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Testing for links between female urine odor and male sexual behaviors in Japanese macaques (Macaca fuscata)
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Urine is involved in sexual communication in New World monkeys and lemurs, but most studies of the role of olfaction in sexual communication in Old World monkeys have focused on vaginal secretions rather than urine. We investigated whether female urine promotes male sexual behaviors (approaches and inspections of genital area) in Japanese macaques (Macaca fuscata). We used a sequential presentation paradigm in behavioral experiments, presenting unfamiliar female urine and control cotton swabs to males living in a social group with cycling females. We tested whether males (N=3) showed more processing behaviors (licking, sniffing, tasting) towards female urine (22 stimuli per male from pre-fertile, fertile, and post-fertile phases, based on urinary estrone and progesterone conjugate profiles) than control odor (8 stimuli per male). We then compared male sexual behaviors towards resident females pre-and post-exposure to stimuli and in relation to the females' reproductive status (peri-fertile, non-fertile, and pregnancy periods, based on fecal estrone and progesterone conjugate profiles). We found that males showed significantly more processing behaviors towards urine stimuli than to controls but that male behavior did not vary across urine samples from pre-fertile, fertile, and post-fertile phases. Exposure to unfamiliar female urine stimuli did not modulate male approaches to and inspections of resident females at any stage of the female reproductive cycle. Although our study is limited by its small sample size, the results suggest that female urine contains compounds that males detect, but we found no evidence that female urine is related to male sexual behaviors.

Introduction

Female primates display multiple sexual signals that contain information about reproductive status and influence male sexual behaviors. Studies of fertility signaling have mostly focused on visual (e.g., [START_REF] Dubuc | Sexual skin color contains information about the timing of the fertile phase in freeranging Macaca mulatta[END_REF][START_REF] Higham | The timing of ovulation with respect to sexual swelling detumescence in wild olive baboons[END_REF][START_REF] Nunn | The evolution of exaggerated sexual swellings in primates and the graded-signal hypothesis[END_REF], behavioral (e.g., [START_REF] Brauch | Female sexual behavior and sexual swelling size as potential cues for males to discern the female fertile phase in free-ranging Barbary macaques (Macaca sylvanus) of Gibraltar[END_REF][START_REF] Engelhardt | Female sexual behavior, but not sex skin swelling, reliably indicates the timing of the fertile phase in wild long-tailed macaques (Macaca fascicularis)[END_REF][START_REF] O'neill | Relationship between ovarian cycle phase and sexual behavior in female Japanese macaques (Macaca fuscata)[END_REF], and auditory channels (e.g., [START_REF] Maestripieri | Female copulation calls in Guinea baboons: evidence for postcopulatory female choice[END_REF][START_REF] Pfefferle | Female Barbary macaque (Macaca sylvanus) copulation calls do not reveal the fertile phase but influence mating outcome[END_REF][START_REF] Pradhan | The evolution of female copulation calls in primates: a review and a new model[END_REF]. However, there is also evidence that odors are involved in sexual communication in primates, with males investigating the female genital area and/or urine (chacma baboons, Papio hamadryas ursinus: [START_REF] Clarke | What role do olfactory cues play in chacma baboon mating?[END_REF]; pygmy marmoset, Cebuella pygmaea: [START_REF] Converse | Communication of ovulatory state to mates by female pygmy marmosets, Cebuella pygmaea[END_REF]; spider monkeys, Ateles belzebuth and Ateles geoffroyi: [START_REF] Klein | Observations on copulation and seasonal reproduction of two species of spider Monkeys, Ateles belzebuth and A. geoffroyi[END_REF] olive baboons, Papio anubis: [START_REF] Rigaill | Multimodal sexual signaling and mating behavior in olive baboons (Papio anubis)[END_REF]; gray mouse lemurs, Microcebus murinus [START_REF] Schilling | Chemical composition of scent-gland secretions in an old world monkey (Mandrillus sphinx): influence of sex, male status, and individual identity[END_REF] or showing behavioral responses such as flehmen after exposure to odors from cycling females (mandrills, Mandrillus sphinx: [START_REF] Charpentier | Nasopalatine ducts and flehmen behavior in the mandrill: reevaluating olfactory communication in Old World primates[END_REF]. Males thus might have access to some odorant information about female reproductive status that could influence their sexual behaviors and that they could use in mating decisions to concentrate their reproductive effort on the most conceptive days of the cycle. Studies show evidence for a signaling function in female urine and labial/vaginal secretions in human and non-human primates (ring-tailed lemurs, Lemur catta: Crawford and Drea 2015; rhesus macaques, Macaca mulatta: [START_REF] Curtis | Identification of primate sexual pheromones and the properties of synthetic attractants[END_REF][START_REF] Michael | Pheromones: isolation of male sex attractants from a female primate[END_REF] chimpanzees, Pan troglodytes [START_REF] Fox | Potentials for pheromones in chimpanzee vaginal fatty acids[END_REF][START_REF] Matsumoto-Oda | Vaginal fatty acids produced by chimpanzees during menstrual cycles[END_REF]; humans, Homo sapiens: [START_REF] Michael | Human vaginal secretions: volatile fatty acid content[END_REF]. Odors may therefore be critical elements in primate sexual communication; female odors may play a larger role in the regulation of primate sexual behavior than is currently recognized.

