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Introduction

All organisms process energy from their environment through their metabolism to maintain functionality, develop, grow, and reproduce [START_REF] Brown | Toward a Metabolic Theory of Ecology[END_REF]). The factors which explain variation in this metabolic rate are thus central to understanding ecological interactions across levels of biological organization. For example, both long-term evolutionary forces and immediate environment can shape energy exchange rates, with important consequences for individuals and populations [START_REF] Iles | Toward Predicting Community-Level Effects of Climate: Relative Temperature Scaling of Metabolic and Ingestion Rates[END_REF][START_REF] Schulte | The Effects of Temperature on Aerobic Metabolism: Towards a Mechanistic Understanding of the Responses of Ectotherms to a Changing Environment[END_REF]. The "Standard Metabolic Rate" (SMR) is a particularly important physiological trait to consider because it indicates the minimum energy cost necessary to sustain life in an organism [START_REF] Careau | Adding Fuel to the 'Fire of Life': Energy Budgets across Levels of Variation in Ectotherms and Endotherms[END_REF]. This measure of energy requirement for physiological maintenance is subject to trade-offs and influences the energy available for locomotion (i.e., escape, foraging behavior), growth, or reproduction [START_REF] Clarke | Seasonal Acclimatization and Latitudinal Compensation in Metabolism: Do They Exist?[END_REF]. Also, SMR can vary according to several biotic characteristics such as size, age, sex, or ecological niches [START_REF] Brown | Toward a Metabolic Theory of Ecology[END_REF]. SMR is quantified as the O2 consumption of resting and unfed individuals, at a completed growth stage and during a non-reproductive period [START_REF] Hulbert | Basal Metabolic Rate: History, Composition, Regulation, and Usefulness[END_REF]. Under conditions of limited energy availability, high SMR can reduce the energy available for non-maintenance functions. In other contexts, such as when energy input is not limited, high SMR can suggest high energy turnover for all vital activities [START_REF] Kooijman | Dynamic Energy and Mass Budgets in Biological Systems[END_REF]. Moreover, ectothermic animals adapted to cold environments (such as at high-elevation or latitude) may be characterized by higher SMR at a given temperature as a physiological adaptation to cold climates. This phenomenon, known as the metabolic cold adaptation (MCA) hypothesis, suggests that having a higher metabolic rate in cold environments may be advantageous for ectotherms by allowing them to be active at lower temperatures and thus compensate for shorter daily or seasonal warm periods [START_REF] Gazeau | Variations Du Cycle Sexuel Des Urodèles Pyrénées à Tendance Aquatique, Rôle de La Température. II. Les Femelles (Euproctus Asper Dugès, Triturus Helveticus Razoumowsky)[END_REF][START_REF] Gaston | Macrophysiology: A Conceptual Reunification[END_REF]. Support for this hypothesis has been demonstrated in arthropods [START_REF] Terblanche | Directional Evolution of the Slope of the Metabolic Rate-Temperature Relationship Is Correlated with Climate[END_REF], amphibians [START_REF] Kreiman | Testing the Metabolic Homeostasis Hypothesis in Amphibians[END_REF], and reptiles [START_REF] Dupoué | Climate and Foraging Mode Explain Interspecific Variation in Snake Metabolic Rates[END_REF], though these patterns are not universal [START_REF] Lardies | Metabolism and Life-History Correlates in a Lowland and Highland Population of a Terrestrial Isopod[END_REF][START_REF] Lardies | Testing the Metabolic Cold Adaptation Hypothesis: An Intraspecific Latitudinal Comparison in the Common Woodlouse[END_REF].

