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Background and Aims: Soil properties and climate influence leaf chemical traits producing intraspecific variation in plants. Studies evaluating their importance in the South American Temperate Forest (STF) species are scarce. This study aimed to evaluate the intraspecific differences in five evergreen species of the rainforest considering two contrasting areas, linking soil and climate with plants traits.

Methods: Soil properties (Corg%, N%, C/N, δ 13 C, δ 15 N, pH and temperature), climate variables (mean annual precipitation and temperature [MAP; MAT]) and leaf chemical traits (C%, N% and P%, C/N, N/P, δ 13 C and δ 15 N) were measured and compared between two areas in the Northern Patagonia (42°-44°S). In addition, the relationship of leaf chemical traits with soil and climate was assessed.

Results: Significant differences were found in soil (Corg%, C/N and pH; p <0.05) and climate (p <0.05), with MAP identified as the most common factor controlling soil properties (Corg%, C/N and δ 15 N). Intraspecific differences in leaf chemical traits were found between areas, but not in all traits. The most common leaf chemical trait with significant differences was C%. Higher mean C% values were found in the island in plants and soils. High number of correlations (n=13 correlations; p<0.05) were found between leaf chemical traits. On the other hand, only MAP was a significant predictor of δ 13 C in the leaves.

Conclusion:

The leaf chemical traits variability suggests a species-specific response to the soil and climate conditions, with important influence of precipitation as the most common predictor of soil properties and δ 13 C in the leaves.

Introduction

Forest ecosystems have been recognized as one of the most important terrestrial carbon sink due to their absorption capacity of carbon dioxide (CO2), and their maintenance is essential to mitigate climate change [START_REF] Bonan | Forests and Climate Change: Forcings, Feedbacks, and the Climate Benefits of Forests[END_REF]Murdiyarso et al. 2015). However, forests are threatened by climatic events (e.g. drought) [START_REF] Bréda | Temperate forest trees and stands under severe drought: a review of ecophysiological responses, adaptation processes and long-term consequences[END_REF][START_REF] Schlesinger | Forest biogeochemistry in response to drought[END_REF], because climate can alter the photosynthetic capacity of the leaves and therefore leaf traits. Among leaf traits, the most studied are the elemental concentration in Carbon (C), Nitrogen (N) and Phosphorous (P). C is the main structural element of leaves (i.e., lignin and cellulose) [START_REF] Mooney | The Carbon Balance of Plants[END_REF], and its content is related to temperature, affecting photosynthesis and the assimilation of CO2 [START_REF] Qaderi | Growth and physiological responses of canola (Brassica napus) to three components of global climate change: temperature, carbon dioxide and drought[END_REF][START_REF] Slot | In situ temperature response of photosynthesis of 42 tree and liana species in the canopy of two Panamanian lowland tropical forests with contrasting rainfall regimes[END_REF][START_REF] Dusenge | Plant carbon metabolism and climate change: elevated CO2 and temperature impacts on photosynthesis, photorespiration and respiration[END_REF]). In addition, δ 13 C in leaves is related to stomatal conductance and water use efficiency [START_REF] Farquhar | Isotopic composition of plant carbon correlates with water-use efficiency of wheat genotypes[END_REF][START_REF] Roussel | The diversity of 13C isotope discrimination in a Quercus robur full-sib family is associated with differences in intrinsic water use efficiency, transpiration efficiency, and stomatal conductance[END_REF]), both precipitation and temperatures sensitive processes [START_REF] Du | Variation of Oriental Oak (Quercus variabilis) Leaf δ13C across Temperate and Subtropical China: Spatial Patterns and Sensitivity to Precipitation[END_REF]. N is involved in the production of proteins [START_REF] Schrader | Function and Transformations of Nitrogen in Higher Plants[END_REF][START_REF] Tegeder | Source and sink mechanisms of nitrogen transport and use[END_REF] and P in all the energy molecules (ATP, NADPH) [START_REF] Lambers | Phosphorus: Back to the roots[END_REF][START_REF] Lambers | Phosphorus acquisition and utilization in plants[END_REF].

Precipitation can affect N and P availability for plants an therefore the leaf concentration, and even the δ 15 N in the leaves depending on the chemical form of N uptake (Santiago et al. 2004;[START_REF] Giese | Nitrogen availability in a grazed semi-arid grassland is dominated by seasonal rainfall[END_REF][START_REF] Yan | Variations in the natural 13C and 15N abundance of plants and soils under long-term N addition and precipitation reduction: interpretation of C and N dynamics[END_REF].

Not only individual elements can change with climate, also the ratio between elements (C/N and N/P) in the leaves. These ratios are key chemical leaf traits [START_REF] Hobbie | Intramolecular, compound-specific, and bulk carbon isotope patterns in C3 and C4 plants: a review and synthesis[END_REF][START_REF] Craine | Ecological interpretations of nitrogen isotope ratios of terrestrial plants and soils[END_REF], because plants use these elements in strict proportions to synthesize the biomolecules required for their metabolism [START_REF] Sterner | Ecological stoichiometry[END_REF]. The fact that climatic conditions play an important role in shaping leaf chemical traits [START_REF] Sardans | Foliar and soil concentrations and stoichiometry of nitrogen and phosphorous across European Pinus sylvestris forests: relationships with climate, N deposition and tree growth[END_REF][START_REF] Abdala-Roberts | Interspecific variation in leaf functional and defensive traits in oak species and its underlying climatic drivers[END_REF][START_REF] Dong | Components of leaf-trait variation along environmental gradients[END_REF][START_REF] Du | Impacts of global environmental change drivers on non-structural carbohydrates in terrestrial plants[END_REF]) make useful the measurement of these traits. It allows predicting the forest outcome in response to climate change [START_REF] Yu | Leaf-traits and growth allometry explain competition and differences in response to climatic change in a temperate forest landscape: a simulation study[END_REF][START_REF] Trugman | Climate and plant trait strategies determine tree carbon allocation to leaves and mediate future forest productivity[END_REF] with direct management and conservation implications [START_REF] Hong | Plant trait-environment trends and their conservation implications for riparian wetlands in the Yellow River[END_REF].

To date, leaf chemical traits have been mainly studied interspecifically (i.e. among plant species) at different spatial scales [START_REF] Poorter | Leaf traits are good predictors of plant performance across 53 rain forest species[END_REF][START_REF] Abdala-Roberts | Interspecific variation in leaf functional and defensive traits in oak species and its underlying climatic drivers[END_REF]). Global trends have been proposed like N content increases as a function of leaf mass at higher temperatures and lower precipitation [START_REF] Wright | Modulation of leaf economic traits and trait relationships by climate[END_REF]. Nevertheless, intraspecific variation has been shown to be very high [START_REF] Siefert | A global meta-analysis of the relative extent of intraspecific trait variation in plant communities[END_REF][START_REF] Bloomfield | A continental--scale assessment of variability in leaf traits : Within species , across sites and between seasons[END_REF][START_REF] Tautenhahn | On the relevance of intraspecific trait variability-A synthesis of 56 dry grassland sites across Europe[END_REF] and explains even more than interspecies variation considering species turnover along communities [START_REF] Luo | Trait-Based Community Assembly along an Elevational Gradient in Subalpine Forests: Quantifying the Roles of Environmental Factors in Inter-and Intraspecific Variability[END_REF]. Then, the lack of information at an intraspecific level likely restricts the use of predictive models trying to understand the fate of forest to climate [START_REF] Westerband | Intraspecific trait variation in plants: a renewed focus on its role in ecological processes[END_REF].