Most studies of the role of olfaction in sexual communication in Old World monkeys have focused on vaginal secretions. Early studies identified some compounds named "copulins" in these secretions, i.e. volatile fatty acids such as acetic, propanoic, methylpropanoic, butanoic, and methylbutanoic acids [START_REF] Curtis | Identification of primate sexual pheromones and the properties of synthetic attractants[END_REF][START_REF] Michael | Pheromones: isolation of male sex attractants from a female primate[END_REF][START_REF] Michael | Primate sex pheromones of vaginal origin[END_REF]. The production of these compounds is enhanced by estrogen stimulation and suppressed by progesterone, suggesting that they are linked to the menstrual cycle and may have a role in fertility signaling.

Studies of humans and stump-tailed macaques (Macaca arctoides) found that male testosterone and cortisol concentrations increased after exposure to female vaginal odors from the peri-ovulatory period (stump-tailed macaques: Cerda-Molina et al. 2006;humans: Cerda-Molina et al. 2013).

Moreover, exposure to vaginal secretions from the most conceptive period of the cycle promotes male inspections of female genital area in stump-tailed (Cerda-Molina et al. 2006) and rhesus macaques [START_REF] Michael | Primate sex pheromones of vaginal origin[END_REF][START_REF] Michael | Influence of olfactory signals on the reproductive behaviour of social groups of rhesus monkeys (Macaca mulatta)[END_REF], although another study of rhesus macaques could not replicate those results [START_REF] Goldfoot | Lack of effect of vaginal lavages and aliphatic acids on ejaculatory responses in rhesus monkeys: behavioral and chemical analyses[END_REF]. The studies of rhesus macaques involved ovariectomized, androgen-treated females and used pairs of individuals housed alone. The use of reproductively inactive but hormonally stimulated females (to promote female proceptive behaviors) might produce results that are not representative of natural fertility signaling and mating choices. Furthermore, although vaginal secretions seem to play a role in the multimodal framework of reproductive signaling in Old World monkeys, it is likely that males have access to other information through inspections of genital area, such as urine odor.

Female urine has been hypothesized to play a role in sexual communication in several New World monkey species, with males directing more inspections of female genital area and of female urine scent-marks during the mating season (squirrel monkeys, Saimiri sciureus: [START_REF] Hennessy | Scent-marking and olfactory investigatory behavior in the squirrel monkey (Saimiri sciureus)[END_REF]; woolly spider monkeys, Brachyteles arachnoides [START_REF] Milton | Mating patterns of woolly spider monkeys, Brachyteles arachnoides: implications for female choice[END_REF]Muriqui sp.: Nishimura et al. 1988;tufted capuchins, Cebus apella: Phillips et al. 2011;[START_REF] Ueno | Responses to urine odor in the tufted capuchin (Cebus apella)[END_REF]. Captive male marmosets responded more to urine scent-marks from ovulatory females compared to ovariectomized ones (marmosets, Callithrix jacchus: [START_REF] Ferris | Functional imaging of brain activity in conscious monkeys responding to sexually arousing cues[END_REF]. Similarly, studies reported urine-related behaviors in sexual context have been also reported in several strepsirrhine, such as greater galagos (Galago crassicaudatus crassicaudatus: [START_REF] Eaton | Cycles of mating behaviour, oestrogen and progesterone in the thick-tailed bushbaby (Galago crassicaudatus crassicaudatus) under laboratory conditions[END_REF], ring-tailed lemurs [START_REF] Evans | Social behaviour and reproductive cycles in captive Ring-tailed lemurs (Lemur catta)[END_REF][START_REF] Reynolds | Induction of estrus in intact Lemur catta under photoinhibition of ovarian cycles[END_REF] and ruffed lemurs (Varecia variegata: Foerg 1982;Lemur variegatus: Shideler et al. 1983). To our knowledge, no studies have investigated the potential role of female urine on male sexual behaviors in Old World monkeys.

