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Resprouter species are of great interest for Mediterranean forest resilience as they can survive fire or drought by activating dormant vegetative buds to produce regrowth. Understanding which factors control the early growth and survival of these species are needed to develop strategies to enhance stand resilience. In this study, three broadleaved resprouter species, two trees -Fraxinus ornus and Sorbus domesticaand a shrub -Arbutus unedo were planted under a gradient of pine cover. Sapling survival and height growth were monitored for 6 years, 2 years after their plantation, as well as light and shrub cover. We developed a two-strata forest water balance model, which produces a water stress index. We aimed to determine the effect of light, water stress and shrub cover on sapling survival and height growth using a modelling approach. We found that high levels of transmittance had a negative impact on both survival and height growth of F. ornus and S. domestica, while it had a positive effect on A. unedo growth. Water stress was found to negatively affect survival and height growth of all species. Lastly, shrub cover had an overall positive effect on the survival and growth of saplings, indicating a facilitating effect of the shrubs. Our results suggest that shade-tolerant tree species like F. ornus and S. domestica are more suited to moderate and light cover, while photoinhibition-tolerant shrub species like A. unedo are more adapted to open conditions. To maximize sapling survival and growth, we recommend preserving the shrubby understorey when present.

INTRODUCTION

Disturbances associated with climate change, and especially droughts, are the main concern for the future of Mediterranean forests [START_REF] Peñuelas | Impacts of global change on Mediterranean forests and their services[END_REF]. In particular, the cumulative effects of droughts and wildfires may lead to important disruptions of ecosystem functioning including the loss of resilience linked to an increased risk of soil erosion, destruction of sources of diaspores and the deterioration of plants' resprouting capacity (Batllori et al., 2017;[START_REF] Cramer | Climate change and interconnected risks to sustainable development in the Mediterranean[END_REF]. In fact, plant recruitment is expected to decrease under climate change, raising concerns about forest regeneration [START_REF] Lloret | Experimental evidence of reduced diversity of seedlings due to climate modification in a Mediterranean-type community[END_REF] after major disturbances. Revegetation is one of the management strategies that can be used to restore Mediterranean forest cover [START_REF] Lindner | Climate change impacts, adaptive capacity, and vulnerability of European forest ecosystems[END_REF][START_REF] Vilà-Cabrera | Forest management for adaptation to climate change in the Mediterranean basin: A synthesis of evidence[END_REF]. Mediterranean pines were traditionally used for the restoration of degraded land, due to their large edaphic plasticity, drought tolerance and ability to quickly restore forest cover [START_REF] Pausas | Pines and oaks in the restoration of Mediterranean landscapes of Spain: New perspectives for an old practice -A review[END_REF]. Moreover, with recent agricultural land abandonment Mediterranean pines such as Aleppo pine (Pinus halepensis Mill.) are now predominant in Mediterranean landscapes, reflecting their large colonising capacity (Quezel et al., 1999).

These pine forests were expected to facilitate the establishment of late-successional broadleaved species (Barbéro et al., 1998) although this process can be slow due their low dispersal ability [START_REF] Puerta-Piñero | Valuing acorn dispersal and resprouting capacity ecological functions to ensure Mediterranean forest resilience after fire[END_REF] and their high vulnerability to drought at early life stage [START_REF] Zavala | Constraints and Trade-Offs in Mediterranean Plant Communities: The Case of Holm Oak-Aleppo Pine Forests[END_REF]. These broadleaved species are known to increase ecosystem resilience mainly through their resprouting capacity after disturbances such as fire [START_REF] Terradas | Holm Oak and Holm Oak Forests: An Introduction[END_REF]. Therefore, understanding the factors that control the early growth and survival of these species in pine forests as well as their ecological requirements are of importance to develop strategies that enhance forests' resilience.