In temperate forest, most studies and reviews evaluating intraspecific variablitily in leaf chemical traits have been developed with data of Northern Hemisphere forest, and consider temperature and precipitation as the main environmental factors influencing plant characteristics [START_REF] Ordoñez | A global study of relationships between leaf traits, climate and soil measures of nutrient fertility[END_REF][START_REF] Madani | Future global productivity will be affected by plant trait response to climate[END_REF][START_REF] Hecking | Montane Temperate-Boreal Forests Retain the Leaf Economic Spectrum Despite Intraspecific Variability[END_REF]. The Northern temperate forest (NTF) differs from the Southern temperate forest, because the distribution of the first is affected by enhanced anthropogenic N deposition [START_REF] Hedin | Patterns of nutrient loss from unpolluted, oldgrowth temperate forests: Evaluation of biogeochemical theory[END_REF][START_REF] Holland | Contemporary and preindustrial global reactive nitrogen budgets[END_REF]). On the other hand, climatic conditions are also different, with more continentality hence extreme temperature ranges and with more needle-leaved (not broad-leaved) evergreen species in the North than in the South [START_REF] Armesto | Temperate Forests of North and South America[END_REF].

Therefore, information on plants outside the Northern Hemisphere is urgently needed to understand how different forest ecosystems will respond to climate change in these under investigated geographical areas. Extreme climatic events have been observed in the STF over the last years, such as a severe mega drought (2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018) with an annual rainfall deficit ranging between 25% and 45% [START_REF] Boisier | Anthropogenic and natural contributions to the Southeast Pacific precipitation decline and recent megadrought in central Chile[END_REF][START_REF] Garreaud | The 2010-2015 mega drought in Central Chile: Impacts on regional hydroclimate and vegetation[END_REF][START_REF] Garreaud | The Central Chile Mega Drought (2010-2018): A climate dynamics perspective[END_REF], and an increase in the mean annual air temperature [START_REF] Aranda | Evidence of Climate Change Based on Lake Surface Temperature Trends in South Central Chile[END_REF]. This drought has been observed to reduce tree growth in STF [START_REF] Venegas-González | Recent consequences of climate change have affected tree growth in distinct Nothofagus macrocarpa (DC.) FM Vaz & Rodr age classes in central Chile[END_REF][START_REF] Lambers | Phosphorus acquisition and utilization in plants[END_REF], and such trend threatens to continue in the coming years [START_REF] Matskovsky | Tree growth decline as a response to projected climate change in the 21st century in Mediterranean mountain forests of Chile[END_REF]. Changes in precipitation and temperature are expected to occur also in northern Patagonia, of the STF in the evergreen rainforest, south Chile (Araya-Osses et al. 2020).

However it is required to consider that many others environmental conditions are affecting plants in natural habitats, e.g. their geographical distribution (latitude, longitude, altitude), the radiation levels [START_REF] Hultine | Altitude trends in conifer leaf morphology and stable carbon isotope composition[END_REF][START_REF] Yang | Variations of leaf N and P concentrations in shrubland biomes across northern China: phylogeny, climate, and soil[END_REF][START_REF] Abdala-Roberts | Biotic and abiotic factors associated with altitudinal variation in plant traits and herbivory in a dominant oak species[END_REF][START_REF] Sedej | Effect of UV radiation and altitude characteristics on the functional traits and leaf optical properties in Saxifraga hostii at the alpine and montane sites in the Slovenian Alps[END_REF], as well as evolutionary process (Flores et al. 2014). It has to be highlighted that soil properties, like soil type [START_REF] Pensa | Soil type affects nitrogen conservation in foliage of small Pinus sylvestris L. trees[END_REF], soil nutrient availability [START_REF] Ordoñez | A global study of relationships between leaf traits, climate and soil measures of nutrient fertility[END_REF]) also affect the leaf chemical traits. Moreover, some studies have reported that soil properties are more important than climate conditions regarding their influence leaf chemical shifts in plants [START_REF] Luo | Patterns of nitrogen and phosphorus stoichiometry among leaf, stem and root of desert plants and responses to climate and soil factors in Xinjiang, China[END_REF]. A great influence of the soil properties on leaf chemical traits is especially expected in the STF due to the limited nutrient availability for plants [START_REF] Borie | Total and organic phosphorus in Chilean volcanic soils[END_REF][START_REF] Redel | Phosphorus fractions and phosphatase activity in an Andisol under different forest ecosystems[END_REF]; attributed to high N loss by leaching in the watershed [START_REF] Hedin | Patterns of nutrient loss from unpolluted, oldgrowth temperate forests: Evaluation of biogeochemical theory[END_REF] and the formation of stable complexes between P, Al and Fe attributed to the volcanic origin of soils [START_REF] Redel | Assessment of phosphorus status influenced by Al and Fe compounds in volcanic grassland soils[END_REF]. Soil nutrient availability is also dependent on climate, as it can affect soil properties like microbial biomass in charge of mineralization, even in the same type of forest [START_REF] Jafarian | Effects of micro-climatic conditions on soil properties along a climate gradient in oak forests, west of Iran: Emphasizing phosphatase and urease enzyme activity[END_REF]. The microbial soil biomass is partly responsible for nutrient availability [START_REF] Miransari | Interactions between arbuscular mycorrhizal fungi and soil bacteria[END_REF] and is thus considered as crucial for plant species of the temperate forest [START_REF] Herrera | Isolation and identification of plant growthpromoting bacteria from rhizomes of Arachnitis uniflora, a fully mycoheterotrophic plant in southern Chile[END_REF].

Previous studies in this forest have found that intraspecific variability accounted for a large proportion of community-level variation in leaf traits [START_REF] Fajardo | Intraspecific trait variation and the leaf economics spectrum across resource gradients and levels of organization[END_REF]. STF has a complex orography (Luebert and Pliscoff 2006) and at 42º S begins to fragment in its coastal area, with the larger island called Chiloe island. Most of the studies reporting leaf chemical trait are derived from Chiloe island, because this is a place with scarce anthropogenic disturbances and because large fragments of primary forest still exist [START_REF] Chacón | Do carbon-based defences reduce foliar damage? Habitatrelated effects on tree seedling performance in a temperate rainforest of Chiloé Island, Chile[END_REF]. However previous studies in the area were conducted mainly in litter [START_REF] Pérez | Descomposición de hojas, biomasa de raíces y características de los suelos en bosques mixtos de coníferas y especies laurifolias en el Parque Nacional Chiloé, Chile[END_REF][START_REF] Pérez | Nitrogen mineralization in two unpolluted old-growth forests of contrasting biodiversity and dynamics[END_REF][START_REF] Pérez | Non-symbiotic nitrogen fixation during leaf litter decomposition in an old-growth temperate rain forest of Chiloé Island, southern Chile: Effects of single versus mixed species litter[END_REF][START_REF] Vann | Distribution and cycling of C, N, Ca, Mg, K and P in three pristine, old-growth forests in the Cordillera de Piuchué, Chile[END_REF]. It is now essential to complete the available data for leaf chemical traits by working directly on leaves from different plant species and by considering the intraspecific variability in the primary forest. It is also needed to extended the geographic coverage of such dataset in the mailand to better reflect the large variability of the environmental conditions in the area.

