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Introduction

Gender and sex definitions can be opposed by the same line that distinguishes culture from nature. In sociology, gender can be defined as the "social sex", and describes differences between men and women that cannot be directly linked to biology [START_REF] Bereni | Introduction aux études sur le genre[END_REF]. But in which extent do sexes differ once they are extracted from gender? For the vast majority of birds and mammals, reproduction is seasonal (Conover 1992;[START_REF] Bradshaw | Evolution of Animal Photoperiodism[END_REF].

Indeed, as offspring development and growth is a very energy-consuming process, birth has to fit the most energetically favourable period of the year. Hence, sexual reproduction occurring in a limited time frame, males and females do not share the same physiological reproductive activity timings: males anticipate mating by producing high stocks of spermatozoa, while females form eggs, or engage themselves in gestation and lactation. These energy allocations to reproduction occurring during different periods, males before spring, females afterwards, sexes may be submitted to specific environmental challenges during their maximal energy expenditure. The stress response allows organisms to face a perturbation that would disrupt their own equilibrium: throughout this work, we are going to address the question of sexvariability in these physiological modulations. Do males and females respond the same when confronted to an environmental perturbation? We will explore one theory in particular, the "thrifty female hypothesis", which confers to female better resistance to food shortage during winter than males (Jonasson et Willis 2011a). We will focus on confirming sex-specific responses to caloric restriction and its outcome in body mass, in Microcebus murinus, a small nocturnal primate from Madagascar, and seasonal breeder, that is well described to use torpor (Sylvain Giroud et al. 2008;J. Schmid et Speakman 2000a). In this species, hypometabolism is an adaptive response allowing the reduction of expenses when environmental constraints are too strong to maintain homeostasis. We will thus strongly focus on torpor mechanisms, but will also explore other physiological modulations designed to maintain survival or prevent senescence. If sex-specific responses are deciphered, are they the fruits of a sex-specific evolution? Can they imply different impacts on fitness? Here, we will place seasonal reproduction at the centre of sex-specific responses to environmental challenges, and we will discuss the importance of considering inter-sexual variability further, especially in a context of global change.

How do males and females differ?

It seems axiomatic to say that the two sexes display specific physiology, as observations of biological differences between males and females are legions, and are often attributed to their respective and complementary reproductive functions. However few attention has been paid to sex-specific traits which do not directly concern reproduction or mating. One explanation for this lack of documentation can reside in the difficulty of conducting experiments with added variables, such as the sex, when the question does not directly concern sex variability. When the tested phenotypes are so fundamental for survival, for example the ability to perform deep hibernation when food is lacking, a common and quick assessment is to generalize to both sexes. This leads to a gap in the knowledge of sex variability in the response to environmental challenges, and delays awareness, which is even more surprising when confronted to the large amount of sex-related evolutive theories that speckle this field of science.

Niche divergence. The first mention of a theoretical sex-specific adaptation was actually following Darwin's general evolution theory in the The descent of man, and selection in relation to sex (Darwin, 1874). Not only the well-known sexual selection explaining dimorphism was detailed here, but also the poorly studied concept of sex specific ecological niche (although not specified in those terms in the text): "Differences of this kind between the two sexes [dimorphism], do occasionally occur, especially in the lower classes. But this implies that the two sexes follow different habits in their struggles for existence, which is a rare circumstance with the higher animals." While the first explanation for sexual dimorphism is widely accepted and documented in a large spectrum of animal species, leading to the description of "secondary sexual characters" (Figure 1A), the niche divergence between males and females would be in Darwins' idea, rare and less parsimonious. In 1989, Shine reviewed and discussed more profoundly the divergence of "ecological niche" as a cause for sexual dimorphism and proposed to take a closer look to the hypothesis in future research [START_REF] Shine | Ecological Causes for the Evolution of Sexual Dimorphism: A Review of the Evidence[END_REF]). As a matter of fact, all the examples discussed in Shine's review were related to diet; either in its rate of consumption, or in its nature. The reason is the link between food, the energy it provides, and the energetic unbalance sexual reproduction can install between males and females.

According to Shine, females naturally spend more energy than males in gamete production, as females' eggs contain the substrate for the development of the offspring. Anisogamy would thus be the foundation of the different needs in nutrients, food quantity or foraging behaviour.

As in the case of sexual selection, reproduction success is thus also at the core of the niche divergence evolutive theory. However, this would rather imply energetics and physiology than access to mating. Logically, at these times of technological advances, few attentions were paid to the physiology of animals, when anatomy, morphology and macroscopic phenotypes were closely studied. As it has been well said in a medical publication on sex beyond reproduction and its impact on health, "each cell has a sex" (Institute of Medicine (U.S.) et al. 2001). If occasional sexual dimorphism examples explained by a divergence of ecological niche within the same species can be found (figure 1B), surely a lot were recently put to light concerning sex-differences in physiology. necessarily synonym of maximizing torpor bouts, as it may come with physiological costs. Considering this "torpor optimization hypothesis", animals with energy reserves are expected to use it preferentially to limit the costs (Humphries, Thomas, et Kramer 2003). The authors thus expected to go further in the TFH, by demonstrating sex differences in torpor profiles during winter, explaining females better ability to retain fat storage. As opposed to females, males don't have the 'necessity' to retain energy until spring for reproduction, and can thus spare the costs associated with long torpor bouts by staying more awake (and also in the case of bats, take the opportunity to mate with torpid females). However, they found that torpor duration did not vary with sex, but females preserved energy by using faster arousals than males, as well as showing brief heterothermy episodes during awaken times. Also, males and females in better condition lost more weight by increasing arousal duration, going in the direction of the "torpor optimization hypothesis".

Theorizing sex-specific physiology. The TFH has something common with the divergence of ecological niche in that it put energy requirements for reproduction in the centre of sex differences. However, Shine pointed out the quantity of energy required -greater for females as compared to males-to achieve reproduction, while the question of the timing of energy investment was not mentioned. The thrifty female theory also distinguishes sexes on this basis however, as the little brown bat is a seasonal species, where males and females present a time shift in their period of maximal energy allocation to reproduction. Indeed, animals reproduce before winter and females stock the sperm to delay fecundation until spring [START_REF] Racey | Ecology of Bat Reproduction[END_REF][START_REF] Fenton | Nonselective Mating in Little Brown Bats (Myotis Lucifugus)[END_REF]. Consequently, males begin spermatogenesis before winter, while females wait until spring to complete fecundation, gestation and lactation, which are very demanding processes. The environmental pressures are thus very different between sexes: the food availability is not the same before and after winter, i.e during energy investment in reproduction for each sex, and thus sexes do not have the same selective pressure on their ability to store energy. The parallel between the thrifty female and niche divergence becomes clear when we consider the cyclic fluctuations of energy income and energy demands, which strongly differ between sexes.

Several arguments are advanced in literature to explain a greater selective pressure on females in adapting energy saving mechanisms:

(1) Females invest more in offspring production than males do in spermatogenesis (Clutton-Brock, Albon, et Guinness 1989). But scientifically, these assumptions have been hard to confirm. Moreover, sex-specific behaviours may testify for greater expenses in males (Kraus, Eberle, et Kappeler 2008;[START_REF] Key | Sex Differences in Energy Expenditure in Non-Human Primates[END_REF]Lane et al. 2010).

(2) Females can only invest in "themselves", as their reproduction is the result of a "one-shot" try at each reproductive period, which are often limited in seasonal breeder, making them highly dependent on energy availability (Jonasson et Willis 2011b;[START_REF] Kunz | Changes in Body Mass and Fat Reserves in Pre-Hibernating Little Brown Bats ( Myotis Lucifugus )[END_REF]Saether et al. 2004). Males on the other hand, can disperse their genes with multiple mating (although these life history traits greatly depend on the species and its natural history).

But as for the first statement, males would also need a lot of energy to disperse their gametes.

(3) Seasonal breeding imposes a time shift in allocating energy to reproduction. Males do not have to retain fat as long as females going through winter, because they start spermatogenesis in anticipation of the mating season.

The place of seasonal reproduction to explain sex variability is going to be predominant in this work. It may be a committed stance, to put time shifts in energy allocation to reproduction at the centre of sex-specific physiological responses to environmental challenges, because classically the quantitative aspects of sex-specific investment into reproduction (1) are sufficient enough to explain sex-specific evolution, as testified by the niche divergence theory.

But all these hypotheses are not contradictory, and all of them could be true. It is only very difficult to decipher the origin of sex divergence in the physiological response to environmental challenges, considering the complexity and diversity of organism and their life histories.

The place of seasonal reproduction in the physiological dichotomy of the sexes

Seasonal breeders represent the vast majority of vertebrate species, as seasonality is everywhere on the globe, although latitude largely influences to which extent seasons differ [START_REF] Bradshaw | Evolution of Animal Photoperiodism[END_REF]. As seasonality seems to be predominantly implied in discriminating sexes in their own specific life history, it is worth diving in the mechanisms of the physiological sexual cycles and its control by environmental cues, in both sexes. As the "Prudent Parent Hypothesis" states, it is adaptive to repress an energy demanding reproductive activity when the conditions might impair its success [START_REF] Drent | The Prudent Parent: Energetic Adjustments in Avian Breeding 1 )[END_REF].

However, whether both sexes maximize their own reproductive success by the same mechanisms or not is still an open question. Reproduction is a complex function, that involves many organs in a succession of signals and responses. Some recent breakthrough has been made on this matter, unravelling missing links between the perception of the changing environment and its translation into reproductive quiescence or activity.

Synchronizing the circannual sexual cycle with seasons

Photoperiod is the major signal to be transduced in order to synchronize sexual activity with environmental fluctuations in seasonal breeders. Photoperiodism is ubiquitous across a broad taxa panel, from rotifers to rodents, and the predictable changes of photoperiodic response with geography makes it as a central component of fitness (Bradshaw et Holzapfel 2007, see Box 1). Along a latitudinal gradient, day length varies throughout the year (figure 2), and provides a highly reliable calendar that animals can use to anticipate and prepare for environmental change in abiotic (ambient temperature, pluviometry) and biotic features (food availability) [START_REF] Bradshaw | Evolution of Animal Photoperiodism[END_REF]. Long days (LD) refers to season where day length surpasses night length, e.i.

summer or wet season. In the contrary short-days (SD) refers to winter, or the dry season.

Melatonin was the first hormone implicated in the regulation of reproductive activity, as its secretion by the pineal gland is directly adjusted to night length (See review Arendt et Skene,2005). Light inhibits pineal activity through a neural pathway from the retina (constituted of photosensitive cells), to the suprachiasmatic nucleus (SCN, Figure 3), also called the "master of the circadian clock", and some other hypothalamic nuclei as the paraventricular nucleus (PVN) (Valerie [START_REF] Simonneaux | Generation of the Melatonin Endocrine Message in Mammals: A Review of the Complex Regulation of Melatonin Synthesis by Norepinephrine, Peptides, and Other Pineal Transmitters[END_REF]. As the duration of night time increases in winter, melatonin secretion window increases as well, while the reproductive axis is inhibited. However, it was clear that melatonin did not directly act on the gonadotropic axis, as the release of GnRH was still responsive to stimulation in either photoperiodic signal [START_REF] Simonneaux | Kisspeptin and the Seasonal Control of Reproduction in Hamsters[END_REF][START_REF] Malpaux | Melatonin and the Seasonal Control of Reproduction[END_REF].

Kisspeptin.

In her review article poetically entitled "A kiss to drive rhythms in reproduction", Valérie Simonneaux describes kisspeptin as a key factor implicated in the circannual control of the reproductive axis [START_REF] Simonneaux | A Kiss to Drive Rhythms in Reproduction[END_REF]. Kisspeptin is a peptide produced from Kiss1 gene, which was revealed to be expressed in lower levels during short days (SD), while its intracerebroventricular infusion in hamsters kept under SD exposure reactivated sexual activity [START_REF] Simonneaux | Kisspeptin and the Seasonal Control of Reproduction in Hamsters[END_REF]. As pinealectomy prevents the decrease in Kiss1 mRNA levels in SD, and melatonin injections during LD down regulates Kiss1 expression, the link between photoperiod, melatonin and the regulation of sexual activity becomes clearer. Mutations on the Gpr54 receptor of kisspeptin in GnRH neurons are associated with hypogonadism and failure to undergo puberty (de [START_REF] Roux | Hypogonadotropic Hypogonadism Due to Loss of Function of the KiSS1-Derived Peptide Receptor GPR54[END_REF], showing that kisspeptin activates GnRH release in the hypothalamus, which then induce the release of pituitary hormones (LH/FSH), sexual steroids and their self-sustained down-regulations. Kiss1 expressing neurons are mainly located in the arcuate nucleus (Arc, Figure 3) and the anteroventral periventricular nucleus (AVPV) in the hypothalamus and are subject to positive or negative feedback effects from sexual steroids (J. T. Smith 2013). In seasonal breeders, when SD exposure is artificially prolonged over 25 to 30 weeks, the system becomes refractory to the melatonin inhibitory message, a phenomenon called photorefractoriness, and animals show a complete reactivation of the reproductive axis similar to what is observed during LD [START_REF] Revel | Kisspeptin Mediates the Photoperiodic Control of Reproduction in Hamsters[END_REF].

In SD breeders, such as ewes or hippopotamus (which both have longer gestations than hamsters or smaller animals), the entire seasonal mechanism synchronizing the sexual cycle also depend on Kiss1 expression, but long winter phases of melatonin secretion would instead be stimulatory during the SD period (J. T. [START_REF] Smith | KiSS-1 Messenger Ribonucleic Acid Expression in the Hypothalamus of the Ewe Is Regulated by Sex Steroids and Season[END_REF].

Thyroid hormones.

Thyroid hormones are primarily known to be key determinants of basal metabolic activity and energy expenditure [START_REF] Kim | Thyroid Hormone as a Determinant of Energy Expenditure and the Basal Metabolic Rate[END_REF], and a pathologic up-regulations of the axis can lead to increased muscle metabolism, and glucose uptake in brown adipose tissue (BAT) [START_REF] Lahesmaa | Hyperthyroidism Increases Brown Fat Metabolism in Humans[END_REF]. Multiple evidence for a link between thyroid hormones and the regulation of circannual sexual cycle originated from a 1940' thyroidectomy in starlings, which resulted in persistent breeding [START_REF]Thyroidectomy Progressively Renders the Reproductive System of Starlings (Sturnus Vulgaris) Unresponsive to Changes in Daylength[END_REF]. Since then, many experiments showed similar results, when manipulating T3 administration in numerous seasonal breeding species (see review, Henningsen, Gauer, et Simonneaux 2016). The levels of the active form of thyroid hormone, triiodothyronine (T3), increase locally in the mediobasal hypothalamus (MBH) after transfer to LD, independently of plasma levels [START_REF] Nakao | Thyroid Hormones and Seasonal Reproductive Neuroendocrine Interactions[END_REF], while T3 receptors have been localized in the Arc.

RFRP. "RF-amide" peptides are a family of neuropeptides that possess an Arginine-Phenylalanine-NH2 string at their C-terminal extremities; RFRP-1 and RFRP-3, both members of the RF-amide family, are a critical link between melatonin and the reproductive axis (Henningsen, Gauer, et Simonneaux 2016;Henningsen et al. 2016). Indeed, RFRP labelled in the dorsomedial hypothalamus (DMH, Figure 3) and the ventromedial hypothalamus (VMH) was shown to respond to melatonin and regulate kisspeptin production. TSH administration in hamsters was followed by the reactivation of reproduction activity, with a subsequent increase in kisspeptin levels, as well as RFRP [START_REF] Klosen | TSH Restores a Summer Phenotype in Photoinhibited Mammals via the RF-amides RFRP3 and Kisspeptin[END_REF]. During short days, RFRP expression has been shown to be downregulated in several seasonal species whether they are long-day or short-day breeders (J. T. [START_REF] Smith | Variation in Kisspeptin and RFamide-Related Peptide (RFRP) Expression and Terminal Connections to Gonadotropin-Releasing Hormone Neurons in the Brain: A Novel Medium for Seasonal Breeding in the Sheep[END_REF][START_REF] Ancel | Stimulatory Effect of RFRP-3 on the Gonadotrophic Axis in the Male Syrian Hamster: The Exception Proves the Rule[END_REF], a phenomenon that would depend on melatonin as well [START_REF] Revel | Kisspeptin Mediates the Photoperiodic Control of Reproduction in Hamsters[END_REF]. RFRP-3 stimulates the gonadotropic axis [START_REF] Ancel | Stimulatory Effect of RFRP-3 on the Gonadotrophic Axis in the Male Syrian Hamster: The Exception Proves the Rule[END_REF] in male Syrian hamsters, by upregulating GnRH neurons, LH/FSH production, as well as testosterone. Additionally, chronic brain injection of RFRP-3 in SD conditions led to an increase of kiss1 mRNA expression in the Arc, and a subsequent reactivation of the breeding status. In Siberian hamsters however, RFRP-3 stimulates LH release during SD, which decreases during LD [START_REF] Ubuka | Identification, Expression, and Physiological Functions of Siberian Hamster Gonadotropin-Inhibitory Hormone[END_REF]): different pathways may then be implied depending on the species, to synchronize the circannual sexual cycle with the adequate season for reproduction.

Environmental factors and cues

Two distinctions were made concerning the environmental variables able to influence the reactivation of sexual activity [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]:

-cues, which would initiate reproduction acting as a "proximate" cause, by stimulating the neural substrates that lead to reproductive activation; here, photoperiod is the common example. In females, the cue would stimulate the gonadotropic axis enough to put the animal into a pre-breeding stage of ovarian development [START_REF]Reproduction in the Female[END_REF].

-factors, that influence the timing of reproduction, the mating event, acting as an "ultimate" cause; for example, food availability, temperature, nest sites quality, social interactions, etc. In female birds, the appropriate conditions would lead to the exponential growth stage (following the pre-breeding stage) of females' eggs, with the synthesis and the deposition of yolk.

These aspects seem to be very important in understanding the variability between males and females, as both do not have the same urgencies regarding reproduction. As explained earlier, males must invest before mating, and sometimes early during short-days, to attain full gonadal size, then to defend mating territories (in the case of birds for instance to build nests), to engage in courtship, competition to other males and access to the maximum of females [START_REF] Key | Sex Differences in Energy Expenditure in Non-Human Primates[END_REF]Lane et al. 2010;[START_REF] Gittleman | Energy Allocation in Mammalian Reproduction[END_REF]. In numerous cases (more than 80% in birds, ~10% in mammals but ~40% in primates), biparental care buffers the gap of energy investment allocated to offspring growth between males and females after mating [START_REF] Cockburn | Prevalence of Different Modes of Parental Care in Birds[END_REF][START_REF] Kleiman | The Evolution of Male Parental Investment in Mammals[END_REF]. But for monoparental breeders (female-only in the majority of cases), females invest in gestation (or highly energetic egg production in the case of birds), lactation and young care (requiring defensive behaviours, nest hygiene, etc). Cooperative breeding implicates other members of the population that are not directly engaged in the production of the offspring, as grandmothers or kin relatives. In consequence, reproductive success does not engage the same periods and does not happen during the same events between males and females. Even if reproductive readiness must be synchronized between the two sexes to maximize mating chances, important female life history traits such as time of laying egg, lactation quality, or young survival would benefit for their own adaptive timing, to match with the suitable amount of energy available in the environment. Evidence of sexdifferences in answering to the environmental cues and factors have been found; the importance of this sex difference will depend on whether the species is what called a "capital"

or an "income" breeder, i.e. can rely on energy storages (fat or food reserves) that would buffer the inter-dependence of reproductive success to the environment, or rely on available surrounding resources at the time of energy investment respectively [START_REF] Doughty | Detecting Life History Trade-Offs: Measuring Energy Stores in "Capital" Breeders Reveals Costs of Reproduction[END_REF].

Sex-bias responses to photoperiodic cues.

Earlier photorefractoriness to SD sexual inhibition in males as compared to females has been seen in many species (Perret et Aujard 2001a;Prendergast 2005); this phenomenon allows to prepare sperm stocks, stimulate territorial and competitive behaviours, which in the end promote reproductive success in the context of male-to-male competition . As Ball and Ketterson state: "Clearly, proper interpretation of sex differences in timing requires full knowledge of the natural history of the species in question" [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]. LD photoperiod has been shown to stimulate LH production in both sexes, but females' LH increase was significantly stronger (Follett, Farner, et Mattocks 1975). More precisely, RFRP-3 stimulates LH release in Syrian hamsters, while it inhibits it in the females (Henningsen, Gauer, et Simonneaux 2016). While the number of RFRP immunoreactive (RFRP-ir) neurons is similarly low between sexes during SD, it is higher in females than in males during LD (Henningsen et al. 2016). Also, the fibers of RFRP-ir neurons projecting to the median preoptic nucleus (MPN) and the AVPV are increased in SD as compared to LD in females, but not in males. The levels of GPR-147 mRNA (RFRP-3 receptor) are higher in females than in males during the all year, but the SD-induced downregulation is stronger in females (Henningsen et al. 2016). Interestingly, RFRP-1 expression is higher in female rats in general, even though the species in not a seasonal breeder [START_REF] Jørgensen | Changes in RFamide-Related Peptide-1 (RFRP-1)-Immunoreactivity During Postnatal Development and the Estrous Cycle[END_REF]. In females, other layers are added to the dynamics of the circannual sexual cycles, as the reproductive systems follows several oestrus cycles during the breeding season (depending on the species), which needs high levels of circulating oestrogens, and a LH surge to trigger ovulation.

Sex-bias responses to environmental factors. Photoperiodic stimulation alone was proven

to induce full gonadal growth in many male birds, while supplementary environmental parameters were required in females to obtain egg laying [START_REF] Wingfield | Control of seasonal reproduction in temperate-zone birds, Seasonal reproduction in higher vertebrates[END_REF]. A field experiment in Corsica followed two populations of Mediterranean blue tits breeding in different habitat with different availability of caterpillars and showed a one-month gap in the initiation of egg-laying, while all the males' reproductive system reactivated around the same time in late winter (Caro et al. 2009). In red crossbills; ad libitum food enhanced ovarian development in females, while having no significant effect on males' gonads (Hahn et al. 2005). Food quality also showed impact on females' timing of reproduction [START_REF] Reynolds | Diet Quality during Pre-Laying and Nestling Periods Influences Growth and Survival of Florida Scrub-Jay (Aphelocoma Coerulescens) Chicks[END_REF][START_REF] Schoech | Food Supplementation and Possible Mechanisms Underlying Early Breeding in the Florida Scrub-Jay (Aphelocoma Coerulescens)[END_REF]Hahn et al. 2005). As for food, Dawson showed that increased temperatures would not accelerate gonadal development in male starlings in laboratory, while females advanced their laying dates in the field over the past decades (although a laboratory experiment would be mandatory to compare results with males, [START_REF]The Effect of Temperature on Photoperiodically Regulated Gonadal Maturation, Regression and Moult in Starlings -Potential Consequences of Climate Change[END_REF]. In 1957, Farner and Wilson showed that captive males responded to daylength change in strong gonadal activity, while females did not and required additional parameters that could be found in the field, but difficult to replicate in the laboratory [START_REF] Farner | A QUANTITATIVE EXAMINATION OF TESTICULAR GROWTH IN THE WHITE-CROWNED SPARROW[END_REF]. These observations were followed by similar captivity-related blockage of the sexual activity in female birds [START_REF] Farner | Light and other Environmental Factors Affecting Avian Reproduction[END_REF], characterized by the arrest of ovarian development to the pre-breeding stage. At these times of low awareness for animal well-being, the laboratory was only perceived as "lacking favourable conditions" to optimize reproductive success. Hand-reared females on the other side readily ovulated in captivity in conditions that no wild-caught females were ever reported to do [START_REF] Baptista | Egg Production in Hand-Raised White-Crowned Sparrows[END_REF]. The 2008 review work of Ball and Ketterson did not mention "stress" in particular, as a phenomenon modulating sexual activity [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF].

While males and females don't always respond the same way, or at the same extent, to environmental cues affecting their timing of reproductive readiness, we can wonder if any unpredictable perturbation in the environment could impact sexes differently, and lead to a desynchronization. Is the flexibility of the timing for reproduction comparable between sexes, or would such sex-specific mechanisms be maladaptive in a context of climate change, when the resources availability is less and less predictable during the breeding season?

Are sexes equals in their stress responses?

A lot of very diverse environmental perturbations have been shown to induce a stress response, from predation, abrupt thermal change, injuries, epidemics, antagonist social interactions, fasting (or low food availability) or overfeeding, habitat destruction, alien noises or excess of noises, luminous pollution or pollution by chemicals, anthropogenic perturbations including tourism, fires, storms or other natural catastrophes, to cite some in a jumble [START_REF] Bradley | Urbanization and the Ecology of Wildlife Diseases[END_REF][START_REF] Baker | Review of Factors Influencing Stress Hormones in Fish and Wildlife[END_REF][START_REF] Tennessen | Anthropogenic Noise and Physiological Stress in Wildlife[END_REF][START_REF] Hing | The Relationship between Physiological Stress and Wildlife Disease: Consequences for Health and Conservation[END_REF]. With the Anthropocene and the subsequent climate change, many of these stressors have increased and are expected to grow over time, in an unpredictable manner [START_REF] Alley | Abrupt Climate Change[END_REF].

Many adaptive strategies have been observed in response, as for example phenological shifts in migration events or northern displacement of populations' distribution areas, to meet adequate environments for survival and reproduction [START_REF] Walther | Ecological Responses to Recent Climate Change[END_REF]. However, every species is not equipped with the same movement capacity, and adaptation, plasticity or even flexibility of the species have limitations. Abrupt environmental stressors, also called labile perturbation factors (LPF), raise concern in the field of ecophysiology, as they could affect the efficacy of stress response: the unpredictability, acuteness and intensity of LPFs could induce a mismatch between the nature of the stressor and the stress response, leading to an increased impact on fitness (see box1, [START_REF] Angelier | Importance of the Glucocorticoid Stress Response in a Changing World: Theory, Hypotheses and Perspectives[END_REF]Wingfield et Kitayski 2002).

The 'Life-history traits theory' is based on the principle that the energy contained in one organism is finite, and its allocation to the different functions are put in a balance; each amount

Box 1. Definition of fitness

In ecology, the term "fitness" is a dogma, and it generally mentions Darwinian fitness, a concept introduced along the theory of natural selection. The most broadly accepted definition relates to the relative success with which an individual passes its own genes to the next generation, which implies survival, reproduction, and survival of the offspring until their own reproduction. As compared to Darwin's demon, actual organisms are limited in their reproductive success and longevity [START_REF] Law | Life-History Variation in Poa annua[END_REF]. Besides, fitness would be an heritable feature, but would also be modulated by external challenges. However, many authors discuss the original definition that is somewhat confusing and would not reflect the reality of some situations [START_REF] Stearns | Natural Selection and Fitness, Adaptation and Constraint[END_REF][START_REF] Ariew | The Confusions of Fitness[END_REF]), and we now witness as many fitness definitions there is fields in biology. From "viral fitness", to "physical fitness", or "energetic definition of fitness", many physiological studies hijacked the notion to their own intensions [START_REF] Kozlowski | Energetic Definition of Fitness? Yes, But Not That One[END_REF][START_REF]Tracking of Physical Activity and Physical Fitness across the Lifespan[END_REF][START_REF] Wargo | Viral Fitness: Definitions, Measurement, and Current Insights[END_REF]. Fitness is then a good example of bridges that forms between ecological theories and physiological studies. Our use of the term will be limited to the general acceptation: each individual in our experiments are susceptible to endure modifications of their relative reproductive success and survival chance in a direct or indirect manner.

of energy used for one particular function results in the diminution of the energy available for other functions [START_REF] Stearns | The evolution of life histories[END_REF]. As for many other physiological mechanism, stress is closely related to reproduction and thus has sex-specific features. Here we will focus on the physiological stress response, its triggering mechanisms and consequences on life-history traits, and the associated sex-variability in its efficacy and impact on survival and reproduction.

3.1.

What is stress.

One hundred and thirty-one definitions of stress were reviewed in 2020, highlighting the great difficulty there is in finding a consensus suitable for so many implicated fields of science [START_REF] Geiser | Hibernation and Daily Torpor Minimize Mammalian Extinctions[END_REF][START_REF] Harris | Stress Hypothesis Overload: 131 Hypotheses Exploring the Role of Stress in Tradeoffs, Transitions, and Health[END_REF]. Since the term was first introduced to the area of physiology in 1936 (Selye 1936), the number of interdisciplinary studies increased hugely, to link the phenomenon with observations from other domains as behaviours, life-history traits or ecological disturbances. As Selye mentions, stress would be a syndrome in which the organism enters when confronted to a source, commonly referred as a stressor, that causes a physiological disequilibrium (Selye 1973). Stress is also referred as the event which disrupts allostasis (homeostasis maintained in adequations with environmental fluctuations and constraints), leading to increased stress mediators called "allostatic load" [START_REF] Mcewen | Stress and the Individual: Mechanisms Leading to Disease[END_REF]. Classically, stress is viewed as a response fitting acute perturbation (see box 2). The common example of a physiological and behavioural stress response refers to the hypothalamic-pituitary-adrenal (HPA) axis, which results in the production of glucocorticoids hormones, or else the sympathetic nervous system (SNS). However, many other pathways are also solicited in the response to a stressor, evening out the organisms'

unbalance when confronted to a perturbation. The stress response has a direct positive impact to escape acute situations that threaten survival or homeostasis (as predation, acute cold or heat), but many chronic external perturbations call for a sustained stress response (allostasis overload), which can be detrimental for the organism. Here we will review some of the principal mechanisms of stress response and their consequences on fitness.