Temperature is a major driver of variation for most biological processes, from biochemical reactions at the cell level to the fitness of organisms [START_REF] Kingsolver | The Well-Temperatured Biologist. (American Society of Naturalists Presidential Address)[END_REF]. Warmer temperatures can result in (i) earlier phenology of organisms that can lead to an imbalance in interspecific interactions [START_REF] Kharouba | Global Shifts in the Phenological Synchrony of Species Interactions over Recent Decades[END_REF], (ii) a modification of population's dynamic with a biased sex ratio for some reptile species [START_REF] Thompson | Major Global Changes Interact to Cause Male-Biased Sex Ratios in a Reptile with Temperature-Dependent Sex Determination[END_REF], (iii) a change in the spatial distribution of organisms with poleward and/or upward shifts mainly [START_REF] Lenoir | Species Better Track Climate Warming in the Oceans than on Land[END_REF]) leading community reshuffling with uncertain sustainability due to novel species interactions [START_REF] Williams | Novel Climates, No-Analog Communities, and Ecological Surprises[END_REF][START_REF] Gibson-Reinemer | Climate Change Creates Rapid Species Turnover in Montane Communities[END_REF], and (iv) ultimately local extirpations when organisms are unable to cope with rapid climate change [START_REF] Whitfield | Amphibian and Reptile Declines over 35 Years at La Selva, Costa Rica[END_REF][START_REF] Bodensteiner | Thermal Adaptation Revisited: How Conserved Are Thermal Traits of Reptiles and Amphibians?[END_REF]. This is especially true in ectotherms in which most physiological functions are directly influenced by temperature [START_REF] Angilletta | Evolutionary Thermal Biology[END_REF]. As described by a thermal reaction norm, metabolism increases (ramping phase) with temperature until it reaches a pre-mortal plateau and then drops (mortal fall) as critical limits are approached [START_REF] Lighton | Thermolimit Respirometry: An Objective Assessment of Critical Thermal Maxima in Two Sympatric Desert Harvester Ants, Pogonomyrmex Rugosusand P. Californicus[END_REF][START_REF] Taylor | The Thermal Ecology and Physiology of Reptiles and Amphibians: A User's Guide[END_REF]. The slope and shape of these thermal reaction norms depend upon species or populations [START_REF] Evans | Factors Influencing the Oxygen Consumption of Several Species of Plethodontid Salamanders in Aerial and Aquatic Media[END_REF][START_REF] Brown | Metabolic Acclimation to Temperature in the Ozark Salamander Plethodon Dorsalis Angusticlavius[END_REF][START_REF] Homyack | Influence of Temperature and Body Mass on Standard Metabolic Rate of Eastern Red-Backed Salamanders (Plethodon Cinereus)[END_REF][START_REF] Londoño | Basal Metabolism in Tropical Birds: Latitude, Altitude, and the 'Pace of Life[END_REF][START_REF] Catenazzi | Ecological Implications of Metabolic Compensation at Low Temperatures in Salamanders[END_REF][START_REF] Gangloff | Hormonal and Metabolic Responses to Upper Temperature Extremes in Divergent Life-History Ecotypes of a Garter Snake[END_REF]. Thus, global warming may lead to temperatures exceeding the thermal tolerance of ectotherms [START_REF] Deutsch | Impacts of Climate Warming on Terrestrial Ectotherms across Latitude[END_REF], or impose important sublethal effects such as altering body size, growth rates, immunity, and generating physical deformities [START_REF] Weerathunga | The Impact of Elevated Temperature and CO2 on Growth, Physiological and Immune Responses of Polypedates Cruciger (Common Hourglass Tree Frog)[END_REF]. This could have negative consequences on individual fitness and populations in the long term, and many ectotherm populations are therefore -or will shortly be -at risk of extirpation [START_REF] Novarro | Physiological Responses to Elevated Temperature across the Geographic Range of a Terrestrial Salamander[END_REF]).

To understand the potential response of a species to changing climates, it is necessary to characterize the thermal-dependence curves of metabolic rate across a relevant latitudinal or elevational gradient [START_REF] Sears | Resting Metabolic Expenditure as a Potential Source of Variation in Growth Rates of the Sagebrush Lizard[END_REF][START_REF] Muir | Behavioural and Physiological Adaptations to Low-Temperature Environments in the Common Frog, Rana Temporaria[END_REF][START_REF] Bulgarella | Elevational Variation in Adult Body Size and Growth Rate but Not in Metabolic Rate in the Tree Weta Hemideina Crassidens[END_REF][START_REF] Hu | Thermal Dependence of Feeding Performance and Resting Metabolic Expenditure in Different Altitudinal Populations of Toad-Headed Lizards[END_REF].

