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Introduction

Ecosystem structure constitute a major driver of communities and involve biotic (intra-and interspecies) and abiotic interactions. Disturbances mediate the effects and intensity of these interactions. White and Pickett (1985) define disturbance as any relatively discrete event over time that disrupts the ecosystem, community or population structure and alters resources, substrate availability or the physical environment. Disturbances affect individuals to ecosystems and landscape differently [START_REF] Pickett | The Ecological Concept of Disturbance and E Its Expression at Various Hierarchical Levels[END_REF]. In temperate forests, management and herbivory pressures are two major ecological disturbances that can modify ecosystem structure, with varying degrees of intensity [START_REF] Côté | Ecological Impacts of Deer Overabundance[END_REF][START_REF] Franklin | Disturbances and structural development of natural forest ecosystems with silvicultural implications, using Douglas-fir forests as an example[END_REF][START_REF] Kirby | Effects of forest management on stand structure and the quantity of fallen dead wood: some British and Polish examples[END_REF]. These disturbances have competitive and facilitating effects on understory vegetation. For example, herbivores-resource interactions can be altered in ecosystems influenced by human activity, as forest managers can simultaneously alter consumer populations and forest structure through direct and indirect mechanisms [START_REF] Faeth | Trophic Dynamics in Urban Communities[END_REF].

The overall effect of forest management on forest biodiversity is not yet fully assessed [START_REF] Siitonen | Forest Management , Coarse Woody Debris and Saproxylic Organisms : Fennoscandian Boreal Forests as an Example Author ( s ): Juha Siitonen Source : Ecological Bulletins , No . 49 , Ecology of Woody Debris in Boreal Forests[END_REF]. However, forest management focused on wood productivity still threatens the survival of many species that depend on natural forest habitats [START_REF] Bengtsson | Biodiversity, disturbances, ecosystem function and management of European forests[END_REF]. Several factors are identified to improve biodiversity in managed forests, including changes in forest practices to achieve greater naturalness [START_REF] Bauhus | Silviculture for old-growth attributes[END_REF][START_REF] Reimoser | Steering the impacts of ungulates on temperate forests[END_REF], notably by setting aside forest reserves where management is abandoned. Forest management, by modifying stand structure, directly affects the amount of light available for understory vegetation and the level of tolerance to damage by ungulates [START_REF] Reimoser | Steering the impacts of ungulates on temperate forests[END_REF], which in turn modifies the abundance, richness or composition of understory vegetation. Forest management can hence be seen as a tool to redirect light fluxes towards different strata. Species richness over a wide range of taxa is lower in managed forests compared to unmanaged forests in Europe [START_REF] Burrascano | Old-growth forest structure and deadwood: Are they indicators of plant species composition? A case study from central Italy[END_REF][START_REF] Horvat | Herb layer in silver firbeech forests in the western Pyrenees: Does management affect species diversity?[END_REF]. Moreover, the increase in time since the forest management abandonment increases the overall species richness but its effect may be different depending on the taxon considered [START_REF] Paillet | Biodiversity Differences between Managed and Unmanaged Forests: Meta-Analysis of Species Richness in Europe[END_REF].

On the top of that, wild ungulates, through food webs, also play a considerable role on understory vegetation communities. Since the beginning of the 20th century, population dynamics, and in particular the increase in the abundance of wild ungulates, has been widely studied [START_REF] Apollonio | Challenges and science-based implications for modern management and conservation of European ungulate populations[END_REF][START_REF] Côté | Ecological Impacts of Deer Overabundance[END_REF][START_REF] Fuller | Ecological impacts of increasing numbers of deer in British woodland[END_REF]. In temperate forests in the northern hemisphere, some effects of ungulate populations are considered harmful where the population density is sometimes considered too high (Gill, 1992a(Gill, , 1992b)). However, assessing all the effects of wild ungulates on their habitat is therefore a key issue that is often overlooked in the study of forest ecosystems. Among the different behaviours of wild ungulates, some have indirect facilitating effects (e.g. zoochory) or direct competitive effects (rubbing, herbivory) on forest ecosystems [START_REF] Gill | The impact of deer on woodlands: The effects of browsing and seed dispersal on vegetation structure and composition[END_REF]. Herbivory is the behaviour that most seriously alters vegetation, from the part of the plant consumed to all levels of diversity such as community assemblages [START_REF] Takada | Regional differences in the morphology of a shrub Damnacanthus indicus: An induced resistance to deer herbivory?[END_REF][START_REF] Tanentzap | Landscapelevel vegetation recovery from herbivory: Progress after four decades of invasive red deer control[END_REF]. The quantity and quality of food determine the probability of a plot being browsed by wild herbivores, but depending on the spatial scale considered, the limiting factors are different [START_REF] Ohse | Different facets of tree sapling diversity influence browsing intensity by deer dependent on spatial scale[END_REF]:

(i)
At a local scale, i.e. at the plot scale, herbivory pressure by wild ungulates decreases the cover of the understory vegetation [START_REF] Boulanger | Ungulates increase forest plant species richness to the benefit of non-forest specialists[END_REF][START_REF] Meier | Influence of ungulates on the vegetation composition and diversity of mixed deciduous and coniferous mountain forest in Austria[END_REF]. The effects of browsing are species dependent: some plant species increase in abundance while others decrease [START_REF] Kirby | The impact of deer on the ground flora of British broadleaved woodland[END_REF].

In the presence of wild ungulates, species richness in the herbaceous stratum increases while it decreases in the shrub stratum. Indeed, ungulates, by controlling the shrub layer, indirectly increase the richness of understory vegetation by increasing the light reaching the ground [START_REF] Boulanger | Ungulates increase forest plant species richness to the benefit of non-forest specialists[END_REF].

Consequently, plant richness and abundance are higher in managed forests [START_REF] Kaufmann | Comparing the plant diversity of paired beech primeval and production forests: Management reduces cryptogam, but not vascular plant species richness[END_REF].