Box 2. Semantics about stress

As stress have so many definitions, confusion can happen.

Between "stress response", "stressors", or in French, "la réponse au stress" or else "le stress", some notions can be mixed-up. In English, "stress" -or "stress response"mentions the physiological syndrome that occurs under the effect of an environmental perturbation, also the "stressor" or the "challenge". But in both languages, more often in French, sometimes the meaning of "stress" is extended to the perturbation in it-self, especially when used in the terms "environmental stress". Here, we will be careful not to generate confusions, and "stress" will refer to the physiological modulations, as described in the text, and "stressor" or "challenge" will be referring to the environmental changes. (2) how traits are connected to each other, and (3) what constraints limits the variation of traits. These questions are often tackled under the Evo-Devo scope, to explore for example why species have fast life histories, or in the contrary grow slowly and reproduce late. But physiology brings many elements for answers. In the case of the very studied trade-off between survival and reproduction, the glucocorticoid stress response favours direct survival in a context of acute stressor, but directly impacts reproductive success because of corticosteroids and sexual hormones belonging to the same metabolic pathway [START_REF] Häggström | Diagram of the Pathways of Human Steroidogenesis[END_REF]. Here, it is clear that evolution shaped stress responses to escape intense situations that can result in direct mortality. The trade-off principle implies however that whatever their benefits, these mechanisms have direct or indirect costs, and these must be optimized.

Hypothalamic-Pituitary-Adrenal axis and

pathway than sexual steroids: if one product is increased, the other is decreased [START_REF] Häggström | Diagram of the Pathways of Human Steroidogenesis[END_REF]. Besides, blood molecular transporters are the same for sexual steroids and GC but have a higher affinity for GC [START_REF] Hammond | Molecular Properties of Corticosteroid Binding Globulin and the Sex-Steroid Binding Proteins*[END_REF]). This stress response then supposes a trade-off (see box 3) between short-term survival (as an immediate outcome of the response, for example escaping a predator or fighting a sexual competitor) and long-term fitness (as a cost of the response, for example reproductive success or illness).

The case of hypometabolism as a response to environmental perturbation.

Hypometabolism is not often mentioned as a "stress" response in literature, but rather as an adaptation to predictable cyclic environmental changes like winter's decrease in food availability and cold temperatures, or resistance to hypoxia in diving animals [START_REF] Melvin | Torpor Induction in Mammals: Recent Discoveries Fueling New Ideas[END_REF]. However, it may just be a matter of semantics, as hypometabolic states have been considered as another stress responses in few articles, for example to avoid inadequate casualties of the "usual" stress response (i.e. glucocorticoid increase and hypermetabolism) in a nematode model and in a review of veterinarian medicine [START_REF] Lant | An Overview of Stress Response and Hypometabolic Strategies in Caenorhabditis Elegans : Conserved and Contrasting Signals with the Mammalian System[END_REF][START_REF] Gorr | Hypometabolism as the Ultimate Defence in Stress Response: How the Comparative Approach Helps Understanding of Medically Relevant Questions[END_REF],

and have been reported to take place in response to intense challenges as fires and storms [START_REF] Nowack | More Functions of Torpor and Their Roles in a Changing World[END_REF].

The problem with viewing hypometabolism as a stress response resides in the fact that torpor or hibernation are very predictable processes whose induction is generally triggered by food rarefaction at the onset of winter (Vuarin et al. 2015). Also, daily torpor is very synchronized with photoperiod (see box 4), which again, is very predictable. Hypometabolism is a true asset to survive, and a meta-analysis showed a decreased risk of extinction in mammals using this strategy [START_REF] Geiser | Hibernation and Daily Torpor Minimize Mammalian Extinctions[END_REF]. Heterothermy is thus primarily seen as an adaptive strategy to bypass winter challenging situations -cold and dry with few energy availability-that increases survival chances when a basal metabolism implying heat production would be too demanding to sustain self-maintenance, and reproductive success of the next season. In small sized homeotherm species metabolic rate is high, along with heat loss which requires a lot of energy to maintain body temperature and homeostasis (S. Giroud et al. 2008;[START_REF] Promislow | On Size and Survival: Progress and Pitfalls in the Allometry of Life Span[END_REF][START_REF] Brown | TOWARD A METABOLIC THEORY OF ECOLOGY[END_REF]. Heterothermy thus saves an enormous amount of energy, allowing the organism to survive intense and chronic environmental stressors (see box 4). Adapting one's metabolism rate specifically to a stressor would thus be a mean of limiting the negative effects on fitness [START_REF] Liow | Lower Extinction Risk in Sleep-or-Hide Mammals[END_REF]).

However, too much use of hypometabolism can have adverse effects, which include reduced immunocompetence [START_REF] Luis | Hibernation Patterns in Mammals: A Role for Bacterial Growth?[END_REF]Bieber et al. 2014), accumulation of oxidative stress (Wei et al. 2018), sleep debt [START_REF] Daan | Warming up for Sleep? -Ground Squirrels Sleep during Arousals from Hibernation[END_REF] or decreased synaptic efficacy [START_REF] Strijkstra | Hippocampal Synaptophysin Immunoreactivity Is Reduced during Natural Hypothermia in Ground Squirrels[END_REF]. The inability to drink or urinate while torpid results in the accumulation of metabolic wastes and dehydration stress (although debated, see (Donald W. [START_REF] Thomas | Evaporative Water Loss by Hibernating Little Brown Bats, Myotis Lucifugus[END_REF]D. W. Thomas et Geiser 1997). Because the immune function is diminished during torpor, animals may need to trigger arousals to reactivate it (Burton et Reichman 1999;B. J. Prendergast et al. 2002). Responsiveness to physical stimulation is drastically reduced, which may increase vulnerability to predation or rapid environmental changes (e.g., flooding of the hibernaculum) [START_REF] Choi | Behavior and Muscle Performance in Heterothermic Bats[END_REF]. Heterothermy is thus not seen as a basal metabolic state, with its own homeostasis equilibrium. In the contrary, the torpor optimization hypothesis states that hypometabolism should be used only if fat stores are necessary for survival or reproduction (Humphries, Thomas, et Kramer 2003), but should be avoided if the body condition secures fitness. Hence, as any other physiological pathways classified as a stress response, hypometabolism has its benefits and negative impacts. Its use in heterotherms is thus also the result of a trade-off to benefit winter survival. In this work, we will discuss sex-specific adaptations in hypometabolism, and the relative importance to store energy for males and females. We will see that for both sexes, torpor does not have the same costs, especially for reproduction. Hence, even though we are aware that placing heterothermy in the section of stress responses can be abundantly discussed, its use as a survival mechanism, expected or not, and its consequences on other life history traits, help the argumentation on sex-specific responses to environmental perturbations.

Box 4. Heterothermy

Poikilotherms are vertebrates whose body temperature (Tb) fluctuates along ambient temperatures (Ta) of their environment. In contrast, homeotherms achieved "thermodynamic freedom", as they display the ability to generate heat and maintain a constant elevated Tb over a wide range of Ta [START_REF] Precht | Homeothermy and Poikilothermy[END_REF]Geiser 2004). Heterothermy then refers to animals that exhibit characteristics of both poikilothermy and homeothermy. Especially for small animals with a high surface/volume ratio, some environmental conditions as chronic cold exposure demand high metabolic rate for heat production, which require substantial food intake. However, food availability in the wild often fluctuates, and the cost of thermoregulation may become impossible to pay (Geiser 2004): this would explain why some mammals and birds enter a state of torpor at certain times of the day or the year [START_REF] Malan | Living in the Cold: 2nd International Symposium : Proceedings of the Second Symposium on Living in the Cold, Held in Le Hohwald (France)[END_REF]Jastroch et al. 2016). Under these circumstances, some animals can reduce their metabolism by 70% (Geiser 1998) or reach a temperature of -2.9°C [START_REF] Melvin | Torpor Induction in Mammals: Recent Discoveries Fueling New Ideas[END_REF] compatible with survival. Two different types of heterothermy have been distinguished: daily torpor, which lasts less than 24h and is accompanied by daily foraging, and hibernation, a phenomenon of hypometabolism lasting several consecutive days to weeks in animals that rely more on energy stores as fat [START_REF] Ruf | Daily Torpor and Hibernation in Birds and Mammals: Daily Torpor and Hibernation[END_REF]. Torpor used to be defined by the IUPS Thermal Commission as "a state of inactivity and reduced responsiveness to stimuli", but there is growing appreciation that, in regard for its ecological and evolutionary implications, torpor is better defined by its hypometabolic induced states and energy savings outcome rather than by some level of behavioural responsiveness [START_REF] Willis | An Energy-Based Body Temperature Threshold between Torpor and Normothermia for Small Mammals[END_REF]. Geiser and collaborators highlighted the necessity to distinguishing torpor mechanisms from pathogenic hypothermia, and provided tools to recognize active control of metabolic rates and linked body temperatures by comparing dunnarts and rats (Geiser et al. 2014, Figure 4). Torpor is not as simple to describe as a generalized reduction of hypometabolism followed by a reduction in Tb in hysteresis (Geiser et al. 2014). Indeed, many studies show that one organism can display different Tb depending on the tissue. Lyman & Chatfield (1950) showed a marked differential blood flow between the abdominal and thoracic regions in the Syrian hamster, a phenomenon that could occur in several other nonflying mammalian hibernators (Lyman et Chatfield 1950;[START_REF] Grassé | Traité de zoologie: anatomie, systématique[END_REF] as well as in some bat species [START_REF] Rauch | Regional Distribution of Blood Flow in the Bat ( Myotis Lucifugus ) during Arousal from Hibernation[END_REF][START_REF] Rauch | Comparison of Regional Blood Distribution in Eptesicus Fuscus (Big Brown Bat) during Torpor (Summer), Hibernation (Winter), and Arousal[END_REF]. These studies evidenced that, in general, blood flow is mainly confined to anterior body regions during torpor arousal, supplying preferentially the myocardium, diaphragm, skeletal muscles, and brown adipose tissues. This could explain that many endotherms can still perform demanding activities (including flight) at levels of metabolic heat production and Tb low enough to result in large energy savings (Hirshfeld et O'Farrell 1976).

The response of an organism to environmental constraints by torpor is a reversible phenomenon that requires a high metabolic flexibility (Canale et al. 2011). It is this ability to undergo successive down and up regulations of metabolism without generating too much oxidative damage that gives the organism a considerable advantage in a poorly supplied environment. However, torpor inducing agents are the subject of much research, particularly in the biomedical or space research, with the promising goal of developing therapies for the preservation of organs subjected to prolonged hypoxia, or even methods of artificial hibernation [START_REF] Bouma | Induction of Torpor: Mimicking Natural Metabolic Suppression for Biomedical Applications[END_REF]Malatesta, Biggiogera, et Zancanaro 2007;[START_REF] Vecchio | DADLE Induces a Reversible Hibernation-like State in HeLa Cells[END_REF][START_REF] Melvin | Torpor Induction in Mammals: Recent Discoveries Fueling New Ideas[END_REF]. The result is a large number of hypotheses concerning the regulatory mechanisms of hypometabolism, which is perceived as a highly controlled process rather than a functional decline. Decreased ambient temperature, fasting, and photoperiod are all environmental parameters cited as inducers [START_REF] Melvin | Torpor Induction in Mammals: Recent Discoveries Fueling New Ideas[END_REF]. These have little influence on the "quality" of torpor (defined by the authors according to arbitrarily chosen parameters of duration and intensity of torpor, but without ever verifying the impact on weight loss or reproduction), which depends mainly on factors related to the state of the individual: body mass, age and sex [START_REF] Trefna | The Influence of Sex and Diet on the Characteristics of Hibernation in Syrian Hamsters[END_REF]).

The latter is identified in a small number of publications [START_REF] Healy | Sex Differences in Torpor Patterns during Natural Hibernation in Golden-Mantled Ground Squirrels ( Callospermophilus Lateralis )[END_REF]Gür et Gür 2015), and affects the timing of induction, duration of torpor and awakening.

3.2.

What we know about sex-imbalance in response to stressors.

Evidence for sex bias in the HPA response to stress are legions, especially in rats (see review [START_REF] Heck | Sex Differences in the Hypothalamic-Pituitary-Adrenal Axis' Response to Stress: An Important Role for Gonadal Hormones[END_REF]. The increase of total corticosterone and ACTH levels following an acute stressor have been shown to be more robust in females than males [START_REF] Handa | Gonadal Steroid Hormone Receptors and Sex Differences in the Hypothalamo-Pituitary-Adrenal Axis[END_REF][START_REF] Babb | Sex Differences in Activated Corticotropin-Releasing Factor Neurons within Stress-Related Neurocircuitry and Hypothalamic-Pituitary-Adrenocortical Axis Hormones Following Restraint in Rats[END_REF][START_REF] Maclusky | Sex Differences in Corticosteroid Binding in the Rat Brain: An in Vitro Autoradiographic Study[END_REF], as well as a delayed return to baseline levels and negative feedback mechanisms. However, as GC are bound to corticosteroid-binding globulin (CBG) to be conveyed in the blood and made available to target cells, evidence of females' CBG greater binding activity leads to reconsider the difference of active-free GC between sexes [START_REF] Gala | Corticosteroid-Binding Globulin in the Rat: Studies on the Sex Difference[END_REF]. The regulation of the HPA stress response is thus subject to variation depending on the sex, with less free-CORT available for a negative feedback. Interestingly, while women are often described as more prone to chronic stress-related diseases [START_REF] Bangasser | Sex Differences in Stress-Related Psychiatric Disorders: Neurobiological Perspectives[END_REF], they show lower cortisol increase in response to acute psychosocial stress [START_REF] Kajantie | The Effects of Sex and Hormonal Status on the Physiological Response to Acute Psychosocial Stress[END_REF], and they benefit from a greater life expectancy, confirmed in many mammal species [START_REF] Kudielka | Sex Differences in HPA Axis Responses to Stress: A Review[END_REF][START_REF] Lemaître | Sex Differences in Adult Lifespan and Aging Rates of Mortality across Wild Mammals[END_REF]. We can argue that even if females experience more intense stress response than males, its regulation and repair mechanisms may be enhanced. Behavioural observations of females trying to pacify a stressful situation by grooming or submitting instead of fighting or running away, having a "tend-or-befriend" response instead of a "fight-or-flight", were put in touch with females' specific hormonal profiles, especially oxytocin and endorphins which can also regulate norepinephrine and cortisol [START_REF] Taylor | Biobehavioral Responses to Stress in Females: Tend-and-Befriend, Not Fight-or-Flight[END_REF]. A lack of nuance may be inadequate to evaluate sex-variability in the stress response, as it can be very contrasted. Stating that either males or females are more vulnerable to stressors is a risk considering the great complexity of physiological mechanisms. In line with this, the existence of a sex-specific oxidative balance is debated, as it can either come from an increase in oxidative damage, or a dysregulation of the antioxidant machinery. In a recent meta-analysis, parental care was spotted as a potential factor: in species that do not provide parental care, females showed larger oxidative stress than males (mainly reptile and fish species), while the same conclusion was not true in species taking care of their offspring [START_REF] Costantini | Meta-Analysis Reveals That Reproductive Strategies Are Associated with Sexual Differences in Oxidative Balance across Vertebrates[END_REF]. The hypothesis behind is that the amount of energy, and thus the generation of ROS, invested in egg production would exceed males' investment in gamete genesis, and the amount of remaining energy to self-maintenance and antioxidant mechanisms would be inferior in females. The additional costs associated to social interactions in species involved in parental care (however diverse the modalities can be, with biparental, monoparental (mainly female-only), and cooperative breeding) may even the imbalance of oxidative stress between sexes. While males are often involved in competitive interactions which demand great metabolic activity and may trigger HPA axis, mothers may have evolved to resist intense energy expenses associated with their reproductive mode (gestation, lactation, and young care) (see [START_REF] Costantini | Meta-Analysis Reveals That Reproductive Strategies Are Associated with Sexual Differences in Oxidative Balance across Vertebrates[END_REF]. Indeed, in-vitro study revealed an antioxidant property of oestrogens, but not testosterone, carried by the phenolic structure of the molecule (Sugioka et al., 1987). Additionally, a positive correlation was observed between oestrogen and Gluthatione Peroxydase (GPx, an antioxidant enzyme) [START_REF] Massafra | Variations in Erythrocyte Antioxidant Glutathione Peroxidase Activity during the Menstrual Cycle: Glutathione Peroxidase Activity during Menstrual Cycle[END_REF], which supports the hypothesis of an estrogen-dependent regulation of the antioxidant machinery. However, because testosterone can be metabolized into oestradiol and dihydrotestosterone, their respective oxidative/antioxidant properties may be difficult to decipher. This idea was explored in 2012 in birds [START_REF] Casagrande | Differential Effects of Testosterone Metabolites Oestradiol and Dihydrotestosterone on Oxidative Stress and Carotenoid-Dependent Colour Expression in a Bird[END_REF], which showed an antioxidant activity of oestradiol only in both sexes. Other evidence of a link between reproduction, its sex-specificities, and oxidative balance was shown in rats, were castration induced a decrease in SOD activity in both sexes, but more intensely in females, and highly increased lipid peroxidation in females only (in a model of myocardial damage) [START_REF] Barp | Myocardial Antioxidant and Oxidative Stress Changes Due to Sex Hormones[END_REF]. In healthy aged rats, a better oxidative balance in females was observed: while they displayed higher respiratory function, equal ROS production between sexes was evidenced, in parallel with greater antioxidant enzyme activity [START_REF] Guevara | Sex-Dependent Differences in Aged Rat Brain Mitochondrial Function and Oxidative Stress[END_REF].

As for the oxidative balance, hypometabolism showed some variability between sexes. Even if energy expenses allocated to reproduction are commonly thought to be greater in the case of females, these last have shown amazing capacities in reducing their metabolic rate in relation to breeding events. Several species using different degrees of hypometabolism showed enhanced use of the mechanism in females in a context of gestation or lactation [START_REF] Lennox | Polar Bears (Ursus Maritimus), the Most Evolutionary Advanced Hibernators, Avoid Significant Bone Loss during Hibernation[END_REF]Canale, Perret, et Henry 2012a;[START_REF] Mcallan | Torpor during Reproduction in Mammals and Birds: Dealing with an Energetic Conundrum[END_REF], or even in anticipating the mating season (Humphries, Thomas, et Kramer 2003;[START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]Czenze, Jonasson, et Willis 2017). This phenomenon has been linked to increased resistance to disease or food shortage in the "thrifty female hypothesis" [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]. Unlike the HPA axis, torpor seems to have little effect on reproduction for females, and an increasing number of species are reported to use it during breeding events ( see review

McAllan et Geiser 2014), while spermatogenesis is halted when deep torpors or hibernation are expressed (Gagnon et al. 2020;[START_REF] Barnes | The Influence of Hibernation on Testis Growth and Spermatogenesis in the Golden-Mantled Ground Squirrel, Spermophilus Lateralis[END_REF]. The impact of this mechanism on reproductive success may thus be sex-dependent and could force males to use less torpor than females during the harsh season, when spermatogenesis is active. As non-seasonal breeder representatives, female rats showed greater recruitment of brown adipose cells implicated in thermogenesis in a context of caloric restriction, as well as a greater resistance to oxidation in relation to a greater activity of uncoupling proteins (UCP) (Valle et al. 2007;Rodrı ǵuez-Cuenca et al. 2002;[START_REF] Guevara | Sex-Dependent Differences in Aged Rat Brain Mitochondrial Function and Oxidative Stress[END_REF]. The "decision" to trigger hypometabolism seems however largely dependent on the environmental context, and would hardly be forecasted as constantly more used in females. For example, pregnant female bats were recorded to maintain normothermic body temperatures during spring migration, while suffering consistently less water loss than males, which entered torpor more frequently [START_REF] Cryan | Sex Differences in the Thermoregulation and Evaporative Water Loss of a Heterothermic Bat, Lasiurus Cinereus, during Its Spring Migration[END_REF].

Surely sex variability in response to stress is difficult to apprehend and interpret, mainly because of the complexity and large panel of implicated mediators, as well as their connection to the reproductive axis, drawing an infinite web of molecular relationships from the cellular to the ecological scale. However, we believe that stress response and its impact on fitness is adapted to sex-specific life history traits. Here we aimed at exploring the hypothesis of an advantage in females in the response to chronic energy demand, in relation to gestation, lactation or young care, which can last an entire summer, and in some species several years.

In contrast, males acute stress response seems to be more tamed and resolved quicker, maybe as an adaptation to male-to-male competition, territoriality, and aggressive ephemeral and intense interactions. The chronicity/acuteness of stressors, or energy demanding biological functions, are indeed widely documented to be sex-biased in the wild, although not specifically presented in the basis of their duration in time. But these sex-variations in the adaptation to different stressors may be problematic, even maladaptive, for species' ability to survive new and more frequent unpredictable environmental perturbations.

Ecological consequences of a sex-imbalance in stress response.

As the stress response may ultimately impacts fitness, either by reducing reproductive success or by limiting long-term survival, we could expect a difference in mortality between sexes. Many examples of increased mortality in one or the other sex have been reported. For example, females of meadow breeding birds suffer from 12% more loss than males due to mowing during nesting period [START_REF] Grüebler | Female Biased Mortality Caused by Anthropogenic Nest Loss Contributes to Population Decline and Adult Sex Ratio of a Meadow Bird[END_REF]. As a result of the skewed sex-ratio, population dynamics modelling showed a 1.7 times faster decline in local population. Similar to this, many bird species have been reported to suffer from human activities, in an increased manner in one of the two sexes [START_REF] Stienen | SEX-BIASED MORTALITY OF COMMON TERNS IN WIND FARM COLLISIONS[END_REF][START_REF] Ferrer | Man-Induced Sex-Biased Mortality in the Spanish Imperial Eagle[END_REF]. One more example is the eggcarrying copepod females that suffer higher mortality due to predation [START_REF] Hairston | The Causes and Consequences of Sex-Specific Mortality in a Freshwater Copepod1: Sex-Specific Mortality[END_REF] , illustrating the fact that the species concerned by a sex-biased mortality might be everywhere in the phylogenetic tree. Sex dimorphism and specific behaviours due to sexual selection have been incriminated to explain many examples of sex-biased mortality [START_REF] Lemaître | Sex Differences in Adult Lifespan and Aging Rates of Mortality across Wild Mammals[END_REF], although males' ornamentation and courtship was not proved to be implicated in lower survival due to predation [START_REF] Hebets | More Ornamented Males Exhibit Increased Predation Risk and Antipredatory Escapes, but Not Greater Mortality: Ornamentation and Predation in a Wolf Spider[END_REF]. In male-biased population, an increase of sexual harassment and aggression toward females induced female mortality in sheep and lizards [START_REF] Réale | Female-Biased Mortality Induced by Male Sexual Harassment in a Feral Sheep Population[END_REF][START_REF] Galliard | Sex Ratio Bias, Male Aggression, and Population Collapse in Lizards[END_REF]. This is one of many arguments to justify a more rapid collapse of a sex-biased population, which can happen on either side -male or female-of the skew (Grayson et al. 2014;Wedekind 2002;[START_REF] Galliard | Sex Ratio Bias, Male Aggression, and Population Collapse in Lizards[END_REF]. It has been pointed out that even if sexual reproduction is at the core of many ecological and evolutive theories, sex has been overlooked in population dynamics (Bessa-Gomes, Legendre, et Clobert 2010), and two-sex models are in fact more accurate to predict extinction risk compared to the usual one sex-models [START_REF] Caswell | Two-Sex Models: Chaos, Extinction, and Other Dynamic Consequences of Sex[END_REF].

In regard of the catastrophic consequences a sex-bias in mortality could have for population extinctions, it would be a matter of importance to assess more acutely sex differences in stress response and its impact on fitness, collect more data on this subject in a variety of species to better understand the mechanisms behind, and predict the repercussions on wild populations.

Microcebus murinus: a relevant model to study sex specific responses to environmental stressors.

Microcebus murinus is a small nocturnal primate from Madagascar (Figure 6), and seasonal breeder, that is well described to use torpor (Giroud et al. 2008;Vuarin et al. 2015). Even though the species is considered monomorphic [START_REF] Gomez | Mutual Mate Choice in a Female-Dominant and Sexually Monomorphic Primate[END_REF] proposed, the huge increase in the number of mouse lemur species is today controversial [START_REF] Tattersall | Madagascar's Lemurs: Cryptic Diversity or Taxonomic Inflation?[END_REF].

Anatomy. With a total adult length of about 26 cm (including the tail), and a body mass ranging from 60 to 120g in captive conditions, Microcebus murinus is one of the smallest primates in the world, even though it is also the largest mouse lemur. As an arboreal primate, the grey mouse lemur has a muscular hindquarter, opposable thumbs and dermatoglyphics that secure stability on branches and insurance in locomotion. The presence of a tapetum lucidum upholstering the large retinas of the lemur testify for its nocturnal life style [START_REF] Pariente | The role of vision in prosimian behavior[END_REF].

Habitat. In 1975, the grey mouse lemur was listed in the Convention on International Trade in Endangered Species (CITES). Even if the species shows decreasing population trends, it is included in the Least Concern section of the UICN Red List. M. murinus is however considered to be one of Madagascar's most abundant small native mammals (Figure 8). The grey mouse lemur can be found within very large geographical distribution [START_REF] Tattersall | The primates of Madagascar[END_REF], covering all kind of forest habitat. The species occupies a "fine branch" niche [START_REF] Martin | A preliminary field-study of the lesser mouse lemur (Microcebus murinus J. F. Miller 1777)[END_REF] Longevity. If referring to population dynamic studies conducted in the field, the life span of the grey mouse lemur is relatively short, averaging approximatively 3-4 years of age in wild conditions [START_REF] Goodman | A Review of Predation on Lemurs: Implications for the Evolution of Social Behavior in Small, Nocturnal Primates[END_REF][START_REF] Ganzhorn | Different Population Dynamics of Microcebus Murinus in Primary and Secondary Deciduous Dry Forests of Madagascar[END_REF][START_REF] Lahann | Geographic Variation in Populations of Microcebus Murinus in Madagascar: Resource Seasonality or Bergmann's Rule?[END_REF]. Such a short lifespan in the wild is explained by the predation and environmental pressure that characterizes the field. In the breeding colony of Brunoy, analysis of survival from 254 male mouse lemurs allowed to determine the mean life span (mean ± SEM:

5.5 ± 0.2 years), the mean life span of the 10% of the most long-lived animals (10.0 ± 0.2 years). Hence, mean lifespan can reach 8 to 10 years (Martine [START_REF] Perret | Change in Photoperiodic Cycle Affects Life Span in a Prosimian Primate (Microcebus Murinus[END_REF]. A maximum lifespan of 12 years has even been observed. This longevity is exceptional for such a small size as compared to rodent lifespan [START_REF] Austad | Primate Longevity: Its Place in the Mammalian Scheme[END_REF].

Raptors, small carnivores and snakes are the most dangerous predators for grey mouse lemurs [START_REF] Goodman | A Review of Predation on Lemurs: Implications for the Evolution of Social Behavior in Small, Nocturnal Primates[END_REF]. Studies indicate an approximate predation rate of 25% (percent population taken by predator per year), the highest known for any primate species [START_REF] Goodman | A Review of Predation on Lemurs: Implications for the Evolution of Social Behavior in Small, Nocturnal Primates[END_REF]. Chosen nests usually display holes with the minimum diameter possible, probably to prevent exposure. In addition to predation, strong daily variations in Ta have also been identified as potential threat for survival in the mouse lemur. The choice of nests with great insulative capacities is thus put under great selective pressure to promote survival and reproductive success. Diet. Mouse lemurs are solitary, omnivorous and opportunistic foragers [START_REF]A review of the behaviour and ecology of the lesser mouse lemur (Microcebus murinus)[END_REF][START_REF] Corbin | Insect Secretions Determine Habitat Use Patterns by a Female Lesser Mouse Lemur (Microcebus Murinus)[END_REF]Radespiel et al. 2006;[START_REF] Dammhahn | Comparative Feeding Ecology of Sympatric Microcebus Berthae and M. Murinus[END_REF]. Almost half of the diet consists of insects, such as beetles, which are the primary insect prey, but also moths, praying mantis, fulgorid bugs, crickets, A rapid search on PubMed allows to notice the relative weak number of scientific publications orbiting around sex differences in Microcebus murinus, especially in a context of environmental stress. Looking closer at these works, the majority of problematics greatly digress from our issue, and spread uniformly around various biological domains, with 25% of the publications allocated to behavioural studies, 12% to neuro-endocrinology or 15% to the question of aging.