Here, we investigated the physiological sensitivity of the endemic Pyrenean brook newt Calotriton asper through the measure of SMR across a range of ecologically relevant temperatures (5°C to 25°C) and for individuals from populations living at elevations ranging from 250 to 2500 m a.s.l. By characterizing the temperature-dependence of SMR in C. asper, we test whether this relationship varies along an elevational gradient. We predict a linear increase in SMR as assay temperatures rise and in accord with the MCA hypothesis -a higher metabolic rate in high-elevation populations than in low-elevation populations at a given temperature [START_REF] Terblanche | Directional Evolution of the Slope of the Metabolic Rate-Temperature Relationship Is Correlated with Climate[END_REF][START_REF] Kreiman | Testing the Metabolic Homeostasis Hypothesis in Amphibians[END_REF].

Material and Methods

Study species

The Pyrenean brook newt (Calotriton asper Dugès, 1852) is an amphibian species from the Pyrenees mountains (Andorra, Spain, France) commonly found in brooks, lakes, and springs ranging from 250 to 2500 m a.s.l. [START_REF] Nicol | L'Euprocte Des Pyrénées[END_REF][START_REF] Martinez Rica | Données Nouvelles Sur La Répartition Géographique de l'espèce Euproctus Asper (Dugès), Urodèle Salamandridae[END_REF][START_REF] Gazeau | Les Différents Biotopes de l'urodèle Pyrénéen: Euproctus Asper[END_REF][START_REF] Montori | Allozyme Differentiation among Populations of the Pyrenean Newt Calotriton Asper (Amphibia: Caudata) Does Not Mirror Their Morphological Diversification[END_REF]. This species is listed in appendix IV of the Habitats Directive (92/43/CEE, 21 May 1992), appendix II of the Bern Convention, and as nearthreatened species in the national Red List of amphibians of metropolitan France (UICN France).

Major threats to C. asper include climate change, habitat change, and predation by introduced predatory fish (Dalibard 2021). Calotriton asper is characterized by a low dispersal rate (and gene flow) among populations [START_REF] Mila | Marked Genetic Structuring and Extreme Dispersal Limitation in the Pyrenean Brook Newt Calotriton Asper (Amphibia: Salamandridae) Revealed by Genome-wide AFLP but Not MtDNA[END_REF][START_REF] Lucati | Multiple Glacial Refugia and Contemporary Dispersal Shape the Genetic Structure of an Endemic Amphibian from the Pyrenees[END_REF], which favors high phenotypic variation among populations [START_REF] Serra-Cobo | Variation in Sexual Dimorphism between Two Populations of the Pyrenean Salamander Euproctus Asper from Ecologically Different Mountain Sites[END_REF]. For instance, previous work highlighted among-population variation according to site elevation in terms of different biological and ecological factors. First, in terms of life-cycle with reproduction that takes place in spring and autumn in low-elevation individuals and summer in high-elevation ones due to water temperature (Clergue [START_REF] Gazeau | Variations Du Cycle Sexuel Des Urodèles Pyrénées à Tendance Aquatique, Rôle de La Température. II. Les Femelles (Euproctus Asper Dugès, Triturus Helveticus Razoumowsky)[END_REF]. Then, in terms of morphology with an increase of body size with elevational gradient according to the Bergmann's rule [START_REF] Trochet | Body Size Increases with Elevation in Pyrenean Newts (Calotriton Asper)[END_REF]. Finally, in terms of thermal preferences with a negative relationship between thermal preferences and elevation in low-elevation individuals and a positive relationship in high-elevation ones [START_REF] Trochet | Variation of Preferred Body Temperatures along an Altitudinal Gradient: A Multi-Species Study[END_REF].

Sampling sites and newt maintenance in laboratory

We sampled six riverine populations from six independent streams within the French Pyrenees that span along an elevational gradient ranging from 550 to 2189 m a.s.l. during summer 2019.