Seedling or sapling survival and growth and therefore regeneration depend on many interacting parameters, and most of them are controlled directly or indirectly by overstory cover. Several studies have found a negative effect of pine cover on seedling establishment (e.g. [START_REF] Bellot | Afforestation with Pinus halepensis reduces native shrub performance in a Mediterranean semiarid area[END_REF][START_REF] Maestre | Does Pinus halepensis facilitate the establishment of shrubs in Mediterranean semi-arid afforestations?[END_REF], but this effect can change as pines density varies [START_REF] Gavinet | Hardwood seedling establishment below Aleppo pine depends on thinning intensity in two Mediterranean sites[END_REF][START_REF] Monnier | Forest microhabitats differentially influence seedling phenology of two co-existing Mediterranean oak species[END_REF][START_REF] Prévosto | Effects of different site preparation treatments on species diversity, composition, and plant traits in Pinus halepensis woodlands[END_REF]. Indeed, stand density has a direct impact on forest microclimate: thinning leads to an increase of light in the understorey [START_REF] Ma | Spatial variability in microclimate in a mixed-conifer forest before and after thinning and burning treatments[END_REF][START_REF] Rodríguez-Calcerrada | Influence of overstory density on understory light, soil moisture, and survival of two underplanted oak species in a Mediterranean montane Scots pine forest[END_REF] as well as an increase in the soil water content [START_REF] Bréda | Effects of thinning on soil and tree water relations, transpiration and growth in an oak forest (Quercus petraea (Matt.) Liebl.)[END_REF][START_REF] Simonin | The influence of thinning on components of stand water balance in a ponderosa pine forest stand during and after extreme drought[END_REF]. Many studies have shown that light availability is the main variable that drives sapling survival and growth, with high species-specificity of light requirements [START_REF] Kobe | Juvenile Tree Survivorship as a Component of Shade Tolerance[END_REF][START_REF] Kunstler | Growth, mortality, and morphological response of European beech and downy oak along a light gradient in sub-Mediterranean forest[END_REF][START_REF] Ricard | Do understory sapling respond to both light and below-ground competition?: a field experiment in a north-eastern American hardwood forest and a literature review Jean-Pierre[END_REF][START_REF] Kobe | Light gradient partitioning among tropical tree species through differential seedling mortality and growth[END_REF], while drought is a major constraint for most species in water-limited environments [START_REF] Gómez-Aparicio | Oak seedling survival and growth along resource gradients in Mediterranean forests: Implications for regeneration in current and future environmental scenarios[END_REF][START_REF] Kolb | Stand Density, Drought and Herbivory Constrain Ponderosa Pine Regeneration Pulse[END_REF][START_REF] Zavala | Constraints and Trade-Offs in Mediterranean Plant Communities: The Case of Holm Oak-Aleppo Pine Forests[END_REF]. Developing resource-based models can therefore help to understand seedling's requirements in order to define safe microsites for planting and adequate overstory management depending on the target species.

Thinning can also lead to the development of an abundant shrubby understorey, which further influences seedling establishment through a direct impact on forest microclimate. For instance, [START_REF] Giuggiola | Competition for water in a xeric forest ecosystem -Effects of understory removal on soil micro-climate, growth and physiology of dominant Scots pine trees[END_REF] and [START_REF] Prévosto | Microclimate in Mediterranean pine forests : What is the influence of the shrub layer? Agricultural and Forest Meteorology[END_REF] illustrated an increase of soil moisture after understorey removal, suggesting that the presence of a dense understorey in drought-prone forests could exert a detrimental effect on growth. However, the shrub layer can also buffer extreme air temperature and evaporative demand, which may benefit seedling development (L. [START_REF] Gómez-Aparicio | Oak seedling survival and growth along resource gradients in Mediterranean forests: Implications for regeneration in current and future environmental scenarios[END_REF][START_REF] Prévosto | Microclimate in Mediterranean pine forests : What is the influence of the shrub layer? Agricultural and Forest Meteorology[END_REF]. The balance between the positive and negative effects of shrubs on seedlings may depend on species or climate, highlighting the need to integrate the understorey in models of seedling development to fully capture the effects of thinning on regeneration success.

The present study examined the effect of light availability, water stress, and understorey shrub cover on the survival and growth of three broadleaved species beneath an Aleppo pine overstory. These species were initially introduced under contrasted pine cover conditions (dense, medium or low cover) and in open areas to promote the diversity and resilience of the forest ecosystems. Our three target species were one shrub -Arbutus unedo, and two trees -Fraxinus ornus and Sorbus domestica. They are naturally found in the Mediterranean region, although they have a scattered distribution within the forests and shrublands of our study area due to a long history of anthropogenic disturbances and their ecology is still poorly known [START_REF] Gavinet | Hardwood seedling establishment below Aleppo pine depends on thinning intensity in two Mediterranean sites[END_REF]. We developed a modelling approach to predict saplings survival and height growth, using light transmittance, a water stress index (WSI) induced by soil and climatic factors, as well as shrub cover as predictors. We hypothesised i) that increasing light availability would have a positive effect on growth and survival but that this effect would be more pronounced for the shrub species Arbutus unedo than for the other two tree species, which are depicted as more shade-tolerant [START_REF] Rameau | Flore Forestière Française[END_REF] ii) that water stress would limit survival and growth particularly for the two tree species whereas the shrub species would be less severely impaired iii) a negative effect of the shrub cover on survival.

MATERIAL & METHODS

Study site and experimental design

The study site was located in Southern France, approximately 30 km northwest of Marseille (43°27′0″N; 5°2′24″E) in a flat area at a mean altitude of 130 m. The climate is Mediterranean with a summer drought period and cool, wet winters. Mean annual temperature is 15.3°C (Istres weather station, 1985(Istres weather station, -2014) ) and mean annual precipitation is 562 mm with high inter-annual variability. Soils are calcareous with a sandy-loam texture and a mean depth of ~ 60 cm. We selected a forest area covered by a monospecific even-aged (~ 60 years old) Pinus halepensis Mill. tree layer, that established naturally after agricultural abandonment about 60 years ago. The understorey was mainly composed of shrubs (Quercus coccifera, Phillyrea angustifolia, Rosmarinus officinalis, Cistus albidus) and scarce herbaceous plants (mainly Brachypodium retusum). Pine stands were thinned in 2007, leading to four different pine cover treatments: (i) light pine cover (basal area: 10.2 m²/ha), (ii) moderate pine cover (19.2 m²/ha), (iii) dense pine cover (32.0 m²/ha; no thinning). We added a fourth treatment (iv) open conditions, by selecting a nearby treeless open area with a discontinuous shrub layer in which shrub cover was entirely removed and kept free of shrub encroachment by clearing shrub each year. Each pine cover treatment was replicated in four 25 × 25 m plots and we used four 6 × 20 m plots in the open area surrounded by a 5-meter-wide buffer zone (Online Resource 1). In February 2016 in the forest area, the shrub layer in the light and moderate pine cover treatments was manually removed on half of the surface of each plot, while the other half was left untouched.