The growing multiple interests around Microcebus murinus, a small long-lived primate, concern both the side of health and ecology researches, as its captivity in laboratories is quite recent and restricted to the individuals brood from historically captured animals. Studying ecophysiology, our work logically took information from both fields: about half of the publications were based on data collected in the wild, and the other half were conducted under laboratory conditions. It comes out that the questions surfacing from field studies systematically call for verifications in the lab to perform more advanced follow-up, and conclusions extracted from experimental conditions would never be confirmed if not by a trial in the infinitely more complex and variable conditions of the natural environment. (BAT) is involved in non-shivering thermogenesis (NST), mainly in the daily arousal from torpid state (Génin et al. 2003). Also, nest sharing is an important way to reduce energetic costs, and allows supplementary energy savings during resting, accounting for almost 20 -40 % decrease in energy expenditure [START_REF] Perret | Energetic Advantage of Nest-Sharing in a Solitary Primate, the Lesser Mouse Lemur (Microcebus Murinus)[END_REF]. Additionally, insulative tree holes allow mouse lemurs to remain torpid for a longer time, and increase energy savings during hypometabolism (Schmid 1998). Daily torpor is thus an efficient way to face food shortage or drastic drop in Ta, and can be optimized when associated with nest-sharing strategies in tree holes with great insulative properties. 

Survival and sex-ratio bias in natural and captive populations: what links with a potential intersexual variability to stress response?

In the Gray mouse lemur, contrary to the vast majority of mammals, females' longevity does not exceed the one of males. Their average and maximal lifespan in experimental conditions (45.5 ± 2.1 months and 79.3 ± 3.3 months respectively) are influenced to the same extent by successive seasonal photoperiodic rhythms, namely short days (SD, 10h of light and 14h of dark) that simulate the dry season (or winter) in Madagascar, followed by long days (LD, 14h

of light and 10h of dark) which mimic summer and successfully initiate reproduction in this species [START_REF] Perret | Change in Photoperiodic Cycle Affects Life Span in a Prosimian Primate (Microcebus Murinus[END_REF]. In wild lemur populations, the sex-ratio is well balanced, sometimes slightly in the advantage of males , in contrary of what we can observe in most mammal species or non-human primates [START_REF] Kappeler | Causes and consequences of unusual sex ratios among lemurs[END_REF]. The sex-ratio index is often used as a survival rate estimator and in some publications allows to approach the effect of sex in high-risk behaviours using a capture-mark-recapture method. In Microcebus murinus, one study led to characterize survival index in both sexes, discriminating winter, period of lesser activity, and summer, when animals reproduce (Kraus, Eberle, et Kappeler 2008). While they showed no sex-ratio bias in adults during the dry season, males' survival at the onset of summer was 16% inferior to the one of females, making the short period of mating a sex-biased risky event. Amongst the young however, winter males' survival was lower than females' (Females= 0.701 ± 0.075, Males= 0.506 ± 0.069), as young males disperse during their first year, while females stay in kin groups.

Misplaced behaviours.

Male Microcebus are the object of a behavioural theory, "the risky male", which explains the difference of mortality between sexes during the reproductive season by behavioural components as territoriality and dispersal (Kraus, Eberle, et Kappeler 2008).

Furthermore, intersexual competition for natural resources are in favour of females in Microcebus murinus, as they are dominant over males [START_REF] Hohenbrink | Shades of Gray Mouse Lemurs: Ontogeny of Female Dominance and Dominance-Related Behaviors in a Nocturnal Primate: Ontogeny of Behavior in Mouse Lemurs[END_REF]. In nature, females defend nests the more isolated from the ground (4 metres far from the ground in average in females, against 0.77 metres for males, p-value=0.009), and whose walls are significantly more thick (two time thicker in average in females' nesting spots) [START_REF] Radespiel | Sex-Specific Usage Patterns of Sleeping Sites in Grey Mouse Lemurs (Microcebus Murinus) in Northwestern Madagascar[END_REF]. Only 3% of females nest in shelters made of leaves, against 22.8% of the males, which contributes to testify to females' dominance and advantages in habitat composition compared to males. This difference of habitat could have a skewed "buffering effect" on environmental challenges between the two sexes, making an argument to support the niche divergence theory [START_REF] Shine | Ecological Causes for the Evolution of Sexual Dimorphism: A Review of the Evidence[END_REF]. Finally, Grey mouse lemur males sleep exclusively alone, contrary to Brown mouse lemurs (Microcebus rufus) [START_REF] Génin | Who Sleeps with Whom? Sleeping Association and Socio-Territoriality in Microcebus Griseorufus[END_REF], while females gather in small groups; also the occupation of nests are prolonged on a daily basis compared to males. Exposition to predators, resources availability, and thermal variations seem thus disproportionately sexbiased in nature.

From behaviour to physiology. Such environmental conditions divergence could impose more stress on males Microcebus murinus, and survival differences observed between sexes during the reproductive season could be explained-aside from increased exposure to predation according to the risky male theory-by an exhaustion of energy reserves in males at the exit of winter. In 2014, Hämäläinen and collaborators dosed cortisol metabolites in faeces (fGCM) and showed no significant differences between sexes, whatever the time of sampling males have an inferior survival rate to the one of females during the short period of mating, at the onset of the wet season (Kraus, Eberle, et Kappeler 2008), it is during the dry season that the highest levels of cortisol are described in the faeces [START_REF] Hämäläinen | The Stress of Growing Old: Sex-and Season-Specific Effects of Age on Allostatic Load in Wild Grey Mouse Lemurs[END_REF]. We make the assumption of an energetic debt acquired during winter, were males would display higher metabolic rates, and would spend more energy than females in surviving the harsh conditions of the dry season, ending by an acute mortality at the time of mating occurring just after, when big energy expenses are required (territoriality, male-male confrontations, access to females, escaping predators because of higher visibility, etc…). The discussion around the relationship between body mass and cortisol levels deserves to be underlined. The grey mouse lemur being a monomorphic species, results showing sexual bias in metabolic rate -indirectly-are surprising compared to species with a marked dimorphism, where differences in body size and ornamentation complexity (secondary sexual characters) could explain such gap in energy expenses (Leigh & Terranova, 1997). There is however a significant intersexual variability in body mass, fluctuating throughout the year and dependent on the season in Microcebus murinus. In nature, females store fat before entering winter and can lose up to 31.7% of their body mass during winter, but males hardly gain weight and their body condition stays approximately the same between the beginning and the end of the "inactive" phase [START_REF] Schmid | Sex-specific differences in activity patterns and fattening in the gray mouse lemur (Microcebus murinus) in Madagascar[END_REF]. In captive conditions, animals follow a weight dynamic in line The opposed correlations of fGCM and BM between males and females seem to match with the description of activity levels observed during winter in natural conditions [START_REF] Schmid | Sex-specific differences in activity patterns and fattening in the gray mouse lemur (Microcebus murinus) in Madagascar[END_REF]), when 73.1% of adult female are considered "inactive", i.e. frequently using torpor, while only 18.9% of the males express the same phenotype. For a male, high BM would be associated to a higher metabolic activity, subsequently higher levels of circulating cortisol, while for a female, high BM would not be associated with overactivity, sparing more energy reserves than the males throughout winter. Corroborating this, a 2018 recent study associated an increase in oxidative stress (8-OHdG) to winter mass loss in males (Terrien et al. 2018). Moreover, torpid females' Daily Energy Expenditure (DEE) is reduced by 24.2% compared to a normothermic female during the dry season, while torpid or normothermic males' DEE do not differ [START_REF] Schmid | Daily energy expenditure of the grey mouse lemur (Microcebus murinus): a small primate that uses torpor[END_REF]. In laboratory conditions, aside from all sex-bias in environmental constraint, a thermal preference for hotter temperatures is spontaneously expressed in females during short days, contrary to adult males (Terrien, Perret, et Aujard 2010a). Beside all the differences in behaviour exposing males and females grey mouse lemurs to unequal challenges, which could explain in themselves sex differences in energy expenditure, there is a variability in physiological features implied in energy management depending on the sex, which could ultimately contribute to uneven survival chances under environmental stressor.

4.2.

A risky male and a thrifty female; are physiological and behavioural theories explaining sex differences in stress response in accordance with the grey mouse lemur model?

In polygynandric species, in which multiple mating are submitted to females' choice (F. Génin, Schilling, et Perret 2005a) [START_REF] Eberle | Selected Polyandry: Female Choice and Inter-Sexual Conflict in a Small Nocturnal Solitary Primate (Microcebus Murinus)[END_REF], males with bigger energy storage are those that would be the most favoured in the competition to access partners. In addition, they would have more energy available to allocate in testicular growth and spermatogenesis [START_REF] Hämäläinen | The Stress of Growing Old: Sex-and Season-Specific Effects of Age on Allostatic Load in Wild Grey Mouse Lemurs[END_REF]) [START_REF] Ferrer | Man-Induced Sex-Biased Mortality in the Spanish Imperial Eagle[END_REF]. In this species, males invest greatly in spermatogenesis, which is a circannual process of sperm production representing up to 5.6% of animals' total mass (Aslam et al. 2002a). This amount of gamete implies the activation of males' sexual activity before the photoperiodic transition to summer, which burdens males with supplementary energy expenses during the unfavourable winter season of low food availability (Dammhahn et Kappeler 2008b). All the articles discussing intersexual variability in mouse lemurs, observed either on populations sex-ratios, survival rates, body mass, or physiological parameters such as body temperature or cortisol levels, explain the observed differences on the basis of accentuated environmental and physiological constraints in males compared to females.

On the opposite, some works focus on the specific question of females' reproduction, and the energy expenses allocated to oestrus, gestation and lactation. The term "reproductive resilience" describes females' capacity to maintain offspring regardless of environmental perturbations (Canale et al. 2012), and is closely related to the fitness definition (i.e. the capacity of a genotype to reproduce, see box 1), with the added notion of "flexibility" that characterizes the studied phenotypes; An experimental chronic 40% caloric restriction (CR) applied to females showed that most of the parameters associated to reproductive success were preserved (timing of oestrus, oestrogen levels, mating success, brood sizes and young survival until weaning), except a delay in young growth during lactation, confirming that milk production is too demanding in energy to be easily compensated (Canale et al., 2012). In 2012, the use of torpor was observed during gestation while females were submitted to an intense 80% CR (Canale, Perret, et Henry 2012b). In lactating females however, torpor did not prevent weight loss, which depend on the caloric treatment applied previously to these females at the end of winter (80% CR=14.9%, 40% CR= 3.3%, CTL= 4.5% of BM loss). Considering this information, we can argue that females grey mouse lemurs are also submitted to strong energy expenses allocated to reproduction, whose success, although taking place during the most environmentally favourable period of the year, is linked to winter conditions. Indeed, females' energy reserves allocated to the reproductive event in summer rely on females' capacity to store fat during the unfavourable winter season. The idea of a "thrifty female" [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF] is never mentioned in literature on Microcebus murinus, but the organization of its seasonal reproduction and the shift between males and females energy investment in reproduction, the differences in BM loss between sexes, sure makes us think that this particular theory should fit to this species.

For a species evolving in a highly seasonal and fluctuating environment as Madagascar, births coincide with the period when food and water are the most abundant (Dammhahn et Kappeler 2008b), which sustains females' energy expenses allocated to reproduction. While males' spermatogenesis happens during winter, with low food availability, we are tempted to speak about "niche favouritism". Surely the time-shift in maximum energy expenses observed between males and females, and consequently niche divergence at the time of those expenses, implied sex-specific selection pressures. For a female, maximizing reproductive success would mean emerging from winter with enough energy saved to initiate the sexual cycle. For a male, maximizing reproductive success would imply gaining enough energy before winter to invest chronically during a period of shortage. Consequently, males would tend to lose more weight than females during winter, as previously observed, while females would keep this fat storage until lactation about 2 months after the onset of summer. Whether these shifts in physiological, behavioural and environmental status between sexes are associated to a difference in response to environmental challenge and its outcome on body mass and fitness, has still to be explored in a direct comparison between males and females. The TFH [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF] is not discussed enough in literature on seasonal breeders, and the organization of Microcebus murinus circannual life cycle (box 6), with the shift between males and females energy investment in reproduction, and the differences in BM loss between sexes, sure gives us an opportunity to tackle the theory using this species.

Box 6. Reproductive peculiarities of the Grey mouse lemur.

As seasonal Malagasy primates, Grey mouse lemurs' reproduction present many features of an adaptation to cyclic environmental variations. Because winter, or the "dry season", provides too few nutritive elements to support big energy expenses, the species enters an anestrous phase, a "quiescent" state that is accompanied by more intense and frequent torpors to lower energy needs and avoid too much caloric waste. During the photoperiodic transition to summer, as the environment provides more water and food to the animals, the reproductive axis enters an active phase, whose timing appears to be sex-specificat least in its macroscopic manifestations. Here we will provide a description of the genital anatomy and reproductive cycle of each sex of Grey mouse lemurs, trying to highlight its remarkable peculiarities.

Females' masculinity. Drea and Weil remarkably mentioned the sex-unbalance in primates external genital descriptions (including humans), where males' sexual anatomy and physiology benefits from huge scientific documentation since 1943, while females' corresponding literature is quite rare [START_REF]External Genital Morphology of the Ring-Tailed Lemur (Lemur Catta): Females Are Naturally "Masculinized[END_REF]. Ironically, female lemurs present unusual external genitalia that reminds male penises, where the urethra is part of a long and pendulous clitoris. It has been described in Cheirogaleids [START_REF] Grassé | Traité de zoologie: anatomie, systématique[END_REF], ring-tailed lemurs [START_REF]External Genital Morphology of the Ring-Tailed Lemur (Lemur Catta): Females Are Naturally "Masculinized[END_REF] and Microcebus (Petter-Rousseaux 1962), with similar masculinized features that can be drawn closer to the extreme example of male-like female spotted hyenas [START_REF] Cunha | Development of the External Genitalia: Perspectives from the Spotted Hyena (Crocuta Crocuta)[END_REF]). These species are thus distinguished from other mammals in view of their sexual anatomy, as well as females' dominance over males [START_REF] Ostner | Intersexual Dominance, Masculinized Genitals and Prenatal Steroids: Comparative Data from Lemurid Primates[END_REF]. The exact origin of masculinization remains under questioning, as the implication of androgens in the natural development of male-like characters is variable (see review [START_REF]Endocrine Mediators of Masculinization in Female Mammals[END_REF].

Grey mouse lemur females present a seasonal sexual cycle, that can be easily assessed by visual examination of the external genitalia (figure 13). During the entire dry season (or winter), the vagina is closed and the vulva displays a thin cicatricial line. At the summer transition, females enter an active sexual phase that begins with the reddening of the line, which then swells up and bursts to open the "new" vagina at the time of the estrus and receptivity to mating during 3 days (Petter-Rousseaux 1962). After copulation, a sperm-plug seals the opening ephemerally, until it falls or the female removes it to accept new mates. In grey mouse lemurs, the vagina closes again during the two-month gestation and reopens at parturition. Three estrus episodes can occur during summer if the first one is not followed by fecundation (Perret et Aujard 2001a). Each time, the vagina closes itself progressively in 5 to 10 days [START_REF] Petter-Rousseaux | Recherches sur la biologie de la reproduction des primates inferieurs[END_REF]. When reproduction is successful after a two-month gestation, litters can count up to 3 pups (exceptionally 4), who are weaned one month after birth (in breeding conditions). At the end of summer, the offspring generally stay with the mother forming a kin group to endure winter [START_REF] Radespiel | Patterns and Dynamics of Sex-Biased Dispersal in a Nocturnal Primate, the Grey Mouse Lemur, Microcebus Murinus[END_REF].

Males and the struggle to mate. Testis are the main sexual attributes that allow to easily assess the sexual status of a male. During the first half of the 6-month dry season, males show a flat scrotum, as testis make only few millimeters (Figure 14). About 16 weeks before the transition to summer, testicles rapidly gain size (Perret et Aujard 2001a); by the end of winter, males can harbor testis about the size of their head. Grey mouse lemurs display many features of a species submitted to spermatic competition (Aslam et al. 2002a;[START_REF] Wedell | Sperm Competition, Male Prudence and Sperm-Limited Females[END_REF]. Moreover, the sperm plug remaining after copulation is supposed to prevent further mating before fecundation (although multipaternity is not rare in this species; Petter-Rousseaux 1962; personal data).

Relatively important penile spinosity (a score of 3 over 5) of males Microcebus murinus also add to the finding that the competition amongst males is strong during the mating period, as a significant negative association was found between the presence and the size of spines on the penis' surface of male primates, and the duration of females' receptivity to mating [START_REF] Stockley | Sperm Competition Risk and Male Genital Anatomy: Comparative Evidence for Reduced Duration of Female Sexual Receptivity in Primates with Penile Spines[END_REF]. The hypothesis behind this relation implies that penile spines would increase or exaggerate the copulatory vaginal-cervical stimulation and thus reduce further sexual activity of the females, limiting sperm competition. These mating strategies look like an arm race between males for the access to females, which are dominant in Microcebus murinus [START_REF] Gomez | Mutual Mate Choice in a Female-Dominant and Sexually Monomorphic Primate[END_REF].

Sex-shift in reproductive activity in the Grey mouse lemur.

In captive conditions, the first proestrus of the year appears about one week after the transition to a summer-like period, or exposure to long days (LD, 14 hours light, 10 hours dark). However, in a previous experiment of continuous exposition to SD, females entered estrus spontaneously about 30 weeks after SD initiation, displaying an endogenous circannual sexual cycle (Perret et Aujard 2001a). In males, spermatogenesis and the subsequent growing of the testis begins during the second half of the SD period (a 6-month exposure to 10 hours light, 14 hours dark mimicking winter), many weeks before the females apparent "awakening" of the reproductive axis. Consequently, it seems that the control of the sexual cycle is different between sexes, as females show high dependence to the LD photoperiod exposure to initiate reproductive activity, while males do not.

Hypotheses and experimental designs

Considering the previous information, our goal was to provide evidence for a sex-biased stress response in Microcebus murinus, and check on a possible impact on their respective fitness.

We had several main initial hypotheses on this matter:

(1) At the end of summer, after all reproductive events, males and females still express different metabolic responses to food shortage, even in captive conditions.

(2) Females Microcebus murinus express a thriftier phenotype than males during winter, and are good candidates to fit the "thrifty female hypothesis" [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]. As such, they will lose less body mass than males during winter, possibly by using different torpor profiles.

(3) Males will lose more body mass than females during the second half of winter, in a negative correlation with testicular growth. Their energy expenditure should be higher than females', and they should express shorter torpor bouts.

(4) As a consequence of their respective energy profiles, the stress response should impact male's and female's fitness differently.

Which stressor to choose?

Although it was considered to explore different type of stressors (as short sessions of running on a moving walkway, exposure to a fake predator, etc.), we focused on food shortage using various modalities as the time of the year, the intensity and duration, to trigger a physiological modulation. Considering caloric restriction as a stressor is debatable. Indeed, caloric restriction has been robustly demonstrated to improve maximum life span in mammals, including primates [START_REF] Masoro | Overview of Caloric Restriction and Ageing[END_REF][START_REF] Pifferi | Caloric Restriction Increases Lifespan but Affects Brain Integrity in Grey Mouse Lemur Primates[END_REF]) and this effect was correlated with the reduction of oxidative damage accumulation in several experiments (for review, see Sohal et Weindruch 1996). However, some intense CR initiated glucocorticoid response in several cases [START_REF] Palmblad | Effects of Total Energy Withdrawal (Fasting) on the Levels of Growth Hormone, Thyrotropin, Cortisol, Adrenaline, Noradrenaline, T4, T3, and RT3 in Healthy Males[END_REF][START_REF] Tomiyama | Low Calorie Dieting Increases Cortisol[END_REF][START_REF] Nakamura | Systematic Review and Meta-Analysis Reveals Acutely Elevated Plasma Cortisol Following Fasting but Not Less Severe Calorie Restriction[END_REF], and it is well known to be responsible for body mass loss, which ultimately is deleterious [START_REF] Young | Fat, Energy and Mammalian Survival[END_REF], especially in the wild where food availability may be unpredictable. Moreover, caloric restriction has been massively studied as it can initiate torpor bouts in small heterothermic mammals, as Microcebus murinus (Vuarin et al. 2015;Sylvain Giroud et al. 2008; Cindy I. Canale et al. 2012b). The large amount of results on this subject allowed us to compare data and make enlightened decisions on how and when to apply the treatment. In the breeding colony of Brunoy, animals are fed with a fresh mixture composed of eggs, concentrate milk, cereals, spicy bread, cream cheese, and water, that can be weighted and standardized in order to apply the caloric restriction. The lemurs were also given controlled portions of fresh banana, and were provided with ad libitum water.

To apply a small stressor, enough to simulate winter "natural" food shortage, we used a chronic 5-month 40% caloric restriction, compared to a fixed portion of mixture and banana (CTL treatment). For this type of stressor, we expected to record little cortisol response, but differences in hypometabolism use between males and females.

This treatment was also experienced in a more intense way at the end of winter and during summer during two weeks (80 and 60 % CR respectively) to act as acute stressors. Here we expected to see more contrasted use of the HPA axis, especially during summer when the food shortage is unexpected and could induce a high cortisol increase. However, as torpor use has been reported during both times of the year, we also monitored metabolic rate and body temperatures.

How to assess the stress response?

In an integrative and comparative (females vs. males) approach, we measured various energyrelated parameters at different scales, from the whole organism (respiratory metabolism using indirect calorimetry, metabolic and sexual hormones) to the cellular level (mitochondrial respiration of cultured fibroblasts) and stress-related indicators (urinary and blood markers of oxidative damage and anti-oxidant activity) to better describe the physiological mechanisms modulated by CR from perception of the stress, to response and coping. Hereunder is a list of the various parameters that were used, but protocols are provided in the article sections.

HPA axis

Total Cortisol ELISA (urine)

Concentrations normalized by urinary creatinine

Product of the HPA axis. Urinary dosage has been shown to correlate with blood concentrations [START_REF] Beisel | Physiology of Urinary Cortisol Excretion[END_REF]. Impacts many functions of the organisms, as metabolic rate, blood pressure, heart rate, glycaemia. 

Oxidative balance

Metabolic activity

Total Thyroxine (T4) ELISA (plasma) Thyroid hormone, correlates with metabolic activity [START_REF] Kim | Thyroid Hormone as a Determinant of Energy Expenditure and the Basal Metabolic Rate[END_REF]. 

Fasting glycaemia

Female

Reproductive status

Visual assessment Rating redline/proestrus/oestrus/anoestrus. (see box 6, figure 13)

Testis size

Direct measurement Measurement of both testis from 0, to 0.5, 1, 1.5 and 2.

(see box 6, figure 14)

Fitness

The definition of fitness is discussed in box 1, and many physiological markers are commonly used to reflect relative fitness of the individuals. Here, some of the previous parameters will allow us to draw a portrait of our animals' survival chances and reproductive success:

-Body mass (BM): In the same species, it seems rather intuitive that a low body mass would be associated to decreased survival chance, especially during a period of low food availability.

Lipids, their distribution and quantity, can be stocked to go through periods of fasting, and have many positive impacts on fitness [START_REF] Young | Fat, Energy and Mammalian Survival[END_REF]. Even under an evolutive perspective, selection is believed to have favoured rapid growth and attainment of large size because of enhanced survivorship and, in some taxa, increased fecundity [START_REF] Lindstedt | Seasonality, Fasting Endurance, and Body Size in Mammals[END_REF][START_REF] Millar | Fasting Endurance and the Evolution of Mammalian Body Size[END_REF]. In a seasonal species that do not develop pathologies associated to rapid weight variations, like Microcebus murinus, a high BM can be a marker of increased survival chance. On the opposite, a higher BM loss in a context of CR would mean decreased survival ability.

-8-OHdG: 8-hydroxydeoxyguanosine (8-OHdG) is the most frequently detected and studied DNA lesion [START_REF] Wu | Urinary 8-OHdG: A Marker of Oxidative Stress to DNA and a Risk Factor for Cancer, Atherosclerosis and Diabetics[END_REF][START_REF] Valavanidis | 8-Hydroxy-2′ -Deoxyguanosine (8-OHdG): A Critical Biomarker of Oxidative Stress and Carcinogenesis[END_REF]. It can both affect nuclear or mitochondrial DNA, as an oxidized nucleoside. Oxidized nuclear DNA undergoes repair: the products, which include 8-OHdG, are soluble in water and are excreted in urine without being metabolized. Numerous evidences have indicated that urinary 8-OHdG might be a risk factor for cancer, atherosclerosis and diabetes, and that oxidatively damaged nucleosides also accumulate with age [START_REF] Cooke | Monoclonal Antibody to Single-Stranded DNA: A Potential Tool for DNA Repair Studies[END_REF]).

-Mitochondrial reserve capacity (MtRC): or spare respiratory capacity, is the difference between basal and maximal respiration. This indicates the ability of a cell to meet an increased energy demand. A decreased MtRC can be associated with mitochondrial dysfunction. An increase may reflect enhanced oxidative capacity, mitochondrial biogenesis or increased substrate provision [START_REF] Divakaruni | Analysis and Interpretation of Microplate-Based Oxygen Consumption and PH Data[END_REF]).

-Cortisol: Basal corticoids levels are predicted to increase with environmental challenges, and are also responsible of decreased allocations to reproduction and self-maintenance [START_REF] Angelier | How Does Corticosterone Affect Parental Behaviour and Reproductive Success? A Study of Prolactin in Black-Legged Kittiwakes: Corticosterone, Prolactin and Parental Behaviour[END_REF]). Hence, increased basal corticoids are expected to be negatively correlated with fitness [START_REF] Bonier | Do Baseline Glucocorticoids Predict Fitness?[END_REF]).

-Time of oestrus, testis size, number of pups and their growth rate, are part of the definition of reproductive success (Cindy I. Canale et al. 2012b).

How to answer the question of sex-variability in the stress response and its link to reproduction?

PART 1: Sex-specific response to caloric restriction after reproductive investment.

Males and females grey mouse lemurs expressed heterogeneous physiological events occurring over the 6-month period of summer. At the end of the season, and after all reproductive investments in captive conditions, they would likely express variable metabolic status and efficacy in their response to an unpredicted environmental stress. We tested the occurrence of sex-variability in the response to caloric restriction CR on the well-suited model of M. murinus. We monitored 6 males and 6 females in a comparative approach, over an acute 2 weeks-60%CR induced at the end of summer after all reproductive events. We expected evidence of a higher impact of CR on males with different metabolic strategies of coping expressed between sexes.

PART 2: Assessing females' thrifty phenotype during winter

As males and females grey mouse lemurs showed variable body mass dynamics during winter, with males starting to lose weight from the middle of the SD period and females retaining fat until the end, we expected to prove females "thrifty phenotype" by directly comparing sexes in their energy balance after CR. To assess variability in their stress response, we monitored PART 3: Linking the thrifty phenotype to energy allocation to reproduction.

It has been shown that spermatogenesis is halted during hibernation or torpor bouts (Gagnon et al. 2020). As males reactivate their reproductive axis during the second half of winter (M Perret et Aujard 2001), we make the hypothesis that they would have to use shorter torpor bouts and longer periods of normothermic activity each day, in order to prepare for the mating season. This would be in line with the fact that Microcebus murinus display all characteristics describing sperm competition: the reproductive success of males would be linked to the quantity of produced sperm and the good timing of males' readiness. To trigger a stress response, we applied an acute short CR during the second half of winter, when spermatogenesis is occurring. Compared to wintering females, males would thus lose weight rapider during winter (as it should be confirmed with our long-term follow up).

Moreover, to link sex-difference in physiological response with reproduction during this period, we equipped males and females with Desloreline subcutaneous implants shortly after SD initiation, a GnRH agonist which blocks the gonadotropic axis at the hypothalamic level (Bertschinger et al. 2006). This molecule has been proved to work efficiently in various mammal species, in both males and females, and show no secondary effects endangering animals' health. By doing so, we aimed to eliminate the energetic costs of spermatogenesis in Indeed, many species organize their reproductive schedule around the most favorable period (e.i. summer or wet season) to support juvenile growth and survival, and thus invest energy allocation in different biological tasks accordingly. To buffer the costs of the unfavorable season on fitness, many species store fat and share the strategy of "capital breeding" [START_REF] Doughty | Detecting Life History Trade-Offs: Measuring Energy Stores in "Capital" Breeders Reveals Costs of Reproduction[END_REF][START_REF] Varpe | The Adaptive Value of Energy Storage and Capital Breeding in Seasonal Environments[END_REF]. Still, because mating must be prepared upstream in order to produce gametes, and then is followed by the development and growth of the offspring, energy expenses vary in amplitude while happening in more or less challenging environmental conditions.