Localizations and sampling dates for the six streams are provided in Table 1. Slope (which greatly determines streamflow in rivers, and thus the microhabitat experienced by the brook newt) varied among the sampling streams from 9.8% to 75.1%. Every sampled stream had continuous streamflow over the year. Two populations were sampled in a dense forest environment (Fougax, Belesta), three

populations in an open field (Orlu, Gavarnie, and Néouvielle), and one population in a low-density forest stand (Aulus). Mean annual air temperatures varied among the sampling streams from 10.4°C to 11.4°C for low elevation sites and from 0.5°C to 6.7°C for high elevation sites, on average over the 1981-2010 period (Figure S1; [START_REF] Karger | Climatologies at High Resolution for the Earth's Land Surface Areas[END_REF]. Annual snow duration varied among the sampling sites from 26 to 41 days for low elevation streams and from 106 to 178 days for high elevation streams, on average over the 2000-2010 period [START_REF] Gascoin | A Snow Cover Climatology for the Pyrenees from MODIS Snow Products[END_REF]. We sampled twenty adults per site by hand found by a visual survey. A total of 120 individuals were sampled with a near-balanced sex ratio (54 females and 66 males; Table 1). Non-gravid females were selected to avoid any influence of the reproductive state on respirometry measurements [START_REF] Finkler | Effects of Temperature, Sex, and Gravidity on the Metabolism of Small-Mouthed Salamanders, Ambystoma Texanum, during the Reproductive Season[END_REF]. Individuals were then housed at the laboratory (436 m a.s.l., Moulis, Ariège, France). All individuals were PIT-Tagged for further identification (BIOLOG-ID, France; accreditation of animal experimentation n°A09-1), following the protocol described in Le [START_REF] Chevalier | Marking Techniques in the Marbled Newt (Triturus Marmoratus): PIT-Tag and Tracking Device Implant Protocols[END_REF]. Newts from each population were all housed in a single aquarium of 80 × 35 × 40 cm, at a water temperature of 15 °C ± 2°C [START_REF] Sylvestre | L'élevage des urodèles : étude de cinq espèces menacées : euproctus platycephalus, calotriton asper, triturus cristatus, salamandra salamandra, speleomantes strinatii[END_REF]) and exposed to a natural photoperiod. For each population, the test period began at least 3 days after capture (mean ± SD: 7 ± 2 days) and lasted 4 weeks on average (± 1 week SD; Table S1). Newts were fed ad libitum with Tubifex sp. live worms throughout the experiment. However, because digestion may influence physiology in ectotherms [START_REF] Huey | Temperature, Physiology, and the Ecology of Reptiles[END_REF]; Gvoždı ḱ 2003), feeding was halted 48 h before testing bouts. Each animal was weighed with a digital balance (± 0.1 g) before experiments (Table 1).

All newts were released at their respective capture sites between 2 and 6 days after their last test (i.e. total mean time of captivity ± SD: 7 ± 1 weeks). 

Physiological response

We measured individual oxygen consumption rate as a proxy for SMR across a range of temperature experienced by C. asper in its natural environment during the year (i.e. 5°C ± 1 to 25°C ± 1). All individuals from each population were tested at three different temperatures (Table 2): one cool test temperature (from 5°C to 13°C), one warm test temperature (from 17°C to 25°C), and one control temperature (15°C). To complete the experiment within the three-month activity period and to limit stress on the animals, each population of twenty individuals was divided into five groups of four individuals, and each group of four was tested at different cool and warm test temperatures to cover the entire thermal gradient (Table 2). To limit potential confounding effects between temperature per se and the order (timing) of tests, we alternated order for all populations between cold, control, and hot temperatures presented in Table 2. We let individuals rest for at least one day (mean ± SD: 2.4 ± 1.4 days) between tests.

Individuals were isolated in a 0.55 L airtight plastic transparent box filled with dechlorinated water [START_REF] Guillaume | Reduction in the Metabolic Levels Due to Phenotypic Plasticity in the Pyrenean Newt, Calotriton Asper, during Cave Colonization[END_REF]). To avoid a thermal shock, we gently acclimatized the newts by increasing or decreasing the captivity water temperature (15°C) to the test water temperature over a 1hour period. After this 1-hour acclimatization, the water oxygen concentration was measured every minute for 2 hours using FireSting fiber-optical oxygen meters (PyroScience GmbH, Aachen, Germany). An individual measure of oxygen consumption during these 2 hours (hereafter SMR in ppm) corresponding to the individual loss in oxygen concentration was calculated by subtracting water oxygen concentration at the end of the experiment to water oxygen concentration at the beginning of the experiment. All tests were performed during the day at fixed and constant hours (9:00 and 14:00).