Shrub regrowth was suppressed each year during the winter period in the shrub removal treatments. Shrub cover was almost null under the dense pine cover (no thinning) and was not manipulated. The percentage of shrub cover was visually estimated each year for each plot without shrub removal treatment. (Table 1).

Seeds of Arbutus unedo, Fraxinus ornus and Sorbus domestica were collected at different sites sharing similar ecological conditions. The seeds were then germinated and cultivated in a nursery for 1 year, to eventually be transplanted in the field in November 2009. 18 seedlings per species and per plot were planted in holes dug manually distributed along 7 transects in each plot of the pine forest while a total of 20 seedlings per species were planted using the same method in each plot of the open area. The seedlings were immediately cut at 10 cm to limit the transplant shock. Plots were fenced to avoid predation by large animals.

The saplings were individually tagged and sapling survival, stem height and basal diameter were recorded every year from 2010 to 2018. Only measurements from 2012 to 2018 were used for this study, in order to avoid the shock of transplantation of the two first years. However, due to the slow growth in diameter of the study species and the shrubby form of A. unedo, only the height growth was investigated in this study.

Measurements and modelling of environmental variables

Transmittance

Transmitted radiation was measured every minute for 48h during two successive clear days of April 2017 in 9 plots in the forest area using 6 solarimeter tubes (DPAR/LEC1C, Solem S.A., France) per plotbelow pine cover but above shrub canopyand 2 solarimeter tubes in open conditions, in order to compute transmitted radiation. A relationship between pine stand basal area and transmittance was then established to model the change in transmitted radiation through time for each plot. These computed transmittance values below pine canopy were later used in the survival and growth in height models.

Water balance model and Water Stress Index (WSI)

We developed a two-strata forest water balance model (i.e. including understorey properties, see [START_REF] Helluy | Competition and water stress indices as predictors of Pinus halepensis Mill. radial growth under drought[END_REF] for details) based on [START_REF] Granier | A lumped water balance model to evaluate duration and intensity of drought constraints in forest stands[END_REF]. The model uses daily temperature and rainfall data as inputs, as well as some site and stand parameters such as soil depth, maximum and minimum extractable soil water (from soil texture analysis), fine root distribution soil porosity and stand Leaf Area Index (LAI). Istres weather station (12 km NW of the site) provided the data over the entire study period and global radiation data were collected from Marignane station (14 km E of the site). The Potential Evapotranspiration (PET) was computed using the radiation-based method of [START_REF] Turc | Évalutation des besoins en eau d'irrigation, évapotranspiration potentielle[END_REF] (see Online Resource 2 for variations of PET from 2012 to 2018).

Soil samples were collected in 2014 and 2017. In 2014, 2 plots per treatment were sampled; in each of the selected plots, 6 soil samples at three soil depths were collected for texture analysis. In 2017, 5 soil pits were dug into the treatments and 30 soil samples of constant volume (3 soil depths and 2 samples per depth) were collected to measure the bulk density, the content in coarse elements and in fine roots. The soil properties were considered as constant among the plots, except for soil depth. Soil water holding capacity available to plants was computed for each soil layer [START_REF] Jabiol | Comprendre les sols pour mieux gérer les forêts[END_REF] and aggregated at the plot scale. Transmitted radiation, (as measured above) was used to compute the LAI according to the [START_REF] Norman | Photosynthesis in Sitka Spruce (Picea sitchensis (Bong.) Carr): V. Radiation Theory and a Test case[END_REF] equations for both pine and shrub canopies.

The modelled LAI was later used to compute the rainfall interception of the Aleppo pine canopy and the understorey using the model proposed by [START_REF] Molina | The effects of experimental thinning on throughfall and stemflow: A contribution towards hydrology-oriented silviculture in Aleppo pine plantations[END_REF] and the transpiration according to the method described in [START_REF] Granier | A lumped water balance model to evaluate duration and intensity of drought constraints in forest stands[END_REF]. Lastly, we computed daily variation in the Relative Extractable Water (REW, between 0 and 1), which is the extractable water standardized by the maximum extractable water (Online Resource 2).

An annual Water Stress Index (WSI) using the REW values was then computed for each plot and each year. We defined a drought event as the moment when REW drops below 0.4, as proposed by [START_REF] Granier | A lumped water balance model to evaluate duration and intensity of drought constraints in forest stands[END_REF].

During preliminary analyses, we tested two WSIs: one that represents only drought durationsuccessfully used to predict pine tree growth in a previous analysis on the same site [START_REF] Helluy | Competition and water stress indices as predictors of Pinus halepensis Mill. radial growth under drought[END_REF] and a second one that represents both drought duration and intensity (equation 1).