However, few information is available when we question the inter-individual's variability of the energy balance strategies, even though they can be particularly important. Some observations of intersexual differences in torpor and hibernation abilities raised the question of an imbalance in energy management between sexes. In the little brown bat (Myotis lucifurus), females managed to retain more fat going through winter than males, which caused the formulation of a "thrifty female hypothesis" (TFH), that would confer an advantage to females upon environmental challenges [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]Czenze, Jonasson, et Willis 2017). In polar bears (Ursus maritimus), only females enter hibernation when they are in gestation [START_REF] Lennox | Polar Bears (Ursus Maritimus), the Most Evolutionary Advanced Hibernators, Avoid Significant Bone Loss during Hibernation[END_REF], and adult males ground squirrels express shorter torpor bouts than females (Gür et Gür 2015). These sex-specific expressions of hypometabolism are likely to be linked to males' own agendas of spermatogenesis, which requires energy expenses during winter before the mating season (Gagnon et al. 2020;[START_REF] Barnes | The Influence of Hibernation on Testis Growth and Spermatogenesis in the Golden-Mantled Ground Squirrel, Spermophilus Lateralis[END_REF]). Females on the other hand, are known to reactivate their reproductive axis by responding to photoperiodic change when transitioning to summer [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF][START_REF] Simonneaux | Generation of the Melatonin Endocrine Message in Mammals: A Review of the Complex Regulation of Melatonin Synthesis by Norepinephrine, Peptides, and Other Pineal Transmitters[END_REF].

In consequence, when males produce high quantities of gametes during low food availability, females stay quiescent and spare energy stores until the favorable season. On the other hand, females' allocation to reproduction is largely thought to be superior to males', especially because of lactation in mammals, which is recognized to require the most energy expenditure(Cindy I. Canale, Perret, et Henry 2012;Clutton-Brock, Albon, et Guinness 1989) . However, although females will mostly rely on their fat reserves to fuel such demanding process, they can also compensate high energy expenditure with increased foraging in an energy-favourable context. All these reasons are likely to cause a gap of energy balance between sexes during winter, either from an adaptation to high reproductive expenses in females, or from a direct consequence of active metabolism during low food availability for males.

Evidence for another case of thrifty females have been shown in grey mouse lemurs (Microcebus murinus), a highly seasonal and heterotherm Malagasy primate able to enter deep winter torpors (Génin et Perret 2003;Giroud et al. 2008) . Indeed, males and females express strong differences in their body mass fluctuations over winter, as males begin to lose weight around the middle of the season concomitantly to testicular growth initiation [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]Terrien 2018), while females keep their fat storage until summer when mating takes place. In nature, females store fat before entering winter and can lose up to 31.7% of their body mass during the season. In contrast, males' capacity to gain weight seems to be weaker and their body condition stays approximately the same between the beginning and the end of the "inactive" phase [START_REF] Schmid | Sex-specific differences in activity patterns and fattening in the gray mouse lemur (Microcebus murinus) in Madagascar[END_REF]. Moreover, females were described to use deeper and longer torpor bouts than males to face food rarefaction at the onset of winter season in field conditions (Vuarin et al. 2015). The expression of sex-specific thrifty phenotypes during winter could thus very well depend on environmental conditions, as shown by the different responses of captive and natural populations. No experimental study has yet directly compared sexes in their physiological response to caloric restriction, to determine whether males and females adapt their metabolism differently going through winter, and their specific reproductive tasks.

We monitored body mass and body temperature on 12 males and 12 females over the entire 6-month winter period, applying a chronic 40% caloric restriction to 6 individuals of each sex group. By doing so, we looked to explore the link between food shortage and the expression of sex-specific hypometabolism during winter. Indeed, we expected to find optional use of torpor especially in males, constrained to elevate their metabolic rate to perform spermatogenesis in anticipation of the photoperiodic change. The use of deep or frequent torpors would thus be beneficial for males during winter only in a context of caloric restriction.

We thus established daily profiles of body temperature at different time points of the follow-up, because torpor is often evaluated on its duration, defined by a threshold of 33°C (Geiser et al. 2014). In this study, we will thus rarely use the term "torpor", but rather "heterothermy", which represents body temperature variations in a continuous scale; by doing so, we aimed to better describe males' and females' particular metabolic fluctuations throughout winter. As we expected females to conduct deeper and longer torpor bouts than males, we hypothesised they will lose less body mass than males in response to CR, confirming the TFH. Because food shortage is a usual environmental challenge during winter, we did not expect any impact on reproductive success, either on males or females. Experimental design Animals were fed every day of the week, except on Saturdays, where they were fed twice as much for the week-end. They received a control ration (Control treatment 'CTL') of 22g of mixture and 7g of banana (28.21 kcal.day -1 ) for one month at the onset of winter. Then, animals were divided into two groups of 12 mouse lemurs (6 males, 6 females). One group was kept under CTL feeding for the rest of the experiment, and the other was fed daily with a 40% reduced ration until the end of winter (Caloric Restriction 'CR', 16.92 kcal.day -1 ), inducing a sufficient caloric stress to mimic food scarcity. They were monitored with weighing one-time a week to follow their body mass ('BM' in g) and their general condition. As all animals were gaining too much weight -some reaching obesity -all feeding regimen were reduced by 20% on the 12 th week of winter (CTL = 22.57 kcal.day -1 ; CR = 13.54 kcal.day -1 ).

Materials and Methods

Tested

Body sizes (BS) was measured from the tip of the nose to the anus in order to calculate Body Mass Index (BMI= BM/BS, in g.cm -1 ), and testis size was monitored once a week for males (rated from 0 to 2 based on their size and consistency: 0= testes are up in the abdominal cavity and scrotal sacs are loose; 0.5= testes descend and measure 1 cm put together; 1= 2 cm; 1.5 = 3cm; 2= 4cm and are consistency becomes harder).

Body temperature. Mouse lemurs were implanted with ANIPILL capsules (Bodycap,Phymep)

into their abdominal cavity. Surgical procedures were performed under general anesthesia (Valium 0.5mg/ 100g; Ketamine 2 mg/ 100g; isoflurane maintenance) and per-operating analgesia (Before surgery: Buprenorphine 0.05mg/kg IM 30 minutes, local cutaneous injection of lidocaine around the abdominal aperture; after surgery: renewal of buprenorphine 4 hours later, then meloxicam PO for 2 days). At the end of the experiment, the implants were easily removed by the same procedure and no inflammatory lesion was observed. This method allowed to record individuals' body temperature (Tb) every 15 minutes. Tb was analyzed over the entire winter as minimal Tb registered each day ('Tmin', in °C), and its time of expression ('Hmin', in minutes from light switch off at 17:00). We completed the study of body temperatures with a phenological analysis of torpor use, were each individual was considered successfully using torpor as long as its weekly averaged Tmin was below 33°C (Génin et Perret 2003).

To better describe the use of heterothermy in these animals, median Tb variations were also Reproduction. When the 6 months of SD exposure were over, the animals were switched to LD photoperiod and time of estrus was monitored. When females were ready to mate, they were individually put in the same cage as two males, one CTL and one CR, taking into account their respective maternal lineages. The lemurs were monitored daily to look for sperm plugs, and females were retrieved from the mating cages 3 days after. Successful gestations were recorded, as well as the number of offspring and their growth rate. Reproductive success was based on the number of pups that survived until week 6 in the case of females, and for males this parameter was normalized by the number of mating events in which they engaged (one male saw only one female, and another saw 3 females because of the different time of estrus and maternal lineages). Paternities were assessed from skin samples using 9 microsatellites sequences (see Supplementary materials). Sex ratio of the offspring per adult were calculated dividing the number of juvenile males with the total number of pups.

Statistical analyses.

Results shown are given as median ± standard deviation (s.d) in Figures and Table . Statistical analysis was conducted with R software v 4.0.0 (R-Core-Team, 2020), and tests were considered significant when p-values were below 0.05. Temporal analysis was performed using GAMM models ('mgcv' 1.8-31 package; Woods 2017), when justified with the apparent nonlinear evolution of the explained variable over time, and the statistical significance of the smoothed terms. We averaged each explained variable (BM, Tmin, %Torpor) over the week for the GAMM analysis, as daily parameters were too heavy to compute. Every model presented in Table 1 was confronted to a null model with an anova test, in order to validate that the explained variable did vary with time in a non-linear way, and that it depended on sex and caloric treatment (i.e. that the interaction of the smoothed term with experimental groups is significant; CF: CTL females, RF: 40%CR females, CM: CTL males, RM: 40%CR males).

An inter-individual effect was integrated as a random variable.

We applied linear mixed models with random individual effect on the other parameters (see table 2) to test the effect of sex, caloric restriction, winter time (whether linear for Hmin or as a qualitative factor, i.e. early, mid or late winter), and their interaction. Body mass was included in models only when its effect on the explained variable was significant. For non-Gaussian parameters, generalized mixed models with random effects were used when supported by the data sets (used family is written in table 2). Non-parametric Wilcoxon test were used for posthoc analysis.

Results

Daily Minimal body temperature vary throughout winter depending on sex and caloric restriction.

Winter daily minimal Tb (Tmin) evolved throughout winter in a nonlinear way (see Figures 2A and2B; models 3, 4 and 5 Table 1). Plotted medians and standard deviations of Tmin over time (in days) showed that Females' Tmin dropped drastically up to 26°C between day 50 to 75, regardless of the CR, while males Tmin was strongly dependent on food restriction, as CR males Tmin was around 25°C, and CTL males around 32°C. Females differed by caloric treatment after day 110, as CTL females' Tmin plateaued around 34°C, while CR females Tmin oscillated between 25 and 30°C until the end of winter. Around day 110, males were no longer different, with a Tmin increasing toward 35°C to attain a plateau until the end of winter, regardless of the food regimen.

GAMM modelization showed significant effect of experimental groups to explain Tmin variations throughout winter (see Table 1; all groups model 3: AIC=2582, r-sq.= 0.631; only caloric treatment model 4: AIC= 2706, r-sq.=0.57; only sex model 5: AIC=2712, r-sq.= 0.568).

Females showed a relatively similar Tmin fluctuations over winter regardless of the caloric treatment (Figure 2A), while males differed strongly in torpor depth (Figure 2B). CR males had much lower Tmin in the middle of winter than CTL males, as well as strong fluctuations over time when CTL males' Tmin remained relatively stable. Added as a linear quantitative variable, BM had no effect on Tmin, and did not improve GAMM modelization of Tmin over time. However, BM integrated in interaction with time in the smooth term of the model significantly explained Tmin variations (Figure 3, model 10 Table 1). This allowed to visualize that BM had not the same impact on Tmin over time depending on the sex and caloric treatment. CTL Females and males had very different profiles, as bigger females entered deeper hypothermia especially during early to mid-winter (Figure 3A), while males had a relatively constant Tmin depending on both BM and time of winter (Figure 3C). CR individuals had a flexible Tmin depending on BM and winter progression. CR females weighing 80 to 100g entered into deeper hypothermia than bigger ones, especially between weeks 5 to 25 (Figure 3B) but all individuals except the ones under 80g remained under 28°C. In CR males, individuals under 160g experienced hypothermia under 28°C between week 5 to 20, but warmed up rapidly after if they were under 120g. However very heavy animals (over 150g) were observed only in CTL groups, and these fitted values were very unlikely to be observable in CR groups. Phenological analysis of torpor use showed strong differences between sexes and caloric treatment (Figure 4; models 7, 8 and 9 Table 1). All experimental groups rapidly reached 100 % of individuals using torpor around week 5 of winter except for CTL males (Figure 4B), where only 60% of the animals used torpor during the experiment. In females (Figure 4A), CTL and CR groups differed on the duration of the maximum plateau, as less and less CTL females entered torpor shortly after mid-winter (~ week 13), while all CR females used torpor until the end (~week 25). CR males on the other hand ceased to use torpor sooner around week 20 ( 7weeks before summer transition), as did CTL males. 

Time of minimal Tb expression depends on sex and ingested food quantity. As shown in

Figure 2C and 2D, Hmin was quite stable throughout winter in every groups and oscillated around 08:00 to 09:00. However, Hmin pics showed that Tmin expression was drastically advanced during the day in a cyclic way, especially in female groups. These phenomena happened every Sunday, as animals were fed twice as much on Saturday for the week-end, leaving Sunday without new food supply. GAMM analysis of Hmin was not justified by the significance of s(days) smooth terms. Globally Hmin variation over winter was linear, so a linear model was applied to these data. Results showed that females expressed their minimal Tb (Hmin) significantly earlier on Sundays, while males did not (Figure 5A; F= 3465.2, p <000.1).

Time (in days), BM, and Tmin also had a significant effect on Hmin, as it slightly decreased over time (meaning Tmin was expressed earlier at the end of winter; Figure 5B), increased with BM (the fatter animals were, the later they expressed their minimal Tb during the day;

Figure 5C), and decreased with Tmin (the deepest the torpor, the latest its time of expression;

Figure 5D). 

Daily body temperature profiles analysis. Analysis of daily Tb variations over the 24h cycle

showed that minimal Tb (Tmin) dropped between the beginning and the middle of winter, according to the feeding regimen and regardless of the sex (which confirms the visual analysis of Tmin variation over winter), as CR animals showed much lower p-value=1). Thus, at the end of winter females seemed to maintain flexibility in the regulation of their body temperatures, while males showed unconditional recovery of a normothermic profile. Duration of heterothermy (HTD) increased in all individuals between early and midwinter (Figure 6B). At the end of winter, it decreased in every experimental groups, with a particularly drastic intensity in CR males. Speeds of entry in heterothermic state (Vdrop) increased in males from early to mid-winter regardless of the feeding treatment, while it decreased drastically in CR females and stayed similar in CTL females (Figure 6C). At the end of winter both male groups' Vdrop decreased, while females' increased, discriminating the two sexes regardless of the caloric treatment which only appeared to have an effect on females.

Speed of normothermia recovery (Vrise) was relatively stable during the first half of winter, except for CR males whose Vrise strongly decreased (animals regained normothermic status less rapidly). It decreased in the second half of winter for CR animals, increased in CTL males and remained stable in CTL females (Figure 6D). 

Body condition fluctuations during winter depend on caloric treatment, but not on sex.

The relevance of GAMM modelization for the analysis of BM fluctuations was confirmed with the high significance of smoothed time variable, in interaction with experimental groups (Table 1: s(weeks):CF p-value< 0.0001; same result for each group). Animals all consumed their rations entirely. BM fluctuations were identical between sexes throughout winter in function of the caloric treatment (Figure 2E and 2F), as CTL individuals gained weight at a high pace in the beginning of winter to reach a plateau at mid-winter, when CR animals gained BM much slowly during the first half of winter and slimed down slowly afterwards, independently of the sex. However, females had an overall higher BM than males, but this was erased when reported to body size (BS), as females were 1 cm taller than males (Females BS were 13.8cm vs. 12.8 cm for males; p-value<0.001). Withdrawing sex effect in interaction with the temporal smooth term allowed to discriminate a better model to explain BM fluctuations (see models 1, 2 and 3, Table 1; Group interaction AIC=4617 and r-sq. =0.736; only caloric Treatment interaction AIC= 4593 and r-sq. =0.737; only sex interaction AIC= 5116 and r-sq.= 0.604), which strengthens our graphic interpretation of BM being only influenced by time and feeding regimen, regardless of the sex.

Reproductive success. Testis growth was continuous and happened with a similar rate in CTL and CR males from week 13 until week 23 of winter (Figure 2F). In CR males, the onset of testis growth was congruent with the beginning of BM loss. In females, no estrus was observed during the entire winter, and no delay after the transition to LD, depending on the feeding regimen (CTL females= 8.5 ± 4.3 days from PP change; RC females = 9 ± 4.4 days, W=20, p= 0.81). Six mothers (3 CTL and 3 CR females) produced offspring, with 6 fathers ( 2CTL and 4 CR males), and 2 litters originated from multipaternities (details of mating groups are provided in supplementary material). The number of offspring produced and which survived did not differ significantly according to sex and CR (CTL females = 1 ± 0.53 and CR females= 1.16 ± 0.66, p= 0.86; CTL males = 0 ± 0.52 and CR males = 0.83 ± 0.60, p= 1). However, total mass of the litters at birth and at 6 weeks tended to differ between mothers depending on the caloric treatment applied during winter (CTL females = 13.6 ± 2.7 at birth and 91.2 ± 5.5 at 6 weeks vs. CR females = 14.5 ± 3.1 then 104.7 ± 6.3, W=0, p=0.07 and W=0, p=0.1 respectively). Neither mothers, nor fathers conceived litters with a sex ratio bias, and CR had no significant impact on this parameter (CTL females =0.25 ± 0.5, CR females = 0.5 ± 0.3, W= 5.5, p= 1; CTL males= 0.25 ± 0.4 and CR males = 0.5 ± 0.3, W=18, p=1). Finally, when the offspring were weaned, female's BM did not differ according to CR or reproductive success (with offspring: CTL =90 ± 29.3 g; CR = 95 ± 16.5 g; without offspring: CTL= 111 ± 26.0 g; CR= 128 ± 16.5 g).

Discussion

Because a decrease in body temperature (Tb) follows a decrease in metabolic activity (Geiser et al. 2014), heterothermy is seen as an energy saving mechanism in a context of food depletion. Caloric restriction is known to induce torpor or hibernation in many species, including

Microcebus murinus (Vuarin et al. 2015;Giroud et al. 2008). However, the intersexual variability of these responses is poorly studied. With this winter follow-up, we assessed sex specific variations of body temperatures in a daily and seasonal basis. Moreover, we aimed to confirm the TFH in Microcebus murinus, as the species shows high reproductive seasonality.

On torpor or heterothermy, which term to choose?

Heterothermy is a complex phenomenon, during which one animal can exhibit different Tb depending on the tissue (Hirshfeld et O'Farrell 1976), which can lead to observations of animals performing demanding activities (as flight) under low recorded Tb (Canale, Perret, et Henry 2012;Hirshfeld et O'Farrell 1976;Willis, Brigham, et Geiser 2006). Here we placed the captors intra-abdominally to be in contact with the reproductive organs' environment -as opposed to rectal or skin recorded Tband we worked on a continuous scale of Tb, to acknowledge nuances in thermic responses throughout winter. Geiser and collaborators highlighted the necessity to distinguish torpor mechanisms from pathogenic hypothermia, and provided tools to recognize active control of metabolic rates and linked body temperatures by comparing dunnarts and rats (Geiser et al. 2014). In our long-term study on wintering Microcebus murinus, we witnessed many different profiles of daily Tb variations (see Supplementary materials), from squared and shallow Tb dives to profound but quick torpor bouts. These results should be the subject of further investigation, to determine their relationship with metabolic activity and sex effect.

Nevertheless, we performed our present analysis on all profiles by registering Tmin and the duration of lower Tb compared to each individuals' own Tb upper plateau (normothermic state). Some profiles could not either be defined as "torpors" in the sense that they stayed above the 33° threshold which is often used (Canale et al. 2011;Giroud et al. 2008), but still presented rapid recovery to the normothermic state, unlike passive warming up in case of hypothermia as described in Geiser's paper. As we could not use neither term in a systematic way, we rather used "heterothermic" activity, or duration (HTD), to avoid inducing misconceptions from our methods.

Income males, capital females: thermic strategies in response to CR during winter match sex-specific adaptation to seasonal reproduction. Males and females displayed

different minimal body temperature fluctuations throughout the short-day (SD) period depending on the feeding regimen (Figure 2A and2C). During the first half of winter, all females -CTL and CR-showed a progressive decrease in their daily Tmin to approximately 27°C, while only CR males attained these minima (and under). CTL males on the other hand, stayed above 30°C during the entire winter. If we used the threshold of 33°C that is frequently taken to spot torpor (ref), it is unlikely we would have observed such gap between CTL and CR males. The use of hypometabolism thus seems much more mandatory for females, regardless of the feeding regiment, while it remains flexible in males throughout winter .

Moreover, the duration of heterothermy (HTD) in males was lower compared to females, especially in CTL situation, which strengthens the hypothesis that the hypometabolism strategy would be more beneficial for females than males during the first half of winter, even before the recrudescence of spermatogenesis. After week 20, all males uniformized as CR males stopped using deep torpors (Figure 2B and4B).

Moreover, we observed a high modulation of the thermic response in females under additional food restriction, even 24h fasting, on Sundays (Figure 5S). On Saturdays, animals were fed twice as much for the rest of the week-end, but they probably ate all their rations at once, especially for the CR animals. Looking closer at the daily Tb profiles, females entered shallow torpors during the usual times (between 07:00 and 17:00) on Sundays, then entered a second torpor bout, more profound, at the end of the day (beginning at 17:00 and continuing until Monday to wake up on that day later at 17:00) (Supplementary figure). The time of daily Tmin expression (Hmin) appeared then highly carried backward in time especially for CR females (and at a lesser extent in CTL females, and a much lesser extent in males whatever their feeding regimen), but they performed deeper and longer torpors on Monday until the next food intake. Males on the other hand stayed active during the night between Sunday and Monday, probably looking for food, and reached Tmin as usual. Some males still managed to follow females' strategy though, which underlines the high inter-individual variability of torpor profiles, even if it doesn't mask a sex effect.

Torpor or hibernation, both hypometabolism strategies, have been shown to bring negative side-effects, as the generation of oxidative damage during arousals, or downregulation of the immune system [START_REF] Luis | Hibernation Patterns in Mammals: A Role for Bacterial Growth?[END_REF]Bieber et al. 2014;Wei et al. 2018). As males have the necessity to be a minimum active for spermatogenesis (Gagnon et al. 2020;[START_REF] Barnes | The Influence of Hibernation on Testis Growth and Spermatogenesis in the Golden-Mantled Ground Squirrel, Spermophilus Lateralis[END_REF]), it may be more beneficial for them to avoid profound hypometabolism if they can get enough energy from the environment (e.i. CTL rations). In the meantime, females would be selected to capitalize their energy reserves until summer in case of unexpected perturbation, no matter the current food availability, especially in an hypervariable habitat like Madagascar [START_REF] Dewar | Evolution in the Hypervariable Environment of Madagascar[END_REF]. On this topic, "Capital breeders" are opposed to "income breeders"

for their ability to rely on energy storage which buffers environmental challenges when high expenses are necessary to achieve reproductive success [START_REF] Doughty | Detecting Life History Trade-Offs: Measuring Energy Stores in "Capital" Breeders Reveals Costs of Reproduction[END_REF]. Other species showed such sex variability in the use of hypometabolism, as polar bear females which enter gestation only when they are pregnant [START_REF] Lennox | Polar Bears (Ursus Maritimus), the Most Evolutionary Advanced Hibernators, Avoid Significant Bone Loss during Hibernation[END_REF]. Considering our results and the ones that gave birth to the TFH, where females retain more fat than males during winter, we may refine the capital breeder idea by adding a sex-effect.

Are female Microcebus murinus thriftier than males? While males and females did not

show the same thermic responses to CR during winter, or the same use of torpor under CTL ration, they shared the same energy balance. Even if the amplitudes in BM might slightly differ between males and females, as CTL males got fatter than CTL females, and CR males could be thinner than CR females (effect erased with BS normalization), the BM fluctuations during the whole SD period did not significantly differ by sex, but rather by caloric treatment (Figure AEA and 2F). This goes against the previous observations in the general breeding colony, where males start to lose weight during the second half of the SD 6-month regimen, while females retain their BM until the transition to LD, and even until they start lactating if they were successful in reproduction [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. The reason for males' earlier BM loss has been linked to their photorefractoriness to SD inhibitory effect on the reproductive axis and the concomitant recrudescence of testis growth and spermatogenesis occurring around week 13 after the transition to SD (although Perret et Aujard showed a recrudescence around week 16 but this may be due to different measurements methods). In the case of Microcebus murinus, male gamete production is likely to be an energy consuming process, as they present all the features describing sperm competition, with a high spermatogenic efficacy and motility and low percentage of defect (Aslam et al. 2002;[START_REF] Harcourt | Testis Weight, Body Weight and Breeding System in Primates[END_REF]). Moreover, spermatogenesis has been directly linked to shorter torpor bouts, as it demands a higher metabolic rate to perform (Gagnon et al. 2020). This would mean a "double cost" for males in winter, because they first have to spend energy in reproductive success during low food availability, and second must lower their best chance in saving energy (e.i. torpor) in order to perform spermatogenesis, explaining ultimately higher BM loss than females.

Here, we rather showed that males not only kept their BM during the second half of winter when submitted to a CTL ration (which was close to an ad libitum regimen if considering the high weight animals were able to reach), but also appeared to maintain higher body weight than females by the end of winter (which is not significant though, corrected or not by BS).

More, CTL females seemed to lose a bit of weight during the second half of the SD period (in median and standard deviation, but the gamm analysis plateaued). For CR males however, BM decreased by week 13, at the same time than CR females which is a surprizing result of our study. Indeed, females' reactivation of the reproductive axis is known to be stimulated by the transition to LD, and they show late oestrus when kept under continuous SD exposure [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. These features -early SD refractoriness in males' vs LD stimulatory effect in females "endogenous cycles"have been shown in different seasonal species (for review see [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]. The central down regulation of the reproductive axis is stronger in females during SD , but the fact that both sexes share the same decrease in BM during the second half of winter, while females use energy saving strategies until the end of the season, raises many questions: what are the energy expenses of females during the second half of winter that justifies such BM loss compared to more active males ? Why using torpor more than males if not to save fat stores for reproduction?

By the first definition of what should be a thrifty female, i.e. a sex able to retain more fat storage during winter than the other [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF], Microcebus murinus females cannot be filed into this category. Moreover, our first paper on the subject did not either confirmed a thriftier phenotype in females after reproductive investment (i.e. at the end of the LD period), but our conclusion could not reject the hypothesis entirely, as it is originally linked to the dry season (Noiret et al. 2020). Nevertheless, the 40% caloric restriction we applied during our winter follow-up is relatively low compared to the food availability in the wild. The CTL regimen may largely exceed animals' needs, and the CR diet would just correspond to an adjusted ration, allowing animals to use their fat reserves and avoid too much use of torpor. The "torpor optimization hypothesis" states that it should be used only if fat stores are necessary for survival or reproduction (Humphries, Thomas, et Kramer 2003). In the case of an intense food shortage, maybe females' thriftier phenotype would still appear.

Sex-specific heterothermic strategies: which impact on fitness?

Although the big differences we observed on males' BM and thermic strategies depended on the feeding regimen, we found no difference on the time of reproductive axis reactivation, and final testis size. In literature, males do not respond as much as females on environmental factors such as food availability at the onset of reproductive activity. In females, oestrus delay were often recorded between different populations depending on food availability and quality [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]Hahn et al. 2005)), while males' reactivation were not shifted in time (Caro et al. 2009). In our experiment however, the 40% food restriction was not sufficient to induce significant differences in the time of oestrus after transition to LD. However, the onset of the first oestrus was not particularly synchronized between females, and a gap of 2 weeks has been observed between the first and last female to enter oestrus, whatever the feeding regimen. Additionally, CR had no impact on either males or females' reproductive success, even though CR males had more offspring than CTL males (not significant for the 6 males which became fathers). The only parameter that differed was the total mass of the litter at birth and after 6 weeks, which were higher in CR females as compared to CTL females. The contrary was previously observed in mouse lemurs, where a 40% chronic CR applied on wintering mothers during SD only imposed growth delay in offspring (Cindy I. Canale et al.

2012).

The 40% chronic CR we applied was definitely sufficient to induce lower BM gain during the first half of winter and higher BM loss during the second half, and sufficient to trigger different thermic response between sexes, but did not impact reproductive success. In consequence, both sexes' respective response to CR seemed protective enough throughout winter, which may inform on the adaptive nature of their specific heterothermic strategies.

Conclusion

This long-term follow up allowed to assess sex-differences in body temperature modulations throughout winter in Microcebus murinus. Although they make sense considering males and females respective reproductive tasks, this was not accompanied by a sex-specific energy balance. As CTL males stayed fat and CR females lost BM during the second half of winter, we could not either confirm the TFH in grey mouse lemur so far, and could not link males' BM loss to reproductive activity for sure. In consequence, many questions remain considering the place of reproduction in sex-specific hypometabolic responses, and we are willing to precise these patterns in future experiments.

Bibliographie Supplementary 1. Laboratory protocols: Brunoy mouse lemur paternity study

Reagents used: Template DNA was extracted from tissue samples, using the Qiagen DNeasy Blood and Tissue kit according to the manufacturer's instructions. Tissue samples were portions of ear clippings that were taken for identification of each mouse lemur at (AGE). Extracted DNA was amplified using the Millipore-Sigma GenomePlex WGA kit according to the manufacturer's instructions.

