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& Key message Climate change will induce a change in fire frequency in Mediterranean region and that could impact fireadapted plant species. We showed that fire-related traits of some pine species are strongly related to other factors than fire but the recent fire history has nonetheless an impact on the variation of key traits for different fire adaptive strategies. & Context In fire-prone Mediterranean areas, climate change is expected to exacerbate the fire pressure on ecosystems, altering the current fire regime and threatening species if they cannot acclimate. & Aims Studying intraspecific variations of some fire-related traits in relation to variation in recent fire activity is thus an important step to better understand if this acclimation is possible. & Methods We measured structural (bark thickness, shoot bulk density, self-pruning, leaf surface to volume ratio) and functional (serotiny level for Pinus halepensis only) traits in two pines species (Pinus halepensis and Pinus sylvestris) commonly found in southeastern France and that present different fire-adaptive strategies (resilience vs resistance, respectively). Populations were sampled according to different fire frequency modalities (0 vs 1 to 2 fires) along a geographical gradient, measuring numerous environmental and plant characteristics to be used cofactors in the analyses. & Results As expected, trait variation was strongly linked to environmental and tree characteristics as well as to ontogeny overriding the effect of fire modalities, even though using integrative models with random effect. However, fire modalities had an impact on the variance of some key fire-related traits of Pinus halepensis. & Conclusion This study will help to anticipate the future response of these Mediterranean pine species and further underlines the importance of investigating chemical traits, flammability, and genetic variation of highly heritable traits, such as serotiny.

Introduction

Forest fires have been one of the most important contributing factors to Mediterranean ecosystem dynamics for millennia [START_REF] Bond | Fire and plants[END_REF][START_REF] Pausas | A burning story: the role of fire in the history of life[END_REF], exerting a high selective pressure on species [START_REF] Bond | Fire as a global 'herbivore': the ecology and evolution of flammable ecosystems[END_REF][START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF][START_REF] Pausas | Fire and plant diversity at the global scale[END_REF]. In fire-prone Mediterranean areas, the long-term fire history has led to numerous plant fire adaptations [START_REF] Ne'eman | Fire-related traits in Mediterranean basin plants[END_REF]). However, these adaptations depend more on the fire regime than on the fire itself [START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF]. A fire regime is defined by fire intensity and frequency, among other characteristics. The predominant parameters that induce different fire adaptation strategies (e.g., fire resistance or resilience) involve different fire-related traits [START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF]). These traits improve tree or population survival in case of fire, increasing the species' fitness [START_REF] Fernández-García | Fire regimes shape diversity and traits of vegetation under different climatic conditions[END_REF][START_REF] Lamont | Fitness and evolution of resprouters in relation to fire[END_REF][START_REF] Lamont | Adaptive responses to directional trait selection in the Miocene enabled Cape proteas to colonize the savanna grasslands[END_REF].

In the Mediterranean basin, the parameters that characterize the fire regime have been changing in recent decades, mostly due to the increasing temperatures that induce higher fire activity [START_REF] Oliveira | Modeling spatial patterns of fire occurrence in Mediterranean Europe using Multiple Regression and Random Forest[END_REF][START_REF] Moreno | Fire regime changes and major driving forces in Spain from 1968 to 2010[END_REF][START_REF] Quintano | Land surface temperature as potential indicator of burn severity in forest Mediterranean ecosystems[END_REF] Handling Editor: Paulo Fernandes Contributions of the co-authors Bastien Romero and Anne Ganteaume conceived and designed the experiments. Bastien Romero performed the experiments and analyzed the data. Bastien Romero wrote the paper and Anne Ganteaume has significantly improved the manuscript.

2015). This trend is likely to continue, leading to an increase in fire frequency and severity [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF][START_REF] Turco | Exacerbated fires in Mediterranean Europe due to anthropogenic warming projected with non-stationary climatefire models[END_REF], ultimately changing the current fire regime and thus affecting the fire-prone Mediterranean ecosystems, if species' resilience or resistance capacity is exceeded [START_REF] Fernández-García | The role of fire frequency and severity on the regeneration of Mediterranean serotinous pines under different environmental conditions[END_REF]; [START_REF] Pausas | Evolutionary ecology of resprouting and seeding in fire-prone ecosystems[END_REF]Pausas 2015a). Moreover, changes in fire risk, especially in the northern part of the French Mediterranean region and at higher elevations where species are rarely exposed to high-intensity fires (e.g., crown fires), will induce a change in the boundaries of species' bio-climatic areas [START_REF] Fréjaville | Spatiotemporal patterns of changes in fire regime and climate: defining the pyroclimates of south-eastern France (Mediterranean Basin)[END_REF]. In fact, if surface fires tend to become more intense and turn into crown fires, or if crown fires become too frequent, both fire-resistant and fire-embracer species could be threatened assuming that their specific fire-related traits do not evolve accordingly.

These fire-related traits, depending on the species' adaptation to fire, improve the survival of trees to fire; they can be structural, functional, or even chemical. Fire "embracer" species (i.e., resilient species) are adapted to infrequent highintensity fires, characterized by stand-replacement events (e.g., crown fires). Over time, these species have acquired fire-related traits that enhance their post-fire regeneration, such as serotiny (canopy seed bank in serotinous cones) [START_REF] Lamont | Fitness and evolution of resprouters in relation to fire[END_REF]Pausas 2015a). Seeds stored in serotinous cones are protected from rising temperatures and thus present a major advantage for fire-embracer species in case of intense fire. The high temperature emitted by the fire induces a heat shock allowing the cones to open, leading to the seed release [START_REF] Ne'eman | Reproductive traits of Pinus halepensis in the light of fire-a critical review[END_REF][START_REF] Tapias | Life histories of Mediterranean pines[END_REF]). After the fire, the seeds are released into an environment without competition for light, water, and nutrients as most plants are burned, allowing the seedlings to grow in better environmental conditions. Given its primordial implication in the fire adaptive strategy of numerous fire-embracer species, serotiny is one of the most studied functional fire-related traits [START_REF] Causley | Fitness benefits of serotiny in fire-and drought-prone environments[END_REF][START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF][START_REF] Lamont | Adaptive advantages of aerial seed banks[END_REF][START_REF] Lamont | Evaluation of seven indices of on-plant seed storage (serotiny) shows that the linear slope is best[END_REF][START_REF] Martín-Sanz | Disentangling plasticity of serotiny, a key adaptive trait in a Mediterranean conifer[END_REF]). In addition, many species have seed germination stimulated by smoke or high temperature [START_REF] Tieu | The interaction of heat and smoke in the release of seed dormancy in seven species from southwestern Western Australia[END_REF], or plant resprouting [START_REF] Ne'eman | Fire-related traits in Mediterranean basin plants[END_REF]). Some of these species have traits that enhance their flammability, such as the dead fuel retention in the canopy, specific leaf physical characteristics (e.g., thin and long needles), or chemical compounds such as terpenes [START_REF] Romero | How terpene content affects fuel flammability of wildland-urban interface vegetation[END_REF]. Higher flammability is an ecological advantage for embracer species because their post-fire regeneration is based on rapid growth in an enriched environment where competition is reduced, according to the "Born to Burn" hypothesis [START_REF] Mutch | Wildland fires and ecosystems-a hypothesis[END_REF][START_REF] Bond | Kill thy neighbour: an individualistic argument for the evolution of flammability[END_REF]. In contrast, fire "evader" species present traits that mitigate the effects of recurrent, medium-to low-intensity fires (heat shock for instance), such as self-pruning, thick bark, deep rooting, or other traits that decrease shoot flammability (e.g., thick and short needles), allowing them to resist such fires. These species are adapted to surface fires for instance [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF]. It is worth noting that some species can present both types of strategies (e.g., Pinus canariensis C.Sm ex DC., 1825) due to their living conditions (e.g., types of fire regime; [START_REF] Climent | Fire adaptations in the Canary Islands pine (Pinus canariensis)[END_REF].