(ii) At the landscape scale, i.e. at the forest management scale, plant species composition and the quantity of seedlings could be limiting for the establishment of ungulate populations, whereas at the plot scale, the plant species richness would be more important. Indeed, a high diversity of plant species in a plot could increase the probability of ungulates requiring a diversified diet [START_REF] Augustine | Ungulate effects on the functional composition of plant communities: herbivore selectivity and plant tolerance[END_REF].

Therefore, forest management and herbivory pressure can be considered as interactive disturbances [START_REF] Meier | Influence of ungulates on the vegetation composition and diversity of mixed deciduous and coniferous mountain forest in Austria[END_REF]. Much research has focused particularly on the effects of ungulates on tree diversity, but less attention has been paid to understory vegetation where the vast majority (>75%) of vascular species occur [START_REF] Roberts | Patterns and Mechanisms of Plant Diversity in Forested Ecosystems: Implications for Forest Management[END_REF]. Moreover, at the stand level, concerns about the potential impacts of intensive forestry practices on understory vegetation diversity are widespread [START_REF] Hartley | Rationale and methods for conserving biodiversity in plantation forests[END_REF][START_REF] Roberts | Effects of forest plantation management on herbaceous-layer composition and diversity[END_REF], particularly because the contributions of understory vegetation to overall species diversity are significant. In addition, understory vegetation influences energy flows, provides habitat for animals, and partially controls the forest microclimate and plays an important role in nutrient cycling [START_REF] Arivin Rivaie | The effects of understory vegetation on P availability in Pinus radiata forest stands: A review[END_REF][START_REF] Gilliam | The Ecological Significance of the Herbaceous Layer in Temperate Forest Ecosystems[END_REF][START_REF] Poirier | Silvicultural treatments and subsequent vegetation impact long-term mineral soil biogeochemistry in mixedwood plantations[END_REF]. However, the joint effects of ungulates and forest management abandonment on the understory vegetation have rarely been studied within a causal framework.

In this study, we analysed the cascading effects of forest management and herbivory on forest structure and resource availability that could in turn affect the biodiversity of understory vegetation (vascular plants): (i) We hypothesized that increasing browsing by ungulates would result in a decrease in the relative abundance of some species. In addition, disturbances related to forest management and herbivory would increase the species richness by altering the abundance of understory vegetation, particularly by increasing the abundance of forest species.

At gamma level, i.e. at the forest level, there would be no difference in richness or species diversity between managed and unmanaged forests. Furthermore, there is no difference according to the forest management abandonment [START_REF] Dieler | Effect of forest stand management on species composition, structural diversity, and productivity in the temperate zone of Europe[END_REF]. (ii) We hypothesized that disturbances induced by forest management increase diversity at landscape scale, i.e. the gamma diversity of understory vegetation. (iii) We hypothesized that management could mitigate the effects of herbivory, for example clearcutting and artificial reforestation would reduce a forest's predisposition to damage, such as reduced diversity caused by ungulates [START_REF] Reimoser | Impact of ungulates on forest vegetation and its dependence on the silvicultural system[END_REF]. On the contrary, in the presence of an overabundance of ungulates, the effects of browsing on tree species composition appear to be greater than the effects of hardwood forest management [START_REF] Schulze | Ungulate browsing causes species loss in deciduous forests independent of community dynamics and silvicultural management in Central and Southeastern Europe[END_REF]. The extent of vegetation change is proportional to the abundance of ungulates, and tends towards changing community assemblages and landscape homogenization [START_REF] Boulanger | Ungulates increase forest plant species richness to the benefit of non-forest specialists[END_REF]. (iv) We hypothesized that the joint effects of forest management and ungulates on the understory vegetation appear to depend on ungulate density. Forest management would have greater effects on the understory vegetation than herbivory. In contrast, when there is an overabundance of ungulates, forest management would have less effects on the diversity of the understory vegetation than herbivory.

Materials and methods

1-Study area

We collected all the data within the framework of the national project "Gestion forestière, Naturalité et Biodiversité" (www.gnb.irstea.fr), from 2008 to 2014, the aim was to study the effect of forest management abandonment on stand structure and biodiversity compartments.

The sampling design comprised 212 plots distributed over 15 sites; 9 lowland (elevation ≤ 800 m) and 6 mountain forest sites (elevation > 800 m) (Fig. 1). We sampled mixed oak-beechhornbeam forests at the lowland sites and beech-fir-spruce forests in the mountains. The following three criteria were used to select the sites: (1) dominant tree species in the stands studied were all indigenous species, (2) the presence of a forest reserve for which forest management has been abandoned for at least 20 years and (3) site characteristics (homogeneous areas in terms of chemical, physical factors and soil type, suitable for a certain set of species) were similar between the managed and unmanaged stands. All managed plots were selected within a 5-km radius buffer of the reserve boundaries. Tab. 1 Number of plots according to management and altitude.

Among the 212 plots, 108 plots are in managed and 104 in unmanaged forests i.e. in forest reserves (Tab. 1). In this study, unmanaged areas are management abandonment by setting aside forest reserves. From a forest management point of view, these areas are considered as forest reserves, but they are not strict reserves for ungulates because they are regularly hunted.

2-Stand structure description

Based on stand structure description [START_REF] Paillet | Quantifying the recovery of old-growth attributes in forest reserves: A first reference for France[END_REF], we calculated the Stand Density Index (SDI) as a competition index between trees at the plot level. SDI is defined as the number of trees per plot (= per unit area), and the Quadratic Mean Diameter based on the diameter of the tree at breast height (1m30, DBH). This index is a relative measure of stand density and can be used as a measure of stocking density [START_REF] Reineke | Perfecting a stand-density index for even-aged forests[END_REF]. We visually assessed forest cover (%) by stratum: canopy (height > 16m), intermediate stratum (8m<height <16m) and lower stratum (2m<height<8m). The total forest cover sums the covers of these three strata and can thus exceed 100% (Fig. 2). We showed during data exploration that basal area and SDI were highly correlated, so we only use SDI for the following. 