The aim of this study was to evaluate potential intraspecific differences of leaf chemical traits in five evergreen species collected along the Chiloe island and mainland (Fig. 1), covering a broad latitudinal zone (42°-44°S) in the STF. We hypothesized that there will be differences between the leaf chemical traits comparing island and mainland, because these two areas hold different climate conditions with warmer and moderate precipitation in the Chiloe island than in the mainland. We expect to find higher C, N and P content with lower C/N values in leaves for the individuals from the island than for those from the mainland. Such higher C contents may be related to the fact that environmental conditions are less harsh for plant physiology in the island. Regarding the higher N and P, climatic conditions in the island might promote mineralization and therefore enhance nutrient availability (N and P) for the plants. At each sampling site the C, N and P contents of the leaves as well as the 13 C and 15 N stable isotope composition (δ 13 C and δ 15 N, respectively) were measured. Precipitation and atmospheric temperature data were determined and bulk soil properties (mean soil particle size, pH, organic C and N content, δ 13 C and δ 15 N) were also measured. This allowed a detailed investigation of the influence of soil properties and climate variables on the leaf chemical traits along the northern Patagonia rainforest.

Methodology

Sampling

Sampling was performed in January 2018 (austral summer) in the evergreen rainforest of the STF between 42º-44º S and 72º-74º W in Chile (Fig. 1). The landscape orography is fragmented in two main terrestrial areas: the Chiloe Island and the mainland, with similar elevation (between 25 to 238 masl). Ten sampling sites (n= 5 in the island and n= 5 in the mainland) were considered because continuous temperature record in soils is available (Tidbit loggers). In each of the ten sites and near the areas where the Tidbit loggers are located (1m), a census of plant species and their abundance was conducted, following a line transect of 100 m length. Based on the census information, the most common species were chosen, accounting a total of five species Nothofagus dombeyi, Amomyrtus luma, Chusquea sp. Amomyrtus luma and Drimys winteri (Table 1). At each site, at least three individual per species were collected. All of them were mature individual plants to prevent variability due to different ontogeny stages. The samples were taken with a tree pruner from bottom of the canopy vertical layer of the forest at 6 m aprox.

Fully expanded, mature leaves exposed to indirect sun (shade leaves) were selected, stored in kraft paper bags and dried at 50 °C. Superficial soil samples were collected near (0.5 meters) to the ten sites where the temperature records were obtained. The litter layer and biological crust was first removed from the soil. Within each site, three soils replicas were taken, and each individual replica consisted of five subsamples in an area of 1 m 2 at a depth of 5 cm. The soil samples were frieze-dried (-80°C) and later sieved (<2 mm), removing roots and debris.

Plant and soil measurements

The leaves were grounded into a fine powder in an electrical grinder (RM 200;Retsch) before chemical analysis. Total Corg and N contents (%) (basis dry weight leaf) were measured via dry combustion using EA/IRMS (Thermo Fisher Scientific Delta V Advantage). Total P elemental content was determined by ICP/MS (Agilent 7500-CX) after hot-plate acid digestion (HF, HNO3 and HClO4) in Polytetrafluoroethylene (PTFE) vessels.

Carbon and nitrogen isotope values (δ 13 C and δ 15 N) are expressed in delta notation (‰) relative to the Vienna Pee Dee Belemnite standard (V-PDB) and air, respectively. All leaf analyses were performed at the Alyses platform (IRD -Bondy -France).

For soil C and N elemental and isotope analysis, the soil was weighed into silver capsules and fumigated with 12M HCl. Once dry, they were wrapped in tin and measured using EA coupled to our Delta Plus XP IRMS (Costech 4010) with carbon and nitrogen isotope values expressed in delta notation (‰) relative to the Vienna Pee Dee Belemnite standard (V-PDB) and air, respectively. The analysis was performed at the Large Lakes Observatory, University of Minnesota-Duluth.

Soil pH was determined using a pH meter in soil/water ratio of 1:5. Particle size distribution in soils was analyzed using laser diffraction (Mastersizer 3000) and then soil was classified based on the Wentworth scale [START_REF] Wentworth | A Scale of Grade and Class Terms for Clastic Sediments[END_REF]. Soil temperature data from tidbit loggers (located at 5 cm depth) were used to calculate the mean annual soil temperature (MAST), considering the twelve months before sampling (January 2017 to January 2018). Mean annual precipitation (MAP) and mean annual air temperature (MAAT) were estimated from a monthly reanalysis product available online from the Center for Climate and Resilience Research (CR2), with a climatological grid of 0.05° horizontal resolution, considering available data of the 2018 year for MAP and 2017 for MAAT.

Statistical analyses

Before any statistical analysis, the data were transformed if needed to obtain normality and homogeneity of the residuals. The mean and standard deviation of soil properties, climate and leaf chemical traits were calculated. A t-student test was performed to evaluate differences between areas (island versus mainland), considering each plant species separately. Then, we conducted a multivariable analysis, through a principal component analysis (PCA), to evaluate multivariate similarities between island and mainland based on soils properties and climate. Data were first centered and standardized (mean=0 and Standard Deviation=1). Another PCA was carried out for leaf chemical traits in order to assess differences among species. To evaluate the influence of MAP and soil properties (pH, MAST, mean grain size) on the soil elemental and isotopic values, a multiple linear regression (MLG) using the stepwise method was conducted. For the MLG a multicollinearity variance inflation factor (VIF) was used considering VIF<10. Then, to understand the correlation among all the leaf chemical traits, independently of the species and considering the whole set of individual plant leaf chemical traits (n=101), a Spearman correlation analysis was performed. In addition, a MLG was conducted considering the mean values of leaf chemical traits by species, to evaluate the relationship between the leaf chemical traits and soil and climatic condition. All statistical analyses were performed using R Studio 1.3.1093 [START_REF] Rstudio | Coordinated changes in photosynthesis, water relations and leaf nutritional traits of canopy trees along a precipitation gradient in lowland tropical forest[END_REF] 3. Results

Soil properties and climate variables

The soil variables (pH, MPS, MAST and precipitation) differed between the Chiloe island and mainland (p <0.01) (Table 2). The mean annual temperatures were higher in the island (MAST=10.2 ºC; MAT=10.6 °C) than in the mainland (MAST=9.9 ºC; MAT=8.3 ºC).

In contrast, the pH and MAP were lower in the island (MAP=1709 mm; pH=4.2) than in the mainland (MAP=3201; pH=4.8), respectively (Table 2). Regarding soil elemental properties, Corg% and C/N showed significant differences between areas (p<0.01; p<0.001, respectively) (Table 2), with mean higher values in the island (Corg% =32.9 and C/N=23.71) than in the mainland (Corg%=14.8; C/N=14.16). Mean values of N%, δ 13 C (‰) and δ 15 N (‰) did not present significant differences between the two areas. The PCA multivariate analysis based on the environmental variables (soils and climate), in the two areas showed that the first two axes of the PCA explain 67.15 % of the total inertia of the dataset (Fig. 2). The first axis explains 46.52% of the total inertia, with similar and higher contributions of Corg%, N% and MPS (Table 3). Samples from the island and mainland are well separated along this axis. The second axis explains 20.53% of the variability of the dataset, with a predominant effect of δ 15 N, δ 13 C and pH. 