Japanese macaques (Macaca fuscata) live in multi-male multi-female groups. In this seasonal species, mating and conception occur during the coldest months of winter [START_REF] Fooden | Birth-season variation in Japanese macaques, Macaca fuscata[END_REF], which are often associated with the lowest food availability and variety [START_REF] Go | Seasonal changes in food resource distribution and feeding sites selected by Japanese macaques on Koshima Islet, Japan[END_REF][START_REF] Hill | Seasonal variation in the feeding behavior and diet of Japanese macaques (Macaca fuscata yakui) in lowland forest of Yakushima[END_REF][START_REF] Iwamoto | Food and nutritional condition of free ranging Japanese monkeys on Koshima Islet during winter[END_REF][START_REF] Nakagawa | Bioenergetics of Japanese monkeys (Macaca fuscata) on Kinkazan Island during winter[END_REF]). The high energetic costs (thermoregulation and reproductive costs, see [START_REF] Garcia | Energetic consequences of seasonal breeding in female Japanese macaques (Macaca fuscata)[END_REF]) associated with seasonality might have modulated the expression of fertility signaling to avoid wasting energy on non-reproductive mating (i.e., mating outside the fertile phase).

Sexual signals (proceptive behaviors, estrous calls, and face color) in female Japanese macaques convey broad information about female reproductive status (cycling vs. pregnancy, [START_REF] Rigaill | Multimodal advertisement of pregnancy in free-ranging female Japanese macaques (Macaca fuscata)[END_REF]), but they do not pinpoint the timing of ovulation as their expression does not vary between the pre-fertile, fertile and post-fertile phases (behaviors and vocalizations, [START_REF] Garcia | Relationship between sexual interactions and the timing of the fertile phase in captive female Japanese macaques (Macaca fuscata)[END_REF]. Males are nevertheless able to focus their reproductive effort on the most conceptive days of the cycle (in captivity see [START_REF] Garcia | Relationship between sexual interactions and the timing of the fertile phase in captive female Japanese macaques (Macaca fuscata)[END_REF][START_REF] O'neill | Relationship between ovarian cycle phase and sexual behavior in female Japanese macaques (Macaca fuscata)[END_REF]) and refrain from mating with pregnant females [START_REF] Rigaill | Multimodal advertisement of pregnancy in free-ranging female Japanese macaques (Macaca fuscata)[END_REF] which suggests that they might use other female signals. Captive and freeranging females produce a strong odor (perceptible to humans) during periods of high sexual activity and males frequently inspect the female genital area during the mating season [START_REF] Garcia | Relationship between sexual interactions and the timing of the fertile phase in captive female Japanese macaques (Macaca fuscata)[END_REF]. It is therefore possible that female odors (urine and/or vaginal secretions) modulate male sexual arousal or contain information about the probability of ovulation that males could detect; and olfactory signaling might be a crucial element of the Japanese macaque sexual communication.

We tested the hypothesis that female urine odor stimulates male sexual arousal or contains information about the probability of ovulation, which ultimately modulates the expression of male sexual behaviors (i.e. approaches and inspections of genital area) towards females in Japanese macaques. We predicted that (a) males should show more processing behaviors (sniffing, licking, and tasting the odor stimuli) toward urine than control stimuli, and (b) male processing behaviors should vary with the reproductive state of the urine donor with an increase after exposure to urine from the most fertile days of the menstrual cycle relative to the pre-and post-fertile phases. Then, (c) if urine odor modulates male sexual arousal or is related to female reproductive state, male sexual behaviors (i.e. approaches and inspections of genital area) should be greater after exposure to urine compared with control stimuli, and finally (d) male sexual behaviors should vary with the reproductive state of the donor with males displaying more sexual behaviors after exposure to odors from the fertile phase than to other phases of the menstrual cycle.