3-Estimates of ungulates populations

Browsing pressure -alpha level

At the plot scale, we assessed the browsing pressure using the modified Aldous method (Ballon, 1992). To account for the presence of red deer in the study area, the maximum height of the surveys was 2m in its presence and 1m20 in its absence. We recorded plant cover (dij) and browsing rate (aij) (proportion of shoots consumed by ungulates) for woody and semi-woody species at three circular subplots (400m²) per study plot. We estimated it respectively by cover class and by species i browsing class on plot j (in %). We replaced the class values by their respective exact class medians for statistical analyses. We calculated the average plot browsing (B in %) by weighting the browsing rate of each species on the subplot by its plant cover, according to the formula : 𝐵 =

∑ 𝑎𝑖𝑗.𝑑𝑖𝑗 𝑒 𝑖=1 ∑ 𝑑𝑖𝑗 𝑒 𝑖=1
We used the mean value for all three subplots in the subsequent analyses as the estimated browsing pressure at the plots level.

Hunting data statisticsgamma level

At the forest scale, on all the sites studied, we used hunting statistics for ungulate species present in the forests studied, recorded by Office National de la Chasse et de la Faune Sauvage, as an estimate of herbivore density at the forest scale. Hunting statistics are an approximation of herbivory pressure, but they are spatially homogeneous and reveal differences in ungulate species abundances [START_REF] Boulanger | Ungulates increase forest plant species richness to the benefit of non-forest specialists[END_REF]. The data of hunting seasons corresponds to the years of study on the plots, or the seasons closest to the year of study. On all studied sites, five species of wild ungulates were present: mainly red deer (Cervus elaphus), roe deer (Capreolus capreolus), wild boar (Sus scrofa), and occasionally sika deer (Cervus nippon) and fallow deer (Dama dama). For red deer, we collected data at the territorial management unit level. We recorded data for the other species (wild boar, roe deer, fallow deer, sika deer) at the municipality level where plots are present but also in neighbouring towns.

4-Flora data

We recorded the relative abundance of all plant species exhaustively on the whole plot of 1000m², according to the Braun-Blanquet method (1952) over the height from 0 to 2m corresponding to the herbaceous and the low shrub strata. Two experienced botanists conducted the surveys during a controlled census time of 35min (+/-5min). The relative abundance corresponds to percentage cover classes. In the following, we used the class median as an abundance estimate for each species. Herbaceous, woody and semi-woody species were recorded in the field but we used only herbaceous species as a response variable for biodiversity index calculations to avoid correlation/bias between Aldous estimations and understory biodiversity. Julve attributes characteristic phytosociological values to the French vascular flora (Julve, 2007). We extracted these values from the Baseflor floristic database of the Catminat project. We used understory vegetation preferences for environmental type to classify them into three categories: forest species, intermediate species and open habitat species (Julve, 2007). We considered that species with a value lower than 13, in the determination key established by

Julve, were open habitat species. For example, these different habitat types include crops, heathlands, wastelands, and lawns. For forest species, we considered species with a value of 16 to be the only corresponding category. This category includes forest vegetation, woods and tree groves. Finally, we decided that plants with a value between 13 and 16 would be intermediate species. These habitats include heterogeneous habitats such as wastelands and edges.

We studied two different spatial scales (Fig. 3):

o We calculated alpha diversity indices corresponding to the plot scale: total species richness, total abundance and two indices of diversity (Shannon, Simpson) on understory vegetation. We calculated these indices for the three different ecological o We calculated gamma diversity based on the comparison between all plots of each management modality (managed vs. unmanaged) in each site. For this scale, we use total species richness and abundance as well as each ecological group for each management modality (Tab. 2).

We calculated two diversity indices on the alpha scale. The Shannon-Weaver index gives more weight to rare species : 𝐻 = -∑ 𝑝 𝑠 ln 𝑝 𝑠 𝑠 𝑠=1

with 𝑝𝑖 = 𝑁𝑖 𝑁 ; Ni is the abundance for species i [START_REF] Marcon | Mesures de la diversité[END_REF]. In addition, we calculate an index giving more weight to dominant species; the Simpson index: D= 1 -∑ (𝑝 𝑖 )² 𝑠 𝑠=1 [START_REF] Marcon | Mesures de la diversité[END_REF].

5-Statistical analyses

We used structural equation modelling analyses (SEM) to assess the effects of forest management, stand structure and ungulate populations on herbaceous richness, abundance and diversity within a causal framework. Piecewise structural equation modelling represents a method for statistically evaluating a network of dependence relationships through the analysis of covariances [START_REF] Lefcheck | piecewiseSEM: Piecewise structural equation modelling in r for ecology, evolution, and systematics[END_REF]. Structural equation models are probabilistic models that use several variables that can be predictors or responses in the same causal network. These models are often represented by path diagrams, with directional relationships between the observed variables. In the package piecewiseSEM [START_REF] Jon | Package ' piecewiseSEM[END_REF], the path diagram consists in a set of linear (structured) equations, which are then evaluated individually The managed plots are located within a radius of 5km around the reserve. Alpha diversity is calculated within each plot while gamma diversity is calculated across all unmanaged plots and all managed plots for a given site. [START_REF] Lefcheck | piecewiseSEM: Piecewise structural equation modelling in r for ecology, evolution, and systematics[END_REF]. Each SEM corresponds to a final response variable (Fig. 4), so 15 SEMs were performed for the alpha scale and 6 for the gamma scale. For each model, the site was considered as random effect and altitude as continue co-variable. When stand structure variables (SDI and three forest covers) and browsing index were response variables we used generalized linear mixed-effects models (GLMM) with a Gamma error distribution and loglink for continuous positive data for alpha scale. For these same variables at gamma scale, we used GLMM with negative binomial distribution to account for overdispersion in count data.

For richness and hunting data, we used GLMM with a Poisson error distribution for count data.

Finally, we used linear mixed effects models for abundance and different diversity indices.

All statistical analyses were performed in the R 3.5.0 statistical platform (R Core Team, 2018).