Primer sequences for targeting microsatellite loci in Microcebus were taken from published sources: [START_REF] Radespiel | Sociogenetic Structure in a Free-Living Nocturnal Primate Population: Sex-Specific Differences in the Grey Mouse Lemur ( Microcebus Murinus )[END_REF] Isolation and characterization of microsatellite loci in the grey mouse lemur (Microcebus murinus) and their amplification in the family Cheirogaleidae. Molecular Ecology Notes 1, 16-18;and Hapke et al. (2003) Isolation of new microsatellite markers and application in four species of mouse lemurs (Microcebus sp.). Molecular Ecology Notes 3, 205-208. Primers were produced by Integrated DNA Technologies. A florescent label (6-FAM or HEX) was added to the 5-prime end of the Forward primer of every primer pair. 

Locus

PCR Protocol:

Each PCR reaction contained 10ul Promega buffer, 8.2ul water, .2ul each 100mM primer, and 1ul template DNA. PCR reaction was carried out as published for each primer set.

PCR Purification Protocol:

PCR product was purified with the GeneJET Purification Kit according to the manufacturer's instructions.

Sequencing Protocol:

10ul of each purified PCR product was submitted to the Stanford PAN facility for fragment analysis, and was measured using the ROX size standards. Paternity Assignment Protocol: Fragment analysis results were imported into Biomatters Geneious for quality control and peak calling. Microsatellite allele lengths of each individual were assigned in Geneious using ROX size standards. At each locus, alleles present in the offspring, the known mother, and the prospective fathers were compared. Prospective fathers not possessing those alleles that were found in the offspring and that could not have been passed on by the mother were eliminated as potential fathers. All individuals were sequenced at the Mm10, Mm39, Mm03, Mm09, and Mm21 loci. For most individuals, these loci provided sufficient information to assign a father. When these first 5 loci did not provide enough information, other loci (C1P3, Mm02, Mm08, Mm22) were sequenced until all but one father could be eliminated.

Sex-specific evolution of parameters representative of metabolic activity and oxidative stress in wintering mouse lemurs.

Additionally to the 6-month continuous follow-up of body temperature and body mass, both CTL and CR male and female mouse lemurs were monitored for a number of physiological parameters representative of metabolic activity and oxidative stress at 3 different time-points during winter: at the beginning of winter (week 4), before CR, in the middle (week 15), and at the end (week 26).

Methods

Indirect calorimetry. At the 3 time-points, animals were put in monitored cages for 4 consecutive days to measure their consumption of O2 ('VO2', in ml.kg.hr -1 , see equation 1, [START_REF] Lighton | Measuring Metabolic Rates: A Manual for Scientists[END_REF] and production of CO2 ('VCO2', in ml.kg.hr -1 , see equation 2, Lighton, 2018) in a continuous way using an automated calorimetric set-up (Oxymax, Colombus Instruments Inc, Columbus, Ohio, USA) (see Noiret et al. 2020).

Metabolism: T4, cortisol, fasting glycaemia, mitochondrial analysis. Cortisol (ng.ml -1 ;

Cortisol Urine ELISA from LDN®, ref MS E-5100). Fasting glycaemia (mg.dl -1 ) was directly obtained at animals' bedside during blood sampling with a non-invasive glucometer (OneTouch® Vita glucometer, LifeScan, France). Measures were repeated twice when values were out of normal range. Thyroxin ('T4', nmol.l -1 ) was assayed in plasma samples (T4 ELISA kit, LDN®, ref TF E-2400) and the 6-point standard curve was adapted from 0 to 100 nmol.l -1 .

Mitochondrial analysis was performed on cultured fibroblasts (see Noiret et al. 2020).

Oxidative balance: 8-OHdG, Thiols, GPx. 8-hydroxy-2'-deoxyguanosine ('8-OHdG', in ng.ml - 1 ; OxiSelect™ Oxidative DNA Damage Elisa kit, Cell Biolabs Inc., ref STA-320) was measured in duplicates from urine samples. Creatinine concentration (mg.ml -1 ) was used to normalize all urine measurements as an indicator of renal filtration activity (Microvue™ Creatinine Elisa kit, Quidel® Corporation, ref 8009). Thiols (µmol.mgProtein -1 , SHp Test, Diacron Labs srl, ref MC432) and Glutathione Peroxidase ('GPx', U.mgProtein -1 , RANSEL, RANDOX, with controls, ref RS 504) were assessed from haemolysates of the red blood cells pellets. These last two parameters were normalized with protein concentrations using Bradford method (for detailed method, see Costantini et al., 2017).

Sexual hormones: 17-beta-Estradiol and Testosterone. 17-beta-Estradiol ('17-beta-Estradiol' in pg.ml -1 ; 17beta-Estradiol, IBL, ref RE52041) and Testosterone ('Testosterone' in ng.ml -1 ; Testosterone ELISA kit from Abcam, ref ab108666) were also quantified in urine.

Creatinine concentration (mg.ml -1 ) was used to normalize all urine measurements as an indicator of renal filtration activity (Microvue™ Creatinine Elisa kit, Quidel® Corporation, ref 8009).

Results

Most of the results presented here are still only in the form of visual descriptions of the Least square means extracted from the models. The integrative analysis and interpretation have yet to be performed.

Metabolism. BM fluctuations were identical between sexes throughout winter in function of the caloric treatment, as CTL individuals gained weight at a high pace in the beginning of winter to reach a plateau at mid-winter, when CR animals gained BM much slowly during the first half of winter and slimed down slowly afterwards, independently of the sex. However, females had an overall higher BM than males, but this was erased when reported to body size (BMI), as females were 1 cm taller than males (Females BS were 13.8cm vs. 12.8 cm for males; p- and mid-winter at the same extent between sexes, and recovered initial levels at the end of winter. However, T4 steadily increased in CTL groups until the end of winter, at a higher rate in males.

Calorimetry.

Energy expenditure decreased and was lower in males throughout winter.

However, when looking at the minimal body temperatures expressed at week 15 (see the red arrows on the figure below, we can see that animals repressed entry into torpor when submitted to the calorimetry environment, especially in the middle of winter. We do not believe that these measurements of metabolic activity reflect the true expressions of resting animals during winter.

Oxidative status. 8-OHdG varied with CR, regardless of the sex, as it decreased between early and mid-winter with a higher intensity in CR males and females, and it increased very slightly at the end of winter. CR groups ended winter with a lower level of oxidative damage (median CTL= 558 vs. CR= 349, W= 105, p-value = 0.059). Moreover 8-OHdG positively correlated with minimal Tb only in males, while no relation was found between the two parameters in females. Thiols and GPx both increased during winter, showing no effect of CR.

Thiols were also higher in males in general.

Introduction

Reproduction and survival are very common examples to explain what is a trade-off: by investing energy in reproduction, one individual ultimately impacts its own survival chances [START_REF] Doughty | Detecting Life History Trade-Offs: Measuring Energy Stores in "Capital" Breeders Reveals Costs of Reproduction[END_REF]Blomquist 2009;Cox et al. 2010). In the majority of birds and mammals, the succession of seasons has shaped the necessity to produce offspring in a limited timing and during the most energetically favourable period, e.i. during summer or the wet season [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]Conover 1992;Fournier, Thomas, et Garland 1999). As reproduction is one of the most energy consuming physiological process (Clutton-Brock, Albon, et Guinness 1989;[START_REF] Speakman | The Physiological Costs of Reproduction in Small Mammals[END_REF], some species developed energy-saving mechanisms. Heterothermy is primarily seen as a phenomenon preventing decreased survival chances during winter, when the food availability is low and climate conditions are challenging [START_REF] Malan | Living in the Cold: 2nd International Symposium : Proceedings of the Second Symposium on Living in the Cold, Held in Le Hohwald (France)[END_REF]Jastroch et al. 2016;Geiser 2004). By decreasing in a controlled manner their metabolic rate and body temperature -a process called torpor-, some organisms manage to prevent excessive fat loss during winter (Geiser 1998;[START_REF] Melvin | Torpor Induction in Mammals: Recent Discoveries Fueling New Ideas[END_REF].

The idea that hypometabolism can be used to maximize reproductive success in the long-term, by saving energy to allocate later to reproduction, is described yet marginal compared to survival But torpor has direct costs that could impact short-term survival, as any other stress response (Bieber et al. 2014;[START_REF] Luis | Hibernation Patterns in Mammals: A Role for Bacterial Growth?[END_REF]Wei et al. 2018;Burton et Reichman 1999;Prendergast et al. 2002): in this context, the "torpor optimization hypothesis" states that it should be used only if fat stores are necessary for survival or reproduction (Humphries, Thomas, et Kramer 2003). In parallel, males and females do not share the same physiological reproductive tasks, when male produce high stocks of spermatozoa before mating, while females produce eggs, or engage themselves in gestation and lactation. In consequence, female mammals' reproduction is seen as more pressuring to select for energy saving mechanisms, either because of the high energy expenses allocated to lactation (Clutton-Brock, Albon, et Guinness 1989), or because of their specific constraint of investing "in themselves" to achieve reproductive success, a "one shot effect" in opposition to males' gamete dispersion in several mates [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]. Moreover, as survival chances of animals with fast life histories are uncertain, reproductive opportunities are sparce and must be optimized for a species to be adapted (Saether et al. 2004), especially in unpredictable environments like Madagascar [START_REF] Dewar | Evolution in the Hypervariable Environment of Madagascar[END_REF].

Because of the costs of torpor and the alleged sex-imbalance in energy allocation to reproduction, the "thrifty female hypothesis" (TFH) has been pronounced by Jonasson and Willis (2011). In the little brown bat (Myotis lucifurus), the team managed to show that females retained more fat going through winter than males, which would ultimately confer an advantage in resisting White Nose Syndrome [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]. If a link exists between seasonal reproduction and the occurrence of thrifty phenotypes (TP) in females, other observations of sex differences in energy balance should be made in different heterothermic species. In fact, in polar bears (Ursus maritimus), only females can enter hibernation when they are in gestation, depending on environmental conditions [START_REF] Lennox | Polar Bears (Ursus Maritimus), the Most Evolutionary Advanced Hibernators, Avoid Significant Bone Loss during Hibernation[END_REF]. As well, adult male ground squirrels express shorter torpor bouts than females (Gür et Gür 2015), but the outcome in BM is not mentioned. Here, we will focus on confirming the TFH in Microcebus murinus, a small nocturnal primate from Madagascar, and seasonal breeder that is well described to use torpor (Giroud et al. 2008;Vuarin et al. 2015).

Evidence for another case of a thriftier female has been shown in this species, as males and females express strong differences in their body mass fluctuations over winter. Torpor event of several days have been observed in wild females, which were rather "fat", but not males [START_REF] Schmid | Optional Strategies for Reduced Metabolism in Gray Mouse Lemurs[END_REF]. Indeed, when males begin to lose weight around the middle of the season concomitantly to testicular growth initiation [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]Terrien 2018), females keep their fat storage until summer when mating takes place. Moreover, females were described to use deeper and longer torpor bouts than males to face food rarefaction at the onset of winter season in field conditions (Vuarin et al. 2015). However, in a previous laboratory winter follow-up, even if males and females expressed strong specificities in their thermic profiles, we have not evidenced a difference in energy balance between sexes under either control ration or a 40% caloric restriction (Noiret et al 2021, in prep, chapter 2). But the expression of female TP during winter could very well depend on a different environmental condition. Here, we submitted the animals to an intense two-weeks 80% caloric restriction during the second half of winter, when males are known to reactivate spermatogenesis [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF], and thus placed them in an abrupt change of calorie intake. Indeed, caloric restriction initiating and modulating torpor is widely documented (Giroud et al. 2008;Vuarin et al. 2015). We equipped the mouse lemurs with temperature and activity loggers, monitored their body mass and measured various markers of fitness and reproductive success. By putting the animals in a such drastic -yet safe-caloric challenge, we expected to trigger sex-specific energy saving mechanisms, enough to observe differences in body mass (BM) loss between males and females Microcebus murinus.

Materials and methods

Animals and ethical concerns. Twenty-two Grey mouse lemurs (M. murinus), 11 males and 11 females all aged from 2 to 4 years and raised in good health in the breeding colony of Brunoy (MNHN, France, license approval n• E91-114-1), were included in the experiment.

These animals were tested at the end of the winter-like season, during weeks 17 to 21 of winter-like photoperiodic exposure (SD; 10 h light/day), at the time when testis recrudescence is occurring (Perret and Aujard, 2001;Noiret et al, in prep). Animals were kept in individual cages in semi-isolation from the others (visual, hearing and odorant interactions remaining possible between individuals) in climatic chambers for the duration of the experiment (1 month). Temperature and humidity were maintained constant (24-26•C and 55%, respectively). The lemurs were fed with a fresh mixture (egg, concentrate milk, cereals, spicy bread, cream cheese, and water), banana, and were provided with ad libitum water. All Experimental design. We performed an integrative description of physiological parameters, to decipher the energy balance of the animals, their metabolic activity, and their oxidative status. For this, animals were fed daily with a control ration (Control treatment "CTL") of 22 g of mixture and 3 g of banana (24.48 kcal.day-1) for 1 week and measured during four consecutive days for indirect calorimetry (Oxymax, Columbus Instrument Inc., Columbus, Ohio, USA). At the end of this procedure, animals' urine was sampled, always performed ∼3 h prior to lights off. Urine samples were used to measure creatinine, cortisol, and 8-OHdG.

After 1 day of recovery, animals were either maintained under CTL diet for 2 more weeks, or fed daily with a 2-week 80% reduced ration compared to the CTL condition (Caloric Restriction "CR," 4.90 kcal.day-1).Such condition induces a sufficient caloric stress to challenge the animals, but not enough to put animals at risk considering that animals' body weights can be high at this time of the year. They were monitored with weighing three times a week to follow their body mass ("BM" in g). At the end of the 2-week treatment, they underwent the same procedures as the control period (4-days indirect calorimetry, urine sampling). Animals returned under control diet for several days to allow a full recovery from the CR treatment and returned to the breeding colony in their original social groups.

Assessment of metabolic activity and stress response.

Indirect Calorimetry. Animals were put in monitored cages for 4 consecutive days to measure their metabolic rate ("MR" in mlO2.kg -1 .h -1 , see equation 1, Lighton 2018), defined by the oxygen consumption rate [START_REF] Mcallan | Torpor during Reproduction in Mammals and Birds: Dealing with an Energetic Conundrum[END_REF]. We used an automated calorimetric set-up (Oxymax, Colombus Instruments Inc., Columbus, Ohio, USA). Equation 1.

𝑉𝑂 2 = 𝐹𝑅 𝑖 [(𝐹 𝑖 𝑂 2 -𝐹 𝑒 ′ 𝑂 2 ) -𝐹 𝑒 ′ 𝑂 2 (𝐹 𝑒 ′ 𝐶𝑂 2 -𝐹 𝑖 𝐶𝑂 2 )] (1 -𝐹 𝑒 ′ 𝑂 2 ) 𝑚
O2i and O2o are oxygen fractions at the input and output. m is the mass of the individual.

Air was dried with magnesium perchlorate columns prior to analysis. As metabolic rate ("MR") is acknowledged to be directly linked to oxygen consumption rate (Geiser et al. 2014) we used VO2 to describe variations in mouse lemurs' metabolic rate. Analyses were based on mean parameters over day (period under artificial light) and night (period without artificial light).

Body temperature and activity patterns. Mouse lemurs were implanted with DSI telemetry captors (TA-F10, Data Sciences instruments) into their abdominal cavity. Surgical procedures were performed under general anesthesia (Valium 0.5mg/ 100g; Ketamine 2 mg/ 100g; isoflurane maintenance) and per-operating analgesia (Before surgery: Buprenorphine 0.05mg/kg IM 30 minutes, local cutaneous injection of lidocaine around the abdominal aperture; after surgery: renewal of buprenorphine 4 hours later, then meloxicam PO for 2 days).

At the end of the experiment, the implants were removed by the same procedure. This method allowed to record individuals' body temperature (Tb) every 5 minutes. Tb were analyzed as minimal Tb registered each day ('Tmin', in °C), and were computed as a mean during the CTL and caloric treatment phases of the experiment. We also measured the duration of Tb under 33°C (torpor duration, 'TD' in minutes), a threshold often used in torpor analysis (C. I. Canale et al. 2011;Giroud et al. 2008).

Markers of physiological stress. Cortisol (ng.ml -1 ; Cortisol Urine ELISA from LDNR , ref MS E-5100) and 8-hydroxy-2'-deoxyguanosine ("8-OHdG," in ng.ml -1 ; OxiSelectTM Oxidative DNA Damage Elisa kit, Cell Biolabs Inc., ref STA-320) were measured in duplicates from urine samples as indicators of the organisms' response to environmental stress [START_REF] Miller | Detecting Stress Responses in Rocky Mountain Bighorn Sheep ( Ovis Canadensis Canadensis ): Reliability of Cortisol Concentrations in Urine and Feces[END_REF] and oxidative-stress related DNA damage (Loft et al. 1993), respectively.

Creatinine concentration (mg.ml 

Statistical analysis.

Results shown are given as medians ± standard deviation (s.d). No outlier was identified or removed from data sets after testing with Dixon's Q test. Statistical analysis was conducted by the use of R software v 3.5.1 (R Core Team, 2016), and tests were considered significant when p-values were below the significant level set at 0.05. We applied linear mixed models with random individual effect to test the effect of sex, the phase of the experiment (Phase 1 (P1): animals all first received a CTL ration vs. phase 2 (P2) after caloric treatment (CT)), caloric treatment (CTL vs. 80%CR) and their interaction. Body mass was included in models only when its effect on the explained variable was significant. Nonparametric pairwise Wilcoxon test was used as post-hoc analysis (pairwise nonparametric tests for caloric treatment effect on the same individuals, unpaired for sex effect or tests on variations in %). The principal component analysis was performed on the variations of each parameter (%) between phase 1 (before treatment) and phase 2 (either CTL or CR rations).

We used the "FactominR" 1.34 package [START_REF] Lê | FactoMineR : An R Package for Multivariate Analysis[END_REF], and missing values imputed with the "missMDA" 1.11 package [START_REF] Josse | MissMDA : A Package for Handling Missing Values in Multivariate Data Analysis[END_REF].

Results

Sex-specific effect of acute CR on BM in late winter.

The effect of CR treatment on BM significantly depended on sex (Sex:Trt:Phase: Chisq=8.21, p= 0.0042; Figure 1A). Post hoc analysis showed that even though CR females lost about 14% of their initial BM, only the 21 % BM loss of CR males was significant (CTL F = + 1.5 ± 5.5 %, W= 1.5, p= 0.14; CR F= -14.5 ± 3.4 %, W=15, p=0.057; CTL M = + 9.6 ± 5.6 % W=1, p= 0.13; CR M = -21.5 ± 2.8 %, W= 21, p=0.036).

Sex-specific torpor response to CR. As for BM, males and females showed different increase in torpor duration in response to CR (Sex:Trt:Phase: Chisq= 3.1, p=0.08, Figure 1B).

Indeed, torpor duration significantly increased in CR females (+650 ± 397 minutes, V=0, p= 0.031), and at a lesser extent in CR males (+178 ± 179 minutes, V=0, p= 0.1). Minimal Body temperature also decreased in all CR animals, but at a lesser extent in males (CR females = -22.2 ± 10.5 %, V=21, p=0.03; CR males = -12.0 ± 10.6 %, V=20, p= 0.06; Figure 1C).

Considering the complexity of data distribution (non-gaussian, negatively skewed), this effect could not be confirmed in a linear mixed model (Sex:Trt:Phase: Chisq= 0.75, p= 0.39).

CR had a sex-specific effect on MR during night and day (Sex:Trt:Phase during day: Chisq= 15.7, p < 0.0001; during night: Chisq= 11.2, p= 0.0008). MR was only decreased after CR in females during the day (CR females = -44.4 ± 13.4 %, V=21, p= 0.004) and during the night (CR females = -34.9 ± 20.0 %, V=21, p= 0.03); while no change in MR levels were observed in CR males during both periods (CR males = -8.4 ± 20.8 %, V=12, p=0.84 during the day;

+9.0 ± 14.2 %, V= 6, p= 0.44 during the night). Effect of CR on the reproductive axis. CR females did not delay their estrus after entering LD photoperiodic regiment, as each CTL and CR groups showed estrus around the 17e day after LD transition. In males testis grew in size between the first and the second phase of the experiment, but CR had not effect on it (Phase : Chisq = 17.17, p = 3.41e-05 ; Phase:Trt : Chisq = 0.51, p = 0.47 ).

Sex-specific activity patterns in response to

Discussion

The thrifty female hypothesis (TFH) is associated with seasonal reproduction, which shapes intersexual differences in energy balance mechanisms. In its first description in wintering little brown bats, the TFH characterised lower BM loss in wintering females as compared to males [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]). Here we explored thrifty phenotypes in Microcebus murinus, by looking at differences in BM loss after CR, sex specificities in body temperature modulations and torpor use, in relation with metabolism and activity patterns.

Confirming the Thrifty Female Theory in Microcebus murinus. After an intense 80% caloric restrictions, female grey mouse lemurs lost significantly less BM than males, which confirms a sex gap in energy balance. Moreover, we confirmed the link between BM sex-specific modulation and substantial diminution in body temperatures by showing that females used significantly longer and deeper torpor bouts than males under CR and other animals under a CTL diet. Torpor is defined by low body temperature, which follows decreasing basal metabolic rate (BMR) in a relationship characterized by hysteresis (Geiser et al. 2014). Hypometabolism is the energy saving process used by heterotherms, either daily or over the season, that limits energy expenses in a challenging context of low food availability or low ambient temperatures that would deeply impact caloric loss. Here only CR females showed significant diminution in MR (VO2) after treatment, correlated with Tb modulations and diminution in day and night activity (see ACP Figure 2). In consequence, we proved that females adapt their metabolism and behaviour to food shortage on different levels, and that this modulation has a relative positive impact on their energy balance as compared to males which did not show diminution in MR and lost more BM. Here, we thus confirmed that female Microcebus murinus match the TFH, as it is defined in Myotis lucifugus [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF]. As opposed to females, even if males showed a substantial -yet inferior-decrease in body temperatures after CR, this

was not associated to a decrease in metabolic rate. Hence, males may present additional costs in using torpor than females, or less efficacy in saving energy by using it.

The seasonal reproductive cycle of the little brown bat is however very different from the one of grey mouse lemurs. Indeed, these chiropteras' mating period takes place at the end of summer and females delay ovulation and fecundation by storing sperm in sacs throughout winter [START_REF] Fenton | Myotis Lucifugus[END_REF][START_REF] Fenton | Nonselective Mating in Little Brown Bats (Myotis Lucifugus)[END_REF]. This "non selective mating" process allows males to mate with "passive" hibernating females during winter (Wai-Ping et Fenton 1988), a fact that underlines very clearly the gap between sexes in metabolic activity during the poor season. Moreover, bats have the particularity to display large wings responsible for high levels of heat loss [START_REF] Dzal | The Tradeoff between Torpor Use and Reproduction in Little Brown Bats (Myotis Lucifugus)[END_REF] which makes hypometabolism a very useful tool to survive winter. However, torpor has costs, from dehydration to memory loss, increased vulnerability to predators and temporary diminished immune function (Bieber et al. 2014;[START_REF] Luis | Hibernation Patterns in Mammals: A Role for Bacterial Growth?[END_REF]Wei et al. 2018). These facts led to the "torpor optimization hypothesis", which states that torpor should be used only if fat stores are required for survival and/or reproduction; it would thus be regulated in its intensity according to the energy allocation required (Humphries, Thomas, et Kramer 2003). The hypothesis (and verified fact) that females little brown bats are thriftier than males during winter, is based on this trade-off between reproduction optimization and survival costs associated with torpor: "adult females should maximize energy savings [for reproduction] and rely more heavily on deep torpor during hibernation, while adult males should spend more energy to avoid physiological/ecological costs of torpor and therefore use their fat reserves more quickly during winter." [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF].

In contrast to little brown bats, grey mouse lemurs mating takes place during the transition to the wet season in nature (Radespiel et al. 2006), and about 2 weeks after LD initiation in laboratory conditions [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. Even if males Microcebus murinus begin spermatogenesis earlier during the second half of winter to prepare for mating [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF], Noiret et al. 2021, in prep), the expected gap of MR between sexes is not so obvious compared to the little brown bats, as females stay active during the night. Female birds and mammals are known to reactivate their reproductive axis by responding to photoperiodic change when transitioning to summer [START_REF] Simonneaux | Generation of the Melatonin Endocrine Message in Mammals: A Review of the Complex Regulation of Melatonin Synthesis by Norepinephrine, Peptides, and Other Pineal Transmitters[END_REF]. In females Microcebus murinus, even if they synchronize with photoperiodic transition to LD to fully reactivate their reproductive activity, they do maintain an endogenous circannual sexual cycle as proven by the expression of oestrus around 30 weeks after constant exposition to SD [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. In consequence, we do not know if they maintain a basal allocation to reproduction during winter as males do, which would tighten the gap in energy expenditure between the two wintering sexes. Indeed, a previous follow up of wintering grey mouse lemurs showed that chronically CR females lost as much BM as CR males during the second half of winter, contrary to what was expected (Noiret et al, 2021, in prep). The fact that females

Microcebus murinus are thriftier than males under acute and intense CR during the second half of winter reopens the case of TFH in this species.

Contrary to Johansson and Willis however, and based on our observations in Microcebus murinus, we think that males do optimize reproductive success in using less torpor than females. We know that spermatogenesis implies shorter torpor bout in order to maintain optimum metabolism and temperature to promote gamete production (Gagnon et al. 2020; [START_REF] Barnes | The Influence of Hibernation on Testis Growth and Spermatogenesis in the Golden-Mantled Ground Squirrel, Spermophilus Lateralis[END_REF]), especially since males M.murinus display features associated with sperm competition (Aslam et al. 2002;Simmons 2005). In consequence, we think that females' thrifty phenotype either could be a result of a contrast to males' greater allocation to reproduction during winter (and the double cost of using shorter torpor bouts in a context of low food availability) with a subsequent greater BM loss, or else could derive from better fitted adaptive response in females. As Jonasson and Willis state, stronger selective pressures would act on reproduction in females. with an "all-or-nothing" effect, leading to a sex-specific adaptation in energy saving mechanisms that would benefit females in the trade-off between short-term survival (i.e. torpor costs) and reproduction -as Jonasson and Willis state. As a matter of fact, both mechanisms -negative energy balance in males, and better energy sparing capacities in females-could intervene in shaping the female thrifty phenotype. But if seasonality selected for better energy saving mechanisms in females, it would mean that sexes are unequal regarding the classic reproduction-survival trade-off. Because torpor has costs, Jonasson and

Willis based their sex-variability theory on the idea that it should be avoided as much as possible (Humphries, Thomas, et Kramer 2003). Our results suggest that females would host better active machinery specialized in reducing the costs of torpor, as it was shown in summer (Noiret et al. 2020). Yet, torpor has costs but also benefits (Geiser 1998;2004;[START_REF] Keil | Being Cool: How Body Temperature Influences Ageing and Longevity[END_REF], especially for surviving winter. Under the TFH, seasonally breeding females would thus advantage both reproduction and survival by using torpor, while males would ultimately impact survival as they have to "wake up" to invest in reproduction.

Also, because we strongly link the TFH with seasonal breeding, one may oppose the observation of thriftier females in non-seasonal breeders, generally domesticated species that lost photoperiodicity in a seasonally buffered environment due to human activity (Setchell 1992;[START_REF] Blottner | Moderate Seasonality in Testis Function of Domestic Cat[END_REF]. Indeed, female laboratory rats showed greater thermogenic functionality of their brown adipose tissue compared to males, and a higher resistance to weight loss (Valle et al. 2007;Rodrı ǵuez-Cuenca et al. 2002), features that highly resembles thrifty phenotypes, and are shared with female seasonal breeders (Terrien, Perret, et Aujard 2010;Kart Gür et Gür 2015;[START_REF] Lennox | Polar Bears (Ursus Maritimus), the Most Evolutionary Advanced Hibernators, Avoid Significant Bone Loss during Hibernation[END_REF]. As males and females rats endure rapid and continuous spermatogenic and oestrous cycles respectively throughout the year (around 50 days for a male and 4 to 5 days in females with no seasonal discontinuity; Lohmiller, Swing, et Hanson 2006), we believe that the TP is a sex-specific adaptation to delayed reproductive allocation and big energy expenses in females, that would be an inherited residue -still beneficial-in non-seasonal breeders.