(1) 𝑊𝑆𝐼 = ∑(0.4 -𝑅𝐸𝑊 𝑖 ) for 𝑅𝐸𝑊 𝑖 ≤ 0.4

In this study the second WSI performed as well as or better than the first one, and was therefore selected. Shrub cover (%) 12.5 ± 2.9 33.1 ± 2.9 46.8 ± 2.8 0

Sapling survival

We first used survival analysis to test whether the treatments and the species identity had an effect on saplings survival between 2012 and 2018. The survival data are right-censored as a large part of the saplings survived past the end of the study. We used Kaplan-Meier curves to show differences in survival within species and treatments, using the R package {survival} [START_REF] Therneau | A Package for Survival Analysis in R[END_REF][START_REF] Therneau | Modeling Survival Data: Extending the Cox Model[END_REF]. To analyse the influence of environmental variables on seedling survival, we could not use log-rank tests because the proportional hazards (PH) assumption was not verified [START_REF] Rulli | Assessment of proportional hazard assumption in aggregate data: a systematic review on statistical methodology in clinical trials using time-to-event endpoint[END_REF]. Therefore, differences in survival, per species, between the cover treatments were determined by post-hoc Tukey tests on a Generalized Linear Model (GLM) with a binomial distribution, using the R package {emmeans} with Tukey corrections [START_REF] Lenth | emmeans: Estimated marginal Means, aka Least-Squares Means[END_REF].

To characterise the effects of the environmental and dimension variables (transmittance, WSI, shrub cover and past height of the individual) on survival, we produced Cox and Accelerated Failure Time models but the conditions for these models were not met due to the small number of death events per species (10 for A. unedo; 20 for F. ornus; 27 for S. domestica). Instead, we used a generalized linear model (GLM) with a binomial distribution.

Each individual sapling was associated with a mean value of transmittance and WSI (computed at plot level).

Because of the small number of death events per species we chose to only fit survival models with one covariate at a time to avoid convergence issues [START_REF] Riley | Minimum sample size for developing a multivariable prediction model: PART II -binary and time-to-event outcomes[END_REF].

Sapling height growth

Linear models using the {stats} R package were used to explore the relationship between sapling annual height growth and the different environmental variables. As the environmental variables were computed at the plot level, we averaged the saplings height growth per plot and per year. Linear regressions were performed to test the effect of transmittance, WSI, shrub cover and past height (mean height of the previous year) on the mean height growth. Natural logarithm transformations were used to satisfy the assumptions of linearity and normality of the residuals, the 'LogSt' function from the {DescTools} package [START_REF] Signorell | DescTools: Tools for descriptive statistics[END_REF] was used to account for null values of shrub cover and height growth.

To study the relationship between height growth and each environmental variable, we first performed one-variable models. Different mathematical relationships were tested and selected using the Akaike's Information Criterion (AIC) to find the best suited one for each variable and each species (see Online Resource 3 for details).

All the possible combinations of variables were tested (with additive effects solely, equation 2):

(2) log(𝑑𝐻) = 𝑘 + ∝ log(𝐻) + 𝛽 log(𝑇) + 𝛾 log(𝑊𝑆𝐼) + 𝛿 log(𝑆) + 𝜀

Where k, ∝, β, γ and 𝛿 are the fixed parameters, dH the height increment (cm), H the past height (cm), WSI the water stress index, S the shrub cover (%) and  is the residual error. The optimal model was selected using the AIC with maximum likelihood fitting, one-level and two-level interactions were then tested on the best performing model. Similar to the survival analysis, an explanatory variable was only considered as a good predictor if including that variable in the model resulted in a reduction of AIC of at least two points [START_REF] Burnham | Multimodel inference: Understanding AIC and BIC in model selection[END_REF]. The normality of the residuals and multi-collinearity of the explanatory variables were checked using a QQ-plot and the Variance Inflation Factor (< 3), respectively.

To visualise the effect of the selected variables on height growth, effect plots were produced using the R package {effect} (Fox & Weisberg, 2018b, 2018a). Specifically for these effect plots, we chose to scale the height growth and the explanatory variables by subtracting the mean and dividing by the standard deviation. This allowed us to compare the different variable effects on standardized height growth on the same scale.

RESULTS

Sapling survival between 2012 and 2018

Survival was influenced by both species and pine treatments (Figure 1). In all other pine cover treatments, A. unedo was above 75% (77% under moderate pine cover, 84% in the open, 90% under light cover). This is consistent with the fact that A. unedo showed significant differences in survival in 2018 between the dense cover treatment and all of the other cover treatments (post-hoc Tukey tests, p-value < 0.04). 

Survival models

The influence of the environmental factors on survival was variable. Transmittance and shrub cover did not have a significant effect on A. unedo survival while both transmittance and shrub cover had a significant effect on F. ornus and S. domestica (Table 2, P-value < 0.01). For these two latter species, transmittance had a negative effect on survival i.e. the probability of survival decreased as transmittance increased (Figure 2, Table 2, OR < 1), while shrub cover had a positive impact on survival i.e. the probability of survival increased as the shrub cover increased (Table 2, OR > 1). Concerning the effect of water stress, WSI had a significant negative impact on both A. unedo and S. domestica (Table 2; OR < 1), while it did not have a significant effect on F.ornus survival. The negative effect of WSI was stronger for A. unedo than for S. domestica, especially when WSI > 60 when A. unedo survival declined (Figure 2). domestica. Based on the models presented in Table 2.