Moreover, all tests were repeated twice in two sessions separated by two weeks (mean ± SD: 14.5 ± 7 days). 

Statistical analyses

To test if SMR (response variable) varied with effective mean temperature (Table 2), elevation, as well as their first to fourth order interactions (explanatory variables), we built a linear mixed-effects model (LMM, with a Gaussian error distribution; see Figure S2 for verification of the model assumption) with sites of capture, individuals, and sessions as random intercept terms (to control for their potential effect in the estimation of the fixed effects). Because we sampled only 6 populations in a non-continuous elevational gradient, we chose to characterize elevation as a factor.

According to the ecological and thermal behavioral differentiation between sites below and above 1300 m highlighted in [START_REF] Trochet | Variation of Preferred Body Temperatures along an Altitudinal Gradient: A Multi-Species Study[END_REF], elevation of origin was categorized into two classes, with three populations (Fougax, Belesta, and Aulus, 550-1100 m a.s.l) assigned to a "low elevation class" and three populations (Orlu, Gavarnie, and Néouvielle, 1300-2189 m a.s.l) assigned to a "high elevation class". Body mass and sex were included in the model as covariates. Newts' mass and effective mean temperature variables (Table 1) were standardized to the mean so their respective effects can be compared in the model.

We started from a full model including all fixed and random effects with interactions between elevation and other variables (i.e. effective mean temperature, mass, and sex). To avoid having a model where one random variable has no effect on our results because all variability of the intercept is explained by other random variables (i.e. singular model), we first selected the random effect structure. The best random effect structure was identified by testing all the combinations of random factors and selecting the candidate model with the lowest Akaike Information Criterion with a correction for a small sample size (AICc). To compare AICc values among candidate models, we fitted all candidate LMMs using the restricted maximum likelihood parameter estimate [START_REF] Bates | Parsimonious Mixed Models[END_REF]. To ensure robust estimations, all the singular fits (i.e. variances closed to zero) were removed from the list of candidate models before model selection. Second, we selected the fixed effect structure based on AICc, keeping the previously identified random structure constant. Third, we fitted a final LMM based on the fixed and random structure selected using the restricted maximum likelihood parameter estimate to ensure a robust estimate of coefficients [START_REF] Bates | Parsimonious Mixed Models[END_REF]. In order to compute a robust estimate and test the significance of the direct effects in the selected model (e.g. Luke 2017), we finally calculated the mean effect of each fixed variable and their respective 95% confidence intervals through a bootstrap approach (N = 5000 iterations). The significance of each variable was determined from the bootstrap distributions for the two alternative hypotheses of a mean coefficient estimate being higher or lower than zero.

To assess the goodness-of-fit of the models, we also computed the mean marginal (i.e.

variance explained by the fixed effects) and conditional (i.e. variance explained by both the fixed and random effects) R 2 values, as well as their respective 95% confidence interval from the set of bootstrap iterations. All statistical analyzes were performed in the programming language R (version 3.6.2; R Core Team 2019). To fit LMM and conduct bootstraps, we used the lme4 (Bates et al. 2014b) and optimx R-packages [START_REF] Nash | Unifying Optimization Algorithms to Aid Software System Users: Optimx for R[END_REF] respectively. The MuMIn [START_REF] Bartoń | MuMIn: Multi-Model Inference[END_REF]) and jtools Rpackages [START_REF] Long | Jtools: Analysis and Presentation of Social Scientific Data (version 2.0.1[END_REF] were used to compute marginal and conditional R 2 values and to adjust into the same scale mass and effective mean temperature variables, respectively.

Results

Effective mean temperature, elevation, sex, mass, and their first order interactions were retained in the best model (Table 3, Table S2). Marginal and conditional R 2 were equal to 0.447 [0.363; 0.529] and 0.558 [0.483; 0.629] respectively (mean [95% CI]). In other words, individuals, population, and session (the random terms) explained a lower proportion of variance in SMR (0.111) than did the effective mean temperature of the tests, elevation's origin of population, sex, and mass of individuals.