On sex-specific impact of "unexpected" CR in late winter and during reproductive investment. It is somehow surprising, considering the present results, that a chronic 40% CR could not discriminate a thriftier phenotype in female grey mouse lemurs (Noiret et al, 2021, in prep). In comparison, this 80% intense and acute CR could be considered as "unexpected"

with regards to the CTL ration animals were used to during their upstream winter, before the start of the present experiment. This fact could be the factor triggering male and female differences in energy balance. However, "unexpected winter CR" could be viewed as an oxymoron, especially in a highly seasonal, hypervariable environment like Madagascar [START_REF] Dewar | Evolution in the Hypervariable Environment of Madagascar[END_REF]. In addition, this 80% CR did not result in cortisol elevation, as compared to the previous 60% CR we applied in post-reproductive LD acclimated animals (Noiret et al., 2020), were all CR individuals showed high cortisol increase after food shortage. Nonetheless, both situations led to a decrease in oxidative damage in urine when corrected with urinary creatinine. When non normalized, CR males did present higher oxidative damage after caloric treatment , while CR females and CTL individuals stayed statistically the same. We question the necessity to perform such normalization of DNA damage in urine samples, mainly because the products of DNA damage repairs, in addition to pass the kidney filter (Loft et al. 1993), could come from cells of the urinary tract. In any case, males present higher levels of oxidative damage than females, as in the 60% CR study. Added to their lower body mass in late winter, and considering the high energy expenses they will face during spring in the wild, male

Microcebus murinus survival chances may be reduced compared to females. In nature males' survival at the onset of summer was shown to be 16% inferior to the one of females, but this effect is usually attributed to more "risky" behaviours in males (Kraus, Eberle, et Kappeler 2008), with territorial defence, male-to-male competition and the exposition to predators that comes with it. Even if recent observations of wild populations do not show any sex-bias, we cannot exclude the phenomenon in the future, as more and more unpredictable environmental events are expected to occur with global warming, challenging males more than females [START_REF] Canale | Adaptive Phenotypic Plasticity and Resilience of Vertebrates to Increasing Climatic Unpredictability[END_REF]Walter et al. 2011;Easterling 2000). It has been pointed out that even if sexual reproduction is at the core of many ecological and evolutive theories, sex has been overlooked in population dynamics (Bessa-Gomes, Legendre, et Clobert 2010), and two-sex models are in fact more accurate to predict extinction risk compared to the usual one sexmodels [START_REF] Caswell | Two-Sex Models: Chaos, Extinction, and Other Dynamic Consequences of Sex[END_REF]. In regard of the catastrophic consequences a sex-bias in mortality could have for population extinctions [START_REF] Galliard | Sex Ratio Bias, Male Aggression, and Population Collapse in Lizards[END_REF]Wedekind 2002;Grayson et al. 2014), it would be a matter of importance to assess more acutely sex differences energysaving strategies and its impact on fitness, to better predict the future of wild population and act in consequence.

Conclusion

We confirmed the TFH in female Microcebus murinus after intense CR in late winter, at the onset of the reproductive period. This phenomenon is probably linked to a shift in energy allocation to reproduction due to seasonality, males investing earlier than females, as well as a sex-specific adaptation in energy saving mechanisms linked to greater selective pressures concerning reproductive success in females. After being proved in bats and primates, the TFH seems quite robust. In an evolutive point of view, the TFH would mean that by using torpor, females would promote both reproduction and survival in a seasonal context, while males have to endure a more classic unbalanced trade-off: as they invest in reproduction, they ultimately disadvantage survival. Males showing poorer energy balance before mating, especially in a context of climate change, could face bigger loss than females, leading to sex-biased population with an increased extinction risk.

Introduction

Seasonal breeders are known for their sex-specific reproductive axis regulations [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]. In many species, males show early photorefractoriness to SD exposure, while females maintain an endogenous cycle which synchronizes with LD transition (Prendergast 2005;[START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. These features are likely to support males and females own agendas regarding reproduction: while male prepare spermatogenesis in anticipation of the mating season, engage in territory competition and courtship [START_REF] Key | Sex Differences in Energy Expenditure in Non-Human Primates[END_REF]Lane et al. 2010), females are less active until mating, gestation, lactation and young care (Czenze, Jonasson, et Willis 2017). In Microcebus murinus, females show endogenous oestrous cycles that are synchronized with the LD photoperiodic exposure, while males enter in an early photorefractoriness after 14 weeks of SD exposure to start testis recrudescence [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. Such shift in energy allocation to reproduction is likely to impose a gap in energy expenditure during the second half of winter. Here, we explored the sex-specific responsiveness of the gonadotropic axis under SD exposure, by implanting animals with a GnRH agonist, deslorelin [START_REF] Padula | GnRH Analogues-Agonists and Antagonists[END_REF]. This molecule has been shown to downregulate the pituitary excretion and downstream productions of sexual hormones, by first inducing an acute response with LH/FSH release, followed by a subsequent desensitization of the axis through the negative feedback of high sexual hormone levels, with no side-effects [START_REF] Trigg | A Review of Advances in the Use of the GnRH Agonist Deslorelin in Control of Reproduction[END_REF].

In many domesticated or wild mammals, deslorelin induces this usual pattern [START_REF] Silvestre | Postpartum Suppression of Ovarian Activity with a Deslorelin Implant Enhanced Uterine Involution in Lactating Dairy Cows[END_REF][START_REF] Fontaine | Long-Term Contraception in a Small Implant: A Review of Suprelorin (Deslorelin) Studies in Cats[END_REF][START_REF] Goericke-Pesch | The Use of a Slow Release GnRH-Agonist Implant in Female Ferrets in Season for Oestrus Suppression[END_REF], but some were proved reluctant to the effect [START_REF] Aspden | Changes in Testicular Steroidogenic Acute Regulatory (STAR) Protein, Steroidogenic Enzymes and Testicular Morphology Associated with Increased Testosterone Secretion in Bulls Receiving The Luteinizing Hormone Releasing Hormone Agonist Deslorelin[END_REF]). Here we show unusual sex-specific response to deslorelin implantation and question this effect regarding the seasonal nature of breeding in Microcebus murinus.

Materials and methods

Animals and ethical concerns. Twelve gray mouse lemurs (M. murinus), 6 males and 6 females all aged from 2 to 4 years and raised in good health in the breeding colony of Brunoy (MNHN, France, license approval n• E91-114-1), were included in the experiment. These animals (DIM desloreline-implanted males, or DIF, desloreline-implanted females) were implanted with a deslorelin implant (Suprelorin 9.4 mg) 6 weeks after SD transition (10 hours light/14 hours dark), during early winter, at the time when both sexes reached an inactive sexual phase [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. Animals were kept in the breeding colony with other nonimplanted animals (NIM non-implanted males, or NIF, non-implanted females). Temperature and humidity were maintained constant (24-26•C and 55%, respectively). The lemurs were fed with a fresh mixture (egg, concentrate milk, cereals, spicy bread, cream cheese, and water), banana, and were provided with ad libitum water. All described experimental procedures were approved by the Animal Welfare board of the UMR 7179, the Cuvier Ethics Manipulation of the reproductive axis. Desloreline subcutaneous implants (Suprelorin 9.4 mg) were applied on the interscapular zone in 6 males and 6 females during the 6 th week of winter, under general anesthesia (Alfaxalone 20 mg/kg IM + lidocaine injection at the implantation site). The implants were well supported, no itching lesions were observed and the wounds healed 2 days after the procedure.

Assessment of reproductive activity. We watched females for sexual activity (either proestrus or oestrus manifestation, easily recognizable) for the next 3 weeks, and all the animals were followed until transition to LD (20 weeks after implantation), to check on reactivation of the oestrous cycle in NIF or DIF. For males, testis size (TS) was monitored each month (rated from 0 to 2 based on their size and consistency: 0= testes are up in the abdominal cavity and scrotal sacs are loose; 0.5= testes descend and measure 1 cm put together; 1= 2 cm; 1.5 = 3cm; 2= 4cm and are consistency becomes harder). 17-beta-Estradiol ("17-beta-Estradiol" in pg.ml-1; 17beta-Estradiol, IBL, ref RE52041) and Testosterone ("Testosterone" in ng.ml-1; Testosterone ELISA kit from Abcam, ref ab108666) were also quantified in urine.

Creatinine concentration (mg.ml-1) was used to normalize all urine measurements as an 

Results

In females. All Desloreline-implanted females (DIF) showed early manifestation of reproductive activity between day 7 to 13 after implantation. Three females were still in proestrus, 2 showed true open vaginas (Figure 1). Four females were watched 2 weeks too late, but one still had a cicatricial oestrus. All females then entered into an inactive phase until photo-transition to LD. After LD transition, DIF did not show sexual reactivation as in nonimplanted females (NIF), whose estruses were recorded about two weeks after LD transition (17 ± 3 days). We took off the implants one month after photo-transition, and DIF showed variability in the timing of reactivation of reproductive axis, which seemed to depend on the mass of Desloreline that was left after removal from the subcutaneous tissue. Indeed, the implants broke-up into several pieces (up to 8), especially in females where they remained longer, and some migrated far into the subcutaneous tissue. In four females, we only managed to extract ~ 7 of the 9.4 mg (1.67 ± 0.23 mg remaining) and they did not show reproductive activity at the same time than the other females which had the entire implant removed successfully (15 ± 2 days after the removal). One female with a remaining 1.5 mg implant entered oestrus 29 days after the removal. In males. In Males, testis recrudescence began one month after Desloreline implantation (DIM: TS was >0.5 by 10 ± 1.2 weeks after SD transition), while it started around week 14 for non-implanted males (NIM: TS was >0.5 by 14 ± 2.2 weeks after SD transition). This early recrudescence was accompanied by higher testosterone concentrations in urine until week 21 after SD transition (4.7 ± 2.3 in DIM; 1.2 ± 0.7 in NIM; W=115, p-value= 0.016, Figure 2B). 

Discussion

On sex-specific Desloreline effect. In females, the successive reactivation followed by inhibition of reproductive activity after Desloreline implantation are very similar to what is commonly observed in both sexes in domestic mammals such as cats, dogs, ferrets or dairy cows [START_REF] Silvestre | Postpartum Suppression of Ovarian Activity with a Deslorelin Implant Enhanced Uterine Involution in Lactating Dairy Cows[END_REF][START_REF] Fontaine | Long-Term Contraception in a Small Implant: A Review of Suprelorin (Deslorelin) Studies in Cats[END_REF][START_REF] Goericke-Pesch | The Use of a Slow Release GnRH-Agonist Implant in Female Ferrets in Season for Oestrus Suppression[END_REF]Walter et al. 2011), with an initial upregulation of the reproductive axis, then a subsequent desensitization leading to a quiescent reproductive state. One pilot male was used to check on Desloreline efficacy before this manipulation, and showed very low testosterone concentration compared to CTL male during week 21 (DIM = 7.8; NIM= 27.6 and 60.1), despite its testis size. In consequence, we initially thought that the early recrudescence of testis size following Desloreline implantation was not synonym of testicular activity, and that testis were "frozen" in a big shape with no hormonal production, no exocrine function, which ultimately meant that males developed desensitization of their gonadotropic cells, as it is described in dogs [START_REF] Junaidi | Use of a New Drug Delivery Formulation of the Gonadotrophin-Releasing Hormone Analogue Deslorelin for Reversible Long-Term Contraception in Male Dogs[END_REF], and as we observed in females Microcebus. In our large-scaled manipulation however, we observed an opposite effect in males Microcebus murinus, with an increase in testis size and downstream increase in testosterone production, suggesting an upregulation of the reproductive axis in comparison to CTL males. In males, many species showed significant reduction of FSH and testosterone production after Desloreline implant, as in dogs [START_REF] Junaidi | Use of a New Drug Delivery Formulation of the Gonadotrophin-Releasing Hormone Analogue Deslorelin for Reversible Long-Term Contraception in Male Dogs[END_REF], eulemurs [START_REF] Ferrie | Chemical and Surgical Interventions to Alleviate Intraspecific Aggression in Male Collared Lemurs ( Eulemur Collaris )[END_REF], as well as male baboons to reduce aggression behaviour [START_REF] Young | The Use of Deslorelin, a GnRH Agonist, to Reduce Aggression in Male Chacma Baboons (Papio Ursinus) to Improve Animal Welfare in a Captive Setting[END_REF], cheetas, cats and ferrets (Bertschinger et al. 2006;[START_REF] Fontaine | Long-Term Contraception in a Small Implant: A Review of Suprelorin (Deslorelin) Studies in Cats[END_REF][START_REF] Goericke-Pesch | The Use of a Slow Release GnRH-Agonist Implant in Female Ferrets in Season for Oestrus Suppression[END_REF]. But sex-specific effects were previously described in the common brushtail possum (Trichosurus vulpecula), where females responded by a disruption of the normal estrous-cycle after an acute increase of LH, while males remained fertile after chronic desloreline exposure and even sired as many offspring as the CTL males [START_REF] Eymann | Effects of Deslorelin Implants on Reproduction in the Common Brushtail Possum (Trichosurus Vulpecula)[END_REF]). However, in possums, testosterone production, as well as FSH, was decreased,

which is yet another contradiction with our results. The male possums also lost the ability to respond to a surge of GnRH by an increased LH pic. Other males of different species showed poor response to chronic GnrH agonist treatment, such as the marmoset monkey [START_REF] Lunn | Pituitary-Testicular Function Is Suppressed by an LHRH Antagonist but Not by an LHRH Agonist in the Marmoset Monkey[END_REF]1992), red deer stag [START_REF] Lincoln | Long-Term Stimulatory Effects of a Continuous Infusion of LHRH Agonist on Testicular Function in Male Red Deer (Cervus Elaphus)[END_REF], tammar wallaby [START_REF] Herbert | Effects of a Gonadotropin-Releasing Hormone Agonist Implant on Reproduction in a Male Marsupial, Macropus Eugenii1[END_REF]) and bulls [START_REF] D'occhio | Reproductive Responses of Cattle to GnRH Agonists[END_REF]. In bulls, LH release was associated with increased secretion of testosterone, persistent for the duration of deslorelin treatment [START_REF] Aspden | Changes in Testicular Steroidogenic Acute Regulatory (STAR) Protein, Steroidogenic Enzymes and Testicular Morphology Associated with Increased Testosterone Secretion in Bulls Receiving The Luteinizing Hormone Releasing Hormone Agonist Deslorelin[END_REF]. protein and steroidogenic enzymes [START_REF] Aspden | Changes in Testicular Steroidogenic Acute Regulatory (STAR) Protein, Steroidogenic Enzymes and Testicular Morphology Associated with Increased Testosterone Secretion in Bulls Receiving The Luteinizing Hormone Releasing Hormone Agonist Deslorelin[END_REF]. Whether this pattern is also implicated in the regulation of spermatogenesis in males Microcebus murinus remains to explore.

How males and females are affected differently by chronic GnRH agonist implant is poorly discussed. In seasonal breeders however, many studies have led to the constatation that males and females don't show the same regulation of the reproductive axis [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]. When the environment is not sustainable enough for the species to reproduce, their reproductive axis is organized in a circannual fashion, to fit reproductive energy demand with environmental resources (Fournier, Thomas, et Garland 1999;Conover 1992). In winter (or SD period in experimental conditions), animals are sexually inactive [START_REF] Simonneaux | A Kiss to Drive Rhythms in Reproduction[END_REF], except for SD breeders as sheep [START_REF] O'callaghan | Variation in the Timing of the Reproductive Season among Breeds of Sheep in Relation to Differences in Photoperiodic Synchronization of an Endogenous Rhythm[END_REF][START_REF] Weems | Neural Mechanisms Controlling Seasonal Reproduction: Principles Derived from the Sheep Model and Its Comparison with Hamsters[END_REF]. However, earlier photorefractoriness to SD sexual inhibition in males has been seen in many species (Prendergast 2005;[START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF][START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]; this phenomenon allows to prepare sperm stocks, stimulate territorial and competitive behaviours, which in the end promote reproductive success in context of male-to-male competition [START_REF] Key | Sex Differences in Energy Expenditure in Non-Human Primates[END_REF]. In females, photorefractoriness occurs after a prolonged exposition to SD [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]Henningsen, Gauer, et Simonneaux 2016). LD photoperiod has been shown

to stimulate LH production in both sexes, but females' LH increase was significantly stronger (Follett, Farner, et Mattocks 1975). In Microcebus murinus specifically, reproductive activity in females was expressed under constant daylength (after 30 ± 0.4 weeks of SD exposure), and was synchronized with season when photo transition to LD occurred [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF].In males, sexual reactivation occurrs after 16 ± 04 weeks of SD exposure, showing males' early photorefractoriness as compared to females. Exposure to constant LD however did not allow sexual activation, as opposed to females. Here, our implants were put after 6 weeks of SD exposure, when all the animals, males or females, are sexually inactive. Females showed acute responsiveness to GnRH agonist and subsequent desensitization, in classic responsiveness to desloreline. Males however never desensitized to the active principle,

showing that their regulation of reproduction takes other pathways. Maybe earlier implantation of desloreline in males, or else implantation when animals reached their reproductive readiness, would have succeeded in downregulating sexual activity. The time frame of implantation is rarely discussed in other studies, making this assumption difficult to comment.

Moreover, we did not dose LH or FSH levels to acknowledge true desensitization of the gonadotropic axis, and look for other pathways in males' testosterone production. But whether the sex-specific response to Desloreline is due to early phorotrefractoriness of males or due to additional upregulatory pathways, this manipulation allowed to further described sex-specific mechanisms in a seasonal breeder, the grey mouse lemur.

Conclusion

Males and females grey mouse lemurs responded in opposite ways to desloreline implantation after 6 weeks of SD exposure. Females showed signs of long-term inhibition of their reproductive axis, as commonly described in many species. Males on the other hand, showed advanced testis growth and increase in testosterone production, contrary to what was expected. These results provide additional evidence of Microcebus murinus sex-specific central management of reproduction timing throughout the circannual cycle, as a highly seasonal breeder.

Discussion

In this work, we aimed to characterize sex-specific physiological responses to environmental challenge in Microcebus murinus, by a direct comparison between males and females. We applied caloric restriction in various conditions, chronic or acute, low or intense, at different times of the circannual cycle, i.e. during winter (short days, SD) or summer (long days, LD).

These experiments evidenced a clear difference in metabolic responses between males and females mouse lemurs, in every situation. This enriched de eco-evolutionary discussion around sex-specific adaptations, closely related to reproductive tasks of each sex. However, while males and females reacted differently the whole time, each situation did not necessarily led to a different outcome in energy balance, or to sex-specific impacts on fitness markers. But we finally confirmed a sex-imbalance in survival chances, especially before mating, as males lost more BM than females in response to an intense CR. We thus largely discuss the evolutive "thrifty female hypothesis" (TFH) and its implication for natural populations. As the file of sexvariability in the response to environmental challenge is vast, we initiated other manipulations to investigate further. These will be discussed at the end of the chapter, as an opening to new questions.

Sex-specific physiological modulations in response to caloric restriction

Here, we address stress as a syndrome -physiological and behavioural-in which the organism enters when confronted to a change in its environment that disrupts its equilibrium and homeostasis (Selye 1973) We explored three mechanisms of stress response: the HPA axis, the torpor response, and the anti-oxidant machinery.

HPA response

Under late LD conditions and two-weeks 60% CR, cortisol concentrations increased drastically after treatment, with a higher response in females than males (Noiret et al. 2020). However, under late SD conditions, the intense and short 80%CR failed to stimulate the HPA axis. In the contrary, both males and females responded by decreased cortisol levels in urine, with no sex effect. Finally, under chronic and low 40%CR, restricted animals displayed lower levels of cortisol in the middle of winter -especially CR males -, levels that highly decreased since the first measurements at the beginning of the SD period. The second half of winter however, showed an increase in cortisol concentrations in all groups but CR females.

The effect of CR on cortisol concentrations seems to depend on its intensity and duration; in a recent meta-analysis, only fasting (from 2.5 to 6 days) was responsible for an increase in cortisol in human patients, while a 60% CR between 1 to 28 days did not [START_REF] Nakamura | Systematic Review and Meta-Analysis Reveals Acutely Elevated Plasma Cortisol Following Fasting but Not Less Severe Calorie Restriction[END_REF]. Previous work in rats showed a dose-dependent response of the increase in serum corticosterone after 3 weeks of CR [START_REF] Levay | Calorie Restriction at Increasing Levels Leads to Augmented Concentrations of Corticosterone and Decreasing Concentrations of Testosterone in Rats[END_REF]. In mouse lemurs, a 60% CR applied to 24 females in winter-like period, as well as a chronic food shortage of 40% followed by a 80% acute CR in 6 individuals induced no urinary cortisol effect as well (C. I. Canale et al. 2011), results that are consistent with our findings in SD conditions.

Our late LD experiment (Noiret et al., 2020) was actually the first to test the effect of CR at this advanced time of the summer season, which could explain the difference with the results mentioned above. A 60% CR undergone after the reproductive effort is therefore felt as a stress for these highly flexible primates, thus confirming the unexpected nature of such food shortage during a usually well supplied period (Dammhahn et Kappeler 2008a). Also, the fact that the cortisol increase was superior in females as compared to males in late summer may be drawn closer to females' increase in nocturnal metabolic rates in response to CR. Indeed, a recent meta-analysis showed that basal cortisol concentrations vary with metabolic rate (relative to species body mass) in mammals [START_REF] Haase | Energetics of Stress: Linking Plasma Cortisol Levels to Metabolic Rate in Mammals[END_REF].

In contrast, mouse lemurs do not show any up-regulation of their HPA axis in response to food shortage during winter, which triggers hypometabolism instead (Giroud et al. 2008;Vuarin et al. 2015;Noiret et al., in prep). The frequent use of torpor during SD in Microcebus may be responsible for the low levels of cortisol and the weak response to CR as compared with the one during LD. In addition, the fact that only CR females use deep torpors at the end of winter can explain the sex-specific decrease of cortisol levels in the second half of winter in response to CR.

Adaptations in hypometabolism

As mentioned above, females did not decrease their metabolic rate (VO2) in response to CR in late summer, contrary to males. In this experiment, animals' Tb were not recorded, but other markers of metabolic activity (mitochondrial activity (OxCR), T4) followed the same trends and reinforced our results (Noiret et al., 2020). Aside from this, we observed an increase in glycolysis potentials (GlcP) after CR in both sexes, meaning that the cells were able to better use glycolysis in case of an extra fuel need under stressed conditions and maximal mitochondrial activity. CR seemed to favour a more direct type of response to environmental stress with increased glycolysis capacities, while MtRC and thus maximal mitochondrial respiratory capacity under stress lowered drastically and could not provide full proficiency.

Cellular metabolic potential was decreased after CR showing an altered response toward induced cellular energy demand, but were still-although qualitatively assessed-higher in females. Results obtained under LD conditions illustrate in our opinion how physiology is well adapted to the different biological and behavioural features of sexes in Microcebus murinus, when females still have to take care of their offspring in nature [START_REF] Radespiel | Sociogenetic Structure in a Free-Living Nocturnal Primate Population: Sex-Specific Differences in the Grey Mouse Lemur ( Microcebus Murinus )[END_REF]).

However, during SD, females entered torpor more frequently than males until the end of the season. The use of hypometabolism in males was highly dependent on the caloric treatment, as CTL males rarely entered torpor. At the end of the SD period, males stopped using hypometabolism whatever their feeding regimen, while CR females still reached low Tb. Tmin modulations throughout the year were expected to closely follow basal metabolic rates [START_REF] Mcallan | Torpor during Reproduction in Mammals and Birds: Dealing with an Energetic Conundrum[END_REF]), but were actually poorly reinforced by MR minimal V02 in the long-term SD experiment.

as females showed higher metabolic rates in comparison to males in the middle of winter, probably because of body mass normalization. Also, animals seemed to stop entering deep torpors in the calorimetric installations, compared to the low Tmin they showed in their habitual housings (see additional data chapter 2) This effect could be due to temporary stress related to transportation and environmental change (notably size of cage), as previous Tmin were recovered when animals got back to their own cages. As an HPA stress response, and an increase in glucocorticoids, is known to increase energy demands [START_REF] Scheller | Glucocorticoid and Thyroid Hormone Receptors in Mitochondria of Animal Cells[END_REF], this informs of how torpor use and acute stress might not be very compatible. Further analysis is needed to look deeper into this question. Cortisol levels did decrease between the beginning and the middle of winter, following the general trend of winter Tmin modulations, but as samples were taken at the end of the calorimetric sequence, animals could still have undergone modifications compared to their basal secretion. In the same idea, OxCR measurements were a bit "disorganized" along the 3 periods of winter and according to sex and food regimen experimental groups: they did not follow the general winter trend in Tmin modulations (downregulation, especially in CR animals at the beginning; upregulation, especially in males, at the end). Maximal mitochondrial capacities were enhanced in females however, as they finished winter with higher MtRC. During the second half of winter, the 80%CR we applied also allowed to discriminate males and females on the duration and depth of their torpor bouts, which were shorter and lower in males. Results were very consistent between Tb parameters (TD, Tmin), MR during night and day and activity patterns, which all discriminated sexes when submitted to CR, showing that males were more metabolically active than females at this time of the year.

Antioxidant machinery

The 60% LD CR induced an increase in thiols and in GPx in females, but a decrease in males.

In contrast, thiols and GPxincreased in both sexes during winter, showing no response to CR.

The antioxidant machinery was not investigated already for the 80%CR during SD, but samples are stored.

Anti-oxidative machinery intervenes as a protective mechanism [START_REF] Pamplona | Molecular and Structural Antioxidant Defenses against Oxidative Stress in Animals[END_REF] and could be regulated by metabolic rate. At the end of summer, we observed contrasted relationships between metabolic rate, T4, glutathione peroxidase and Thiols in males and females mouse lemurs. Indeed, caloric restriction induced concomitant decrease in T4, and antioxidant machinery in males, thus compelling with the "rate-of-living" theory. In females however no or little change in energy expenditure was observed after CR, which was corroborated by the absence of variation in T4 measurements, while thiols (and GPx to a lesser extent) significantly increased (yet very contrasted amongst the individuals). Although metabolic activity could be directly implied to some extent in the resorption of oxidative damage [START_REF] Pamplona | Molecular and Structural Antioxidant Defenses against Oxidative Stress in Animals[END_REF] as we observed in males, females seem to activate other pathways, such as the up-regulation of antioxidant mechanisms. We do not know if the intersexual variability in the regulation of oxidative status is a selected trait associated to each sex or is linked to the difference of metabolic rate response induced by CR. As it is discussed in many studies, oxidative stress could be modulated either by food shortage or sexual hormones, and the existence of a sex-specific oxidative balance is debated [START_REF] Costantini | Meta-Analysis Reveals That Reproductive Strategies Are Associated with Sexual Differences in Oxidative Balance across Vertebrates[END_REF]Noiret et al. 2020).

During winter however, markers of the antioxidant machinery, especially GPx, followed metabolic rates, and progressively rose from the beginning until the end, in all groups. The disappearance of any sex effect in the regulation of antioxidants activity during winter compared to summer is a question that needs to be explored. . Moreover, as levels of thiols and GPx we measured at the end of summer are around the levels registered at the beginning of winter, we can imagine that levels would decrease during summer, possibly after reproduction.

General reflexion on males' and females' respective stress response

The HPA axis concurs, to adjust energy expenses to biological needs and environmental constraints in stressful situations, inducing adaptive behaviours commonly known as "flightor-fight" response [START_REF] Bracha | Freeze, Flight, Fight, Fright, Faint: Adaptationist Perspectives on the Acute Stress Response Spectrum[END_REF][START_REF] Scheller | Glucocorticoid and Thyroid Hormone Receptors in Mitochondria of Animal Cells[END_REF]. In contrast, hypometabolism is primarily seen as a phenomenon preventing decreased survival chances during winter, when the food availability is low and climate conditions are challenging [START_REF] Malan | Living in the Cold: 2nd International Symposium : Proceedings of the Second Symposium on Living in the Cold, Held in Le Hohwald (France)[END_REF]Jastroch et al. 2016;Geiser 2004). By decreasing in a controlled manner their metabolic rate and body temperature -a process called torpor or hibernation-, some organisms manage to prevent excessive fat loss during winter.

Both responses have costs and their use may thus be limited in some situations. A sustained and intense glucocorticoid response can impact fitness in the long-term by affecting reproduction and immunity, or by exhausting energy reserves (Angelier et al. 2009a). Torpor on the other hand has direct costs that could impact short-term survival, from dehydration to memory loss, increased vulnerability to predators and temporary diminished immune function (B. J. Prendergast et al. 2002;Wei et al. 2018;Burton et Reichman 1999;[START_REF] Landes | Flexibility Is Costly: Hidden Physiological Damage From Seasonal Phenotypic Transitions in Heterothermic Species[END_REF].