Methods

Ethical Note

We carried out our study in captivity using non-invasive methods. The Center for Human Evolution Modeling Research of the Primate Research Institute reviewed and approved our research protocol in agreement with the Guidelines for the Care and Use of Nonhuman Primates of the Kyoto University Primate Research Institute.

Subjects and housing

We conducted our study during the 2015-2016 mating season, from early October to late January, using a captive population of Japanese macaques living in a 1210 m 2 outdoor enclosure at the Primate Research Institute of Kyoto University (Inuyama, Japan). Individuals in this group (Wakasa group) are habituated to humans and easily identifiable through facial tattoos. Animals were fed twice daily between 09:30h and 10:30h and between 15:00h and 15:30h. Water was supplied ad libitum. The group was composed of 37 individuals consisting of 6 adult males (10.0 ± SD 4.4 years old, range = 6-18) and 7 sexually immature males (2.5 ± SD 1.4 years old, range = 1-5), 12 adult females (9.3 ± SD 2.9 years old, range = 6-16) and 9 sexually immature females (2.0 ± SD 1.3 years old, range = 1-4), and 3 infants less than 1 year old. Three adult females did not resume cycling at the beginning of the study and were therefore not included for behavioral analyses. We initially selected all adult and sexually active males for the study, but three males were later removed from the experimental protocol (see below) limiting our sample size to 3 adult males (male A: 12 years old, rank number 2; male B: 7 years old, rank number 4; male C: 6 years old, rank number 5).

Collection of urine and fecal samples

Due to logistical limitations (e.g., concrete surface, possibility of contamination), we were unable to collect urine from females living in the social group with the focal males so we collected urine from unfamiliar donor females. This reduces potential confounding factors related to familiarity which could affect male response to odor stimuli such as past experience and mate preferences. We collected urine samples during the previous mating season between November 2014 and late January 2015 from five adult and cycling donor females (12.2 ± SD 3.0 years old, range = 8-16 years) housed in individual cages at the Primate Research Institute. We placed a plastic container under the females' individual cages, and covered it with mesh to prevent contamination from feces. We collected urine samples every two days (except during menstruation) between 08:30h and 11:00h, directly after micturition. We stored the samples in glass vials at -80°C to prevent chemical degradation of the volatile compounds [START_REF] Drea | The "secret" in secretions: methodological considerations in deciphering primate olfactory communication[END_REF]. In parallel, we kept a fraction of urine samples at -20°C for hormonal analyses to determine female reproductive status. We followed the females during two consecutive cycles and collected 169 samples (mean per female = 33.8 ± SD 6.7 samples).

To determine the reproductive status of the resident females housed with the focal males, we collected 275 fecal samples from the nine cycling females (mean per female = 30.56 ± SD 6.06 fecal samples, range = 18-38). We collected fecal samples mainly between 8:00 AM and 12:00 PM, as well as opportunistically when defecation was observed. We collected the fecal samples in their entirety immediately after voiding; we bagged, labeled, and placed them on ice packs inside a container until transfer to a freezer 0-2 hours later. We maximized our effort to collect samples every two to three days to assess the ovarian cycle [START_REF] Hodges | Field endocrinology: monitoring hormonal changes in free-ranging primates[END_REF]. All samples were kept at -20°C until processing.

Determination of ovulation dates and cycle phases for urine and fecal samples

We analyzed urine and fecal samples for estrone conjugates (E 1 C) and pregnanediol-3-glucuronide (PdG) using previously described and validated enzyme immunoassays (EIA) [START_REF] Fujita | Measurement of urinary and fecal steroid metabolites during the ovarian cycle in captive and wild Japanese macaques, Macaca fuscata[END_REF][START_REF] Shimizu | Comparative study of urinary reproductive hormones in great apes[END_REF].

