Interm. Model 2	Maximum Model 3	Wide ampl. Model 0	No sense Model -1	Extr./Interm. Ratio
	KE Ty	15	39	36	10	-	1,3
	KE hyd	14	21	58	7	-	3,3
	KE pH	11	62	23	5	-	0,5
	KE S/T	12	37	48	3	-	1,6
	KE C/N	44	27	10	18	-	2,0
	LR4s Ty	9	28	30	30	3	1,4
	LR4s hyd	14	4	10	70	2	5,6
	LR4s pH	15	50	18	15	2	0,7
	LR4s C/N	47	10	8	32	2	5,4
	LR4m Ty	15	17	23	44	2	2,3
	LR4m hyd	14	1	18	67	0	37,5
	LR4m pH	12	44	18	25	1	0,7
	LR4m C/N	21	5	7	67	0	6,0
	LR5s Ty	8	28	28	35	2	1,3
	LR5s hyd	13	4	12	71	0	6,0
	LR5s C/N	44	9	9	38	0	6,2
	LR5s ln(H)	40	27	15	18	0	2,1
	LR5s ln(S/Al)	14	36	35	14	1	1,4
	LR5m Ty	11	19	14	54	1	1,3
	LR5m hyd	6	3	13	79	0	6,8
	LR5m C/N	20	4	7	69	0	7,5
	LR5m ln(H)	14	5	8	73	0	4,9
	LR5m ln(S/Al)	6	21	21	50	1	1,3

Table 14 . Number of species that are sensitive to Global Change scenarios in terms of change in expected frequency.

 14 A species is considered endangered if less than 3 occurrences are expected over the whole region (subjective statement).

	Scenario	Decription	No change	Frequency Increased	Frequency Decreased	Endangered species 1	Total number of occurrences
	0	No change	-	-	-	-	16,974
	1a	1 °C increase in Ty	103	63	68	5	18,457
	1b	3 °C increase in Ty	103	57	74	36	29,375
	2a	0,5 unit decrease in soil pH	59	36	139	0	16,637
	2b	1,0 unit decrease in soil pH	59	35	140	2	16,822
	3a	15 % decrease in C/N ratio	156	50	28	0	17,789
	3b	30 % decrease in C/N ratio	156	50	28	3	18,920
	4a	(1a) + (2a) + (3a)	18	87	129	7	18,370
	4b	(1b) + (2b) + (3b)	18	79	137	48	28,174

1 

When a cell is empty, it means that the particular species is not sensitive to the corresponding variable.

Appendix 5b presents the different response curves in the multiple case of four variables (temperature, hydromorphy, pH and C/N ratio). They are derived from multiple equations presented in Appendix 5a and when a variable is considered, the value of the other three is taken as the median value of the distribution among all forest sites.

Interpretation of logistic regression results

Five types of sub-models

Appendix 5c may present five different types of curves, corresponding to five types of behaviour of a particular species to a given variable:

Model 0 No sensitivity, response curve represented as a horizontal straight line (e.g. admo, aepo, ajre for mean yearly temperature in Appendix 5b).

Model 1 Decreasing probability of presence of the species along the gradient of the variable, ecological optimum at the lower limit of the gradient (e.g. acpl, acps, atfi for mean yearly temperature in Appendix 5b).

The species only react to the simple variable (not its squared) and the regression coefficient is negative.

Model 2 Bell-shaped unimodal response curve, ecological optimum located in the gradient interval (e.g. abal, caum, dipu for mean yearly temperature in Appendix 5b).

The species react to the squared variable with a negative regression coefficient and to the simple variable with a positive regression coefficient.

Model 3

Increasing probability of presence of the species along the gradient of the variable, ecological optimum at the upper limit of the gradient (e.g. anne, atun, casy for mean yearly temperature in Appendix 5b).

The species only react to the simple variable (not its squared) and the regression coefficient is positive.