Height growth models

Influence of each environmental factor

The three target species responded to light differently. A. unedo reached an asymptote around 0.3 of transmittance, while F. ornus and S. domestica reached a growth optimum around 0.2 of transmittance which decreased strongly in the open treatment (Figure 3). It must be noted that the gap of transmittance values between 0.3 (light cover treatment) and 1 (open conditions) did not allow us to detect the optimal value with precision. The three target species responded negatively to water stress: their height growth decreased as WSI increased. However it must be noted that F. ornus' response to water stress was more linear than A. unedo or S. domestica. The shrub cover had a positive effect on the growth of all species although the growth of F. ornus decreased in high shrub cover (>40%). Finally, past height had a positive influence: growth rapidly increased with increasing past height but this increase was less marked or plateaued to reach an asymptote value after a threshold of about 100 cm for A. unedo, and 80 cm for F. ornus and S. domestica. 

Growth models including all factors

We evaluated the growth models that included all factors using AIC (Online Resource 4). The best models are presented in Table 3. For A. unedo, the inclusion of past height dramatically decreased the ∆AIC (Online Resource 4). Water stress had the second highest impact on ∆AIC, followed by transmittance. After testing the interactions among these 3 variables, the best model for A. unedo included past height, WSI, transmittance and the interaction between past height and WSI. Transmittance had a positive effect on A. unedo height growth: growth was reduced under low transmittance (transmittance = 0.2 corresponds to a mean growth in height of 0.05 cm), and is highest in full light conditions (transmittance = 1, growth = 0.3 cm) (data not shown). Past height had a positive effect on height growth particularly below 50cm, but this relationship was less marked when WSI was low (Figure 4). This illustrates that small A. unedo saplings are very sensitive to drought. 3). Shaded areas around the curves represent the confidence intervals of the mean (95%). Ticks above the x-axis represent the distribution of the measured data.

The best model for F. ornus included shrub cover and WSI (Online Resource 3). The effect of shrub cover and WSI was additive, and they both significantly affected the height growth (Table 3; p-value < 0.05); even though it was less significant for WSI. WSI had a negative effect on standardised height growth, however even at high levels of WSI, the standardized growth in height never went below 0 (Fig. 5). Shrub cover had a positive effect on F. ornus standardised growth in height, but this positive effect was less marked in plots with shrub cover > 50%.

Figure 5: Predicted effects of WSI (water stress index, equation ( 1)) and shrub cover on standardised growth in height for F.

ornus estimated using the best model (Table 3). Shaded areas around the curves represent the confidence intervals of the mean (95%). Straight lines above the x-axis represent the distribution of the measured data.

For S. domestica, the best model selected with AIC included two covariates: past height and WSI (Online Resource 4). There was an interaction between the two covariates, which had a significant effect on S. domestica's growth in height (Table 3; p-value < 0.01). As for A. unedo, past height had a limited effect on growth in height when WSI was low (if WSI = 30, standardized growth in height was expected to be around 1 cm regardless of the past height; Figure 6), however as WSI increases, small trees are expected to be more sensitive to drought with standardised growth being negative for saplings under 60 cm when WSI > 60. At the highest levels of WSI, only the tallest trees were expected to have positive height growth (if WSI = 90, only trees above 120 cm would present a standardised growth above 0; Figure 6). 1)) and their interaction on standardised growth in height for S. domestica; estimated using the best model (Table 3). Shaded areas around the curves represent the confidence intervals of the mean (95%). Straight lines above the x-axis represent the distribution of the measured data.

DISCUSSION

Survival

Contrary to our first hypothesis, we did not detect a positive effect of light availability on all species' survival (Table 2). For F. ornus and S. domestica, transmittance had an overall negative effect on survival probability contrary to many studies that have demonstrated that survival probability usually increases with light availability, [START_REF] Kobe | Light gradient partitioning among tropical tree species through differential seedling mortality and growth[END_REF][START_REF] Kunstler | Growth, mortality, and morphological response of European beech and downy oak along a light gradient in sub-Mediterranean forest[END_REF][START_REF] Lin | Sapling growth and survivorship as a function of light in a mesic forest of southeast Texas, USA[END_REF][START_REF] Zavala | Interspecific differences in sapling performance with respect to light and aridity gradients in mediterranean pine-oak forests: Implications for species coexistence[END_REF]. F. ornus is commonly known to be shadetolerant whereas S. domestica has been described as being both shade-tolerant [START_REF] Gachet | BASECO: A floristic and ecological database of Mediterranean French flora[END_REF][START_REF] Rameau | Flore Forestière Française[END_REF] and light-demanding, in fact, this species was suggested for afforestation in arid and warm ecosystems [START_REF] Paganová | Ecological requirements of wild service tree (Sorbus torminalis [ L .] Crantz ) and service tree (Sorbus domestica L.) in relation with their utilization in forestry and landscape[END_REF]. Previous results from this experiment (Gavinet et al., 2016b), have indicated photosynthetic stress in open plots owing to full light conditions and higher temperature fluctuations. For A. unedo, the absence of a statistical link between transmittance and survival could be due to the small number of death events within the study period (only 10) that made model fitting more difficult. The absence of a statistical link between transmittance and survival could also be due to A. unedo's relatively high plasticity and capacity for maintaining itself both in the understorey and in full light conditions in the study region.