Diversity indices were calculated using the « Vegan package » [START_REF] Oksanen | Package "vegan[END_REF]. All models were processed with the « lme4 package » [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF] and piecewise SEM analyses were processed with the « piecewiseSEM package » [START_REF] Jon | Package ' piecewiseSEM[END_REF].

Results

In total, we did 21 SEMs: 15 for the alpha scale (Tab. 3) and 6 for the gamma scale (Tab. First, the effects of altitude were the strongest significant effects at the alpha scale (scaled estimates = 0,20). Altitude had a strong significant negative effect on stand density (p<0.01), and a smaller negative effect on the low stratum (2 to 8m) (p<0.01). In addition, altitude also had a strong negative effect on ungulate density (p=0.043). Second, at the gamma scale, altitude only had a significant strong effect on ungulate density. Indeed, the increase in altitude had a negative effect on ungulate density (p=0.020). Altitude had no effect on stand structure diversity.

1.2.Management effects

At the alpha scale, management abandonment by setting aside forest reserves had a significant effect on stand diversity (p<0,01), measured by SDI, and on lower forest stratum (2m to 8m) (p>0,01). However, setting aside forest reserves had no effect on canopy cover (p=0,904) or on intermediate cover (p=0,184). In addition, setting aside forest reserves had no effect on browsing pressure (p=0,146).

At the gamma scale, management abandonment had no effect on stand structure diversity.

Indeed, setting aside forest reserves had no effect on the coefficient variation of stand density (p=0,695). Moreover, setting aside forest reserves also had no effect on the coefficient variation of canopy cover (p=0,423), the intermediate stratum (p=0,4225) and the lower stratum (p=0,1753). As on the alpha scale, setting aside forest reserves had no effect on ungulate density (p=0,956).

2-Alpha diversity:

2.1. Overall diversity Canopy cover and browsing pressure had opposite effects of similar magnitudes on the herbaceous understory diversity. Indeed, stand structure variables, mainly canopy cover, have a negative effect on understory vegetation diversity while browsing pressure had a positive effect (Tab. 3). Diversity indices (Shannon, Simpson inverse) for all species and total species richness were positively impacted by browsing pressure and negatively canopy cover (Fig. 6).

However, Simpson diversity index was only significantly impacted by browsing (Tab. 3). Other stand structure variables did not appear to have any effect on species richness.

Like other diversity indices, abundance was negatively impacted by canopy cover and positively impacted by browsing pressure. However, the intermediate stratum had also a significant negative effect on total abundance, although the magnitude of intermediate stratum effect is about half as strong as the canopy effect (Tab. 3). The magnitude of the canopy cover and browsing pressure effects were almost identical (standardized estimate value).

2.2.Forest species

The Moreover, browsing pressure had a positive effect on the Simpson inverse (Tab. 3).

To sum up, at alpha scale, i.e. at the plot scale, forest cover had a stronger effect on the total diversity notably through canopy cover which had a significant effect on the total diversity and on the ecological group of open habitat species. Except for forest species diversity, forest cover variables always had a negative effect. Conversely, browsing pressure had a positive effect on the diversity of all ecological groups. However, these results were not found in the two different ecological groups. Significant effects generally had the same order of magnitude. Moreover, at this scale, Stand Density Index, a stand structure variable, had no significant effect on the diversity of understory vegetation. 3-Gamma diversity:

3.1. On all ecological groups Different variation coefficients of forest covers and variation coefficient of stand density index had no significant impact on the total species richness of understory vegetation. However, total species richness was positively impacted by ungulate density, even if the magnitude of the effect was small (Tab. 4). Moreover, total abundance was positively impacted by the coefficient of variation of stand density index (Tab. 4).

Forest species

Forest species richness was impacted by the coefficient of variation of stand structure variables while abundance had no significant response. Forest species richness was negatively impacted by the coefficient of variation of SDI and canopy cover. On the other hand, intermediate stratum and low stratum covers had positive effects on species richness (Tab. 4). Canopy cover was the effect with the largest magnitude.

Open habitat species

No variable studied in this analysis had a significant impact on the open habitat species richness.

However, the abundance of open habitat species showed a significant response for each variable studied. Open species abundance was positively impacted by hunting data, i.e. the increase in ungulate density had a significant positive effect on the abundance of open habitat species, even if the magnitude was rather small (Tab. 4). All stand structure variables had positive effect on open habitat species abundance except the coefficient of variation of lower stratum cover which had a negative effect on abundance (Tab. 4). The coefficient of variation of canopy cover was the effect with the highest magnitude while the coefficient of variation of SDI and ungulate density had the lowest magnitudes of the same order; 0,1 (Tab. 4).

To sum up, at gamma scale, i.e. at the forest scale, all the variables studied had an impact on the understory vegetation diversity, but the variables with significant effects were different depending on the diversity studied. Indeed, forest species richness and open species abundance were particularly affected by all stand structure variables while total species richness was impacted only by hunting data. 

Discussion

We showed that management abandonment had an effect on stand structure at alpha scale but not at gamma scale. Indeed, management abandonment increased forest cover and forest closure (SDI). As shown in other studies, forest management changes stand structure [START_REF] Wesely | Structural Attributes of Old-Growth and Partially Harvested Northern White-Cedar Stands in Northeastern North America[END_REF], particularly at the local scale [START_REF] Kirby | Effects of forest management on stand structure and the quantity of fallen dead wood: some British and Polish examples[END_REF]. Although the forest reserves studied are not considered old-growth stands, some stand characteristics appear to be similar [START_REF] Paillet | Quantifying the recovery of old-growth attributes in forest reserves: A first reference for France[END_REF]. Indeed, these results are consistent with forest characteristics with an absence of human disturbance because these forests have greater closure, cover and structural heterogeneity [START_REF] Bauhus | Silviculture for old-growth attributes[END_REF][START_REF] Burrascano | Commonality and variability in the structural B attributes of moist temperate old-growth forests: A global review[END_REF]. Changes, induced by forest management, modify biotic interactions and its influences on herbaceous plants of understory vegetation.