In this context, the "torpor optimization hypothesis" states that it should be used only if fat stores are necessary for survival or reproduction (Humphries, Thomas, et Kramer 2003). In consequence, both mechanisms are used in order to increase fitness in some situations, but may impact it as well: their use is limited by energy allocations to the different life history traits, or trade-offs. If it benefits one trait, it may impact another. Contrary to the HPA axis that is well adapted in a context of acute stressors, hypometabolism would be an asset to deal with chronic and high energy challenges.

However, in late summer, animals responded with an increase in cortisol levels, but males also reduced their MR, which appears contradictory [START_REF] Scheller | Glucocorticoid and Thyroid Hormone Receptors in Mitochondria of Animal Cells[END_REF]. It is thus unlikely that the glucocorticoid response and torpor mechanisms would be on the same regulation axis. We could not find any other case of increased cortisol response but decreased MR in literature. Also, this could explain the absence of BM savings in males compared to females which did not decrease their MR.

Impacts of sex-specific responses to CR on fitness markers.

As stress responses may ultimately impact some life history traits, either by reducing reproductive success or by limiting long-term survival, we could expect a difference in survival chances or reproductive success between sexes.

Survival

We used several indirect markers of survival. Body Mass, in total or as the ultimate result of energy balance in response to CR, correlates with survival chances [START_REF] Young | Fat, Energy and Mammalian Survival[END_REF]). Oxidative damage on DNA (8-OHdG) is associated with senescence and several diseases [START_REF] Wu | Urinary 8-OHdG: A Marker of Oxidative Stress to DNA and a Risk Factor for Cancer, Atherosclerosis and Diabetics[END_REF][START_REF] Valavanidis | 8-Hydroxy-2′ -Deoxyguanosine (8-OHdG): A Critical Biomarker of Oxidative Stress and Carcinogenesis[END_REF][START_REF] Cooke | Monoclonal Antibody to Single-Stranded DNA: A Potential Tool for DNA Repair Studies[END_REF]. The mitochondrial reserve capacity (MtRC) represents mitochondrial function, and its decrease may reflect impacted ability to meet an increased energy demand [START_REF] Divakaruni | Analysis and Interpretation of Microplate-Based Oxygen Consumption and PH Data[END_REF]. Basal cortisol can also be read as a marker of fitness [START_REF] Bonier | Do Baseline Glucocorticoids Predict Fitness?[END_REF]), as it can impact self-maintenance and reproductive abilities on the long term.

Body mass loss.

In late summer, the two weeks 60%CR induced similar body mass (BM) loss between sexes. However, BM was lower in males at the beginning of the experiment, and thus remained as such afterwards. We also confirmed this fact in the general breeding colony of Brunoy, which reinforced the hypothesis that even in laboratory conditions, summer would be a more challenging period for males. Similarly, throughout winter, and when being exposed to a chronic 40% CR, while males and females do not show the same thermic responses, or the same use of torpor, they share the same energy balance. Even if the amplitudes in BM may slightly differed between males and females (effect erased with BS normalization), BM fluctuations during winter did not significantly differ by sex, but rather by caloric treatment. At last, after an intense 80% CR during the second half of winter, when males show testis recrudescence, female grey mouse lemurs lost significantly less BM than males, which confirmed a sex gap in energy balance.

Why did the sex gap in energy balance appear only under drastic conditions during late winter, whereas sex-variability was evidenced in every situation we put the animals in during this work of 3 years?

In late summer, females did not show any adaptation to CR going in the direction of hypometabolism contrary to males, but animals still lost the same amount of BM. In regard of the similar fat loss between sexes, hypometabolism could not be considered as efficient in males.

The BM outcome from the longitudinal winter study were most surprising. As expected, CR males lost weight by week 13, but at the same extent than CR females. This goes against the previous observations in the general breeding colony, where males start to lose weight during the second half of the SD 6-month regimen, while females retain their BM until the transition to LD, and even until they start lactating if they were successful in reproduction (M Perret et Aujard 2001). In fact, we expected the thrifty phenotype of females to be expressed during this second half of winter. Indeed, females' reactivation of the reproductive axis is known to be stimulated by the transition to LD, and they show late oestrus when kept under continuous SD exposure [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]. These features -early SD refractoriness in males' vs LD stimulatory effect in females' endogenous cycleshave been shown in different seasonal species [START_REF] Ball | Sex Differences in the Response to Environmental Cues Regulating Seasonal Reproduction in Birds[END_REF]Valérie Simonneaux et al. 2009). The central down regulation of the reproductive axis is stronger in females during SD [START_REF] Perret | Regulation by Photoperiod of Seasonal Changes in Body Mass and Reproductive Function in Gray Mouse Lemurs (Microcebus Murinus): Differential Responses by Sex[END_REF]Prendergast 2005), which is somehow seconded by the results of our desloreline study, but the fact that both sexes share the same decrease in BM during the second half of winter, while females use energy saving strategies until the end, raises many questions. What are the energy expenses of females during the second half of winter that justifies such BM loss compared to more active males? Why using torpor more than males if not to save fat storage for reproduction? From what we could see, females retained the ability to perform deep torpors until the end of winter, especially when exposed to intermittent fasting (no food supply on Sundays). But maybe it was more beneficial for females -in this context of low CR-to lose BM instead of entering longer and more costly torpors. As we already discussed, torpor has costs (refs) and it may be better to avoid it when enough fat storage is "secured". Indeed, even CR animals attained high BM at the middle of winter (around 125g

for CR females, 110 for CR males, but same 8 g.cm -1 for both sexes; all are considered high BM). Males on the other hand, did not have the "choice" as they engaged in their spermatogenesis process, and all stopped using torpor after week 21, regardless of the feeding regimen. Nonetheless, both sexes finished winter around the same BMI, as they entered it.

Considering the total weight loss, it was difficult to conclude in any thriftier phenotype, as it was made with the little brown bats [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF].

However, in comparison with this manipulation, an intense 80% CR applied for two weeks did succeed in discriminating males from females in their BM outcome. Such a CR could be considered as drastic, in contrast with the CTL ration animals were fed during their upstream winter, before the start of the experiment. This fact could be the factor triggering males' and females' differences in saving energy. The sex-specific benefits of hypometabolism use appear when both sexes are forced to use torpor, when facing acute and intense CR during late winter.

Oxidative damage. When normalized with creatinine, urinary oxidative damage (8-OHdG) decreased with CR in both sexes in every manipulation we made.

Even if torpors were not successful in preserving fat storage, especially in males during both late summer and winter when submitted to acute CR, they did allow diminution of oxidative damage, as a result of a decreased metabolic activity. However, when not normalized, 8-OHdG variation in response to CR depended on the sex, with an increase only in males in both the late LD and SD experiments (figure 15).

For the long-term SD manipulation, normalization did not affect sex-specific modulations of oxidative damage. Although it is a standard method to normalize urinary products with creatinine [START_REF] Kasai | Simultaneous Determination of 8-Hydroxydeoxyguanosine, a Marker of Oxidative Stress, and Creatinine, a Standardization Compound, in Urine[END_REF][START_REF] Zanolin | Measurement of a Urinary Marker (8-Hydroxydeoxy-Guanosine, 8-OHdG) of DNA Oxidative Stress in Epidemiological Surveys: A Pilot Study[END_REF], in order to reflect an amount of excretion that can be compared between individuals, we question the necessity to perform such normalization of DNA damage in urine samples. 8-OHdG is a product of DNA repair and is excreted in urine (Loft et al. 1993), but as DNA of the urinary tract can be oxidized as well, the signal could come from peeled-off cells and not vary only with urine production (and some of the urine samples were highly loaded with urinary pellets). A comparison between circulating and urine levels of oxidative stress (including other markers than 8-OHdG such as lipid peroxidation) could be interesting to answer the question.

In any case, males present higher levels of oxidative damage than females at the end of each study, with or without normalization with creatinine, which reinforces the idea of a more challenged male.

Mitochondrial reserve capacity. In late summer, CR impacted MtRC at the same extent in both sexes, but the parameter was lower in males at the beginning of the experiment (and remained as such afterwards) suggesting that summer could be a more challenging period for them, even in breeding conditions. During the longitudinal SD study, mitochondrial capacities were enhanced in females as well, as they finished winter with higher MtRC compared to males. This reflects the sex imbalance in the ability to face new environmental stressors, as the cell's capacity to meet a new energy demand is reduced in males in every situation [START_REF] Divakaruni | Analysis and Interpretation of Microplate-Based Oxygen Consumption and PH Data[END_REF]. Such decreased capacity in males is not supported by a decrease in mitochondrial content, as females have a lower Mt/Nu DNA ratio, at least at the end of summer, in fibroblasts. This is coherent with findings in rats, where females were proven to host fewer mitochondria than males, but with a greater differentiation degree and higher activity [START_REF] Guevara | Sex-Dependent Differences in Aged Rat Brain Mitochondrial Function and Oxidative Stress[END_REF]). We also measured mitochondrial capacities for the late winter 80% CR, but data still need to be analysed.

Reproductive success

CR applied during winter, during the male reproductive preparatory phase, had few impact on reproductive success from the two winter experiments. This goes in the direction of other studies that underlined the great flexibility and resilience of reproductive processes in seasonal breeders (Cindy I. Canale et al. 2012b). Indeed, as survival chances of animals with fast life histories are uncertain, reproductive opportunities are sparce and must be optimized for a species to be adapted (Saether et al. 2004), especially in unpredictable environments like Madagascar [START_REF] Dewar | Evolution in the Hypervariable Environment of Madagascar[END_REF]. This may oppose our Microcebus murinus model with less seasonal breeders that showed inhibition of their reproductive axis under food restriction [START_REF] Bronson | Climate Change and Seasonal Reproduction in Mammals[END_REF][START_REF] Gill | Female Sexual Behavior Is Inhibited by Short-and Long-Term Food Restriction[END_REF][START_REF] Kauffman | Critical Periods of Susceptibility to Short-Term Energy Challenge during Pregnancy: Impact on Fertility and Offspring Development[END_REF][START_REF] Wingfield | Reproduction and Resistance to Stress: When and How: Reproduction and Resistance to Stress[END_REF].

Timing of reproductive readiness. In females, oestrus delay were often recorded between different populations depending on food availability and quality , while males' reactivation were not shifted in time (Caro et al. 2009;Hahn et al. 2005). Here, none of the winter CR, chronic or acute, influenced time of first oestrus at LD transition or delayed full testis size during late winter.

Sexual hormone levels. At the end of winter, CR did not have any negative impact on females' oestrogen levels. Interestingly, testosterone levels traced minimal body temperatures, and only CR females' levels did not increase during the second half of winter. The difference in final levels of testosterone between CTL and CR males were not significant.

Offspring. The chronic CR had no impact on either males' or females' reproductive success, even though CR males had more offspring than CTL males (not significant for the 6 males which became fathers). The only parameter that differed was the total mass of the litter at birth and after 6 weeks, which were higher in CR females as compared to CTL females. This was opposed to Canale's results, where CR only delayed growth of the juveniles (Canale et al. 2012). However, the experimental conditions were different as mothers were put under chronic food shortage during gestation and lactation. Hence, a winter food shortage only did not prevent animals from fully recovering compared to CTL individuals, and even show enhanced reproductive resilience.

Which ecological consequences of sex-biased impacts on fitness?

From the 3 different stressors we applied, animals showed sex-bias in only indirect markers of survival chances, with few impacts on reproductive success. Having impacted markers of survival does not mean that animals cannot recovery or show resilience capacities. In fact,

Microcebus murinus is known to be particularly efficient in getting fat rapidly (Terrien 2018;[START_REF] Dal-Pan | Caloric Restriction or Resveratrol Supplementation and Ageing in a Non-Human Primate: First-Year Outcome of the RESTRIKAL Study in Microcebus Murinus[END_REF]) and show no sign of morbidity associated with fast variations of BM, as it is described in other species [START_REF] Biourge | Experimental Induction of Hepatic Lipidosis in Cats[END_REF]. But the principal problem we pointed out is the sex imbalance in the impact CR could have on markers of survival. As we already discussed throughout this text, a sex-biased population is expected to extinct more rapidly than a well-balanced one [START_REF] Galliard | Sex Ratio Bias, Male Aggression, and Population Collapse in Lizards[END_REF]Wedekind 2002;Grayson et al. 2014;[START_REF] Caswell | Two-Sex Models: Chaos, Extinction, and Other Dynamic Consequences of Sex[END_REF]. Whether impacts of an acute CR on BM, oxidative stress or mitochondrial capacities can eventually lead to a sex-bias in mortality in wild populations must be explored.

We know that in the wild, food shortage may be drastic (Dammhahn et Kappeler 2008a), and that males' survival at the onset of summer was shown to be 16% inferior to the one of females Which species does the TFH concern? Having been proved in both chiropters and primates, the TFH seems quite robust. Seasonal breeders represent the majority of vertebrate species, and its degree varies along the latitudinal gradient in an adaptation to photoperiodic cues and cyclic environmental variations(ref). If we link seasonal reproduction with thrifty phenotypes (TP) in females, other observations of sex differences in energy balance have been made in different heterothermic species. Indeed, in polar bears (Ursus maritimus), only females enter hibernation when they are in gestation [START_REF] Lennox | Polar Bears (Ursus Maritimus), the Most Evolutionary Advanced Hibernators, Avoid Significant Bone Loss during Hibernation[END_REF], and adult male ground squirrels express shorter torpor bouts than females (Gür et Gür 2015). In the alpine marmots (Marmota marmota), males show signs of senescence for their BM while females do not [START_REF] Tafani | Sex-Specific Senescence in Body Mass of a Monogamous and Monomorphic Mammal: The Case of Alpine Marmots[END_REF]. The authors associated this sex-specific energy balance to male's increased behavioral expenditures, as searching and securing for mates, as for the risky male theory in wild male mouse lemurs (Cornelia Kraus, Eberle, et Kappeler 2008). One may oppose the observation of thriftier females in non-seasonal breeders. Generally these observations have been conducted in domesticated species that lost photoperiodicity, either because they live in a buffered environment which does not impose many constraint on reproductive energetics, or because they were artificially selected to mate often to increase productivity [START_REF] Blottner | Moderate Seasonality in Testis Function of Domestic Cat[END_REF]Setchell 1992). Female laboratory rats showed greater thermogenic functionality of their brown adipose tissue compared to males, and a higher resistance to weight loss (Valle et al. 2007;Rodrı ǵuez-Cuenca et al. 2002), features that highly resembles thrifty phenotypes, and are shared with female seasonal breeders. As males and females rats endure rapid and continuous spermatogenic and oestrous cycles respectively throughout the year (around 50 days for a male and 4 to 5 days in females with no seasonal discontinuity; Lohmiller, Swing, et Hanson 2006), we believe that the TP is a sex-specific adaptation to delayed reproductive allocation and big energy expenses in females, that would be an inherited residue -still beneficial-in non-seasonal breeders. In humans, "thrifty genotypes" are discussed, as selected genes to famine, but no sex effect is mentioned [START_REF] Prentice | Early Influences on Human Energy Regulation: Thrifty Genotypes and Thrifty Phenotypes[END_REF]. However, studies have revealed male/female differences in the distribution of adipose tissue, and sexual chromosomes may have a role in it [START_REF] Zore | Sex Differences in Obesity, Lipid Metabolism, and Inflammation-A Role for the Sex Chromosomes?[END_REF].

Enlarging too much our discussion on other species would be hazardous however, as each species has its own natural history.

Sex-specific trade-offs outcome. Johansson and Willis stated that males should avoid torpor to reduce associated physiological costs, but did not mention any outcome in reproductive success for them (Jonasson et Willis 2011b). Here, we do think that males optimize reproductive success in using less torpor than females (Figure 16). We know that spermatogenesis implies shorter torpor bout and longer arousals in order to rewarm the body enough to allow gamete metabolism (Gagnon et al. 2020), especially since males M.murinus display features associated with sperm competition (Aslam et al. 2002b;Simmons 2005). But if seasonality selected for better energy saving mechanisms in females to maximize their reproductive success, it would mean that sexes are unequal regarding the classic reproduction-survival trade-off. Because torpor has costs, Jonasson and Willis based their sexvariability theory on the idea that it should be avoided as much as possible (Humphries, Thomas, et Kramer 2003). Yet, torpor has costs but also benefits, especially for surviving winter. Under the TFH, seasonally breeding females would thus advantage both reproduction and survival by using torpor, while males would ultimately impact survival as they have to "wake up" to invest in reproduction (see figure x). Reproduction and survival are part of a very well-studied trade-off [START_REF] Gunderson | Trade-off between Reproductive Effort and Adult Survival in Oviparous and Viviparous Fishes[END_REF]Cox et al. 2010;Blomquist 2009). An HPA stress response can impact reproduction directly, as glucocorticoids and sexual hormones come from the same metabolic pathway [START_REF] Häggström | Diagram of the Pathways of Human Steroidogenesis[END_REF]. In fact, even sexes are theorized to be part of a trade-off: in species where sex can be determined by environmental conditions, generally plants or invertebrates, one individual can develop into the more adequate sex [START_REF] Charnov | When is sex environmentally determined ?[END_REF][START_REF] Voordouw | Larval Density and the Charnov-Bull Model of Adaptive Environmental Sex Determination in a Copepod[END_REF]. When one environment allows to grow into large adult body size, one sex is thought to benefit more from it than the other. Interestingly, in the discussed species of this paper Gammarus duebeni, males are the one benefiting the most from large body sizes, as large males are capable of mating with females of all sizes, whereas small males are unable to mate with larger females [START_REF] Mccabe | Adaptive Significance of Environmental Sex Determination in an Amphipod[END_REF]. In this case also, females benefit from large body size as well, to invest in egg production, but too large females have difficulty finding a suitable partner [START_REF] Hatcher | Size and Pairing Success InGammarus Duebeni: Can Females Be Too Big?[END_REF]. In vertebrates, sex is more dependent on its genetic component to be determined [START_REF] Bull | Evolution of Sex Determining Mechanisms[END_REF], although it can sometimes be influenced by environmental factors . However, sex-specific adaptations have been discussed in this branch of the tree as well. In 1989, Shine reviewed sex divergence in "ecological niche" as a cause of sexual dimorphism [START_REF] Shine | Ecological Causes for the Evolution of Sexual Dimorphism: A Review of the Evidence[END_REF]. Females would naturally spend more energy than males in gamete production, as females' eggs contain the substrate for the development of the offspring. Anisogamy would thus be the foundation of the different needs in nutrients, food quantity or foraging behaviour. The TFH adds a physiological feature to Shine's theory, to explain sex specific adaptions to reproductive constraints.

Can we link the stress response efficacy directly to the reproductive axis activity?

We had the initial hypothesis that a sex difference in body mass loss after CR, would either be the result of (1) a difference in energy expenditure due to different sexual reactivation during winter (males showing testis recrudescence in the second half of winter, which can be energy consuming),

(2) the manifestation of females' greater energy savings mechanisms.

(3) or both phenomena.

We could not certify for sure the link between males' earlier reproductive activity during this period and their higher BM loss because the inhibition of the reproductive axis was not achieved using GnRH agonist, contrary to females. If achieved correctly, an absence of different responses between chemically castrated animals of the two sexes would mean a direct link between energy allocation to reproduction and a thriftier phenotype in females.

However, the GnRH implants we used worked differently between sexes, which did not let us answer our question (see article part 3). This particular result is another proof of a sex-specific central regulation of the reproductive axis, and informs on the profoundness of sex divergence.

This should be further explored, notably by exploring the links between the signalling pathways of biological clocks, metabolism and reproduction at the hypothalamic level.

From what we observed, we would rather think that males and females specific metabolic responses could still emerge under successful blockage of any reproductive energy investment, leading to a biased loss in body mass. However, this manipulation still needs adjustments, to determine whether and when desloreline implant would work on males. For example, successful repression of the reproductive axis might have been achieved with earlier placement of the desloreline implant, during summer for example.

To go further: what has been initiated

and should be completed in the future.

4.1.

Sex-specific telomere dynamics.

Despite the fact that no result of relative telomere length (RTL) is presented in this work, a substantial effort was made in documenting, collecting samples (buccal swab), extracting DNA, and calibrating new qPCR machine at the lab to perform RTL measurements. Indeed, the hypothesis of a relationship between metabolic activity, oxidative stress and telomere dynamics is at the heart of the reflection on organisms' longevity [START_REF] Richter | A Continuous Correlation between Oxidative Stress and Telomere Shortening in Fibroblasts[END_REF][START_REF] Gire | La sénescence : Une barrière télomérique à l'immortalité ou une réponse cellulaire aux stress physiologiques ?[END_REF]. One of the genomic markers for oxidative damage is the TTAGGG repeats found at chromosome extremities, or telomeres, which have been shown to be particularly sensitive to oxidation due the large number of guanines [START_REF] Fouquerel | Oxidative Guanine Base Damage Regulates Human Telomerase Activity[END_REF]. A well-known mechanism of telomere shortening is replicative senescence, a process of progressive and spontaneous decrease in telomere length at each cell division (J. R. [START_REF] Smith | Replicative Senescence: Implications for in Vivo Aging and Tumor Suppression[END_REF]. This pattern is particularly seen in large mammals, which do not show telomerase activity in somatic cells: on that subject, Seluanov et al. found a negative correlation between body mass and telomerase activity in a study covering more than 60 mammalian species [START_REF] Seluanov | Telomerase Activity Coevolves with Body Mass Not Lifespan[END_REF]). However, large animals are also distinguished from small ones by the size of their telomeres, which is inversely correlated with lifespan. We also know that metabolic rate is more important in small homeotherm species, as they require more energy to maintain their body temperature [START_REF] Brown | TOWARD A METABOLIC THEORY OF ECOLOGY[END_REF][START_REF] Promislow | On Size and Survival: Progress and Pitfalls in the Allometry of Life Span[END_REF]). Thus, large mammals have a long lifespan and short telomeres, the size of which is not maintained by somatic telomerase activity, whereas small mammals have a short lifespan, high metabolism and long telomeres relatively preserved by telomerase in most tissues. Thus, for small animals, another form of senescence is thought to result from "environment-dependent" degradation of genetic material.

Telomeres are indeed particularly sensitive to oxidative stress, which could cause an abrupt shortening of the telomeric extremities (Barouki 2006;[START_REF] Hewitt | Telomeres Are Favoured Targets of a Persistent DNA Damage Response in Ageing and Stress-Induced Senescence[END_REF][START_REF] Richter | A Continuous Correlation between Oxidative Stress and Telomere Shortening in Fibroblasts[END_REF]. This would damage the replicative capacities of the cells, leading to a drop in tissue integrity and functionality and contribute to the aging of the animal (Wei et al. 2018;[START_REF] Hewitt | Telomeres Are Favoured Targets of a Persistent DNA Damage Response in Ageing and Stress-Induced Senescence[END_REF]. Recently, the telomeric configuration of Microcebus murinus has been studied [START_REF] Trochet | Telomere Regulation during Ageing and Tumorigenesis of the Grey Mouse Lemur[END_REF]: despite their small body size, they have a particularly long lifespan and are therefore different from rodents (half-life of ~5.5 years, maximum longevity of 14 years, for an average weight ranging from 60 to 120g; Martine Perret 1997). However, they have the highest telomere length among primates, which brings them close to the pattern attributed to small mammals. Moreover, the age of the animals is not negatively correlated with telomere size, unlike humans [START_REF] Eisenberg | An Evolutionary Review of Human Telomere Biology: The Thrifty Telomere Hypothesis and Notes on Potential Adaptive Paternal Effects[END_REF]. However, STELA analysis (Single Telomere Length Analysis) [START_REF] Montpetit | Telomere Length: A Review of Methods for Measurement[END_REF]) has shown a strong heterogeneity in telomere size with the increase in the proportion of short telomeres in older individuals [START_REF] Trochet | Telomere Regulation during Ageing and Tumorigenesis of the Grey Mouse Lemur[END_REF]. The hypothesis of oxidative stress as a process of senescence is thus advanced in this study, which is corroborated by a relatively strong somatic telomerase activity for a primate [START_REF] Trochet | Telomere Regulation during Ageing and Tumorigenesis of the Grey Mouse Lemur[END_REF].

As our results show diminution of body temperatures (known to follow MR; ref) during the first half of winter, followed by an increase during the second half especially in males, we wanted to complete observations with RTL dynamics. Previous analysis showed a slight increase in RTL between the beginning and the end of winter (personal data), and a non-significant increase between weeks 13-19 and weeks 20-26 of winter (Terrien 2018); here we completed the dynamics by doing a 5-point follow-up on our long-term SD40 study, looking for an effect of time, of CR, and a possible sex interaction. As oxidative stress decreased with MR during the first half of winter, we expected a "regenerative" effect on telomere length. The second half should be more contrasted amongst sexes, as males arouse more often than females and perform less torpor, especially before photoperiodic transition to summer. However, invasive method (buccal swabs). However, this manipulation still needs more effort to be completed. 

Torpor expression during gestation and lactation.

We recorded Tb from gestating and lactating mothers, that still wait to be analysed. This type of data was already collected by Canale and collaborators in 2012, using collars-mounted transmitters that recorded skin temperatures and showed very good discrimination of torpor use between pregnant and non-pregnant females (Canale, Perret, et Henry 2012). However, torpor is a complex phenomenon, during which one animal can exhibit different Tb depending on the tissue [START_REF] Austin | Additional Responses of the Poor-Will to Low Temperatures[END_REF], which can lead to observations of animals performing demanding activities under low recorded Tb (Hirshfeld et O'Farrell 1976;Willis, Brigham, et Geiser 2006;Canale, Perret, et Henry 2012). Here we placed the captors intra-abdominally to be in contact with the reproductive organs' environment -as opposed to rectal or skin recorded Tb-to acknowledge possible disparities with Canales' previous observations in pregnant females. Both experiments were not exactly comparable however, as Canale and collaborators applied either a chronic low CR during gestation (that went on during the entire winter), or a drastic one that stopped after LD transition. In contrast, our females underwent a chronic relatively low CR during 5 months before, that stopped before reproduction. After the longitudinal follow-up of our 24 wintering individuals was over, Anipill implants continued to provide data every 15 minutes. As the capsules were very mobile and did not show any palpable modification from the day they were implanted, they remained as such until batteries went flat. During this time, animals reproduced and females gave birth to up to 3 viable pups, with no difference in reproductive success or juvenile mortality from the general breeding colony. This shows how well tolerated the Anipill implants were, especially in a manipulation this long, which validates the method ethically speaking.

4.4.

Sex-specific efficacy of social thermoregulation.

Again, during the time Anipills still worked, males (12) and non-pregnant females [START_REF] Perret | Change in Photoperiodic Cycle Affects Life Span in a Prosimian Primate (Microcebus Murinus[END_REF] were placed in small groups of one-two or three individuals, and mixed-up every week. By doing so, we recorded each individual Tb profiles in order to look for a sex-specific regulation of social thermoregulation. Indeed, previous observations of sex-biased behavioural thermoregulation were made in this species during winter, and at a lesser extent during summer (Terrien, Perret, et Aujard 2010b). As nests were artificially warmed in a gradient of temperature, wintering females exhibited a significant preference for warmest nests during both night and day, whereas males did not. In consequence it was theorized that males and females would not require the same behavioural adjustments to reach thermoneutrality, i.e. to minimize energy expenditure (Schmid et Speakman 2000b;Schmid 2000). During LD, females spent as much time as males in nests at nights and both exhibited preference for warmest ambient temperatures. However, adult males showed a clear preference for colder nests selected to rest during the day, than those explored during night.

Here our data were collected during summer, and as animals were grouped, we questioned the regulation of each individuals' Tb considering its social environment. Is there a sex-specific modulation of torpor profiles in response to grouping? Despite males being solitary in the wild contrary to females which form kin groups [START_REF] Perret | Effects of Long-Term Grouping on Serum Cortisol Levels in Microcebus Murinus (Prosimii)[END_REF][START_REF] Génin | Social Inhibition of Seasonal Fattening in Wild and Captive Gray Mouse Lemurs[END_REF], they are gathered in the same cages in breeding colonies, and still sleep by piling up in the same nests, as females do. We thus wonder if they show any different thermic profiles from females, as the "social pressure" increases, or if they still manage to get the same benefits from grouping, especially during summer.

Tissue and cell bank

To characterize tissue-specific metabolic regulations in response to food shortage, and sex specificities, , we collected small biopsies of skin, abdominal fat, muscle and liver, tissues all directly implied in energy management. We gathered over 350 biopsies to perform transcriptomic analysis. In order to do so, we took advantage of the surgeries destined to log animals with temperature recorders (Anipill or DSI), avoiding to use more individuals for this only purpose. In the same spirit, each fibroblast culture was frozen in a viable state, and preserved for future experiments, allowing to perform in vitro studies when necessary.