Previous studies on fire-related traits in fire-prone ecosystems have mostly focused on differences among species, especially between different adaptive strategies (embracer vs evader) [START_REF] Ne'eman | Fire-related traits in Mediterranean basin plants[END_REF][START_REF] Pausas | Plant functional traits in relation to fire in crown-fire ecosystems[END_REF][START_REF] Paula | Fire-related traits for plant species of the Mediterranean Basin: Ecological Archives E090-094[END_REF]. Only a few studies (e.g., [START_REF] Budde | In situ genetic association for serotiny, a fire-related trait, in Mediterranean maritime pine (Pinus pinaster)[END_REF][START_REF] Hernández-Serrano | Heritability and quantitative genetic divergence of serotiny, a fire-persistence plant trait[END_REF][START_REF] Pausas | Fires enhance flammability in Ulex parviflorus[END_REF]) have focused on the intraspecific variability of such traits in relation to fire recurrence. However, these studies were based on a fire recurrence of three or more fires over a 70-year period or over a wide area (at the scale of a region or a country in [START_REF] Pausas | Fires enhance flammability in Ulex parviflorus[END_REF][START_REF] Budde | In situ genetic association for serotiny, a fire-related trait, in Mediterranean maritime pine (Pinus pinaster)[END_REF]) and only considered a few environmental variables in order to explain trait variation. In fact, traits considered being fire-related can also vary according to several other variables (e.g., weather, soil nutrient, competition for light, plant age, topographic site conditions). When considering the recent fire history (the last five-six decades), especially in areas where the number of fire events is low, it is difficult to disentangle the effects of fire on trait variation from the effects of environmental conditions. Regarding serotiny, one of the most studied fire adaptations, some authors noted an increase in serotinous cones in the F1 generation of Pinus contorta (Bol., 1866) and Pinus banksiana (Lamb., 1803) after only a single fire event [START_REF] Perry | A model of fire selection for serotiny in lodgepole pine[END_REF][START_REF] Teich | Cone serotiny and inbreeding in natural populations of Pinus banksiana and Pinus contorta[END_REF], showing how strong the selective impact of fire on this trait is. Further works [START_REF] Castellanos | Field heritability of a plant adaptation to fire in heterogeneous landscapes[END_REF][START_REF] Hernández-Serrano | Heritability and quantitative genetic divergence of serotiny, a fire-persistence plant trait[END_REF] found that heritability of serotiny in P. halepensis was relatively high, 10% in natural populations against 20% in common garden and found a high quantitative genetic differentiation among populations from different locations, suggesting adaptation process. Serotiny is known for its high phenotypic diversity among species, populations, or geographical areas, and it is hypothesized that this variability may not be entirely due only to fire [START_REF] Espelta | Non-fire induced seed release in a weakly serotinous pine: climatic factors, maintenance costs or both?[END_REF][START_REF] He | Fireadapted traits of Pinus arose in the fiery Cretaceous[END_REF][START_REF] Ne'eman | Fire-related traits in Mediterranean basin plants[END_REF][START_REF] Tapias | Life histories of Mediterranean pines[END_REF][START_REF] Voltas | Climate-related variability in carbon and oxygen stable isotopes among populations of Aleppo pine grown in common-garden tests[END_REF]. For example, [START_REF] Martín-Sanz | Maintenance costs of serotiny in a variably serotinous pine: the role of water supply[END_REF] confirmed that water availability had a crucial impact on cone opening and Cruz et al. ( 2019) pointed that serotiny level was higher from young mother trees. Moreover, Pausas (2015b) underlined that most studies focused on differences between fire-related traits whereas trait variance is very important to consider in order to fully understand trait variation mechanisms. Up to now, studies that deal with both fire adaptive strategies and take into account a range of fire frequencies as well as environmental and tree characteristics to explain trait variations and to possibly stress difference between strategies, are lacking.

In order to address these gaps, the present study examines the differences in relevant fire-related traits in two common Mediterranean pine species between areas that have been subjected to a range of fire frequencies (i.e., recent presence or absence of fire in a given site) over the last few decades (i.e., recent fire history). The objectives of the present study were (i) to assess these species' capacity to adapt their fire-related traits to different fire frequencies and (ii) to determine the effect of environmental and tree characteristics and ontogeny (i.e., different development stages) on the distribution of firerelated traits in order to disentangle the effect of fire from other environmental or tree characteristics. We expect the variation in the species' fire-related traits to be related to the variation in the number of recent fire events. Better understanding this process will help in predicting plant species dynamics in response to changes in fire regime in Mediterranean ecosystems in the framework of ongoing global change. Indeed, if these species do not acclimate and/or adapt to this change, an increase in population mortality is expected, increasing the risk of fire throughout the study area [START_REF] Dupire | Vulnerability of forest ecosystems to fire in the French Alps[END_REF]).