1-Competition for resources at the expense of understory vegetation 1.1. Alpha-scale competition between strata modified by forest management.

Contrary to our hypothesis (i), at plot scale, we showed that increasing forest cover reduces species richness, abundance and diversity indices. However, stand density, measured by SDI, had no effect on understory vegetation. Moreover, at the ecological guild level, we showed that the effect concerns particularly on open habitat species. In addition, open habitat species are also sensitive to increased cover of intermediate and low strata, which is not the case for all species or forest species.

Upper stratum species, particularly canopy species, and understory vegetation compete directly for resources [START_REF] Gilliam | The Ecological Significance of the Herbaceous Layer in Temperate Forest Ecosystems[END_REF][START_REF] Roberts | Patterns and Mechanisms of Plant Diversity in Forested Ecosystems: Implications for Forest Management[END_REF]. Canopy cover, and the entire stand structure, are subjected to disturbance and are therefore significantly modified by forest management. Changes in the canopy then have effects on the lower competitive strata [START_REF] Montgomery | Forest Structure , Canopy Architecture , and Light Transmittance in Tropical Wet Forests Authors ( s )[END_REF]. Our results are consistent with studies showing a decrease in understory vegetation diversity with increasing canopy cover [START_REF] Vockenhuber | Tree diversity and environmental context predict herb species richness and cover in Germany's largest connected deciduous forest[END_REF].

Indeed, [START_REF] Vockenhuber | Tree diversity and environmental context predict herb species richness and cover in Germany's largest connected deciduous forest[END_REF] showed a decrease in herbaceous richness and cover with increasing canopy cover. At the same time, forest management by modifying the canopy cover and intermediate stratum had a positive effect on forest species richness. Forest species need less light and are therefore favored, in competition with other species of open habitat species, by the increase of forest cover. However, in other studies, types of management (e.g. selective cutting) can lead to strong and frequent openings that reduce the diversity of forest species [START_REF] Decocq | Plant diversity in a managed temperate deciduous forest: understorey response to two silvicultural systems[END_REF].

Open habitat species require more light than forest species, and are therefore more sensitive to increased cover. In this study, effects of increased forest covers are particularly important on the ecological group of open habitat species. Our results are consistent with the assumption that light constitutes the limiting resource in competition between forest strata [START_REF] Borer | Herbivores and nutrients control grassland plant diversity via light limitation[END_REF].

However, light can be a limiting resource for understory vegetation, but competition can also be in relation to soil resources, including nitrogen [START_REF] Murray | Broadening the ecological context of ungulate-ecosystem interactions: The importance of space, seasonality, and nitrogen[END_REF]. Indeed, different forest management types influence forest ecosystems by modifying the properties and nutrients available in the soil [START_REF] Kovács | The Short-Term Effects of Experimental Forestry Treatments on Site Conditions in an Oak-Hornbeam Forest[END_REF] or local microclimates [START_REF] Frey | Spatial models reveal the microclimatic buffering capacity of old-growth forests[END_REF].

However, these effects of forest management on soil were not studied here. Moreover, the characteristics of the forest reserves compared in this study are not the same according to the sites. Indeed, the area of management abandonment is considered as reserve when the abandonment period was at least 20 years, but some reserves are older than others. As the time since last harvesting is not homogeneous, the age and stage of the vegetation are not identical for all sites. The multisite approach may have led to undetected effects due to this heterogeneity.

In other studies, comparing managed and unmanaged forests, the variations of species richness of understory vegetation are contradictory. Indeed, some studies observe a decrease in species richness in abandoned plots [START_REF] Horvat | Herb layer in silver firbeech forests in the western Pyrenees: Does management affect species diversity?[END_REF][START_REF] Schmidt | Herb layer species as indicators of biodiversity of managed and unmanaged beech forests[END_REF][START_REF] Oheimb | Selection harvest in temperate deciduous forests: Impact on herb layer richness and composition[END_REF], while others observe an increase in species richness [START_REF] Burrascano | Plant species diversity in Mediterranean old-growth forests: A case study from central Italy[END_REF] or no difference [START_REF] Sitzia | Stand structure and plant species diversity in managed and abandoned silver fir mature woodlands[END_REF]. However, comparisons between forest management are not exactly the same, as the definition of abandonment varies between studies. Indeed, the forests unmanaged, according to [START_REF] Schmidt | Herb layer species as indicators of biodiversity of managed and unmanaged beech forests[END_REF], have been forest reserves for 10 years, whereas in [START_REF] Burrascano | Plant species diversity in Mediterranean old-growth forests: A case study from central Italy[END_REF], unmanaged forest correspond to old-growth forest, abandoned for almost a hundred years. In addition, studies do not always compare the same types of Indeed, Von [START_REF] Oheimb | Selection harvest in temperate deciduous forests: Impact on herb layer richness and composition[END_REF] have integrated woody species in the vegetation measurements of understory vegetation, while we chose to exclude them. However, several meta-analysis have shown that herbaceous diversity is higher in managed forests [START_REF] Chaudhary | Impact of Forest Management on Species Richness: Global Meta-Analysis and Economic Trade-Offs[END_REF][START_REF] Paillet | Biodiversity Differences between Managed and Unmanaged Forests: Meta-Analysis of Species Richness in Europe[END_REF].

1.2.Gamma scale competition

At the gamma scale, our results confirmed our second hypothesis (ii) which predicted that at landscape scale, disturbances induced by forest management increase understory vegetation diversity. We showed that coefficients of variation of stand structure had no effect on total diversity. However, coefficient of variation of canopy cover and the coefficient of variation of SDI had negative effects on the richness of forest species, but they had a positive effect on abundance of open habitat species. In addition, the coefficient of variation of low stratum cover had a positive effect on forest species richness but a negative effect on the open habitat species abundance. However, the effects of stand structure variables at this scale must be qualified, as the magnitudes of these effects are quite low.