We found a negative influence of water stress on sapling survival in A. unedo and S. domestica. This is in accordance with previous studies that have emphasized drought as a major limiting factor that causes sapling mortality in various Mediterranean species, including A. unedo [START_REF] Kolb | Stand Density, Drought and Herbivory Constrain Ponderosa Pine Regeneration Pulse[END_REF][START_REF] Maranón | Regeneration of tree species and restoration under constrasted Mediterranean habitats: Field and glasshouse experiments[END_REF][START_REF] Sánchez-Gómez | Performance of seedlings of Mediterranean woody species under experimental gradients of irradiance and water availability, trade-off and evidence for niche differentiation.pdf[END_REF]. However, water stress did not have any effect on sapling survival in F. ornus, despite previous studies that have reported that F. ornus and A. unedo have similar water potential values at which 50% of conductivity is lost due to embolism (about -3.0 to -3.3 Mpa) possibly indicating a similar drought resistance [START_REF] Martínez-Vilalta | Xylem hydraulic properties of roots and stems of nine Mediterranean woody species[END_REF][START_REF] Petruzzellis | Less safety for more efficiency: Water relations and hydraulics of the invasive tree Ailanthus altissima (Mill.) Swingle compared with native Fraxinus ornus L[END_REF]. A deeper root development in the shade-tolerant F. ornus may have allowed seedlings to remain above lethal thresholds. The small number of death event does not

provide a clear answer. Further studies over a longer period are needed to better explore the drought resistance and shade tolerance of these species.

Finally and contrary to our third hypothesis, the shrub cover was found to have a positive impact on F. ornus and S. domestica survivorship, indicating a facilitating effect. Indeed, in Mediterranean areas seedling survival is often found to be facilitated by shrub cover (Castro & Zamora, 2004;Gavinet et al., 2016;[START_REF] Sánchez-Pinillos | Relative size to resprouters determines post-fi re recruitment of non-serotinous pines[END_REF]. This may be due to a buffering effect of the shrubby understorey on microclimatic variables (Prévosto et al., 2020;[START_REF] Giuggiola | Competition for water in a xeric forest ecosystem -Effects of understory removal on soil micro-climate, growth and physiology of dominant Scots pine trees[END_REF][START_REF] Kovács | Stand structural drivers of microclimate in mature temperate mixed forests[END_REF]. In a field experiment in Mediterranean montane ecosystems, [START_REF] Gómez-Aparicio | Canopy vs. soil effects of shrubs facilitating tree seedlings in Mediterranean montane ecosystems[END_REF] found that microclimate amelioration induced by shrubs led to a reduction of leaf temperature and transpiration losses, which improved the water status of the seedlings and consequently led to greater seedling survivorship. Another study directed on our study site highlighted the buffering capacity of the shrub layer on microclimatic variables including air temperature, vapour pressure deficit, and air relative humidity [START_REF] Prévosto | Microclimate in Mediterranean pine forests : What is the influence of the shrub layer? Agricultural and Forest Meteorology[END_REF]. We can therefore hypothesize that these microclimatic effects of the shrub layer offset resource limitations (e.g. light attenuation, rainfall interception) leading to a global facilitating effect on seedling survival.

It should be noted that the survival models were only fitted with one variable at a time. As the variables were correlated, this should be taken into account when interpreting the results. For example, transmittance was correlated with water stress (Pearson correlation: 0.35), as well as to shrub cover (Pearson correlation: -0.54); so part of its effect on survival could be integrated into the WSI and shrub effect on survival. Thus, further studies would be needed to precisely disentangle the link between light, water, shrub cover and sapling survival.

Height growth

Height growth in F. ornus and S. domestica peaked around 30% light (corresponding to light pine cover) whereas growth was reduced at low light and in full light (open conditions). [START_REF] Zavala | Constraints and Trade-Offs in Mediterranean Plant Communities: The Case of Holm Oak-Aleppo Pine Forests[END_REF] also found that seedlings of Quercus ilex attained their maximum growth at an intermediate level of light availability (36 % of PAR), with decreasing values at higher levels. On the contrary, A. unedo exhibited low growth at low light levels, and high growth at intermediate and high light levels, with no growth reduction in full light conditions. This is consistent with a previous study on the sa me study site, which suggested that both F. ornus and S. domestica were not only shade-tolerant, but also photoinhibition-intolerant species; while A. unedo appeared to be more lightdemanding and photoinhibition-tolerant and was thus favoured in open conditions (Gavinet et al., 2016b). This adaptation can be due to specific anatomical and physiological features at the leaf level, conferring to A. unedo an intermediate status between drought semi-deciduous and sclerophyllous species [START_REF] Gratani | Adaptive strategy at the leaf level of Arbutus unedo L. to cope with Mediterranean climate[END_REF].