Material and methods

Area and species studied

Populations were sampled in the North and in the South of the Provence area in the French Mediterranean region (Baronnies Provençales Natural Regional Park and Aix-en-Provence/ Marseille area, respectively; Fig. 1). We decided to split the Provence area into two different zones in order to account for a gradient of climatic conditions (temperature and precipitation) because of the higher elevation in the North (on average 650 m) compared to the South (on average 400 m). The northern part of the study area was mostly characterized by a supra-Mediterranean climate [START_REF] Emberger | Bioclimatic map of the Mediterranean zone: explanatory notes[END_REF]) and acidic soil, especially in the most elevated areas to the North, where the vegetation is mainly composed of a mixture of P. halepensis (Mill.1768), Quercus pubescens (Willd. 1796), and P. sylvestris (Mill., 1768) and Fagus sylvatica (L. 1753) in the most northerly part of the area. The South is characterized by a meso-Mediterranean climate and limestone soil where the most common tree species are P. halepensis, Quercus pubescens, Quercus ilex (L. 1753), and P. sylvestris at higher elevations.

In the present study, we focused on obligate seeders with post-fire recruitment that is solely based on seeds [START_REF] Nuñez | Predicting the probability of seed germination in Pinus sylvestris L. and four competitor shrub species after fire[END_REF]. This facilitates faster generation turnover and makes the species more sensitive to changes in fire frequency [START_REF] Verdú | Fire drives phylogenetic clustering in Mediterranean Basin woody plant communities[END_REF]. We sampled populations of two species commonly found in the study area (Pinus halepensis and Pinus sylvestris) and that present two different adaptive strategies to fire. Pinus halepensis is a fire-embracer species [START_REF] Ne'eman | Reproductive traits of Pinus halepensis in the light of fire-a critical review[END_REF]) adapted to infrequent stand-replacing fires. This species is dominant in the study area, especially in the southern part and at low elevations. Its post-fire regeneration strategy is based on seed development and storage in serotinous cones (forming a canopy seed bank) that stay closed pending the arrival of a fire. In this species, serotiny and early flowering (occurring at approximatively 5 years old) reflect its fire-embracer strategy as these characteristics allow for successful post-fire recruitment [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF][START_REF] Tapias | Life histories of Mediterranean pines[END_REF]). With global change, P. halepensis' biogeographical area is expected to expand to the North of the study area, which is the current boundary of its distribution area [START_REF] Bede-Fazekas | Impact of climate change on the potential distribution of Mediterranean pines[END_REF].

Pinus sylvestris is an evader species [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF][START_REF] Granström | Fire management for biodiversity in the European boreal forest[END_REF]), more adapted to recurrent low-to mediumintensity fire, corresponding to surface fires [START_REF] Angelstam | Boreal forest disturbance regimes, successional dynamics and landscape structures: a European perspective[END_REF][START_REF] Brumelis | Age and spatial structure of natural Pinus sylvestris stands in Latvia[END_REF]. This species has developed traits that allow for resistance to such fires (e.g., tree height, self-pruning, or thick bark; [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF]. The geographical distribution of this species is related to lower temperatures and/or higher elevations compared to that of P. halepensis, and populations are very well established in the most northerly part of the study area and at higher altitudes in the South (which is the boundary of its biogeographical area, see Fig. 2 in annex).

Sampling plan

For each geographical location and species, populations were sampled (Romero and Ganteaume 2020), according to the fire modality, at unburned areas ("No-fire" modality, i.e., no fire for the last 47-59 years, depending on the sub-region) and at areas that have experienced a fire ("Fire" modality; i.e., one fire or more for the last 47-59 years, depending on the subregion). The recent fire history of the northern sub-region was reconstructed using the regional fire database Prométhée that has been recording fires since 1973 and by using satellite images to outline the fire perimeters (QGIS software). As southern Provence is more impacted by fires, another database (ONF/DDTM database) whose fire records began in 1959, was used to establish the recent fire activity and select the sample sites. Given that northern Provence and the areas located at high elevations in the South are still relatively unaffected by fires, the "Fire" populations sampled in these areas had only undergone one fire event at the time of the sampling. In the South, when populations had undergone more than one fire event (i.e., P. halepensis populations), we selected populations that had at least a 10-year interval between fire events to be sure that the trees that regenerated after the most recent fire were sexually mature (Santos del [START_REF] Del Blanco | Variation of early reproductive allocation in multisite genetic trials of Maritime pine and Aleppo pine[END_REF]. All of the sampled P. halepensis' "Fire" populations had experienced stand-replacing fires and had thus been completely burned during these events. In contrast, for the P. sylvestris' Fig. 1 Map of the study area with a focus on the northern and southern sampling plots (PH, P. halepensis; PS, P. sylvestris; F, "Fire" populations; NF, "No-Fire" populations)

"Fire" populations, the past fires did not kill all of the trees, inducing a post-fire recruitment based solely on tree survival.

Within each sub-region, great care was taken to ensure that the population sampling sites were selected with environmental conditions and population characteristics that were as homogeneous as possible (e.g., nature of the soil, elevation, exposure, basal area, precipitation, floristic composition) (see Table 3 andTable 4 in annex) in order to avoid potential confounding environmental factors. Furthermore, in order to avoid geographical segregation, the selected pairs of "Fire" and "non-fire" populations were between 2 and 8 km apart from each other. All of the trees of the same species were sampled in the same age range (22.5 ± 2.2 P. halepensis and 20.3 ± 6.0 for P. sylvestris) only considering mature (i.e., if cones were observed in the canopy), dominant, and healthy trees. In both sub-regions, forests were mapped, according to the presence (i.e., recent forest) or absence (i.e., ancient forest) of past land use (former agricultural lands), which has been found to affect soil nutrients [START_REF] Abadie | Forest recovery since 1860 in a Mediterranean region: drivers and implications for land use and land cover spatial distribution[END_REF]. Populations were sampled where the past land use was the same, in order to mitigate the impact of soil conditions on trait variation. In the northern part of the study area, for both species, three populations of 30 trees were sampled according to the fire modality (F, "Fire" populations: one fire event in 47 years and NF, "No-fire" populations: no fire event in 47 years). In the South, for P. halepensis (PH), 10 populations of 20 trees were sampled, five on burned areas (F, "Fire" populations: two fires events in 59 years) and five on unburned areas (NF, "No-fire" populations: no fire event in 59 years). For P. sylvestris (PS), six populations of 20 trees were sampled, three on burned areas (1 fire event in 59 years) and three on unburned areas (no fire event in 59 years) (see Table 1).

Fire-related traits measured

Several traits considered fire-related traits (Pausas 2015a) were measured in the field and in the laboratory (Table 1). We measured several structural traits (on needles and branches) for both species and one functional trait, the serotiny, on P. halepensis only, as P. sylvestris does not exhibit this trait as a fire-resister species.