Forest management can be considered as a more or less intense disturbance [START_REF] Bengtsson | Biodiversity, disturbances, ecosystem function and management of European forests[END_REF].

As discussed in the intermediate disturbance hypothesis, forest management can therefore, at an intermediate intensity, increase diversity. On the contrary, the intermediate disturbance hypothesis suggests that low-intensity disturbances lead to low diversity through competitive exclusion of species, while high-intensity disturbances eliminate species unable to recolonize rapidly [START_REF] Roxburgh | THE INTERMEDIATE DISTURBANCE HYPOTHESIS: PATCH DYNAMICS AND MECHANISMS OF SPECIES COEXISTENCE[END_REF][START_REF] Wilkinson | The Disturbing History of Intermediate Disturbance[END_REF]. Our results at the gamma scale coincide with the intermediate disturbance hypothesis, i.e., the intensity of forest management at the study sites (excluding clearcuts and exotic species plantations) corresponds to intermediate disturbances, and promotes diversity at the landscape scale. At intermediate levels, disturbances would promote habitat heterogeneity in forest landscapes [START_REF] Swanson | The forgotten stage of forest succession: Early-successional ecosystems on forest sites[END_REF] , thus increasing the diversity of several taxa [START_REF] Schall | The impact of even-aged and uneven-aged forest management on regional biodiversity of multiple taxa in European beech forests[END_REF]. Indeed, the presence of many different conditions for herbaceous of understory vegetation, such as different soil pH, different soil moisture levels or litter properties, allow the presence of a higher diversity of herbaceous [START_REF] Brunet | Biodiversity in European beech forests -a review with recommendations for sustainable forest management[END_REF].

2-Facilitation of understory vegetation diversity by ungulates 2.1. Facilitation difference between the two ecological groups

All results, for the alpha scale, showed that the first part of hypothesis (i) was not validated.

Indeed, contrary to our predictions, herbivory pressure increased the total abundance of species, and did not modify forest species diversity any more. There was no difference between the two ecological guilds, except the inverse of Simpson index for open habitat species. However, as indicated in the first hypothesis (i), herbivory pressure increased total richness and higher canopy cover increased forest species richness.

We showed that the effects of browsing pressure on the Shannon and Simpson diversity indices were in the same order of magnitude. These two diversity indices were chosen because the Shannon diversity index gives more weight to rare species while the Simpson index gives more weight to abundant species. Our results seem to show that there is no difference in the effects of herbivory pressure depending on whether the herbaceous understory species is rare or dominant.

However, in this study, forest management abandonment through reserve establishment had no effect on herbivory or ungulate populations. In other words, there was no difference in herbivory pressure and ungulate density between managed forests and forest reserves. In the studied sites, forest reserves are not strict reserves for ungulates because they are regularly hunted, which may explain the lack of management effect on herbivory. Indeed, forest reserves may not represent a refuge area for ungulates [START_REF] Meisingset | Spatial mismatch between management units and movement ecology of a partially migratory ungulate[END_REF][START_REF] Parviainen | Strict forest reserves in Europe: efforts to enhance biodiversity and research on forests left for free development in Europe (EU-COST-Action E4)[END_REF], in particular because of human disturbance [START_REF] Stankowich | Ungulate flight responses to human disturbance: A review and meta-analysis[END_REF]. Indeed, ungulates can resolve the compromise between the use of the resources, even of high quality, with the risk of predation, here the risk of hunting, by modifying their behavior of habitat use [START_REF] Bonnot | Habitat use under predation risk: Hunting, roads and human dwellings influence the spatial behaviour of roe deer[END_REF]. The effects of ungulates differ according to the studies, which may suggest that other factors not tested may modify the effects of ungulates, such as the nutritional quality of focal and neighboring plants, the time of browsing or even behavior (Champagne, Tremblay, & Côté, 2016).

2.2.Gamma scale facilitation by ungulate populations

As hypothesized (ii), at the gamma scale, we showed that ungulate populations increased the diversity of understory vegetation. Indeed, ungulates density increase total species richness and abundance of open habitat species.

In this study, ungulate densities are not considered overabundant. Indeed, in accordance with the Intermediate Disturbance Hypothesis, the presence of ungulates, in intermediate density,

increases the herbaceous diversity of understory vegetation [START_REF] Faison | Ungulate browsers promote herbaceous layer diversity in logged temperate forests[END_REF]. Ungulate populations increase the heterogeneity of the landscape by browsing, and consequently, by reducing the growth of fast-growing pioneer species [START_REF] Murray | Broadening the ecological context of ungulate-ecosystem interactions: The importance of space, seasonality, and nitrogen[END_REF][START_REF] Royo | Pervasive interactions between ungulate browsers and disturbance regimes promote temperate forest herbaceous diversity[END_REF]. Ungulates then have two facilitating effects: (1) direct, by not browsing certain plant and (2) indirect, by creating heterogeneity. First, ungulates consume more palatable species that are more likely to suffer damage because of their characteristics (Gill, 1992b). Plant species responses to browsing are inevitably species-dependent [START_REF] Kirby | The impact of deer on the ground flora of British broadleaved woodland[END_REF]. The selection of a plant depends mainly on its species but also on the season, i.e. the availability of resources and the phenology (Gill, 1992b).

Secondly, non-palatable species are then favored [START_REF] Beguin | Deer browsing and soil disturbance induce cascading effects on plant communities: a multilevel path analysis[END_REF][START_REF] Díaz | Incorporating plant functional diversity effects in ecosystem service assessments[END_REF][START_REF] Gill | The impact of deer on woodlands: The effects of browsing and seed dispersal on vegetation structure and composition[END_REF]. Because of their selectivity, ungulates create a heterogeneity that allows other species to establish. Ungulates then indirectly facilitate the establishment and presence of these no appetent open species. In this study, the abundance of open species is increasing. These plant species may be consumed less by ungulates because they have a low palatability.