However, unlike A. unedo, F. ornus' and S. domestica's best height growth models (including all the environmental factors tested in this study) did not include transmittance, despite the fact that light is known to be a major limiting resource for growth of understorey juve nile trees (e.g. [START_REF] Delagrange | Physiological, morphological and allocational plasticity in understory deciduous trees: Importance of plant size and light availability[END_REF][START_REF] Maranón | Regeneration of tree species and restoration under constrasted Mediterranean habitats: Field and glasshouse experiments[END_REF][START_REF] Ricard | Do understory sapling respond to both light and below-ground competition?: a field experiment in a north-eastern American hardwood forest and a literature review Jean-Pierre[END_REF]. One explanation could be that light is not the most prevailing limiting resource in Mediterranean ecosystems, and competition for light might be less intense due to lower leaf densities [START_REF] Coomes | Impacts of root competition in forests and woodlands: a theoretical framework and review of experiments[END_REF] in particular for F. ornus and S. domestica, which are often depicted as more shade-tolerant than A.

unedo. It was also noteworthy that light influence was highly non-linear for F. ornus and S. domestica as growth is reduced at both ends of the light gradient (Fig. 3) whereas this was not the case for A. unedo.

There is a predominance for belowground competit ion in water-limited ecosystems [START_REF] Pretzsch | Size-symmetric versus size-asymmetric competition and growth partitioning among trees in forest stands along an ecological gradient in central Europe[END_REF][START_REF] Schwinning | Mechanisms determining the degree of size asymmetry in competition among plants[END_REF], and many studies found that drought is a major constraint for seedling and sapling height growth in Mediterranean ecosystems [START_REF] Kolb | Stand Density, Drought and Herbivory Constrain Ponderosa Pine Regeneration Pulse[END_REF][START_REF] Maranón | Regeneration of tree species and restoration under constrasted Mediterranean habitats: Field and glasshouse experiments[END_REF][START_REF] Pinto | Photosynthetic response , carbon isotopic composition , survival , and growth of three stock types under water stress enhanced by vegetative competition[END_REF][START_REF] Villar-Salvador | Increase in size and nitrogen concentration enhances seedling survival in Mediterranean plantations. Insights from an ecophysiological conceptual model of plant survival[END_REF][START_REF] Zavala | Constraints and Trade-Offs in Mediterranean Plant Communities: The Case of Holm Oak-Aleppo Pine Forests[END_REF]. For all species, we observed lower growth at high levels of water stress and vice versa (figure 3) and the best models for height growth all included water stress. In the case of A.

unedo and S. domestica, small saplings were more affected by increasing water stress compared to tall saplings.

Indeed, plant dimensionsincluding heightis a factor that integrates many parameters. In the case of pioneer Mediterranean pine species, Villar-Salvador et al. ( 2012) found evidence of a positive effect of seedling size on seedling water status, using an ecophysiological model. In this framework, an increase of seedling size is linked to an increase in the root system size, which leads to an increase in water uptake and thus improves the water status of the seedling, leading to higher photosynthetic rate and higher growth. This could explain the lower sensitivity of tall seedlings to water stress on our study site. Nonetheless, further work exploring the allocation trade-off between the root system and the aerial system is needed.

Finally, shrub cover had a global positive effect for all species, but was only selected in the growth model for F. ornus. Shrub cover can be a good indicator of light availability below pine canopies, as it increases as the pine cover decreases and consequently, when transmittance increases. Moreover, as for seedling survival, shrubs are known to have a facilitating effect on seedling growth in some species (Castro & Zamora, 2004;[START_REF] Lines | Capturing juvenile tree dynamics from count data using Approximate Bayesian Computation[END_REF][START_REF] Sánchez-Pinillos | Relative size to resprouters determines post-fi re recruitment of non-serotinous pines[END_REF], leading to an increase in height growth. In fact, shrubs can physically limit the lateral expansion of seedling and can modify the microclimatic conditions around them, especially light availability and quality. These modifications can lead to the enhancement of stem elongation whereas diameter growth is often unchanged or even decreased. The growth response to shrub cover was probably amplified for F.

ornus compared to the two other species by the fact that its growth was the most severely limited in the open plots (i.e. full light but no shrubs).

Conclusion

Our results are consistent with a previous study of A. unedo, F. ornus and S. domestica seedlings (Gavinet et al., 2016b), and enable us to propose management strategies in order to enhance the diversification and the resilience of the Mediterranean pine forests. Dense pine stands, by restricting light availability, need to be thinned to reach a moderate or light pine cover (from 20 to 35 % of full light availability) before introducing broadleaved saplings. Shade-tolerant tree species such as F. ornus and S. domestica seem to be more suited to moderate and light cover, while photoinhibition-tolerant shrub species such as A. unedo appear to be more adapted to open conditions. To maximize saplings survival and growth, if present, we recommend preserving the shrubby understorey, although shrub cover above 30% could be less favourable as was recorded for F. ornus. It must be noted that the overstorey and understorey are also involved in many processes not investigated in this study such as the control of microclimatic factors (e.g. air temperature, air humidity, VPD), its effect on herbivory and pathogens and its role as a reservoir of biodiversity. The production of survival and growth models as a function of the main environmental factors is a first step to develop a more global modelling approach to predict the development of understory species in Mediterranean forest systems under a changing climate.
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 1 Figure 1: Probability of sapling survival from 2012 to 2018.