Structural traits

All structural traits were selected depending on their role in the different adaptive strategies to fire (resistance or resilience) or on their impact on flammability (e.g., leaf surface to volume ratio, branch bulk density), as traits that enhance or mitigate flammability may vary according to the adaptive strategy [START_REF] He | Fireadapted traits of Pinus arose in the fiery Cretaceous[END_REF]Pausas 2015b). We chose to measure the most studied traits in the literature: bark thickness, branch self-pruning, leaf surface to volume ratio, and shoot bulk density.

Bark thickness (cm) is relevant for fire-resistant species because thick bark protects tree tissue from the temperature released during a surface fire. For each tree, four measurements were randomly made around the trunk, 15 cm above the ground using a ruler, after having drilled the bark (16 mm diameter). Measurements were averaged in order to obtain a single data point of bark thickness per tree, taking into account bark fissures (according to the study of [START_REF] Stephens | Anthropogenic fire and bark thickness in coastal and island pine populations from Alta and Baja California[END_REF]. Branch self-pruning (cm), defined as the distance between the ground and the first branch (dead or alive), was also measured with a ruler. This trait allows the resistant species to avoid fuel continuity from the ground to the canopy that could propagate the fire [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF]). On the contrary, fire-embracer species favor dead fuel retention to create fuel continuity from the ground to the canopy [START_REF] Schwilk | Flammability is a niche construction trait: canopy architecture affects fire intensity[END_REF] allowing the fire to spread in the canopy. Leaf surface-tovolume ratio (SVR, m -1 ) is commonly used in flammability studies [START_REF] Dimitrakopoulos | Flammability assessment of Mediterranean forest fuels[END_REF][START_REF] Santoni | Bulk and particle properties of pine needle fuel beds-influence on combustion[END_REF][START_REF] Simeoni | Flammability studies for wildland and wildland-urban interface fires applied to pine needles and solid polymers[END_REF]). SVR increases with fire frequency enhancing flammability for the fire-embracer species. Species presenting high SVR have longer and thinner needles allowing for better fuel ignition and combustion [START_REF] Parsons | The role of leaf traits in determining litter flammability of south-eastern Amazon tree species[END_REF][START_REF] Varner | The flammability of forest and woodland litter: a synthesis[END_REF][START_REF] Zhao | Non-additive effects of leaf and twig mixtures from different tree species on experimental litter-bed flammability[END_REF]. SVR was measured on five needles for each tree; it was based on leaf thickness, length, and elongation [START_REF] Hachmi | A simple technique to estimate the flammability index of Moroccan forest fuels[END_REF] a n d c a l c u l a t e d w i t h t h e W i n S E E D L E p r o g r a m (WinSEEDLETM 2014, © Regent Instruments Canada Inc.), using the following formula:

SVR = (4/T) ((1 -e/2) (4/π) H + 2B/πW)
where T is thickness (m), W is width (m), e is elongation (e = 1 T/W), and H is a function of the elongation (H = e/(2e) 2 ). The last structural fire-related trait we took into account was shoot bulk density (kg cm -3 ), often used to assess the fuel arrangement, and thus an important factor to assess fuel flammability [START_REF] Schwilk | Dimensions of plant flammability[END_REF]. Shoot bulk density increases according to fire frequency [START_REF] Pausas | Fires enhance flammability in Ulex parviflorus[END_REF]. Width and length were measured on three shoots per tree in order to calculate the volume of the cylinder representing the shoot. Bulk densitywasthencalculatedbydividingtheweightoftheshoot (i.e., needles and twig) by the previously calculated volume.

Functional trait: serotiny

Based on the methodology described in [START_REF] Budde | In situ genetic association for serotiny, a fire-related trait, in Mediterranean maritime pine (Pinus pinaster)[END_REF], serotiny was assessed during summer when the relative humidity is low as changes in humidity might influence the opening of the cones. For each tree, 20 mature cones or the total number of cones (if the tree had less than 20 cones) were randomly counted on healthy branches using binoculars. The serotiny level was estimated as the number of serotinous cones (closed cones) divided by the total number of cones counted, multiplied by 100 (in percentage). A cone was assumed to be serotinous if it was older than 3 years (mature) and well formed in order to avoid including dead cones infested by parasites (that remained closed but were not serotinous). The age of the cone was determined using visual observations, counting only gray cones indicating that they are mature (Hernández-Serrano et al. 2014).

Environmental and tree cofactors

As mentioned above, traits considered to be related to fire can vary according to many environmental factors (e.g., elevation, slope, soil characteristics) or trees' characteristics (e.g., diameter at breast height) which must be taken into account in the analyses as cofactors. In addition, we used tree age as a proxy of ontogeny and as cofactor because some traits considered fire related, such as bark thickness, could vary at different ontogenetic stages [START_REF] Schwilk | Flammability and serotiny as strategies: correlated evolution in pines[END_REF]Martin-Sanz et al. 2019).

For each tree sampled, the plant height (from ground to apex, in m) was measured using a Vertex Laser VL5. In addition, the trunk diameter at breast height (DBH, in cm) was measured at 1.30 m, using a diameter tape stick, on the uphill side of the tree due to the slope. These two cofactors are sensitive to soil nutrient and inter-individual competition [START_REF] Fang | Response of diameter at breast height increment to N additions in forests of Dinghushan biosphere reserve[END_REF][START_REF] Leech | Estimating crown width from diameter at breast height for open-grown radiata pine trees in South Australia[END_REF][START_REF] Niinemets | Effects of light availability and tree size on the architecture of assimilative surface in the canopy of Picea abies: variation in needle morphology[END_REF], and tree height can also be considered a good proxy for ontogeny due to the rules of plant allometry [START_REF] Day | Regulation of ontogeny in temperate conifers. Size-and age-related changes in tree structure and function[END_REF]. For each tree, in order to estimate the tree age and the relative growth rate (RGR, %), one core was collected on the trunk at 1.30 m (breast height) using a Pressler increment borer. After collection, the cores were glued on a corrugated cardboard before being sanded, cleaned, and scanned with a high-resolution scanner at 1200 dpi. Using WinDENDRO program (WinDENDROTM 2014, © Regent Instruments Canada Inc.), we counted the rings from the center to the The growth of the last 5 years is the sum of the width of the last five rings of the core, and the total growth is the sum of all the ring widths in the core. We included RGR as cofactor in our analyses because this trait is integrative to many environmental conditions of the site such as competition or water and nutrient supply, reflecting survival and fecundity. It is therefore a good indicator of the tree fitness [START_REF] Bolnick | Why intraspecific trait variation matters in community ecology[END_REF][START_REF] Helluy | Competition and water stress indices as predictors of Pinus halepensis Mill. radial growth under drought[END_REF]). In addition, we assessed the population basal area per hectare using an angle gauge in five different locations in each population given that this parameter can be considered a competition index [START_REF] Schröder | Testing a new competition index for Maritime pine in northwestern Spain[END_REF].