The mass-and temperature-dependence of SMR varies predictably along the elevational gradient (Table 3). Specifically, the positive relationships between SMR and both test temperature and mass were steeper for individuals sampled at high elevation populations than for those sampled at low elevation (Figure 1), so newts from higher elevations exhibited greater temperature and mass dependencies of standard metabolic rate (βmass = 0.466 and βt°C = 0.373 for low elevation populations; βmass = 0.696 and βt°C = 0.485 for high elevation populations).

Individuals sampled at high elevations had on average a higher SMR than those sampled at low elevation populations (mean [95% CI]: + 0.522 ppm [0.732; 0.308]; Table 3). However, this effect depends on the sex of individuals, as highlighted by the significant interaction term between elevation and sex (Table 3): the increase in oxygen consumption from low to high elevations was steeper in females than in males (Figure 2).

Table 3. The effects of effective mean temperature, elevation, mass, and sex on Calotriton asper' SMR estimated through bootstrapped mixed-effects linear models (N = 5000). Every fixed effect has been tested through a one-sided test based on the bootstrap distributions of coefficients (null hypothesis: the effect is not higher or lower than 0). Significant effects are displayed in bold (P-value < 0.05). 3 and calculated from 5000 bootstrap iterations, independent of the mean temperature treatment axis.

Discussion

Pyrenean brook newts from higher-elevation populations exhibit higher mass-specific metabolic rates across a range of biologically relevant temperatures compared to conspecifics from lower elevations. This corroborates the metabolic cold adaptation hypothesis (MCA) which predicts a higher metabolic rate in individuals from cold environments (i.e high elevation) than individuals from warmer environments when measured at similar ambient temperatures [START_REF] Kreiman | Testing the Metabolic Homeostasis Hypothesis in Amphibians[END_REF]. In fact, having a higher metabolic rate in cold environments may be advantageous for ectotherms by allowing them to be active at lower temperatures and thus compensate for a shorter warm period (Clergue [START_REF] Gazeau | Variations Du Cycle Sexuel Des Urodèles Pyrénées à Tendance Aquatique, Rôle de La Température. II. Les Femelles (Euproctus Asper Dugès, Triturus Helveticus Razoumowsky)[END_REF][START_REF] Gaston | Macrophysiology: A Conceptual Reunification[END_REF]. Finally, a higher SMR allows organisms to achieve development, growth, and reproduction at temperatures that would otherwise be sub-optimal, especially where the life cycle of the species is highly seasonal as in Calotriton asper [START_REF] Gazeau | Variations Du Cycle Sexuel Des Urodèles Pyrénées à Tendance Aquatique, Rôle de La Température. II. Les Femelles (Euproctus Asper Dugès, Triturus Helveticus Razoumowsky)[END_REF][START_REF] Lardies | Testing the Metabolic Cold Adaptation Hypothesis: An Intraspecific Latitudinal Comparison in the Common Woodlouse[END_REF][START_REF] Terblanche | Directional Evolution of the Slope of the Metabolic Rate-Temperature Relationship Is Correlated with Climate[END_REF][START_REF] Schaefer | Metabolic Cold Adaptation and Developmental Plasticity in Metabolic Rates among Species in the Fundulus Notatus Species Complex[END_REF].

Our results showed a steeper increase in SMR in females than in males from low to high elevation populations. This is surprising as males are known to have a higher SMR than females, which has been hypothesized to have a strategy to provide enough energy for spermatogenesis, mate searching, or amplexus and compensate the male-male competition [START_REF] Ryan | Interaction of Sex and Size and the Standard Metabolic Rate of Paedomorphic Ambystoma Talpoideum: Size Does Matter[END_REF][START_REF] Finkler | Sex-Related Differences in Metabolic Rate and Energy Reserves in Spring-Breeding Small-Mouthed Salamanders (Ambystoma Texanum)[END_REF][START_REF] Finkler | Effects of Temperature, Sex, and Gravidity on the Metabolism of Small-Mouthed Salamanders, Ambystoma Texanum, during the Reproductive Season[END_REF]). In our case, we speculate that a higher metabolic allocation to baseline functionality in females could be a response to a shorter favorable thermal period in cold environments to ensure reproduction. Reproduction in females is known to drive a large proportion of the energy budget so oogenesis will be more efficient in an extreme environment to maintain total reproductive output [START_REF] Orrell | Energy Costs of Reproduction☆[END_REF]. As a consequence, a greater amount of energy is likely required in females to prepare the egg production and laying in the short time available at high elevation.