Figure 2 :

 2 Figure 2: Predicted probability of survival as a function of WSI (left) and transmittance (right), for A. unedo, F. ornus and S.

Figure 3 :

 3 Figure 3: Height growth according to transmittance, WSI (water stress index, see equation (1)), shrub cover and past height for each species. Regression lines are indicated in red. Each point represents the mean value computed at plot level for a specific year (total 16 plots × 7 years = 112 points). The number on each graph corresponds to the number of the equation used for each respective variable and species (see Online Resource 3 for the details of the equations).

Figure 4 :

 4 Figure 4: Predicted effects of past height and WSI (water stress index, see equation 1) and their interaction on standardized growth in height for A. unedo; estimated using the best model (Table3). Shaded areas around the curves represent the

Figure 6 :

 6 Figure 6: Predicted effects of height and WSI (water stress index, equation (1)) and their interaction on standardised growth

( 4 )

 4 𝑑ℎ𝑒𝑖𝑔ℎ𝑡 = ∝ 𝑙𝑜𝑔(𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) + 𝑘 (5) 𝑙𝑜𝑔(𝑑ℎ𝑒𝑖𝑔ℎ𝑡) = ∝ 𝑙𝑜𝑔(𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) + 𝑘 (6) 𝑑ℎ𝑒𝑖𝑔ℎ𝑡 = ∝ 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 2 + 𝑘 (7) 𝑑ℎ𝑒𝑖𝑔ℎ𝑡 = ∝ 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 2 + 𝛽 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 + 𝑘 (8) 𝑑ℎ𝑒𝑖𝑔ℎ𝑡 = ∝ 𝑙𝑜𝑔(𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) 2 + 𝑘 (9) 𝑑ℎ𝑒𝑖𝑔ℎ𝑡 = ∝ 𝑙𝑜𝑔(𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) 2 + 𝛽 𝑙𝑜𝑔 (𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) + 𝑘 (10) 𝑙𝑜𝑔 (𝑑ℎ𝑒𝑖𝑔ℎ𝑡) = ∝ 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 2 + 𝑘 (11) 𝑙𝑜𝑔(𝑑ℎ𝑒𝑖𝑔ℎ𝑡) = ∝ 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 2 + 𝛽 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 + 𝑘 (12) 𝑙𝑜𝑔 (𝑑ℎ𝑒𝑖𝑔ℎ𝑡) = ∝ 𝑙𝑜𝑔(𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) 2 + 𝑘 (13) 𝑙𝑜𝑔 (𝑑ℎ𝑒𝑖𝑔ℎ𝑡) = ∝ 𝑙𝑜𝑔(𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) 2 + 𝛽 𝑙𝑜𝑔 (𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) + 𝑘

  

  

  

Table 1 :

 1 Environmental and stand characteristics for each treatment (Mean ± standard error) in 2016, before shrub removal.

		Dense cover	Moderate cover	Light cover	Open conditions
	Pine basal area (m²/ha)	37 ± 0.9	28 ± 1.5	17 ± 0.3	0
	Transmittance	0.09 ± 0.01	0.12 ± 0.01	0.24 ± 0.04	1
	WSI	74.4 ± 2.0	69.7 ± 2.4	59.4 ± 3	72.4

WSI: water stress index (see equation 1).

Table 2 :

 2 Estimated coefficients, Odd Ratio (OR), standard errors (Std. errors) and p-values for the single-variable survival model, for each species (for all species, the best survival model is indicated in bold, see Online Resource 4). WSI: water stress index.

	Species	Models	Estimates	OR	Std.errors	P.value
	A.unedo	Transmittance	1.5298	4.6170	1.0886	0.16
		Shrub cover	0.08076	1.0841	0.0430	0.0607
		WSI	-0.16719	0.8460	0.0435	0.00012 ***
	F.ornus	Transmittance	-2.6126	0.07334	0.6244	2.86e-05 ***
		Shrub cover	0.15902	1.1723	0.0531	0.00279 **
		WSI	-0.01273	0.98734	0.03321	0.7014
	S.domestica	Transmittance	-1.5055	0.2219	0.5021	0.00272 **
		Shrub cover	0.1002	1.1054	0.0318	0.00159 **
		WSI	-0.0539	0.9475	0.0268	0.04468

* Significant correlation: p<0.001'***', p<0.01'**', p<0.05'*'

Table 3 :

 3 Estimated coefficients, standard errors (Std. errors) and P-values for the best growth in height model selected in Online Resource 4, for each species.

	Species	Covariates	Estimates	Std. errors	P value
	A.unedo	log( Past height)	-1.525	0.448	0.00095 ***
		log(WSI)	-2.254	0.413	3.13e-07 ***
		log(Transmittance)	0.062	0.023	0.00946 **
		log(Past height): log(WSI)	0.467	0.109	4.46e-05 ***
	F.ornus	log(Shrub cover)	0.392	0.043	8.89e-15 ***
		log(WSI)	-0.218	0.099	0.029 *
	S.domestica	log(Past height)	-1.638	0.918	0.0774.
		log(WSI)	-2.632	0.943	0.0062 **
		log(Past height): log(WSI)	0.488	0.224	0.0316

*

Significant correlation: p < 0'***'; p<0.001'**

', p<0.01'*', p<0.05'.' 
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