3-Conclusion

We showed that setting aside forest reserves increased forest cover and stand closure but, in our context, had no effect on ungulate populations, thus herbivory pressure. At the alpha scale, stand structure and ungulate populations have antagonistic effects. Increased forest cover decreased herbaceous diversity of understory vegetation while increased herbivory pressure increased herbaceous diversity. At the gamma scale, increased heterogeneity in stand structure had a positive effect on open habitat species. In addition, ungulate populations increased the total diversity of herbaceous diversity of understory vegetation. As hypothesized (iv), effects on herbaceous understory are dependent on ungulate density. The effects of forest management are therefore greater than the effects of herbivory pressure. Indeed, the effects of the coefficients of variation of stand structure variables are more often significant and the magnitudes of the effects are stronger. For example, the magnitude of the effect of ungulate density is almost a hundred times smaller than the magnitude of the effect of the canopy variation coefficient.

In various studies, herbivory pressure by ungulate populations and forest management are both considered disturbances [START_REF] Côté | Ecological Impacts of Deer Overabundance[END_REF][START_REF] Franklin | Disturbances and structural development of natural forest ecosystems with silvicultural implications, using Douglas-fir forests as an example[END_REF][START_REF] Kirby | Effects of forest management on stand structure and the quantity of fallen dead wood: some British and Polish examples[END_REF]. Many studies have measured the effects of ungulate populations, especially in situations of overabundance, to come out with recommendations for the management of ungulate populations. On the other hand, the interactions between herbivory pressure and forest management are poorly studied. Our results show that it is important to evaluate the interactions and their intensity between these two disturbances because the effects can be antagonistic. At intermediate ungulate population levels, ungulates can have positive effects on understory vegetation herbaceous species diversity that make up much of the forest diversity, and is recognised as an important driver of the forest ecosystem [START_REF] Gilliam | The Ecological Significance of the Herbaceous Layer in Temperate Forest Ecosystems[END_REF]. Indeed, certain herbaceous species seem to have a facilitating role in the growth and establishment of woody species of interest [START_REF] Gómez | Applying Plan Facilitation To Forest Restoration In Mediterranean Ecosystems: A Meta-Analysis Of The Shrubs As Nurse Plants[END_REF]. In addition, biodiversity conservation is one of the objectives of sustainable forest management [START_REF] Lindenmayer | Society for Conservation Biology Indicators of Biodiversity for Ecologically Sustainable Forest Management[END_REF]. In order to achieve this objective, it is necessary to understand how disturbances, and their interactions, affect forest biodiversity [START_REF] Bengtsson | Biodiversity, disturbances, ecosystem function and management of European forests[END_REF].
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Fig. 1

 1 Fig. 1 Distribution of sites in France; in red the lowland forest sites and in blue the mountain forest sites.

Fig. 2

 2 Fig. 2 Schematic representation of forest cover strata : We analysed the response of understory vegetation. Below 2m, ungulates effect is measured by a browsing index. The three upper strata are used to study forest cover: canopy (height > 16m), intermediate stratum (8m<height <16m) and lower stratum (2m<height<8m).

Fig. 3

 3 Fig.3Schematic representation of the two scales studied (alpha and gamma). Unmanaged plots are located in the forest reserve (yellow). The managed plots are located within a radius of 5km around the reserve. Alpha diversity is calculated within each plot while gamma diversity is calculated across all unmanaged plots and all managed plots for a given site.

Fig. 4

 4 Fig.4Simplified hypothesis diagram (Metamodel) : we hypothesized that the most important disturbance effect is due forest management which modifies stand structure, measured by SDI and forest cover at the alpha scale, and measured by variation coefficients of these variables at gamma scale. We used the browsing index to study ungulate populations at alpha scale. At the gamma scale, we used hunting data to study ungulate populations by site management.

  Fig. 5 Example of alpha scale results obtained with SEM. Here the answer variable is the total species richness of understory vegetation. Arrows and estimate values represent only significant results.

Fig. 6

 6 Fig. 6 Plots of variations in total species richness, abundance, Shannon index and inverse of Simpson index as a function of browsing (B in %) and canopy cover (%). The black dots represent raw values. The red lines are issued of generalised models (see statistical analyses section), the grey ribbons represent the 95% confidence intervals.Each response studied is separated according to the two altitude levels: lowland (elevation<800m) and mountain (elevation>800m).

  management. Horvat et al. (2017) compared four management types according to management time while Von Oheimb & Härdtle (2009) compared three management types according to selection harvest. The definition of understory vegetation also differs from one study to another.

  ecological plant group of forest specialists responded to few explanatory variables. Forest species richness and the inverse of the Simpson index were positively impacted by stand structure variables (intermediate stratum cover and canopy cover, respectively). Forest species richness was positively explained by intermediate stratum cover. The inverse of the Simpson index calculated on forest species is positively impacted by the canopy cover (Tab. 3).

2.3.Open habitat species

As for all species, the ecological group of open habitat species was significantly negatively impacted by forest cover, mainly the two highest strata (8-16m and above 16m), but only the Simpson inverse index of open species was impacted by browsing pressure.

Open habitat species richness was only negatively impacted by canopy cover (Tab. 3), while open habitat species abundance was negatively impacted by the three forest cover: canopy, intermediate stratum and lower stratum cover. Scale magnitudes of each effect are close to 0,1 (Tab. 3). Diversity indices calculated on open habitat species were generally negatively impacted by canopy and intermediate stratum cover. Shannon index and Simpson inverse index of open habitat species were negatively impacted by canopy and intermediate stratum cover, whereas Simpson index of open habitat species was negatively impacted by canopy cover (Tab. 3).

  Tab. 3 Results of all SEM at plot scale. P-values (P) and standardized estimates (Est.) are given for the same response variables in each ecological group and for the total, based on each stand structure variable (three forest cover and SDI) and browsing. Grey filling identifies significant effects (p<0.05). SDI = Stand Density Index; B = Browsing index; S = Species richness; A = Abundance; H = Shannon diversity index; D = Simpson diversity index; D -1 = inverse of Simpson diversity index.