Leaf chemical traits

The Corg% is higher than 50% in all species, D. wintery presenting the highest values and Chusquea sp. the lowest (Table 5). Three of the five species showed significantly different Corg content between the island and mainland, with higher values in the mainland than in the island for D. wintery (t=4.69; p <0.01) and lower ones for Chusquea sp. (t=4.49; p<0.001) and S. conspicua (t=-6.08; p <0.001). The N% is higher than 1% for all the species, with Chusquea sp. presenting the highest values (~3%). S. conspicua is the only species presenting significant N% values between the mainland and the island (t=2.9; p <0.05). The P% is around 0.1% for all species, with high CV% in comparison with the other elements (see Table 5 for details). Only A. luma present significant differences in P contents between the mainland and the island (t=-4.72; p <0.001).

Whatever the species, the C/N ratio presented higher values in the island than in the mainland. Nevertheless, this difference was only significant for two of the five species:

Chusquea sp. (t=2.90; p <0.01) and S. conspicua (t=-3.91; p <0.01). Significant differences in N/P between the island and the mainland were only observed for A. luma (t=5.87; p <0.001). The δ 13 C values present a consistent pattern, with higher values in the island than in the mainland for all species, even though such differences were only significant for Chusquea sp. (t=2.76; p <0.01) and S. conspicua (t=-2.39; p <0.05). Finally, there was no specific trend for δ 15 N values when considering the different species or sampling location (island vs. mainland). The first two axes of the PCA of the leaf chemical traits of all the species explained 69.5%

of the variation of the data (Fig. 3). The first axis explained 51.8% of the total inertia of the data, with the four tree species separated from the Chusquea sp. bamboo along this axis.

The variables having a predominant effect along this axis were N%, C/N and C% (Table 6). The second axis explained 17.8% of the variation of the data, with N/P and P% as the main contributors of the axis. unfortunately is highly deforested, especially in its northern and central areas [START_REF] Echeverria | Rapid deforestation and fragmentation of Chilean Temperate Forests[END_REF][START_REF] Heilmayr | A plantation-dominated forest transition in Chile[END_REF]. Forest soils highly contribute to the distribution and abundance of plant species [START_REF] Mangan | Negative plant-soil feedback predicts tree-species relative abundance in a tropical forest[END_REF], and are considered as essential to predict future suitable areas for plant species existence [START_REF] Zuquim | The importance of soils in predicting the future of plant habitat suitability in a tropical forest[END_REF]). In the STF, most of the information on soils are provided by one organization (Centro de Información de Recursos Naturales -CIREN) related to agricultural activities and working principally in the central area of the STF. In contrast, the physico-chemical properties of the soils in the south of the STF, in the rainforest and in natural areas (i.e. native forest area), are generally unknown, with the few available information obtained by modelling [START_REF] Padarian | Chile and the Chilean soil grid: A contribution to GlobalSoilMap[END_REF]). However, Corg%, N and P contents as well as the C/N and pH values reported in this study (Table 2) are similar to those reported in previous studies within the northern [START_REF] Aravena | Changes in tree species richness, stand structure and soil properties in a successional chronosequence in northern Chiloé Island, Chile[END_REF]Perez-Quezada et al. 2021b) and central [START_REF] Pérez | Nitrogen mineralization in epiphytic soils of an old-growth Fitzroya cupressoides forest[END_REF][START_REF] Pérez | Selective logging of lowland evergreen rainforests in Chiloé Island, Chile: Effects of changing tree species composition on soil nitrogen transformations[END_REF][START_REF] Pérez | Non-symbiotic nitrogen fixation during leaf litter decomposition in an old-growth temperate rain forest of Chiloé Island, southern Chile: Effects of single versus mixed species litter[END_REF][START_REF] Bannister | The influence of microsite conditions on early performance of planted Nothofagus nitida seedlings when restoring degraded coastal temperate rain forests[END_REF]) parts of the island. In the mainland part, almost no information on soils is available [START_REF] Casati | Geo-pedological contribution to the reconstruction of Holocene activity of Chaitén volcano (Patagonia, Chile)[END_REF].

Soil properties between sites

Corg % content in soils of other temperate rainforests are similar [START_REF] Sun | Dynamics of carbon stocks in soils and detritus across chronosequences of different forest types in the Pacific Northwest, USA[END_REF] to those found in this study, even though a high Corg% was found in the island (Table 2; Fig. 2a).

Plant litter input in soils can contribute, at least partly, to such a difference in Corg% contents and C/N between soils of the island and the mainland, because litter affects the soil chemistry [START_REF] Xu | Variability of above-ground litter inputs alters soil physicochemical and biological processes: a meta-analysis of litterfall-manipulation experiments[END_REF][START_REF] Bowden | Litter Input Controls on Soil Carbon in a Temperate Deciduous Forest[END_REF]. Plant species studied here are the main source of litter in the soil, and the Corg% and C/N in their leaves was higher in the island than in the mainland, similarly to what was observed in soils ( [START_REF] Zarin | Soil organic carbon and nutrient status in oldgrowth montane coniferous forest watersheds, Isla Chiloé, Chile[END_REF][START_REF] Vann | Distribution and cycling of C, N, Ca, Mg, K and P in three pristine, old-growth forests in the Cordillera de Piuchué, Chile[END_REF][START_REF] Pedreros | The potential of Indonesian mangrove forests for global climate change mitigation[END_REF]Perez-Quezada et al. 2021a). In addition, even if mainland and island sites share part of the species composition, the plant communities inhabiting these two areas are not totally similar, which can also affect the litter and soil C content [START_REF] Hättenschwiler | Effects of Tree Species Diversity on Litter Quality and Decomposition BT -Forest Diversity and Function: Temperate and Boreal Systems[END_REF][START_REF] Vesterdal | Do tree species influence soil carbon stocks in temperate and boreal forests?[END_REF]. A trend towards a higher N% content in the island than in the mainland was also observed, consistent with higher atmospheric N fixation in northern areas of Chile [START_REF] Staelens | Aportes de nitrógeno por la precipitación directa y la caida de hojarasca en dos bosques de Nothofagus en el sur de Chile[END_REF]. In general the N% values in the region are high compared to other temperate forests [START_REF] Perakis | Biogeochemistry of a temperate forest nitrogen gradient[END_REF], which has been attributed to low N mineralization rates reported in the area (Perez et al.1998).