We thawed and centrifuged (3000 rpm, 5 min, Hitachi koki, himac CT13R) frozen urine samples (from donor females). We diluted the supernatant between 1:20 and 1:50 for E 1 C and between 1:1 and 1:10 for PdG assays. We shook 0.25g of dry feces (from resident females) with 2.5 ml of modified phosphate buffer (0.1 M, pH 7.0, 0.1% BSA with 0.05% tween-20) at room temperature for 24 hr, and then centrifuged (3000 rpm, 10 min, Hitachi koki, himac CF7F2). We decanted the supernatant into clean tubes and discarded the residual pellet. We used fifty microliters of urine and solubilized fecal samples for PdG and E 1 C EIA, using pregnanediol-3-glucuronide-BSA antibody and estrone-3-glucuronide-BSA antibody (Cosmo, FKA334E and FKA224E, Japan). We calculated the PdG and E 1 C concentrations for each sample by fitting the absorbance of the standard curve using a curve-fitting program (LS-PLATE manager 2004, Wako Pure Chemical Industries, Japan). We conducted dose response and parallelism tests to assess the validity of the assays.

Recovery of known amounts of E 1 C standards to urine and fecal samples was 95.0 ± 13.0 % and 108.0 ± 7.5 % (mean ± SD) respectively. Recovery of known amounts of PdG standards to urine and fecal samples was 113.0 ± 18 % and 119.1 ± 26.6 % (mean ± SD) respectively. Serial dilutions of fecal and urine extracts showed that the slopes generated from the serially diluted samples were not statistically different from the slope of the standard curve of E 1 C and PdG (ANCOVA, range of P values > 0.1). The E 1 C assay had a sensitivity of 0.05-0.70 ng/ml with an intra-assay coefficient of variation (CV) of 5.09 % and inter-assay CV of 4.70% for urine samples. The PdG assay had a sensitivity of 0.03-0.61 μg/ml with an intra-assay CV of 5.38% and inter-assay CV of 2.61% for fecal samples. We indexed all urine samples by creatinine to compensate for variations in individual urine sample concentration [START_REF] Taussky | A microcolorimetric determination of creatine in urine by the Jaffe reaction[END_REF]. We used fifty microliters of urine, sodium hydroxide and picric acid for creatinine assays. We determined the dilution factors of the urine samples beforehand so that creatinine concentrations were in the range of creatinine standards. We calculated the creatinine concentrations for each sample by fitting the absorbance of the standard curve using a curve-fitting program (LS-PLATE manager 2004, Wako Pure Chemical Industries, Japan).

To determine the presumed days of ovulation of the donor females, we used urinary E 1 C profiles following a previous study of hormonal profiles in Japanese macaques which reported that ovulation occurs one day after the urinary E 1 C peak [START_REF] Fujita | Measurement of urinary and fecal steroid metabolites during the ovarian cycle in captive and wild Japanese macaques, Macaca fuscata[END_REF]. With the exception of one abnormal cycle, we used data from 2 consecutive cycles per donor female. We defined the fertile phase as the 5-day period covering the three preceding days before the urinary E 1 C peak, and the 2 following days to account for the life span of sperm in the female tract (macaques: [START_REF] Behboodi | The use of a urinary estrone conjugates assay for detection of optimal mating time in the cynomolgus macaque (Macaca fascicularis)[END_REF]. We defined the pre-fertile and the post-fertile phases as the 5 days preceding and following the fertile phase [START_REF] Heistermann | Female ovarian cycle phase affects the timing of male sexual activity in free-ranging Barbary macaques (Macaca sylvanus) of Gibraltar[END_REF]). To determine the presumed days of ovulation of the resident females, as well as possible pregnancy, we used the fecal PdG profiles (details in [START_REF] Rigaill | Multimodal advertisement of pregnancy in free-ranging female Japanese macaques (Macaca fuscata)[END_REF]. Since fecal collection was not conducted daily, PdG profiles provided a better assessment of the reproductive cycle and ovulation date than E1C profiles (e.g. higher possibility of not detecting E1C peak). We determined hormonal profiles for eight of the resident females, and seven females got pregnant during the study period. During the study period, resident females went through all different stages of their reproductive cycle (i.e. pregnancy, pre-fertile, fertile, post-fertile, and non-fertile periods). To compare reproductive periods of similar lengths, we categorized the resident females as in their peri-fertile period (covering the pre-fertile, fertile, and post-fertile phases), nonfertile period (outside the peri-fertile period), and pregnancy.