				Tree cover						
		Canopy	Intermediate stratum	Lower stratum	SDI		B	
		Est.	P	Est.	P	Est.	P	Est.	P	Est.	P
	Total										
	S	-0.0073	<0.001	-0.0028	0.1294	-0.0011	0.6708	0	0.9131	0.0093	0.0048
	A	-0.013	<0.001	-0.0072	0.0181	-0.0057	0.1663	-2e-04	0.4898	0.012	0.0249
	H	-0.0090	0.0026	-0.0022	0.465	-4e-04	0.9157	-1e-04	0.7474	0.0151	0.0062
	D	-0.0041	0.054	-5e-04	0.8346	8e-04	0.7782	-1e-04	0.5798	0.0113	0.0043
	D -1	-0.011	0.0027	-0.0043	0.2384	0	0.9929	2e-04	0.6639	0.0142	0.028
	Forest species									
	S	0.0052	0.048	0.0055	0.0379	0.0047	0.1977	-1e-04	0.7386	0.0048	0.3079
	A	0.0019	0.52	0.0025	0.3858	0.0035	0.3804	0	0.916	0.0084	0.1216
	H	0.0048	0.10	0.0051	0.0834	0.0073	0.0716	-1e-04	0.73	0.0089	0.1035
	D	0.0020	0.51	0.0037	0.2345	0.0059	0.1623	-1e-04	0.7216	0.0049	0.3916
	D -1	0.0071	0.029	0.0059	0.0757	0.0084	0.0646	-1e-04	0.8428	0.0085	0.1642
	Open-habitat species									
	S	-0.019	<0.001	-0.0054	0.1159	-0.0062	0.1873	3e-04	0.4676	0.0101	0.0618
	A	-0.017	<0.001	-0.0108	0.0012	-0.0091	0.0375	0	0.9418	0.0105	0.0663
	H	-0.019	<0.001	-0.0082	0.0199	-0.0084	0.0713	4e-04	0.3207	0.0105	0.0852
	D	-0.017	<0.001	-0.0064	0.0816	-0.009	0.0645	5e-04	0.2568	0.0068	0.2928
	D -1	-0.017	<0.001	-0.0085	0.0112	-0.0057	0.2082	4e-04	0.3361	0.0124	0.0351

  Tab. 4 Results of all SEM on gamma scale, i.e. the management modality. P-values and estimates are given for the same response variables in each ecological group and for the total, according to each stand structure variable (three forest cover and SDI) and browsing. Significant effects (p<0.05) have the grey box. SDI = Stand Density Index; U = Hunting data on ungulate populations; S = Species richness; A = Abundance.

				Tree cover						
		Canopy	Intermediate stratum	Lower stratum	SDI		U	
		Est.	P	Est.	P	Est.	P	Est.	P	Est.	P
	Total										
	S	0.1197	0.2374	0.1688	0.0931	0.1036	0.2121	0.0336	0.639	0.0018	0.0096
	A	0.0079	0.8894	-0.0334	0.5443	-0.0791	0.0787	0.059	0.0353	0.0011	0.2205
	Forest species									
	S	-0.1572	<0.001	0.05	<0.001	0.0201	0.024	-0.0537	<0.001	6e-04	0.4426
	A	-0.0759	0.3688	-0.0859	0.2438	0.1148	0.0761	-0.0545	0.1976	7e-04	0.4082
	Open-habitat species									
	S	0.1634	0.4589	-0.118	0.5316	0.1311	0.4676	0.2732	0.0812	0.0012	0.114
	A	0.1687	<0.001	0.0899	<0.001	-0.0395	0.0022	0.1052	<0.001	0.0019	0.0358
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Abstract

Ungulate herbivory pressure and forest management are both considered forest ecosystems disturbances. Many studies analysed the effects of ungulate populations, particularly in situations of overabundance, however the joint effects of herbivory and forest management abandonment on herbaceous understory vegetation have rarely been studied in a causal framework. In order to identify the joint effects of forest management and herbivory pressure in managed and unmanaged forests, we worked on 212 plots in 15 massifs throughout France. We used 21 Structural Equation Models to assess effects at local scale (plot scale) and at a larger scale (forest management scale). We showed that, at the alpha scale, stand structure and ungulate populations have antagonistic effects. Increased forest cover decreases herbaceous diversity of understory vegetation while increased herbivore pressure increases herbaceous diversity. At the gamma scale, the increased heterogeneity of stand structure had a positive effect on open habitat species. In addition, ungulate populations increased the total diversity of herbaceous diversity of understory vegetation. At intermediate levels of ungulate populations, herbivory pressure can have positive effects on the diversity of herbaceous species of understory vegetation which constitutes a large part of forest diversity and is recognized as an important driver of forest ecosystem biodiversity.

Résumé

La pression d'herbivorie par les ongulés et la gestion forestière sont considérées comme des perturbations des écosystèmes forestiers. De nombreuses études ont analysé les effets des populations d'ongulés, en particulier dans les situations de surabondance, mais leurs effets conjoints sur la végétation herbacée de sous-bois ont rarement été étudiés dans un cadre causal. Afin d'identifier leurs effets dans les forêts gérées et non gérées, nous avons travaillé sur 212 placettes réparties dans 15 massifs français. Nous avons utilisé 21 modèles d'équations structurelles pour évaluer les effets à l'échelle de la placette et à l'échelle de la gestion forestière. Nous avons montré qu'à l'échelle alpha, la structure du peuplement et les populations d'ongulés ont des effets antagonistes. L'augmentation du couvert forestier diminue la diversité herbacée tandis que l'augmentation de la pression d'herbivorie augmente la diversité. A l'échelle gamma, l'augmentation de l'hétérogénéité de la structure de peuplement a eu un effet positif sur les espèces d'habitat ouvert. En outre, les ongulés ont augmenté la diversité totale des herbacées. A des niveaux intermédiaires de populations d'ongulés, la pression d'herbivorie peut avoir des effets positifs sur la diversité des herbacées qui constitue une grande partie de la diversité forestière et est reconnue comme un important moteur de la biodiversité des écosystèmes forestiers.