Environmental conditions on the island (Table 2) seem more favorable to soil mineralization because of the higher C/N ratio and soil temperatures and the more moderate precipitation [START_REF] Breuer | Temperature and moisture effects on nitrification rates in tropical rain-forest soils[END_REF][START_REF] Szukics | Nitrifiers and denitrifiers respond rapidly to changed moisture and increasing temperature in a pristine forest soil[END_REF]. However the C/N ratio cannot be systematically considered as a reliable qualitative indicator of soil organic matter mineralization [START_REF] Piñeiro | Opposite changes of whole-soil vs. pools C : N ratios: a case of Simpson's paradox with implications on nitrogen cycling[END_REF][START_REF] Ostrowska | Assessment of the C/N ratio as an indicator of the decomposability of organic matter in forest soils[END_REF]. Some studies reported significant positive correlations between C/N and the abundance of bacterial communities, responsible for mineralization in soils [START_REF] Luo | Trait-Based Community Assembly along an Elevational Gradient in Subalpine Forests: Quantifying the Roles of Environmental Factors in Inter-and Intraspecific Variability[END_REF][START_REF] Liu | Linkages between nutrient ratio and the microbial community in rhizosphere soil following fertilizer management[END_REF]). Nevertheless, the microbial abundance is also influenced by pH, with low community composition and biomass at low pH [START_REF] Bååth | Comparison of soil fungal/bacterial ratios in a pH gradient using physiological and PLFA-based techniques[END_REF][START_REF] Pietri | Substrate inputs and pH as factors controlling microbial biomass, activity and community structure in an arable soil[END_REF][START_REF] Ni | Soil pH determines bacterial distribution and assembly processes in natural mountain forests of eastern China[END_REF]. In this study a lower pH was observed in soils from the island than in those from the mainland, which could at least partly explain the differences in Corg% contents and why the expected differences in nutrient avaibility attributed to mineralization were not found.

Linking soil to climate

In the multiple regression models predicting the soil elemental and isotope properties, MAP was the most common variable followed by MGS (Table 4). MAP was related to C/N, Corg% and δ 15 N (‰) and is a key variable affecting the soil properties in the evergreen rainforest. When forests are studied, precipitation is often considered as an indirect measure of water availability for plants [START_REF] Guswa | Importance of orographic precipitation to the water resources of Monteverde, Costa Rica[END_REF]). However, precipitation is also related to soil moisture [START_REF] Zhu | Soil moisture response to environmental factors following precipitation events in a small catchment[END_REF][START_REF] Jin | Soil moisture response to rainfall on the Chinese Loess Plateau after a long-term vegetation rehabilitation[END_REF]) and affects the physical breakup of the soil aggregates [START_REF] Zhang | Understory vegetation and drought effects on soil aggregate stability and aggregate-associated carbon on the Loess Plateau in China[END_REF]) and the decomposition of litter and detritus above the soil [START_REF] Li | Indirect effects of precipitation on litter decomposition of Quercus mongolica. Ying yong sheng tai xue[END_REF][START_REF] Zhou | Effects of reduced precipitation on litter decomposition in an evergreen broad-leaved forest in western China[END_REF]. It can, thus, also influence the soil nutrient availability for plants. Another important soil variable was mean particle size. This was a significant predictor of soil Corg% and N%, as previously observed in other types of forest [START_REF] Hughes | Dynamics of Aboveground and Soil Carbon and Nitrogen Stocks and Cycling of Available Nitrogen along a Land-use Gradient in Rondônia, Brazil[END_REF]. Effects of particle size are important for soil functioning because it affects aeration capacities, the water content [START_REF] Manns | Impact of soil surface characteristics on soil water content variability in agricultural fields[END_REF]) and other physicochemical processes that are related to soil organic matter degradation [START_REF] Grandy | The influence of microbial communities, management, and soil texture on soil organic matter chemistry[END_REF]). As MPS is a significant predictor for soil elemental properties in the present work, it implies that it could be better to work with textural classes in future studies. This is supported by previous worked, which showed that various soil classes tend to be differently related to soil carbon content [START_REF] Augustin | Relationships Between Soil Carbon and Soil Texture in the Northern Great Plains[END_REF].

A negative relationship was observed between soil Corg% and MAP (Table 4). Thus, the projected decrease in precipitation in the area (Araya-Osses et al. 2020) might affect the C cycling, with an increase in the Corg amount in soils from both areas. High C storage by lower litter decomposition rates and higher chemical recalcitrance of organic matter at lower precipitation were reported [START_REF] Campo | Variations in soil carbon sequestration and their determinants along a precipitation gradient in seasonally dry tropical forest ecosystems[END_REF]. However, the C cycle was

shown to be strongly influenced by the season, with C sink in winter and C release in summer [START_REF] Perez-Quezada | Carbon fluxes from a temperate rainforest site in southern South America reveal a very sensitive sink[END_REF]. Models project shorter winters and longer summers in the region (Araya-Osses et al. 2020). In addition, the investigated area is considered as relatively pristine in comparison with the other parts of the STF. The Chiloe Island has a long history of logging [START_REF] Aravena | Changes in tree species richness, stand structure and soil properties in a successional chronosequence in northern Chiloé Island, Chile[END_REF] and hence increased erosion. Then the synergistic effect of seasonality, climate change and human sourced changes can highly impact the carbon cycling within the forest, especially in the island. More studies on the carbon cycling are needed, as until now previous works in the area mainly focused in the nitrogen cycle [START_REF] Pérez | Nitrogen mineralization in two unpolluted old-growth forests of contrasting biodiversity and dynamics[END_REF][START_REF] Pérez | Non-symbiotic nitrogen fixation during leaf litter decomposition in an old-growth temperate rain forest of Chiloé Island, southern Chile: Effects of single versus mixed species litter[END_REF][START_REF] Dixon | High rates of nitrogen cycling in volcanic soils from Chilean grasslands[END_REF].

4.2 Leaf chemical traits 4.2.1 Intraspecific variability of leaf chemical traits in the island and mainland.

As presented earlier, we found significant differences in leaf traits between sites, but only in some of the traits like C% and C/N, where higher values characterized four of the five species in the island in comparison with the mainland. High C% in leaves relates to low nutritional leaf quality and may act as a defense strategy against insects. This is critical for evergreen species: this strategy could be used for the individuals of the island, which is an area with less precipitation than in the mainland and where usually insect defoliation is higher [START_REF] Ward | Anomalous outbreaks of an invasive defoliator and native bark beetle facilitated by warm temperatures, changes in precipitation and interspecific interactions[END_REF][START_REF] Fang | Effects of meteorological factors on the defoliation dynamics of the larch caterpillar (Dendrolimus superans Butler) in the Great Xing'an boreal forests[END_REF]. The high production of nonstructural carbohydrates like starch in response to low water availability may also explain the high C% in leaves, as observed in agricultural plants and woody plants [START_REF] Abdelgawad | Starch biosynthesis contributes to the maintenance of photosynthesis and leaf growth under drought stress in maize[END_REF][START_REF] Du | Impacts of global environmental change drivers on non-structural carbohydrates in terrestrial plants[END_REF]). It should be noted that differences in C/N ratio between the island and the mainland is likely driven by changes in Corg%, as the N% is similar between the two sites in the different plants (Table 5). The N% was similar in plants but high values characterized the mainland. The contrary was observed in soils, with high values dominating island soils. This opposite trend could be explained by the fact we measured total N% and not available N%. δ 13 C shows similar patterns for the five plant species, with more negative values in the island than in the mainland. This similar pattern may reflect the differences in MAP between both areas [START_REF] Guo | The relationship between plant stable carbon isotope composition, precipitation and satellite data, Tibet Plateau, China[END_REF], because δ 13 C values in leaves has been related to water used efficiency [START_REF] Cao | Increasing leaf δ13C values of woody plants in response to water stress induced by tunnel excavation in a karst trough valley: Implication for improving water-use efficiency[END_REF]). C3 plants living in poor water conditions are supposed to be enriched in δ 13 C, in comparison with individuals of the same species living in optimal water conditions [START_REF] Farquhar | Isotopic composition of plant carbon correlates with water-use efficiency of wheat genotypes[END_REF]. Less negatives values of δ 13 C (‰) with precipitation were also reported in several forests [START_REF] Van De Water | Leaf δ13C variability with elevation, slope aspect, and precipitation in the southwest United States[END_REF][START_REF] Kohn | Carbon isotope compositions of terrestrial C3 plants as indicators of (paleo)ecology and (paleo)climate[END_REF][START_REF] Ma | Variation in the Stable Carbon and Nitrogen Isotope Composition of Plants and Soil along a Precipitation Gradient in Northern China[END_REF], as observed in this study.