Model -1 Inverse bell-shaped response curve, no real ecological sense (e.g. anod, geur, glhe for mean yearly temperature in Appendix 5b).

The species react to the squared variable with a positive regression coefficient and to the simple variable with a negative regression coefficient.

Appendix 5c summarises the different models for each species and variable. Table 11 shows the proportion of species that react to simultaneously 0 to 5 factors.

Most species react to 1 to 3 factors, because the Schwartz criterion was chosen to select as few master variables as possible. The interest of multiple logistic regression is that each species is considered alone, contrary to the correspondence analyses previously computed, that took all species into consideration at the same time to separate them on factorial planes. Some species are not sensitive to any variable: Castanea sativa, Galium rotundifolium, Hieracium murorum, Hypericum pulchrum, Impatiens parviflora, Lapsana communis, Lathyrus linifolius subsp. montanus, Mnium hornum, Mycelis muralis, Salix caprea, Veronica officinalis and Vinca minor do not react to any factor in both multiple logistic regression analyses, meaning that they are likely to be present in any kind of environments because they present a wide amplitude for all factors.
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For each site i, a probability of presence p i was computed using Equation 11 (all variables were available for computation) and represented on maps in Appendix 7a. To derive the expected total number of occurrences of the species in the whole region, the sum of the probabilities of presence on all forest sites was computed:

Equation 26 is a result from mathematical considerations on the logistic regression method. The total number of present species (number of 1s in the floristic table) is distributed to all the forest sites and transformed to probabilities of presence (real between 0 and 1).

Then, in order to take the different Global Change scenarios into account, Equation 25 was adapted to the desired scenario. For example, the model used to predict the probability of presence of Oxalis acetosella assuming scenario 4a was: New ecological conditions and new expected probabilities of presence could then be computed for each forest site and summed to derive the total expected number of occurrences.

Lamium maculatum

Appendix 7a present three maps of distribution of Lamium maculatum concerning the current situation as well as after running scenarios 1a and 1b (respectively 1 °C and 3 °C increase in mean yearly temperature at the 100year time scale).

The current situation reveals that Lamium maculatum is present only in ten forest sites (bigger circles in the eastern part of the region). The position of those 10 occurrences in the Alsace region (most continental, warm and dry) shows that the species is has a preference for environments where temperature seems to be higher. This phenomenon is confirmed by the results presented in Appendix 7a. Lamium maculatum is only sensitive to mean yearly temperature, with increasing probability of presence with temperature. Scenario 1a causes a general 1 °C increase in temperature and probabilities of presence increase to a significantly high level in the plain of Alsace and scenario 1b confirms the fact that temperature is important because the black points (high probabilities of presence and high temperature) are located everywhere except in the Vosges mountains (grey points, lower temperatures due to higher altitude values).

Lamium maculatum is rather sensitive to Global Change and Global warming because the expected numbers of occurrence rise from 10 to respectively 192 and 796 for scenarios 1a and 1b.

Oxalis acetosella

Oxalis acetosella is relatively present in many areas of Northeast France in the current situation (see Appendix 7a). However, this species is negatively sensitive to temperature, contrary to Lamium maculatum and scenarios 1a and 1b result in a significant decrease in probabilities of presence.

On the other hand, Oxalis acetosella was found to be positively sensitive to acidification and eutrophication (see Appendix 5a) and the different maps concerning scenarios 2a to 3b reveal an extension of the area where the species is present if soil pH decreases or if the C/N ratio also decreases. Scenario 4a and 4b prove that temperature is one of the most important ecological factors because the simulations mixing the different effects of Global Change result in a decrease of probability of presence for Oxalis acetosella, even if two out of three phenomena tend to increase the probabilities. This is in agreement with most results found by phytoecologists and phytosociologists because temperature and precipitation are often reported as being main ecological factors, deciding what type of ecosystem exists (deserts to tropical rain forests) and which species are favoured in these conditions.