As expected, our results highlight an increase in SMR as the temperature increases [START_REF] Whitford | The Effects of Temperature on Respiration in the Amphibia[END_REF][START_REF] Finkler | Effects of Temperature, Sex, and Gravidity on the Metabolism of Small-Mouthed Salamanders, Ambystoma Texanum, during the Reproductive Season[END_REF][START_REF] Gangloff | High Temperature, Oxygen, and Performance: Insights from Reptiles and Amphibians[END_REF], which confirms that this general rule also holds for the endemic Pyrenean brook newt (Calotriton asper). This increase in SMR reflects a rise in metabolic activity that can be advantageous in the short term for ectotherms, leading to a faster growth rate or a longer activity period (Žagar et al. 2015). But, prolonged exposure to high temperatures can lead to a loss of performance in different crucial life activities such as locomotion, foraging, or thermoregulation [START_REF] Deutsch | Impacts of Climate Warming on Terrestrial Ectotherms across Latitude[END_REF][START_REF] Žagar | The Role of Metabolism in Understanding the Altitudinal Segregation Pattern of Two Potentially Interacting Lizards[END_REF]. This loss of performance can be explained by the oxygen-and capacity-limited thermal tolerances (OCLTT) hypothesis which explains that the respiratory system is not able to provide the oxygen needed to meet demand at high temperatures [START_REF] Pörtner | Climate Variations and the Physiological Basis of Temperature Dependent Biogeography: Systemic to Molecular Hierarchy of Thermal Tolerance in Animals[END_REF][START_REF] Pörtner | Oxygen-and Capacity-Limited Thermal Tolerance: Bridging Ecology and Physiology[END_REF]. Chronic heat stress can even induce premature aging in individuals with negative effects on adult fitness and survival, and impact the sustainability of populations [START_REF] Bestion | Live Fast, Die Young: Experimental Evidence of Population Extinction Risk Due to Climate Change[END_REF]Dupoué et al. 2017). In the long term, adaptive responses to high temperatures must be put in place to avoid the inefficiency of subcellular processes, mismatch of oxygen supply and demand, or potentially death.

Moreover, our results showed a significant interaction between temperature and elevation that highlights greater temperature-dependence of SMR in individuals from high elevation. This higher sensitivity in cold environments has already been demonstrated in previous studies in salamanders with a differential effect of temperature on the growth rate, heart rate, and activity in individuals from different thermal environments [START_REF] Catenazzi | Ecological Implications of Metabolic Compensation at Low Temperatures in Salamanders[END_REF][START_REF] Caruso | Demographic Consequences of Climate Variation along an Elevational Gradient for a Montane Terrestrial Salamander[END_REF]. These environmentaldependant characteristics could be the result of an evolutionary legacy, including potentially adaptive responses acquired by natural selection, and could affect the response of individuals to climate change [START_REF] Uusi-Heikkilä | The Evolutionary Legacy of Size-Selective Harvesting Extends from Genes to Populations[END_REF][START_REF] Bodensteiner | Thermal Adaptation Revisited: How Conserved Are Thermal Traits of Reptiles and Amphibians?[END_REF].