It is important to mention that N/P is species-dependent both on the island and mainland.

Mean values of N/P were almost all >12.5, consistent with values reported for other plant species in the STF [START_REF] Seaman | Phosphorus conservation during post-fire regeneration in a Chilean temperate rainforest[END_REF]; nevertheless, no differences between the island and the mainland were observed (Table 5). The N/P ratio is considered as an indicator of P limitation over N [START_REF] Tessier | Use of nitrogen to phosphorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation[END_REF][START_REF] Richardson | Rapid development of phosphorus limitation in temperate rainforest along the Franz Josef soil chronosequence[END_REF]. Even though soils of temperate forests are regularly considered as being N-limited, a previous work in the Chiloe Island [START_REF] Hedin | Patterns of nutrient loss from unpolluted, oldgrowth temperate forests: Evaluation of biogeochemical theory[END_REF] showed that there is a strong biotic control of N (Perez et al. 2003). In contrast it is assumed that the STF is not P-limited, due to the recent soil geological origin, the inorganic P content, necessary for plant growth, is limited [START_REF] Redel | Phosphorus fractions and phosphatase activity in an Andisol under different forest ecosystems[END_REF]. This is related to the volcanic origin of the soils [START_REF] Borie | Total and organic phosphorus in Chilean volcanic soils[END_REF]. Thus, considering N/P results of the species under study, it is highly recommended to include soil P analyses in further studies in the area.

Leaf traits among species

Leaf chemical traits differed from one species to another (Table 5). S. conspicua showed the highest number of differences (n traits = 4), followed by Chusquea sp. (n traits = 3), A.

luma (n traits = 2), D. wintery (n traits = 1), without any significant difference for N.

dombeyi. All the investigated species are evergreen, even though S. conspicua is the only gymnosperm species and the only species of the genus, characterized by a narrow spatial distribution compared with the four others trees [START_REF] Rodriguez | Catálogo de las plantas vasculares de Chile[END_REF]. S. conspicua also has the highest mean leaf life span [START_REF] Lusk | Leaf life spans of some conifers of the temperate forests of South America[END_REF] among the other species (Table 1).

Species with higher leaf life span are characterized by their high leaf toughness (high fiber content and high dry mass to area ratio) [START_REF] Reich | Leaf lifespan as a determinant of leaf structure and function among 23 amazonian tree species[END_REF][START_REF] Onoda | Global patterns of leaf mechanical properties[END_REF][START_REF] Kitajima | How cellulose-based leaf toughness and lamina density contribute to long leaf lifespans of shade-tolerant species[END_REF]. S. conspicua characteristics correspond to those of tough leaves as it exhibited higher C% than those observed for the angiosperm species in this study. Species with longer leaf life span as S. conspicua has more time to invest in their carbon for tissue construction than species with shorter leaf life span [START_REF] Chabot | The Ecology of Leaf Life Spans[END_REF]. S.

conspicua also presents low N% values as previously observed in other conifers of the SFT (N= ~ 1%) [START_REF] Gallardo | Desacoplamiento del desarrollo del suelo y la sucesión vegetal a lo largo de una cronosecuencia de 60 mil años en el volcán Llaima, Chile[END_REF]. Plant species highly sensitive to environmental changes can be used as biomonitoring species [START_REF] Karmakar | Ecophysiological responses of tree species due to air pollution for biomonitoring of environmental health in urban area[END_REF]). In the rainforest, S.

conspicua can typically be considered as an appropriate species for monitoring early plant responses to changes in environmental conditions. In addition, N. dombeyi is the species with the wider environmental distribution and without significant differences in leaf chemical traits between the mainland and the island (Table 5). Besides N. dombeyi

showed similar N% and P% values to those reported further north at 37° S [START_REF] Hevia | Foliar nitrogen and phosphorus dynamics of three Chilean Nothofagus (Fagaceae) species in relation to leaf lifespan[END_REF]) and at 40ºS [START_REF] Soto | Light and nitrogen interact to influence regeneration in old-growth Nothofagus-dominated forests in south-central Chile[END_REF]. The absence of significant differences between the island and the mainland can be due to the fact that this species has been reported as a plastic species and is able to inhabit in a wide range of soil conditions [START_REF] Soto | Mortality in relation to growth rate and soil resistance varies by species for underplanted Nothofagus seedlings in scarified shelterwoods[END_REF]). In addition, Nothofagus species form ectomycorrhizal mutualistic interactions, which help it to survive in soils with low nutrient amounts [START_REF] Alvarez | Ectomycorrhizal fungi enhance nitrogen and phosphorus nutrition of Nothofagus dombeyi under drought conditions by regulating assimilative enzyme activities[END_REF][START_REF] Godoy | Mycorrhizal Studies in Temperate Rainforests of Southern Chile BT -Mycorrhizal Fungi in South America[END_REF].

However, it is important to consider that morphological leaf traits in N. dombeyi have shown significant differences between nearby sites characterized by contrasting MAP [START_REF] Diaz | Climate-driven adaptive responses to drought of dominant tree species from Patagonia[END_REF]. This evergreen species is sensitive to extreme climate conditions with drought-induced mortality reported in the east part of the STF [START_REF] Suarez | Factors predisposing episodic drought induced tree mortality in Nothofagus-site, climatic sensitivity and growth trends[END_REF]).