Experimental protocol and behavioral observations

LR conducted all behavioral experiments. Following the ethical guidelines for the Care and Use of Nonhuman Primates of the Kyoto University Primate Research Institute, the experimenter conducted the experiments and observations inside the enclosure (from Monday to Friday between 08:30h and 16:00h) wearing authorized field clothes and hat, facial mask, and plastic gloves. There were no physical interactions between the animals and the experimenter.

We used all urine samples corresponding to the pre-fertile, fertile and post-fertile phases as urine stimuli for the experiments in the enclosure, leading to a total of 66 samples (pre-fertile phase: N = 24, mean per female = 4.8 ± SD 1.6 samples; fertile phase N = 18, mean per female = 3.6 ± SD 0.6 samples; post-fertile phase: N = 24, mean per female = 4.8 ± SD 1.8 samples). We restricted the data set to a small part of the follicular and luteal phases and we thereby conducted a more stringent test than if we had included the whole cycle or the whole luteal phase.

Prior to the beginning of the experiments in the enclosure, we habituated all males (N = 6) to a control stimulus (neutral odor) over three weeks. Five days per week, the same familiar experimenter entered the enclosure and presented one sterile cotton-swab (with wooden sticks) soaked in 1 ml of distilled water to each male, resulting to the exposure to 15 swabs per male over three weeks. At the end of this habituation phase, we excluded three males who did not interact with the swab. We tested the three remaining males each for 22 urine stimuli, i.e. cotton-swabs soaked in 1 ml of urine (pre-fertile phase N = 8, fertile phase N = 6, post-fertile phase N = 8), and 6 control swabs (to allow comparable analyses with the different cycle phases) soaked in 1 ml of distilled water.

To answer our research question, i.e. whether female urine influences male processing and sexual behaviors (approaches and inspections of female genital area), we used a sequential presentation, i.e. presenting one odor stimulus per male for each experimental session. We tested males between 2 and 4 times per week depending on weather conditions (i.e. experiments were not carried out on rainy days to prevent from confounding factors linked to weather conditions that might affect odor detection) and on male accessibility; because samples could only be used during one session, when males were not accessible (i.e. engaged in social interactions or physically not accessible) or did not grab the swab after several trials, we ended the experiment. We conducted behavioral experiments from Monday to Friday, outside feeding time, and we balanced between morning (08:30h to 11:30h) and afternoon sessions (13:00h to 15:30h). Before beginning the experiments, we randomized the order of stimuli presentation so that each male had access to swabs from different phases of different female donors, and we randomized between control and urine stimuli throughout the experimental period. We presented stimuli only once (i.e. different males never had access to the same sample) to limit pseudo-replication in exposure to odors. We placed urine samples at -20 °C on the night preceding the experiment, and brought the samples in a cooler box inside the enclosure just before the beginning of the experiment. We prepared swabs inside the enclosure (i.e. soaked in 1 ml of urine or distilled water) before exposure to males.

The behavioral experiments consisted of three phases: 1) a first 30-min focal sample of the focal male, 2) the exposure of the focal male to a stimulus, and 3) a second 30-min focal sample of the focal male. During the focal sample [START_REF] Altmann | Observational study of behavior: sampling methods[END_REF], we recorded all socio-sexual behaviors (e.g. mounts, holding behaviors, and grooming bouts) with a particular focus on approaches and inspections of female genital area, i.e. deliberate placing of the nostrils within 5 cm of a female's genital area directed by the male toward any resident female in the social group. We recorded interactions between the focal male and females per dyad to later control for the reproductive status of the resident females. We used male sexual behaviors directed toward resident females as a proxy to estimate male sexual arousal. We used the first 30-min focal sample to assess the baseline level of male sexual behaviors displayed naturally toward resident cycling females on that day. Within the 15 minutes following the end of the first 30-min focal sample, we gave to the focal male either a control or a urine stimulus. We recorded any processing behavior (sniffing, licking, and tasting i.e. putting the swab in the mouth without eating it) directed by the focal male toward the swab within the 1-min exposure as a proxy for male interest. Male inspections of the female genital area generally last for less than 30 s in Japanese macaques; making the 1-min exposure to the odor stimulus (female urine) a good proxy to test the possible effect of female odor on male perception and behavior. We allowed males to keep the swab after they grabbed it and to continue processing it. If the focal male rejected the swab without interacting with it, we considered that the focal male was not exposed to the stimulus (urine or control) and tried to give him another swab. If the focal male was engaged in social or sexual interactions with other individuals, we waited until the end of the interaction to give him the swab. We conducted the second 30-min behavioral observation at the end of the 1-minute exposure. In total, we tested 53 urine and 18 control stimuli (see Table 1). 