Each site was georeferenced using a GPS giving the elevation (m) and the latitude (degree); we also measured the slope (%) using the Vertex Laser VL5. Finally, using MeteoFrance database (www.meteofrance.fr), temperature and precipitation recorded in each site were averaged over the last 10-year period (i.e., from 2009 to 2019), from the nearest weather station to each site. As sites could be close to each other, a given weather station could be the same for several sites. Finally, we also chose to consider the site by itself as a cofactor, as trait variation could also be related to other site-specific factors.

Data analyses

Preliminary analyses were performed in order to select traits for further analyses (principal component analyses performed on both species and location datasets in order to select significant traits for further analyses). In these preliminary analyses (see Fig. 3 and Fig. 4 in annex), all of the traits measured were displayed on the three first components that explained more than 60% of the total variance and with eigenvalues higher than 1. Moreover, no segregation was observed between "Fire" and "No-Fire" populations.

For both species, analyses were carried out for the entire study area as well as for both sub-regions, as they differed in terms of environmental conditions. We chose to perform a one-way ANOVA followed by a Student's t test for each species, in order to highlight possible differences in trait data according to the fire modality alone. Due to the possible strong influence of other factors on trait variation, we then performed linear mixed-effect models in the R package lme4 [START_REF] Bates | Package 'lme4[END_REF] for each fire-related trait. This analysis allowed us to take into account all of the environmental and tree characteristics measured while including sampling site as a random effect. The best model was selected using a stepwise approach based on the Akaike Information Criterion (AIC) (dredge function of MuMIn R package; [START_REF] Barton | Package 'MuMIn'. R package version 1[END_REF]. We extracted the residuals of the selected model for each trait in order to control for cofactor effects and to be able to test the effect of the fire modality without any other interaction (Kruskal-Wallis test as residuals did not follow a normal distribution). Finally, we also performed the Levene test on the residuals, assessing the equality of variance (i.e., data dispersion) for each trait according to the fire modality. Even if this dispersion cannot be quantified, the results indicate the response to fire perturbation [START_REF] Mitchell | Quantifying and comparing intraspecific functional trait variability: a case study with H ypochaeris radicata[END_REF].

Results

3.1 Variation of P. halepensis' fire-related traits according to the fire modality Regardless of the trait and the geographical location, the differences obtained between both fire modalities (one-way ANOVA) showed unclear results, often non-significant (see Table 5 in annex). As this could be due to a possible effect of other factors on the traits, they were taken into account as cofactors in the following analyses.

Regarding the results obtained for the entire geographical area, three environmental cofactors were regularly selected as significantly affecting the traits: age, elevation, and latitude (Table 2). For instance, serotiny level was explained by several cofactors including latitude and weather characteristics (i.e., precipitation and temperature) but also tree age and height. Tree height also affected shoot bulk density and slope only explained the variation of SVR. Regardless of the trait, even when these characteristics were controlled working with the residuals of the best models obtained, there were still no significant differences between fire modalities; the same results were obtained testing the trait variance highlighting the overriding effect of the environmental and tree characteristics.

Regarding the northern part of the study area, elevation affected all of plant traits except SVR which was not explained by any cofactor. Bark thickness was also affected by tree age and site slope, and shoot bulk density by basal area and tree height. Most cofactors (i.e., basal area, elevation, tree height, RGR, and slope) affected serotiny making this trait one the most environment-dependent. As for the entire study area, even when these characteristics were controlled, there were still no significant differences between fire modalities, regardless of the trait. In contrast, Levene tests revealed significant differences in the variance of self-pruning and serotiny level between the fire modalities. We noticed a greater range of data for "No-fire" populations compared to "Fire" populations regarding self-pruning, contrary to the pattern highlighted for serotiny level (greater range for "Fire" populations).

Regarding the southern part of the study area, self-pruning and bark thickness were only affected by tree age while precipitation as well as basal area had an effect on shoot bulk density and SVR. This latter trait was also affected by temperature, latitude, and slope. Serotiny level was explained by all of the cofactors except RGR. There were still no significant differences between fire modalities regardless of the trait when these characteristics were controlled. However, the variance of serotiny level significantly differed between "Fire" and "non-fire" populations, with a greater range in "No-fire" populations.

3.2 Variation of P. sylvestris' fire-related traits according to the fire modality As for P. halepensis, one-way ANOVA testing difference both fire modalities for P. sylvestris showed unclear results, often non-significant (see Table 5 in annex). As this could be due to a possible effect of other factors on the traits, we used them as cofactors in the following analyses.

Regarding the effect of cofactors on the fire-related traits in the entire study area, we found that bark thickness was influenced by tree height as well as by site temperature, SVR and shoot bulk density by tree height and elevation but also by precipitation for the former and by latitude for the latter (Table 2). Regarding the northern region, P. sylvestris' traits were either affected by tree height (bark thickness and SVR) or elevation (self-pruning and shoot bulk density) while in the southern region, tree height and elevation were relevant cofactors explaining trait variation and self-pruning was also affected by slope and basal area.

Even controlling these characteristics, the results of tests on either trait medians or variances were not significant according to the fire modality and regardless of their geographical location.

Discussion

Effect of recent fire activity on fire-related traits

The aim of the present study was to determine whether different populations of the same species could display differences in their fire-related traits according to their recent fire history. For both P. halepensis and P. sylvestris, the trait variation observed between fire modalities was inconclusively related to the adaptive strategies of the species or non-significant The lack of a clear pattern between fire modalities could be due to insufficient differences in fire recurrence between both modalities as we took into account only the recent fire history (as fire data before the 1970s for the North and before 1960s for the South have not been recorded). Even if the studied traits increase plant fitness in case of fire, more generations of trees submitted to several fire events could be needed to highlight intraspecific differences in their fire-related traits. In fact, the "Fire" populations we studied have undergone at most two fires in the last 50-60 years. As fire frequency is expected to increase with climate change, it will therefore be important to understand how fire-related traits will vary in response to higher fire frequency.