Among all the species tested here, Chusquea sp. is the most abundant understory species in the STF [START_REF] Veblen | Distribution and dominance of species in the understorey of a mixed evergreen-deciduous Nothofagus forest in south-central Chile[END_REF]. Furthermore, it is important for the biodiversity of the forest because their leaves are used as material for the nest of many vertebrates [START_REF] Honorato | Composición y preferencia de materiales en nidos de vertebrados nidificadores de cavidades en el bosque templado andino de Chile[END_REF]) and as food for rodent [START_REF] Milesi | Ecological consequences of an unusual simultaneous masting of Araucaria araucana and Chusquea culeou in North-West Patagonia, Argentina[END_REF]. The Chusquea spp is largely contributing to the biogeochemical recycling of elements within the forest, as their litter represents between 12-23% of the total litter in old forest of the STF [START_REF] Gonzalez | Producción de semillas y hojarasca en Chusquea quila (Poaceae: Bambusoideae), posterior a su floración sincrónica en la zona centro-sur de Chile[END_REF][START_REF] Vivanco | Tree species identity alters forest litter decomposition through long-term plant and soil interactions in Patagonia, Argentina[END_REF]. When the species studied are compared, the multivariate analysis of leaf chemical traits showed a spatial discrimination between tree species on the one hand and the understory species Chusquea sp. on the other hand (Fig. 3). The latter is positively correlated with N% and negatively with C/N and C% (Table 6). The high N content and low C content can be explained by the thickness of the palisade-leaf mesophyll [START_REF] Wright | Leaves at low versus high rainfall: coordination of structure, lifespan and physiology[END_REF] and fast growth [START_REF] Poorter | Carbon and Nitrogen Economy of 24 Wild Species Differing in Relative Growth Rate[END_REF]). Chusquea sp.

fulfills this condition with leaves that have low blade thickness [START_REF] Guerreiro | A contribution to the identification of vegetative Andean woody bamboos in southernmost America using leaf anatomy[END_REF]. C%, N% and P% were quantified in the litter of some Chusquea species of the STF and the N% was reported to be low (1.17% and 0.5%) and the C/N to be high (43.5) [START_REF] Veblen | Growth Patterns of Chusquea Bamboos in the Understory of Chilean Nothofagus forests and Their Influences in Forest Dynamics[END_REF];

Austin and Marchesini 2012) making the litter derived from these leaves a low quality one.

However, in this study, the amount of N in fresh leaves of Chusquea sp. is two to three times higher than for the other species, leading to low C/N ratios. The differences in the elemental properties of the fresh leaves and litter of Chusquea sp. might be due to nutrient transport from old leaves prior to abscission [START_REF] Killingbeck | Nutrient Resorption[END_REF]). The resorption strategy is typical in species like those in this study to obtain nutrient in new leaves in soils with poor nutrient conditions [START_REF] Huang | Changes in nitrogen resorption traits of six temperate grassland species along a multi-level N addition gradient[END_REF][START_REF] See | Soil nitrogen affects phosphorus recycling: foliar resorption and plant-soil feedbacks in a northern hardwood forest[END_REF] as in the rainforest. Such a hypothesis is consistent with the positive relationship observed between nutrient resorption and latitude [START_REF] Vergutz | Global resorption efficiencies and concentrations of carbon and nutrients in leaves of terrestrial plants[END_REF]. High resorption of the plant species of the evergreen rainforest located at 42-44°S can thus be expected.

Leaf traits and envirormental relationships

Even though elemental composition of leaves is one of the most typical leaf traits measured worldwide, this is not the case in the rainforest of the STF, where more information is available on physiological leaf traits related to light intensity [START_REF] Lusk | Survival and growth of seedlings of 12 Chilean rainforest trees in two light environments: Gas exchange and biomass distribution correlates[END_REF][START_REF] Lusk | Ontogenetic variation in light requirements of juvenile rainforest evergreens[END_REF][START_REF] Lusk | Effects of light availability and growth rate on leaf lifespan of four temperate rainforest Proteaceae[END_REF][START_REF] Gianoli | Phenotypic selection on leaf functional traits of two congeneric species in a temperate rainforest is consistent with their shade tolerance[END_REF]. Only a few studies have been interested in the effects of other environmental factors on leaf traits (Fajardo andSiefert 2018, 2019). Here, MAP was shown to be the only and best predictor of δ 13 C in leaves. Nevertheless, the regression model between MAP and δ 13 C of this study reaches a moderate explanation of the data (R 2 =0.3). The low R 2 imply that other others environmental factors than MAP not considered in this study could contribute to carbon stable isotopes composition of the leaves, like the CO2 concentration [START_REF] Caemmerer | Determination of the average partial pressure of CO2 in chloroplasts from leaves of several C3 plants[END_REF]. The biochemical processes involved in leaf chemical traits are known to be influenced by variables like temperature and water stress [START_REF] Niinemets | Global-scale climatic controls of leaf dry mass per area, density, and thickness in trees and scrubs[END_REF][START_REF] Meng | Responses of leaf traits to climatic gradients: adaptive variation versus compositional shifts[END_REF][START_REF] Zhang | Responses of leaf traits to low temperature in an evergreen oak at its upper limit[END_REF]. The lack of influence of soil properties and climate variables on the leaf chemical traits in this study differs from results reported in a more global study [START_REF] Maire | Global effects of soil and climate on leaf photosynthetic traits and rates[END_REF] and in a work dealing another type of forests [START_REF] Meng | Responses of leaf traits to climatic gradients: adaptive variation versus compositional shifts[END_REF][START_REF] Gong | Latitudinal, soil and climate effects on key leaf traits in northeastern China[END_REF]. Environmental variables should not be enterally discarded, and we highly recommend to include soil P, based on our results (N/P >12.5), as it is a limiting nutrient for the plants. Other variables that might be considered in this type forest are textural classes and other mineral soil compounds, that probably are more important for plants than precipitation as was reported in other temperate forest [START_REF] Meier | Leaf Size and Leaf Area Index in Fagus sylvatica Forests: Competing Effects of Precipitation, Temperature, and Nitrogen Availability[END_REF].

Also in this type of forest with low P availability soil micorrizal fungi are really important for the rainforest, then soil microorganisms may also have a crucial implicaction in leaf chemical traits. Moreover, even that plant species are subjected to different environmental conditions, they develop adaptation mechanisms to multiple stresses [START_REF] Raza | Plant ecophysiology and adaptation under climate change: mechanisms and perspectives I[END_REF].

Then the contrasting environmental, does not necessarily have a significate effect on the leaf chemical traits, like was found for the set of species evaluated (Table A .1). As was said earlier, N. dombeyi inhabits a wide range of soils whereas S. conspicua and A. luma are considered to have lower distribution [START_REF] Rodriguez | Catálogo de las plantas vasculares de Chile[END_REF]. This could explain why soil properties were not found to be significant predictors of leaf chemical traits for all the species.

However, several significant correlations between leaf chemical traits (Fig. 4) and environmental parameters. The C/N ratio was part of several of the highest correlation among leaf chemical traits (Fig. 4). The relation between C and N of these two elements are directly linked to the plant metabolism, because to synthetize organic molecules like starch (carbon product) or proteins (nitrogen products), organic carbon and energy [START_REF] He | Stoichiometry and large-scale patterns of leaf carbon and nitrogen in the grassland biomes of China[END_REF] are required. This high correlation between leaf chemical traits and the low effect of environmental variables on leaf chemical traits reinforce de idea of high biological control in this two areas and a possible great capacity of acclimation or adaptations mechanisms of the individuals of the STF, that fot the moment sufficient to hold the different environmental contrasting conditions in the study area.