Conclusion

Many observations of sex-specific responses have been made in the different axes of stress response. In this work, we discussed this sex imbalance, especially in torpor responses, and looked for a sex-specific impact on animals' fitness. In 2011, the "thrifty female hypothesis"

(TFH) has been pronounced by Jonasson and Willis: in the little brown bat (Myotis lucifurus), the team managed to verify the theory of sex-specific energy balance, and showed that females retained more fat going through winter than males, which would ultimately confer an advantage in resisting diseases (Jonasson et Willis 2011b). Here, we focused on confirming sex-specific responses to caloric restriction and its outcome in body mass, in Microcebus murinus, a small nocturnal primate from Madagascar, and seasonal breeder.

In an evolutive point of view, the TFH would mean that by using torpor, females would benefit both reproduction and survival in a seasonal context, while males have to endure a more classic unbalanced trade-off: as they invest in reproduction, they ultimately disadvantage survival. Many questions remain and emerged from this thesis, and further work is needed to understand the mechanisms involved in males and females' specific physiological responses to food shortage. As the chronic CR could not discriminate sexes in their energy balance during the second half of winter, where are the costs in females? Why did they perform more efficient torpors than males only in a context of drastic food shortage? As non-shivering thermogenesis is highly demanding in energy and is therefore essential in determining torpor efficacy (Terrien et al. 2010), comparing heat production through this process in males and females would be very informative. Moreover, collecting data from wild populations, where environmental constraints are much greater therefore maximizing inter-individual variability, could bring confirmation of our expectations and raise more concern. Males showing poorer energy balance before mating, especially in a context of climate change, could face bigger loss than females, leading to sex-biased population with an increased extinction risk. We do not want to adopt a too much alarmist point of view however, as species are resourceful, especially heterothermic ones that show high resilience capacities.
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Figure 2 .

 2 Figure 2. Seasonal patterns in day length (sunrise to sunset) at different latitudes (•N) in the Northern Hemisphere (Danilevskii 1965).

Figure

  Figure 3. Simplified representation of the central control of seasonal reproduction. SCN: Suprachiasmatic Nucleus; DMH: Dorsomedial Hypothalamus; AVPV: Anteroventral Periventricular nucleus; PG: Pineal gland; Arc.: Arcuate nucleus; PiG: Pituitary gland.

Figure 4 .

 4 Figure 4. Temporal changes in metabolic rate (MR) (02 consumption related to body mass, quantified via respirometry) and body temperature (Tb) in relation to ambient temperature variations (Ta) during torpor in dunnarts (A) and hypothermia in rat pups (B). Figure from Geiser et al. 2014.

  , it displays many sexspecific physiological and behavioral features. Evidence for another case of a thriftier female has been shown in this species, as males and females express strong differences in their body mass fluctuations over winter. Indeed, when males begin to lose weight around the middle of the season concomitantly to testicular growth initiation (M Perret et Aujard 2001a), females keep their fat storage until summer when mating takes place. Here, after a general description of the grey mouse lemur (box 5), we will look to develop an initial portrait of what we know of sex-divergence in Microcebus murinus, in a multi-

Figure 6 .

 6 Figure 6. Adult Grey mouse lemurs, male (in the front) and female (behind).

Figure 7 .

 7 Figure 7. Five genera of cheirogaleids. Counterclockwise from upper left: the mouse lemur Microcebus murinus; the hairy-eared dwarf lemur, Allocebus trichotis; a greater dwarf lemur, Cheirogaleus major; a fork-marked lemur, Phaner furcifer licking gum from a tree trunk; and above, Coquerel's dwarf lemur, Mirza coquereli. Drawing by Stephen Nash. From Fleagle, J.G., 2013. Primate Adaptation and Evolution, third ed. Academic Press, New York. (Seigle and seiffert, 2017)

  restricting vertical range to fine branches, thin terminal supports, lianas and dense foliage. Wild populations can reach high densities up to several hundred individuals per square kilometer (167 individuals/km² at Ankarafantsika National Park and 712 individuals/km² at Kirindy reserve). The nests are usually found in tree holes provided with some leaves, which give to animals a buffered shelter and prevent them from severe Ta fluctuations.

  Figure 8. Geographic repartition of Grey mouse lemurs in Madagascar. From UICN red list website.

  cockroaches, and spiders. These lemurs also consume leaves from Euphorbia and Terminalia trees, flowers, gums and nectar making it a potential pollinator for local plant species. They eventually eat homopteran larvae secretions and small vertebrates such as tree frogs, geckos, and chameleons. The diet essentially depends on food availability and mainly follows seasonal fluctuations, which submit the animals to chronic food shortage during the dry and cold season (Dammhahn et Kappeler 2008)(Figure 9). Metabolism and daily torpor. In the wild, mouse lemurs are active within the first hours of dark and then initiate torpor, which can last from 3.6 to 17.6 hours (Schmid 2000). Such patterns of Tb are reproducible in captive conditions (Figure 10), even under constant Ta exposure (Perret et Aujard 2001b; Génin et Perret 2003; Séguy et Perret 2005). Under both short and long days, mouse lemurs exhibit robust daily rhythms of Tb, with a decrease occurring at the beginning of the light phase. The minimal value of Tb is reached within the 3 hours following lights on. Then, arousal from low values of Tb occurs, ensuring return to normothermic state before the following night.

Figure 9 .

 9 Figure 9. Body mass fluctuations in a natural population (figure from Radespiel 2006); Fruits and Arthropods available in the mouse lemur habitat (figure from Dammhahn, et Kappeler 2008).

  During torpor, metabolic rate is reduced by 70 -80 % of the normothermic value. In field conditions, entrance into torpor occurs during dark phase and its duration is determined by Ta variations. Arousal from torpid state corresponds to a two-step process: first, mouse lemurs use passive heating, initiated by sun heat, which does not ask for any metabolic activation. Second, body heat is endogenously produced, involving shivering and non-shivering mechanisms, and Tb increases to reach a normothermic plateau. Brown-adipose tissue

Figure 10 .

 10 Figure 10. Daily variations in body temperature and locomotor activity in a normothermic and a torpid mouse lemur (figure from Perret et Aujard 2001b).

  throughout the year[START_REF] Hämäläinen | Evaluating Capture Stress in Wild Gray Mouse Lemurs via Repeated Fecal Sampling: Method Validation and the Influence of Prior Experience and Handling Protocols on Stress Responses[END_REF]. The same team renewed the experiment one year later to evaluate this parameter taking into account the effect of age; results showed higher fGCM levels in aged individuals during the dry season, but not during summer, and this relationship was stronger in females (Figure11). Moreover, a positive correlation between body mass and fGCM was found in males during winter, while the relationship was negative in females. The effect of sex on the hormonal expression of stress seems to be revealed only in aged individuals, and only during the dry season. However, the risky periods identified by the physiological and ecological methods, i.e. the dosage of cortisol metabolites and the measurement of mortality rates, are in contradictions: if

Figure 11 .

 11 Figure 11. During the dry season, age was associated positively with faecal glucocorticoid hormones (GC) metabolite (fGCM)-levels of wild Microcebus murinus, but this effect was stronger for females, as indicated by an age × sex interaction term (p = 0.003) (Hämäläinen, Heistermann, et Kraus 2015).

  with their sexual activity: males and females gain fat during reproductive quiescence, then males lose weight progressively after spermatogenesis restart around the 16 th week of winter (Perret et Aujard 2001; Figure 12), while females keep the same body mass in average until lactation, which is considered the most energy consumptive phase of the female sexual cycle in mammals (Clutton-Brock, Albon, et Guinness 1989).

Figure

  Figure 12. "Changes in body mass and reproductive function according to sex in mouse lemurs exposed to natural daylength over a 2-year period. The occurrence of short days (<12 h light/day, autumn and winter) is indicated by gray areas". (Perret et Aujard, 2001). The blue frame underlines the period of interest, when individuals reached their first winter in adulthood.

  photoperiod when transitioning to summer, and chronic caloric restriction). The individuals were then placed together to allow mating and reproductive success of each animal was established on the basis of the number of pups, growth rate and survival of the juveniles.

  males (thus 'feminizing' them) and see if this brings them closer to the female's responses to CR, as females are sexually inactive during this time period. Hence, by suppressing the reproductive axis, we expect to (1) observe uniformization of the energy balance between implanted males and females and(2) no difference between CTL and implanted females (for the same reasons). If these expectations reveal themselves to be true, males' and females' natural gap in response to CR could be safely attributed to their shift in energy allocation to reproduction.IntroductionPhysiological mechanisms of the response toward stressors are the core of ecophysiology studies to understand the limits of organism's flexibility in a context of environmental perturbations. Seasonality is a ubiquitous feature which has driven the evolution of many life history traits in the majority of species[START_REF] Lisovski | Defining the Degree of Seasonality and Its Significance for Future Research[END_REF][START_REF] Moen | Living in a Seasonal Environment[END_REF][START_REF] Williams | Understanding Evolutionary Impacts of Seasonality: An Introduction to the Symposium[END_REF]. The succession of seasons implies that organisms are capable of preserving homeostasis in either periods of low or high resources availability, with strong variations in abiotic features such as temperature or pluviometry.Various responses allow animals to adapt circannual fluctuations, such as migration or hibernation, which all imply metabolism flexibility[START_REF] Canale | Adaptive Phenotypic Plasticity and Resilience of Vertebrates to Increasing Climatic Unpredictability[END_REF]. Whether these responses induce high metabolism rate to find suitable energy resources elsewhere, or hypometabolism to avoid too much energy expenses during low food availability, animals all engage in an energy balance that maintains survival and ultimately sustains reproduction.

  animals and ethical concerns. Twenty-four grey mouse lemurs (M. murinus), 12 males and 12 females all aged from 2 to 4 years and raised in the breeding colony of Brunoy (MNHN, France, license approval n° E91-114-1), were included in the experiment. Animals were kept in individual cages of 66 x 50 x 60 cm, equipped with branches, foliage and wooden nesting box, in semi-isolation from the others (visual, hearing and odorant interactions remaining possible between individuals) for the duration of the experiment. Temperature and humidity were maintained constant (24-26°C and 55% respectively). Photoperiod was set to mimic winter as light exposure was restrained between 7a.m and 5p.m for the 6-month duration of the experiment (short days, SD; 10 hours of light, 14 hours of dark, for 27 weeks). The lemurs were fed with a standard fresh mixture (egg, concentrate milk, cereals, spicy bread, cream cheese and water), banana, and were provided with ad libitum water. All described experimental procedures were approved by the Animal Welfare board of the UMR 7179, the Cuvier Ethics Committee for the Care and Use of Experimental Animals of the Muséum National d'Histoire Naturelle and authorized by the Ministère de l'Enseignement Supérieur, de la Recherche et de l'Innovation (n°14075-2018031509218574) and complied with the European ethic regulations for the use of animals in biomedical research.

  analyzed over a 24-hour period of time during early (week 2 to 3), mid-(week 9 to 14) and late (week 22 to 25) winter periods. We use the 'Segmented' 1.1-0 package (Muggeo 2019) to estimate 5 linear regressions (and 4 breakpoints) from the median Tb daily curves, starting at 20:00 to keep the hypothermic fall profile uncut. For each individuals and each of the 3 periods, several parameters were extracted from the curves to develop "heterothermy profiles" (Figure1): time of heterothermy initiation ('Hi', in minutes from 20:00), as the estimate of the most negative slope before minimal Tb; minimal Tb ('Tmin', in °C) as the lowest of breakpoints ordinates, and its hour of expression ('Hmin', in minutes from 20:00); time of initial Tb recovery ('Hf' in minutes from 20:00) when Tb is maximal after Tmin; heterothermy duration ('HTD' (min)= Hf -Hi); and speed of Tb drop and Tb rise ('Vdrop' (°C.min -1 ) = (Tb1-Tb2)/(Hmin-Hi); 'Vrise' (°C.min -1 ) = (Tb4-Tb3)/(Hmin-Hf)).

Figure 1 .

 1 Figure 1. Body temperature (median) over 24h and straight lines based on breakpoint analysis (in red). Tb1 and Tb2 are the Tb ordinates framing the linear regression of body temperature fall (Tb drop), with 'Hi' being the time of heterothermy initiation. 'Tmin' is the minimal ordinate calculated from breakpoints and 'Hmin' is the time when Tmin is reached. Tb3 and Tb4 are the Tb ordinates framing body temperature rise (Tb rise) after Tmin, 'Hf' being the time of Tb recovering (maximum Tb after Tmin). Each Tb was calculated from the 5 linear regressions as follows: Tb1 = a0 * Estimate(rank1) + b0 = a1 * Estimate(rank1) + b1  b1= (a0-a1) * Estimate(rank1) + b0 (with a being the slopes, and b the intercepts of each regression).

Figure 2 .

 2 Figure 2. Winter fluctuations of (A, B) Daily Minimal Tb (Tmin), its time of expression (Hmin) (C, D), Body Mass (E, F), and Testis size (F). Medians + standard deviations are displayed. CTL females are in orange and CR females in brown; CTL males are in green and CR males in blue.

Figure 3 .

 3 Figure 3. Minimal Body Temperature variations (fitted values after GAMM modelization, table 1, model 10) as a function of time (in weeks) and Body Mass. Tmin intensity is represented by color graduations from dark blue (22°C) to red (38°C). A. CTL females; B. CR Females; C. CTL males; D. CR males.

Figure 4 .

 4 Figure 4. Proportion of individuals under 33°C of body temperature evolution during winter (GAMM analysis). A: females, where CTL females are in orange and CR females in brown; B: males, CTL males are in green and CR males in blue.

Figure 5 .

 5 Figure 5. Graphic representation of different effects from time of daily minimal Tb expression (Hmin) modelization (lmer): Hmin~ time (in days) + BM + Tmin + Day of the week*Group + Lot + (1|Individual). A: Hmin depending on sex and day of the week; B: Hmin evolution over time (days).; C:Hmin variation with body mass; D: Hmin variations depending on daily Tmin.

Figure 6 .

 6 Figure 6. Heterothemic profiles (Tb) described using different parameters, depending on sex and diet at the beginning, middle and later winter. A: minimal body temperature (Tmin); B: Heterothermy duration (HTD); C: speed of Tb drop before Tmin (Vdrop); D: speed of Tb rise avec Tmin (Vrise); E: Time of heterothermic initiation (Hi).

  described experimental procedures were approved by the Animal Welfare board of the UMR 7179, the Cuvier Ethics Committee for the Care and Use of Experimental Animals of the Muséum National d'Histoire Naturelle and authorized by the Ministère de l'Enseignement Supérieur, de la Recherche et de l'Innovation (n•14075-2018031509218574) and complied with the European ethic regulations for the use of animals in biomedical research.

- 1 )

 1 was used to normalize all urine measurements as an indicator of renal filtration activity (MicrovueTM Creatinine Elisa kit, Quidel R Corporation, ref 8009). Results are thus expressed in ng.mg Creat. -1 .

  acute CR in late winter. As for oxygen consumption, mean activity during the day tended to differ between sexes depending on treatment, and only differed in females after CR (Sex:Trt:Phase day: Chisq= 2.78, p= 0.096; CTL Females = +92 ± 210 %, V= 2, p=0.19; CR females = -42 ± 39 %, V=18, p = 0.16; Figure 1F), while it did not change in CR males (CTL males = +29 ± 150 %, V= 3, p=0.63; CR males = -18 ± 37 %; V = 15, p= 0.44). During the night, we observed the same trend amongst the animals (Sex:Trt:Phase (log): Chisq = 3.5, p = 0.06; Figure 1G) with a significant decrease of activity only in CR females (CTL females = +38 ± 26 %, V=0, p=0.06; CR females = -36.3 ± 27.5, V = 20, p = 0.06; CTL males = +10.3 ± 58.8 %, V=1, p=0.25, CR males = +21.3 ± 49.3 %, V=8, p= 0.69).

Figure 1 .

 1 Figure 1. Overview of the thrifty female. A: Body mass (g) in each group (CTL females in orange, CR females in brown, CTL males in red, CR males in blue) before and after caloric treatment (either CTL treatment or 80% CR). B: Torpor duration (minutes); C: daily minimal body temperature (Tmin, in °C). D: mean MR (mlO2.kg -1 .h -1 ) during the day. E: mean MR (mlO2.kg -1 .h -1 ) during the night. F: Mean activity during the day. G: Mean activity during the night. Intra-group effect are analysed with a non-parametric pairwise Wilcoxon-Mann-Whitney test, and differences between CR groups are come from linear mixed models. *<0.05; °<0.1.

Figure 3 .

 3 Figure 3. Urinary concentrations of A: Creatinine (mg.ml -1 ); B: Cortisol (ng.mgCreat -1 ); C: 8-OHdG (ng.mgCreat -1 ); in each group (CTL females in orange, CR females in brown, CTL males in red, CR males in blue) before and after caloric treatment (either CTL treatment or 80% CR).

  Committee for the Care and Use of Experimental Animals of the Muséum National d'Histoire Naturelle and authorized by the Ministère de l'Enseignement Supérieur, de la Recherche et de l'Innovation (n•14075-2018031509218574) and complied with the European ethic regulations for the use of animals in biomedical research.

  indicator of renal filtration activity (MicrovueTM Creatinine Elisa kit, Quidel R Corporation, ref 8009). Results are thus expressed in ng.mg Creat.-1 or pg.mg Creat.-1.

Figure 1 .

 1 Figure 1. Photographs of a female implanted with desloreline entering into (A) Proestrus and (B) oestrus about two weeks after implantation. The visual observations of sexual long-term inhibition during winter in DIF were consistent with oestrogen concentrations in urine, which were significantly lower in DIF than in NIF (2427.6 ± 1919.2 in DIF, vs. 5193.2 ± 2793.2 in NIF; W=45, p-value= 0.0027; Figure 2A) 2 months after implantation (during the second half of winter).

Figure 2 .

 2 Figure 2. Sexual hormone levels in females (Estradiol) and males (Testosterone), after 2 months of Desloreline implantation (in red), or not (grey) (DIM = desloreline-implanted males, DIF = desloreline-implanted females, NIM = non-implanted males, NIF = non-implanted females). *<0.05

  It was suggested that bulls treated with GnRH agonist undergo the classical desensitisation of the pituitary and downregulation of endocrine function, but that other testicular factors were involved in maintaining LH secretion, such as an increase in the rate of transcription and translation of LH β-subunit mRNA to LH. Increased testosterone secretion in deslorelin-treated bulls was also associated with increased testicular steroidogenic acute regulatory (StAR)

Figure 15 .

 15 Figure 15. Oxidative damage variations in response to a 60% CR applied during late summer, in females (CTL in red; CR in brown) and males (CTL in green; CR in blue) mouse lemurs, or a 80% CR during in late winter. (A,B) Creatinine; (C,D): 8-OHdG normalized with creatinine; (E,F): 8-OHdG non normalized.

Figure 16 .

 16 Figure 16. Sex-imbalance of the trade-off between reproduction and survival when using torpor

  Figure 17. RTL before and after a 60% CR in females and males during late summer, using Sybr green

Figure 18 .

 18 Figure 18. RTL dynamics before oestrus (P1), 10 days before birth (P2) and after weaning (P3) in females of the breeding colony that are either pregnant (REPRO, in red) or not (CTL, in orange).
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	axes are
	well described and adjusts energy expenses to the biological needs and environmental
	constraints, especially in acute situations, as they induce adaptive behaviours like escaping,
	commonly known as the "flight-or-fight" response (McCarty 2016). The HPA and SNS stress
	responses begin at the same time after the recognition of a stressor to release glucocorticoid
	(GC) hormones (as cortisol or corticosterone) and norepinephrine and adrenaline respectively
	after a cascade of mediators implicating various levels of the nervous system and the surrenal
	gland (Reeder et Kramer 2005). The HPA stress response is acknowledged as relatively
	flexible, handling acute (predation) to chronic situations (fasting) by regulating corticosteroids
	levels and duration of excretion (Angelier et Wingfield 2013). Low dose GC response (type 1
	GC response) is involved in day-to-night daily variations or other cyclic physiological variations.
	High dose cortisol (Type 2 GC response), initiates hypermetabolism by activating lipidic and
	proteic catabolism, by increasing glycaemia, heart rate, blood pressure, which leads to efficient
	short-term responses, but can impact fitness in the long-term by affecting reproduction and
	immunity, or by exhausting energy reserves (Angelier et al. 2009a). As a matter of fact,
	glucocorticoids are synthesised from cholesterol-derived precursors by the same metabolic
	Box 3. Trade-off
	Resources are limited, and for many wild populations, resources can be limited enough to imply costly choices. For
	taking care of their growth, self-maintenance, immunity or reproductive success, animals must allocate their energy
	incomes into various biological mechanisms. These life-history traits are thus submitted to compromises in order
	to maximize fitness. The finite nature of energy resources, coupled with the energy cost of biological activities,
	does not allow for the simultaneous maximization of all life history traits (Calow 1979). As explained in Stearns, in
	the 1990s, life history theory reached a consensus based on optimization models: "(1) life histories are shaped by
	the interaction of extrinsic and intrinsic factors, (2) the extrinsic factors are ecological impacts on survival and
	reproduction; (3) the intrinsic factors are trade-offs among life history traits and lineage-specific constraints on the
	expression of genetic variation" (Stearns 2000). Consequently, the phenotypes observed in nature are the result of
	compromises, or "trade-offs". But what mechanisms produce trade-offs and constraints? Again, as stated by
	Stearns, to understand trade-offs means to question (1) what affects the survival and reproduction of organisms;
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Supplementary 2. Mating associations between males (in the middle) and females (on the sides), according to their feeding regiment (CTL or CR) and their maternial lineages (dots of different colors).

Mitochondrial activity. The mitochondrial reserve capacity increased between middle and late winter in all the individuals, but was higher in females. The metabolic potential increased from the beginning to the end of winter, and was higher in males at the end.

Sexual hormones. Estradiol concentration decreased in urine in all groups between early and mid-winter, regardless of sex and feeding regimen, then increased in late-winter for CTL animals, while remained steady for CR groups. CR males had significantly lower estrogen levels than the rest of the individuals at the end of winter, while CR females kept a similar level compared to CTL females. Testosterone levels decreased during the first half of winter, especially in CR individuals (males or females), then highly increased in males, and at a lesser extent in CTL females. Testosterone levels of CR females continued to slightly decrease during the second half of winter. At the end of winter, CR males kept a testosterone level relatively lower than CTL males, although it was not statistically significant. CR females had significantly lower testosterone levels than the rest of the animals at the end of winter.

Principal Component Analysis on thrifty female's characteristics. The PCA showed significant discrimination of CR females along the first axis explaining 55.7% of the data (Figure 2A and 2B). CR females discriminated from CTL females with longer torpor bouts and deeper torpors (lower Tmin). They also had lower day and night activity, VO2, and BM. However, CR males were discriminated from the others on the basis of only lower BM (in a stronger way than for CR females, see figure 2B) and lower activity during the day. Cortisol and oxidative damage evolution after CR. Cortisol decreased after CR in both males and females (non-significantly in linear mixed model however; Figure 3B), as well as oxidative damage (Phase:Trt: Chisq= 13.7, p=0.0002; Phase:Trt:Sex: Chisq= 0.0069, p=0.9; Figure 2C). However, males had higher initial 8-OHdG concentrations under CTL conditions (Females= 32.6 ± 12.6 ng. mgCreat -1 , Males= 39.6± 15.8 ng. mgCreat -1 ; Sex effect: Chisq=5.48, p=0.019; Figure 3C), and the levels after CR were still higher in CR males as compared to CR females (CR females = 25.2 ± 3.3 ng. mgCreat -1 ; CR Males= 33.1±7.9 ng. mgCreat -1 ).

(Cornelia Kraus, Eberle, et Kappeler 2008). Also, environmental stochasticity and harsh conditions are expected to increase with global warming from drought to fires, habitat shrinking and diseases [START_REF] Yeh | El Niño in a Changing Climate[END_REF][START_REF] Seidl | Forest Disturbances under Climate Change[END_REF]Easterling 2000). But while few attentions are raised on the effect of sex-specific stress responses to environmental challenges and its repercussions on fitness, many is given to the impact of abrupt changes on population trends [START_REF] Drake | Population Effects of Increased Climate Variation[END_REF][START_REF] Verboom | Population Dynamics under Increasing Environmental Variability: Implications of Climate Change for Ecological Network Design Criteria[END_REF]. Vertebrate are resourceful and various flexible, plastic or evolutive adaptations are expected [START_REF] Canale | Adaptive Phenotypic Plasticity and Resilience of Vertebrates to Increasing Climatic Unpredictability[END_REF][START_REF] Gardner | Declining Body Size: A Third Universal Response to Warming?[END_REF]), but whether these will be sex-specific remains an open question.

Theorizing sex-specific responses to environmental stress

As Jonasson and Willis in their "thrifty female hypothesis" (TFH), we placed seasonal reproduction at the core of sex-specific responses to environmental challenges. Environmental challenges can come in many forms, and all can be theoretically reduced to increased energy exchanges between the environment and the organism; dynamic energy budget models are for that matter designed to describe how energy flows through an organism, and serves as a link between different levels of biological organisations, from the cell to the ecosystem [START_REF] Nisbet | From Molecules to Ecosystems through Dynamic Energy Budget Models[END_REF]. Under this viewing, seasonality shapes sex-specific energy balance mechanisms, as males' maximum demand take place when the environment provides few energy, i.e. during winter, because they need to anticipate the mating event in order to match readiness with females. For females the maximum energy expenditure would come after, for gestation, lactation and young growth (Clutton-Brock, Albon, et Guinness 1989). As these processes are very demanding in energy, they have been selected to match the most energetically favourable period of the year (Conover 1992). Thus, the TFH associates seasonal reproduction with intersexual differences in energy balance mechanisms. In its first description in wintering little brown bats (Myotis lucifugus), the TFH characterised lower BM loss in wintering females as compared to males [START_REF] Jonasson | Changes in Body Condition of Hibernating Bats Support the Thrifty Female Hypothesis and Predict Consequences for Populations with White-Nose Syndrome ». Édité par Sharon Gursky-Doyen[END_REF], and we confirmed it in Microcebus murinus as well, in our last experiment of 80% caloric restriction. We proved that females adapt their metabolism to food shortage, and that this modulation has a relative positive impact on their energy balance as compared to males which do not show diminution in MR and lose more BM. This may inform on the fact that females would capitalize more than males on their fat reserves for reproductive success [START_REF] Doughty | Detecting Life History Trade-Offs: Measuring Energy Stores in "Capital" Breeders Reveals Costs of Reproduction[END_REF]. However, even if they were more efficient than males regarding their energy balance, females lost substantial amount of weight. This shows that longer torpors are not as effective as shorter torpor bouts to spare energy reserves. This might be related to the high energy demands during arousals, which should be further investigated.

were relatively well conserved amongst individuals (data not shown).

We obtained results on RTL dynamics in our 60%CR during LD experiment, after setting and calibrating a new Real-Time PCR System thermocycler (Applied Biosystems TM ) in Brunoy. We used proofed method from previous studies on Microcebus [START_REF] Cawthon | Telomere Measurement by Quantitative PCR[END_REF]Terrien 2018). Neither males, nor females showed consistent modulation of their RTL after CR in late winter. However, we observed that males had an overall higher RTL than females during this experiment (figure 17). These results were not logical, considering the higher levels of oxidative damage we found in males in a consistent manner, but we are very cautious with the interpretation of these data as we questioned the method. Indeed, as a matter of fact, telomeres quantification showed poor efficacy compared to its 36B4 counterpart (the gene that normalizes telomere quantities to obtain RTL). We began to review our TAQ polymerase mix (SYBR Green MasterMix, Applied BiosystemTM, ThermoFisher scientific) as it may be inhibited at some point when reacting to large DNA sequences , as telomeres in the case of Microcebus murinus. Thus, we engaged in an adaptation of the protocol with a new mix (GoTaq® qPCR Master Mix, Promega), that is supposedly more adapted to such measurements as it is less luminous than the first one. Unfortunately, the manipulations were stopped and could not be finished to this date.

4.2.

Genomic costs of reproduction in female.

Among the energy-demanding biological processes that could generate oxidative damage and thus affect telomere dynamics, reproduction has raised many questions (Metcalfe et al. 2013).

As giving birth and lactating is costly (Clutton-Brock, Albon, et Guinness 1989), it has been hypothesized that repetition of reproductive events could, on a long-term basis, increase mortality hazard. However the opposite was recently shown in female mouse lemurs kept in breeding colonies [START_REF] Landes | Female Reproduction Bears No Survival Cost in Captivity for Gray Mouse Lemurs[END_REF], as reproductive events were not associated with decreased lifespan, but would even protect against early senescence. In the same time, a preliminary study (Julie Landes thesis) showed that reproduction would not alter genomic stability, as RTL (in blood samples) was not reduced between reproductive and nonreproductive females We confirmed this result by running qPCR with our method (see Figure 18), but as discussed above, new tests must be made. These preliminary results challenge the consensus about the consequences of reproduction on oxidative stress, and organism senescence. We initiated the replication of these preliminary results with 3 new pregnant females (and 3 non pregnant), also measuring metabolic rates and collecting DNA with non-