Most fire-related traits that developed in different fireadaptive strategies have taken thousands of years to evolve in the genome of plants that were subjected to fire, increasing biodiversity in fire-prone ecosystems [START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF][START_REF] Ne'eman | Fire-related traits in Mediterranean basin plants[END_REF]). However, even if these processes took a long time, some highly heritable traits, such as serotiny level in fire-embracer species, can vary in response to a slight increase in the fire frequency [START_REF] Budde | In situ genetic association for serotiny, a fire-related trait, in Mediterranean maritime pine (Pinus pinaster)[END_REF][START_REF] Budde | Increased fire frequency promotes stronger spatial genetic structure and natural selection at regional and local scales in Pinus halepensis Mill[END_REF]. Indeed, serotiny is known for its high phenotypic variability among species, populations, and geographical areas, though this variability could not be solely due to fire [START_REF] Tapias | Life histories of Mediterranean pines[END_REF][START_REF] Voltas | Climate-related variability in carbon and oxygen stable isotopes among populations of Aleppo pine grown in common-garden tests[END_REF][START_REF] He | Fireadapted traits of Pinus arose in the fiery Cretaceous[END_REF][START_REF] Ne'eman | Fire-related traits in Mediterranean basin plants[END_REF]. In fact, serotiny levels can be affected by many environmental factors as those highlighted in our results, but also such as extreme drought or pest attack [START_REF] Nathan | Seed release without fire in Pinus halepensis, a Mediterranean serotinous wind-dispersed tree[END_REF][START_REF] González-Ochoa | Effects of post-fire silviculture practices on Pachyrhinus squamosus defoliation levels and growth of Pinus halepensis Mill[END_REF][START_REF] Ne'eman | Reproductive traits of Pinus halepensis in the light of fire-a critical review[END_REF][START_REF] Martín-Sanz | Maintenance costs of serotiny in a variably serotinous pine: the role of water supply[END_REF]. The reason why the results on the comparison of traits between fire modalities are not clear may also be due to the fact that environmental and tree characteristics outweigh the effect of fire modality.

Though even by controlling for the effect of environmental and tree characteristics and ontogeny (i.e., tree age and height), the effect of the fire modality on traits was still not significant. However, we found a significant difference between the variances of serotiny level and self-pruning (in the North only) regarding P. halepensis according to the fire modality highlighted by a variation of the dispersion of data. Fire frequency could act as a driving factor for these two traits, even if there is no actual significant difference in their mean or median values according to the fire modality. The fact that serotiny level, like self-pruning, had a different distribution according to the recent fire activity could also indicate that these traits are controlled by a simple genetic mechanism [START_REF] Lamont | Fire as a selective agent for both serotiny and nonserotiny over space and time[END_REF]. Fire acts as a disturbance, increasing phenotypic plasticity [START_REF] Keeley | Distinguishing disturbance from perturbations in fire-prone ecosystems[END_REF], which is the ability to express different phenotypes from the same genotype according to different environmental conditions [START_REF] Bradshaw | Evolutionary significance of phenotypic plasticity in plants[END_REF][START_REF] Martín-Sanz | Maintenance costs of serotiny in a variably serotinous pine: the role of water supply[END_REF]. In some cases, phenotypic plasticity may be adaptive [START_REF] Drenovsky | Trait convergence and plasticity among native and invasive species in resource-poor environments[END_REF][START_REF] Richards | Jack of all trades, master of some? On the role of phenotypic plasticity in plant invasions[END_REF]) and improves the evolution of novel beneficial gene activity [START_REF] Espinosa-Soto | Phenotypic plasticity can facilitate adaptive evolution in gene regulatory circuits[END_REF]. Phenotypic plasticity could thus be adaptive for some key fire-related traits of the species' adaptive strategy to fire in order to favor genomes that would be better adapted to their new environment [START_REF] Chevin | Evolution of phenotypic plasticity in extreme environments[END_REF][START_REF] Schmid | The role of phenotypic plasticity on population differentiation[END_REF]. However, little is known about the genetic basis of phenotypic diversity and its adaptive part [START_REF] Vizcaíno-Palomar | The legacy of climate variability over the last century on populations' phenotypic variation in tree height[END_REF]). In the northern part of the study area, the variance of serotiny level considered functional diversity was higher for populations that had undergone at least one fire during the last 47 years while it was the contrary in the South (higher for "No-fire" populations). Northern Provence is hardly impacted by fires, and "Fire" populations in this area could have been less affected by previous fire events compared to the fire-prone southern Provence. When a new disturbance affects an ecosystem, the phenotypic diversity will increase (i.e., greater range) to improve the adaptive capacity of individuals [START_REF] Espinosa-Soto | Phenotypic plasticity can facilitate adaptive evolution in gene regulatory circuits[END_REF][START_REF] Sahoo | The fundamentals of phenotypic plasticity[END_REF], as it was the case for the serotiny level in the northern part of the study area. In contrast, in the South, the lower variance of serotiny level in the "No-fire" populations can testify that recurrent fires could act as bottleneck selective pressure [START_REF] Budde | Increased fire frequency promotes stronger spatial genetic structure and natural selection at regional and local scales in Pinus halepensis Mill[END_REF][START_REF] Suárez | Genetic signature of a severe forest fire on the endangered Gran Canaria blue chaffinch (Fringilla teydea polatzeki)[END_REF].

Effect of recent fire activity on traits taking cofactors into account

In contrast to the fire modality, we found that environmental (e.g., elevation, slope), tree characteristics (e.g., DBH), and ontogeny (using tree age and height as proxy) played a significant role in the explanation of trait variation. The role of these characteristics is a well-studied topic; in the current study, the purpose was to consider them as cofactors in the analyses to avoid confounding results with the effect of fire modality on traits. Indeed, previous studies have shown, for example, that water and nutrient availability in the soil could have an effect on leaf thickness and surface area [START_REF] Cunningham | Evolutionary divergences in leaf structure and chemistry, comparing rainfall and soil nutrient gradients[END_REF][START_REF] Ordoñez | A global study of relationships between leaf traits, climate and soil measures of nutrient fertility[END_REF]) which could be difficult to disentangle from that of fire. Ecological advantages of fire-related traits such as self-pruning or bark thickness are numerous, e.g., to allocate energy only to branches exposed to sunlight or to act as a physical barrier against cold [START_REF] Rosell | Bark thickness across the angiosperms: more than just fire[END_REF]. Nevertheless, these traits are also considered firerelated because they mitigate the impact of fire in resistant species [START_REF] Fargeon | Climate change impact on wildfires: where do the greatest uncertainties lie?[END_REF][START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF]Pausas 2015b). Regarding bark thickness, a recent study of Martin-Sanz et al. (2019) highlighted that P. halepensis' basal bark thickness in common garden was virtually invariant among populations and that breast-height bark thickness measurement was more discriminant. They showed that this trait strongly depends on water availability (i.e., water-stressed trees have thinner and so higher risk to die in case of fire) regarding populations in common garden underlying the importance of trait measurement and identify the source of phenotypic variation. However, this is yet to be confirmed in natural populations where cofactors can act synergistically. The fact that the variation of some traits depends on several factors (fire and environmental/tree characteristics, ontogeny) makes it difficult to determine which factor overrides the other in natural populations. These "typical" traits can be considered true adaptations to fire, but with an increasing evidence supporting the role of other environmental factors in their phenotypic expression (i.e., plasticity; [START_REF] Keeley | Fire in Mediterranean ecosystems: ecology, evolution and management[END_REF][START_REF] Lamont | Fire-proneness as a prerequisite for the evolution of fire-adapted traits[END_REF]. Including "site" as a random effect as well as several environmental/tree cofactors in our analyses, we acknowledged that the traits we studied could also be influenced by other factors aside from fire regarding intraspecific differences. The fact that the analyses testing for the effect of fire modality on traits were often non-significant, even when the environmental and tree characteristics were controlled, except for some key traits (e.g., serotiny, self-pruning), is another proof of their overriding effect over recent fire activity.