Statistical analyses

We could not analyze variation in male holding behaviors and mounts due to infrequency of occurrence during focal observations. Because of the small sample size, we could not assess the effect of male dominance rank or age. We used the glmmadmb and lmerTest packages [START_REF] Bates | Fitting linear mixed-effects models using lme4[END_REF][START_REF] Fournier | AD Model Builder: using automatic differentiation for statistical inference of highly parameterized complex nonlinear models[END_REF][START_REF] Skaug | Generalized linear mixed models using AD Model Builder[END_REF]) in R to fit the models in a series of generalized linear mixed-effect models (GLMMs) with negative binomial distributions for "processing behaviors", "approaches", and "inspections" variables. We accounted for temporal variation and pseudoreplication by using the date on which the experiment was conducted in all models.

To determine whether male processing behaviors vary (a) between urine and control stimuli and (b) with respect to female donor reproductive status, we compared the number of processing behaviors (sum of 3 behaviors: sniffing, licking, and tasting the swab) displayed by the focal male (within the 1-min exposure to the stimuli) after exposure to urine (pre-fertile, fertile, post-fertile phases) or control stimuli. We included the type of stimuli as a predictor variable (4 levels: prefertile, fertile, post-fertile phases, and controls). We added the identity of the focal male and the identity of the female donor as crossed random effects. We compared the fitted model via a likelihood ratio test (LRT) with a null model in which all predictor variables were removed but the random effects structure was maintained.

To determine whether male approaches and inspections toward resident females vary (c) after exposure to urine vs. control stimuli and (d) with respect to female donor reproductive status, we compared the occurrence of approaches and inspections displayed by the focal male toward each resident female (i.e. per dyad) between the pre-and post-exposure phases. We included in the models the exposure (2 levels: before and after exposure) and the reproductive status (3 levels: peri-fertile, non-fertile, and pregnancy periods) of the resident female for each dyad as predictor variables. We added the identity of the dyad (i.e. focal male and resident female) as crossed random effects. We compared the fitted models via a LRT with their respective null models. If the models revealed that male approaches or inspections differed between pre-and post-exposure to stimuli, we then investigated the post-exposure period separately. For these models, along with the reproductive status of the resident females for each dyad, we included the type of stimuli (4 levels: pre-fertile, fertile, post-fertile phases, and controls) as predictor variables and tested for interactions between donor and resident female reproductive status (i.e., do males exposed to urine from fertile phase respond more strongly toward resident females in their peri-fertile period?).

We ensured that all relevant model assumptions were met by visually inspecting histograms of the residuals and plots of the residuals against fitted values. Finally, because this statistical approach forces comparisons of all categorical predictor levels against a baseline intercept term (i.e. controls for urine, peri-fertile period for resident female reproductive status), we re-categorised the baseline intercept term to compare all levels. This approach had no effect on other model parameters.

We report all parameter estimates with 95% confidence intervals.

Results

Variation in male processing behaviors depended on the stimulus type (LRT: χ2 = 8.44, Δdf = 3, Δloglik = 4.22, P = 0.038). Males displayed significantly more processing behaviors (i.e. sniffing, licking, and tasting) toward urine stimuli than to control stimuli (Figure 1 and Table 2). In contrast, we found no significant differences in the occurrence of processing behaviors between cycle phases, with no increase in those behaviors after exposure to urine stimuli from the fertile phase vs. pre-and post-fertile phases (Table 2).

Table 2. Results of a GLMM testing the influence of stimulus type on the number of processing behaviors (i.e. sniffing, licking, and tasting) of three male Japanese macaques towards a swab during a 1-min exposure at the Primate Research Institute, Inuyama, Japan (data from October 2015 to January 2016).