Conclusion

This study showed that in the Chiloe Island and in the mainland soil properties (Corg%, C/N, pH, MPS) and environmental conditions (MAT and MAP) differ, even when they are separated for no more than 50 km and share similar plant species. Soil between both areas present significant differences in their elemental composition (Corg% and C/N mainly). In addition, MAP is the most common environmental factor found controlling the soil properties (Corg%, C/N and δ 15 N ‰), thus supporting the importance of precipitation in the biogeochemical cycle of the rainforest. However, the study found different and opposite trends considering the same leaf trait between some plants and areas, a contrasting result from global studies building general trends. Therefore, this study highlights the importance of developping studies at local and regional scales. In addition, the differences above appear to be species-specific with some species, showing differences in one trait and/or another trait(s), with C% as the trait that present most significant differences in the species. Climatic and soil properties were not good predictors of leaf chemical traits however, leaf chemical traits
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 1 Fig. 1 a) Location of the study area in Chile. b) Map of the sampling sites. I: island (blue circles) and M: mainland (pink circles)
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 2 Fig. 2 PCA ordination of the island and mainland sites based on soil properties and climatic parameters
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 3 Fig. 3 PCA ordination of five plants species Amomyrtus luma, Drimys winteri, Chusquea sp., Nothofagus dombeyi and Saxegothaea conspicua on the basis of seven leaf chemical traits
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 4 Fig. 4 Correlogram among leaf chemical traits for all the individuals (n=101) of the five species: Amomyrtus luma, Drimys winteri, Chusquea sp., Nothofagus dombeyi and Saxegothaea conspicua. The correlation values are indicated in the circles and the significant values (p <0.05) are shown in bold

  

Table 1 .

 1 Characteristics of the species studied of the evergreen Rainforest. Leaf life span

	as L-life spa					
	Division/Family/Species	Life form	Maximum life	L-life span	Sites	Individuals
		growth	span (years)	(years)	sampled	sampled
	Magnoliophyta					
	Nothofagaceae					
	Nothofagus dombeyi	Tree	600*	3.5**	2	9
	Poaceae					
	Chusquea sp.	Bamboo	>10**	NA	8	39
	Mirtaceae					
	Amomyrtus luma	Tree	200*	3.5*	6	22
	Winteraceae					
	Drimys winteri	Tree	250*	3.5*	2	11
	Pinophyta					
	Podocarpaceae					
	Saxegothaea conspicua Tree	>750**	4.2***	4	21
					Total n= 102
	L-life span: Lusk and Contreras, (2001)*; Hevia, (1991)**; Lusk (2001). Maximum life span: Lusk, (1996)** Lusk
	and Pozo, (2002)*; Gonzalez and Donoso, (1998)**.			

Table 2 .

 2 Mean and standard deviation (SD) of the soil properties and climatic parameters in the two areas: island and mainland. Values of the t-student test between the areas are

	provided. Significant values (p<0.05) are shown in bold. MAST: mean annual soil
	temperature consider the mean annual record measured directly in soils and MAT: mean
	air annual temperature.

Table 3
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	Variable	PC1	PC2
	Corg (%)	-0.44	-0.04
	N (%)	-0.32	-0.17
	C/N	-0.40	-0.002
	δ 13 C (‰)	0.09	-0.56
	δ 15 N (‰)	-0.05	-0.59
	pH	0.32	-0.41
	MPS	-0.41	0.02

. Loadings of soil properties and MAP on the first two axes of principal component analysis of the island and mainland sites based on soil properties and climatic parameters. MAST: mean annual soil temperature, MPS: mean particle size. Variables with loading higher than the mean on a given PC are shown in bold. was MAP (p<0.5) and MPS (p<0.01). For all the other elemental and isotopic variables, only one variable was the best predictor: MPS for N% (p <0.001), pH for δ 13 C (p <0.01), and finally MAP for δ 15 N (p <0.01). Table 4. Best regression models for multiple regression analyses with the stepwise method for elemental and isotopic C and N values in soils. The independent variables were MAP, MAST, pH (water) and MPS. Data transformation are shown as subscript and partial beta coefficients (p < 0.05*, p < 0.01** and p < 0.001***) considered as significant are shown in bold.

Table 5 .

 5 Mean, standard deviation (SD) and variation coefficient (CV) of the leaf chemical traits of five species: A. luma (Amomyrtus luma), D. wintery (Drymis wintery), N. dombeyi (Nothofagus dombeyi), Chusquea sp., S. conspicua (Saxegothaea conspicua) in the two sampling areas (island and mainland). The p values of the t-student or U for Mann Whitney test and the significant values (p <0.05) are shown in bold, from the comparison between 333 the values of the different variables in the island and mainland. 334

		Island			Mainland				
		Mean	SD	CV(%)	Mean	SD CV(%)	t/U	p
	A. Luma								
	C %	58.47	2.61	4.47	59.11	0.73	1.24	65	0.9
	N %	1.23	0.25	20.56	1.40	0.31	22.14	-1.38 0.18
	P %	0.08	0.02	30.87	0.13	0.03	23.16	-4.72 <0.001
	C/N ratio	49.10	9.15	18.65	44.33	10.53 23.75	1.13	0.27
	N/P ratio	16.65	2.78	16.67	10.77	1.82	16.93	5.87	<0.001
	δ 13 C (‰)	-30.94	1.53	4.95	-31.41 0.82	2.61	0.89	0.38
	δ 15 N (‰)	-3.17	3.87	122.22 -4.27	3.42	80.12	0.70	0.48
	D. wintery								
	C%	62.37	0.59	0.94	64.74	1.05	1.63	4.69	<0.01
	N %	1.21	0.30	25.25	1.21	0.24	20.13	0.01	0.99
	P %	0.12	0.03	27.27	0.10	0.04	43.13	-0.54 0.60
	C/N ratio	54.56	14.50 26.57	55.70	12.92 23.19	0.13	0.89
	N/P ratio	10.85	2.57	23.67	14.07	6.94	49.37	1.05	0.32
	δ 13 C (‰)	-32.19	1.50	-4.67	-30.70 1.38	4.51	1.70	0.12
	δ 15 N (‰)	-7.19	1.57	21.88	-8.44	2.43	28.79	-1.02 0.33
	N. dombeyi								
	C%	62.21	1.36	2.19	61.22	0.58	0.94	1.35	0.24
	N%	1.50	0.18	11.89	1.51	0.26	17.11	-0.03 0.97
	P%	0.13	0.04	27.96	0.10	0.03	29.24	1.22	0.26
	C/N ratio	41.87	4.60	11.00	41.64	7.30	17.53	0.05	0.95
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). Litter quality is one of the main factors influencing litter decomposition (i.e. physical breakdown of the material). The C/N value is considered as an indicator of the litter quality. High C/N values are reported for Chiloe litter (Pérez et al. 2010), suggesting low litter decomposition rates that may promote C accumulation in the area (Perez-Quezada et al. 2021a). Besides, in Chiloe Corg stock in soils has been related to photosynthetically active radiation (PAR) and canopy openness rather than to climatic factors (Perez-Quezada et al. 2021a). The conjuction of litter quality, PAR and canopy openness could explain the high total Corg% for Chiloe island soils that has been reported in this study and previous ones, with contents reaching values > 40%
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have a strong correlation between them, especially in their elemental content, suggesting an important biological control on the STF compared to another type of forest. Finally, carbon isotopic values (δ 13 C) present a negative relation with MAP. 
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