Conclusion

We showed that the fire-related traits studied did not vary in relation to the recent fire history of both pine species, even when the effects of environmental and plant characteristics were controlled in the analyses. However, the variance of some key traits (e.g., self-pruning and serotiny level) of the fire-embracer P. halepensis' adaptive strategy significantly varied between "Fire" and "No-fire" modalities. These results showed that not all species are able to respond quickly to fire disturbance in adapting their traits accordingly. Only the traits most related to fire present higher variance according to recent fire activity. In order to better highlight phenotypic variability caused by the fire frequency, future sampling should take into account more contrasted fire modalities (i.e., recurrence of four to six fires for the "Fire" populations vs 0 fire over a longer period than the one studied), as was done in [START_REF] Budde | In situ genetic association for serotiny, a fire-related trait, in Mediterranean maritime pine (Pinus pinaster)[END_REF]. Investigating differences in gene expression for the most heritable traits such as serotiny, for instance studying genetic variation in these quantitative traits [START_REF] Josephs | What can genome-wide association studies tell us about the evolutionary forces maintaining genetic variation for quantitative traits?[END_REF], could also be another way to highlight adaptations to fire. Indeed, genetic tools, such as Genome-Wide Association Study (GWAS), are becoming more and more powerful, allowing [START_REF] Budde | In situ genetic association for serotiny, a fire-related trait, in Mediterranean maritime pine (Pinus pinaster)[END_REF], for instance, to determine that 29% of the total variation in the serotiny level for Spanish P. pinaster natural populations was explained by only 17 genetic markers (Single Nucleotid Part). Eventually, these types of analyses will help to better anticipate forest ecosystem responses (i.e., acclimation, adaptation, or mortality) to global change in the near future and to identify adaptable genotype in the framework of the climate change. In our study, traits have been measured on trees that are the result of the regeneration of trees killed by fire (i.e., stand replacing fires). For further work, it could be also interesting to study acclimation, especially for resistant species, measuring fire-related trait variation before and after fire events on trees that have survived. Table 5 Results of one-way ANOVA (F, Fisher test; P, probability) performed on the traits sampled, for each species, in the different geographical locations and testing the differences between the two fire modalities. In italics: log transformed data; in bold: significant results. PHF, P. halepensis in "Fire" modality; PHNF, P. halepensis in "Non-Fire" modality; PSF, P. sylvestris in "Fire" modality; PSNF, P. sylvestris in "Non-Fire" modality 
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 3 Fig. 3 Biplots of principal component analyses (only the two first components are shown) illustrating relationships between fire-related traits (SVR, surface to volume ratio) and fire recurrence modalities in the entire study area (a), the northern part (b), and the southern part (c) for P. halepensis. Populations sampled in the high fire recurrence
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 4 Fig. 4 Biplots of principal component analyses (only the two first components are shown) illustrating relationships between fire-related traits (SVR, surface to volume ratio) and fire recurrence modalities in the entire study area (a), the northern part (b), and the southern part (c) for P. sylvestris. Populations sampled in the high fire recurrence modality

  Tree (mean (standard error)), site environmental conditions, and proxy for ontogeny (i.e., tree age and height) for each population of P. sylvetsris. DBH, diameter to breast height; RGR, relative growth rate; Temp, temperature; Precip,

  

Table 1

 1 Mean ± standard error for each fire-related trait measured on both species in the different sites sampled in both sub-regions (n = 30 in the North and n = 20 in the South). PH, P. halepensis; PS, P. sylvestris; F, "Fire" modality; NF, "No-Fire" modality