In a global warming context with a rapid increase of temperatures at high elevations, a higher SMR across the experienced temperature range will make high-elevation individuals suffer from increased energetic demands, which could affect energetic allocation to other aspects of life-history as growth, reproductive, or immune functions [START_REF] Weerathunga | The Impact of Elevated Temperature and CO2 on Growth, Physiological and Immune Responses of Polypedates Cruciger (Common Hourglass Tree Frog)[END_REF]. While MCA mechanism may have been adaptive in a past context, it could now compromise the sustainability of populations at high elevation. In this situation, the low dispersal ability and gene flow of C. asper [START_REF] Mila | Marked Genetic Structuring and Extreme Dispersal Limitation in the Pyrenean Brook Newt Calotriton Asper (Amphibia: Salamandridae) Revealed by Genome-wide AFLP but Not MtDNA[END_REF][START_REF] Lucati | Multiple Glacial Refugia and Contemporary Dispersal Shape the Genetic Structure of an Endemic Amphibian from the Pyrenees[END_REF]; the intraspecific variation observed in different traits (morphological, ecological, and behavioral; see [START_REF] Gasser | Les Protéines Sériques de l'urodèle Euproctus Asper (Dugès), Éléments de Différenciation Génétique Dans Les Pré-Pyrénées Espagnoles[END_REF][START_REF] Serra-Cobo | Variation in Sexual Dimorphism between Two Populations of the Pyrenean Salamander Euproctus Asper from Ecologically Different Mountain Sites[END_REF][START_REF] Trochet | Variation of Preferred Body Temperatures along an Altitudinal Gradient: A Multi-Species Study[END_REF]2019) or the possibility for plastic response in metabolic rate that was recently reported in surface populations of C. asper [START_REF] Guillaume | Reduction in the Metabolic Levels Due to Phenotypic Plasticity in the Pyrenean Newt, Calotriton Asper, during Cave Colonization[END_REF] would condition the response of this endemic species to climate change. The diversity observed in our study in metabolic strategies may be of prime importance for this species for coping with future environmental change as it may provide the basis for future adaptation.

Figure 1 .

 1 Figure 1. SMR of individual brook newts (C. asper) from low (red) and high (blue) elevation populations dependent on (A) effective mean water temperature treatment and (B) mass. Points are individual observations and lines display the relationships fitted through the linear mixed-effects model presented in Table 3 (dark color = average model, light color = individual bootstrap models) for females only with a mean individual mass of 8.35 g (A) and with a total mean temperature treatment of 15.35 °C (B).

Figure 2 .

 2 Figure 2. Temperature dependence of SMR for female (red) and male (blue) brook newts (C. asper) sampled in low (left) and high (right) elevation populations. Points are observations. Boxes display the linear mixed-effects model intercept presented in Table3and calculated from 5000 bootstrap iterations, independent of the mean temperature treatment axis.

Table 1 .

 1 Characteristics of the 6 studied sites where Pyrenean brook newts were captured. Mean Annual Air Temperatures (MAAT) were extracted over the 1981-2010 period from the CHELSEA database[START_REF] Karger | Climatologies at High Resolution for the Earth's Land Surface Areas[END_REF]).

	Sampling site	Date of capture	Number of females	Mean mass females (g) ± sd	Number of males	Mean mass (g) ± sd males	Coordinates (latitude/longitude)	Elevation (a.s.l.)	MAAT (°C)

Table 2 .

 2 Experimental protocol for the metabolic measurements. The table shows, for one population, the different exposure of individuals in every test and control water temperature. The same design was applied for each of the 6 populations, in two sessions separated by two weeks (mean ± SD: 14.5 ± 7 days).

		Cold test temperatures (°C)	Control temperature (°C)	Hot test temperatures (°C)
	Individual ID	Target temperature	Effective mean temperature	Target temperature	Effective mean temperature	Target temperature	Effective mean temperature
	N1-N4	5	5.7 ± 1			17	17.4 ± 0.6
	N5-N8	7	7.5 ± 0.9			19	19.5 ± 0.5
	N9-N12	9	9.7 ± 0.9	15	15.5 ± 1	21	21.0 ± 0.8
	N13-N16	11	11.7 ± 0.8			23	23.0 ± 0.5
	N17-N20	13	13.4 ± 0.7			25	25.8 ± 0.7

Acknowledgments

This work was supported by the French Laboratory of Excellence project "TULIP", the National Agency of Research project "ISOLAPOP" (ANR-18-CE03-0011), the INTERREG POCTEFA ECTOPYR (no. EFA031/15), and the European Union's Horizon 2020 research and innovation

program under the Marie Skłodowska-Curie grant agreement No 752299. We are grateful to the "Parc National des Pyrénées" and the region Occitanie for allowing us to sample animals. 

Author contributions

Marine

Competing interest

We declare no competing financial interest.

Ethics

Our work complies with the international animal care guidelines of the Association for the Study of Animal Behaviour, and all required French (permit no. 2017-s-02) permits relating to authorization of capture, marking, transport, detention, use, and release of protected amphibian species; and animal experimentation (accreditation n°A09-1) were been obtained.