	Species	Geographical location Site	Self-pruning	Bark thickness	SVR (m -1 )	Shoot bulk density	Serotiny (%)
				(cm)	(cm)		(g cm -3 )	
	Pinus halepensis North	PHF_1	29.10 ± 14.18 17.95 ± 5.38	7413.68 ± 1171.25 4.87 ± 9.23	15.93 ± 1.11
			PHF_2	15.86 ± 11.81 15.4 ± 3.38	6360.74 ± 400.71	3.24 ± 0.98	7.59 ± 5.77
			PHF_3	20.58 ± 10.51 18.38 ± 5.55	7033.65 ± 701.58	2.83 ± 0.79	3.37 ± 4.41
			PHNF_1 17.8 ± 12.14	15.65 ± 3.48	6613.22 ± 375.92	3.28 ± 1.57	0.67 ± 2.08
			PHNF_2 23.61 ± 12.18 18.11 ± 4.15	6727.68 ± 1038.69 3.11 ± 0.99	0.48 ± 1.19
			PHNF_3 7.07 ± 10.44	19.36 ± 4.51	6276.65 ± 274.57	2.27 ± 0.56	3.27 ± 5.23
		South	PHF_4	13.05 ± 8.13	16.8 ± 4.69	6665.7 ± 633.81	3.61 ± 1.52	19.16 ± 14.63
			PHF_5	25.47 ± 7.9	19.51 ± 3.3	6821.94 ± 545.74	2.47 ± 0.59	3.42 ± 4.10
			PHF_6	36.7 ± 16.09	18.31 ± 2.87	6628.36 ± 360.29	3.89 ± 1.50	3.28 ± 6.15
			PHF_7	26.2 ± 19.62	18.93 ± 3.96	7543.23 ± 874.54	3.12 ± 1.13	0.53 ± 1.63
			PHF_8	35.8 ± 18.95	21.2 ± 4.74	6797.95 ± 684.54	5.19 ± 2.49	1.95 ± 3.29
			PHNF_4 41.30 ± 19.01 21.13 ± 4.52	6418.45 ± 633.72	5.12 ± 1.63	6.32 ± 8.31
			PHNF_5 21.98 ± 10.74 19.44 ± 3.69	6403.53 ± 412.5	4.10 ± 2.51	25.59 ± 28.17
			PHNF_6 18.80 ± 16.02 19.15 ± 5.01	6000.84 ± 390.19	6.98 ± 3.80	17.00 ± 16.65
			PHNF_7 40.70 ± 18.81 22.95 ± 3.89	7234.52 ± 646.56	5.35 ± 1.76	1.08 ± 2.77
			PHNF_8 34.27 ± 20.45 19.49 ± 4.75	7267.76 ± 713.88	4.51 ± 1.55	4.31 ± 6.48
	Pinus sylvestris	North	PSF_1	13.17 ± 4.65	9.33 ± 2.49	5140.6 ± 348.45	4.16 ± 0.94	-
			PSF_2	14.83 ± 6.28	6.43 ± 2.34	5084.32 ± 517.66	6.49 ± 1.81	-
			PSF_3	17.54 ± 12.68 9.79 ± 3.21	4907.01 ± 427.87	5.79 ± 1.47	-
			PSNF_1 16.33 ± 6.11	10.68 ± 2.75	5107.01 ± 453.22	5.74 ± 1.99	-
			PSNF_2 13.83 ± 7.94	9.08 ± 2.81	5185.84 ± 480.49	4.68 ± 1.40	-
			PSNF_3 15.2 ± 6.67	10.47 ± 3.84	4656.25 ± 516.42	4.62 ± 1.10	-
		South	PSF_4	54.2 ± 38.55	11.7 ± 4.25	5169.69 ± 545.77	11.46 ± 5.79	-
			PSF_5	18.3 ± 8.5	6.63 ± 3.6	5344.53 ± 491.44	13.8 ± 4.48	-
			PSF_6	19.6 ± 17.01	10.9 ± 4.14	5661.98 ± 509.23	12.16 ± 4.64	-
			PSNF_4 20.23 ± 5.49	12.13 ± 10.26 4909.1 ± 599.18	12.91 ± 5.53	-
			PSNF_5 8.85 ± 10.77	13.75 ± 4.30	5511.53 ± 715.05	8.72 ± 2.43	-
			PSNF_6 20.05 ± 37.55 12.55 ± 3.92	5659.93 ± 449.5	12.30 ± 5.91	-

Table 3

 3 Tree (mean (standard error)), site environmental conditions, and proxy for ontogeny (i.e., tree age and height) for each population of P. halepensis. DBH, diameter to breast height; RGR, relative growth rate; Temp, temperature; Precip, precipitation Species

	RGR		25.8 (6.6)		22.8 (4.8)		31.9 (7.2)		18 (6.4)		21.8 (5.7)		16.7 (4.1)		18.8 (4.8)		18.0 (2.9)		33.3	(11.0)	27.3 (8.8)		23.9 (5.4)		18.3 (3.9)		21.2 (3.7		13.9 (3.9)		12.3 (2.7)
	Height		9.6 (1.1)		8.4 (1.0)		8.5 (0.9)		7.1 (1.0)		8.2 (8.5)		8.6 (0.5)		7.9 (1.0)		8.6 (0.8)		8.1 (1.1)		7.5 (1.1)		8.1 (1.1)		8.4 (1.6)		9.5 (0.9)		8.2 (1.1)		8.5 (1.0)
	DBH		24.6	(4.0)	19.5	(3.5)	17.6	(2.8)	16.2	(3.4)	17.9	(2.0)	17.3	(1.5)	17.9	(2.6)	18.0	(2.3)	13.6	(2.4)	14.3	(2.0)	16.5	(2.4)	18.7	(3.4)	19.1	(3.4)	15.4	(2.6)	17.6	(2.4)
	Age		21.3	(2.1)	19.8	(2.1)	21.0	(1.7)	19.2	(2.1)	20.2	(3.5)	23.0	(2.0)	22.7	(3.1)	24.1	(2.2)	26.1	(2.1)	25.8	(4.5)	22.4	(3.2)	21.1	(2.3)	21.1	(2.0)	23.0	(2.2)	26.0	(2.5)
	Temp		20.6		20.6		20.6		20		20.2		20.2		20.2		18.8		20.6		20.6		20.6		20		20.2		20.2		20.2
	Precip		648.2		648.2		648.2		579.3		515.4		515.4		515.4		613.4		648.2		648.2		648.2		579.3		515.4		515.4		515.4
	Latitude		44.267		44.266		44.263		43.678		43.499		43.39		43.362		43.19		44.254		44.259		44.217		43.7		43.472		43.466		43.391
	Basal	area	14.00		14.70		22.30		6.38		7.50		27.00		13.75		14.00		19.20		23.30		16.20		7.33		20.00		27.67		13.33
	Slope		30		40		40		25		20		12		35		20		20		35		30		27		10		25		20
	Elevation		600		591		570		340		217		95		360		150		590		580		680		180		240		160		480
	Location		NORD		NORD		NORD		SUD		SUD		SUD		SUD		SUD		NORD		NORD		NORD		SUD		SUD		SUD		SUD
	Number	of fires	1		1		1		2		2		2		2		2		0		0		0		0		0		0		0
	Modality		Fire		Fire		Fire		Fire		Fire		Fire		Fire		Fire		Non-fire		Non-fire		Non-fire		Non-fire		Non-fire		Non-fire		Non-fire
	Population		PHF_1		PHF_2		PHF_3		PHF_4		PHF_5		PHF_6		PHF_7		PHF_8		PHNF_1		PHNF_2		PHNF_3		PHNF_4		PHNF_5		PHNF_6		PHNF_7
			P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis		P. halepensis	P. halepensis
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Results of the linear mixed-effect model, Kruskal-Wallis, and Levene test. For each trait, species, and geographical area, the "Cofactor(s)" column indicates the environmental and/or tree characteristics and/or tree age, height (i.e., proxy for ontogeny) retained after the stepwise selection. If no cofactor was retained after model selection, the "-" indicates that only the random effect was significant ("site" effect). Kruskal-Wallis results are based on the differences between "Fire" and "non-fire" modalities using the residuals of the best model for each trait and species 
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