We used a total of 376 approaches (183 before exposure and 193 after exposure) and 71 inspections of female genital area (32 before exposure and 39 after exposure) to analyze variation in male sexual behaviors. The fitted model explaining the number of male approaches outperformed its respective null model (LRT: χ2 = 17.50, Δdf = 3, Δloglik = 8.75, P < 0.001). Males approached females significantly fewer times during pregnancy compared to the peri-fertile and non-fertile periods, but there were no statistical differences in the occurrence of male approaches between the peri-fertile and non-fertile periods (Tables 3 and4). Exposure to odor stimuli did not modulate male approaches toward females (Table 3). The fitted model of male inspections did not outperform its respective null model (LRT: χ2 = 1.33, Δdf = 3, Δloglik = 0.66, P = 0.721). Since the statistical analyses suggested that male approaches and inspections did not vary after exposure to stimuli, we did not investigate the effect of urine (pre-fertile, fertile, and post-fertile phases) vs. control stimuli on these behaviors further. 

Discussion

Our results did not fully support our hypothesis that female urine odor stimulates male sexual arousal. We found that males showed more processing behaviors after exposure to female urine stimuli than to control stimuli, which suggests that female urine contains olfactory and/or gustative compounds that might have triggered their interest. However, male sexual behaviors (approaches, inspections of female genital area) did not increase in response to exposure to female odors, suggesting that among the olfactory and/or gustatory compounds that males could detect in female urine, none stimulated their sexual arousal, or that urine alone is not sufficient to promote male sexual behaviors. We did not find evidence that males could have information about the probability of ovulation through female urine odor as males did not display more processing behaviors towards odor from the most fertile days of the menstrual cycle than to pre-and post-fertile phases. We cannot rule out the possibility that males did not respond to urine odor because the source (i.e., the donor female) of the stimuli was unknown which could have affect the signal relevance. Indeed, in some mammal species, urine contains compounds involved in individual recognition mechanisms [START_REF] Johnston | Individual scent signatures in golden hamsters: evidence for specialization of function[END_REF][START_REF] Setchell | Individual recognition in mice mediated by major urinary proteins[END_REF]) and studies found evidence for volatile markers (in scentmarks and gland secretions) of identity in primates [START_REF] Schilling | Chemical composition of scent-gland secretions in an old world monkey (Mandrillus sphinx): influence of sex, male status, and individual identity[END_REF][START_REF] Smith | Individual olfactory signatures in common marmosets (Callithrix jacchus)[END_REF][START_REF] Vaglio | Sternal gland scent-marking signals sex, age, rank, and group identity in captive mandrills[END_REF]). To fully interpret our results, future studies should focus on the chemical analyses of urine composition (volatile compounds, reviewed in Drea 2015) in relation to female chemosignature and reproductive state to better understand the possible role of urine in individual recognition and in the modulation of male sexual behaviors in Japanese macaques.

Besides female urine odor, males may access other information through close inspection of female genital area, i.e. vaginal secretions and sperm remains. Vaginal secretions of human and some non-human primate species contain volatile fatty acids (rhesus macaques: [START_REF] Curtis | Identification of primate sexual pheromones and the properties of synthetic attractants[END_REF][START_REF] Keverne | Sex-attractant properties of ether extracts of vaginal secretions from rhesus monkeys[END_REF]chimpanzees: Fox 1982;[START_REF] Matsumoto-Oda | Vaginal fatty acids produced by chimpanzees during menstrual cycles[END_REF]humans: Michael et al. 1974) that elicit male behavioral (stump-tailed macaques: Cerda-Molina et al. 2006;rhesus macaques: Michael and Keverne 1970;[START_REF] Michael | Influence of olfactory signals on the reproductive behaviour of social groups of rhesus monkeys (Macaca mulatta)[END_REF] and endocrinological responses (stump-tailed macaques: Cerda-Molina et al. 2006;humans: Cerda-Molina et al. 2013). In Japanese macaques, both female cervical mucus and vaginal scent increase during the follicular phase of the menstrual cycle [START_REF] Enomoto | The sexual behavior of Japanese monkeys[END_REF][START_REF] Nigi | Menstrual cycle and some other related aspects of Japanese monkeys (Macaca fuscata)[END_REF], this suggests that males may be inspecting for information contained in vaginal odors (but not urine). Males might also inspect females for information about previous copulations. In several primate species, including Japanese macaques, sperm plugs or sperm remaining in the female vagina or in the genital area after ejaculation are visible from a distance [START_REF] Dixson | Sexual selection, seminal coagulation and copulatory plug formation in primates[END_REF]. There are several hypotheses for the physical functions of sperm plugs, such as forming a physical barrier to future inseminations, preventing sperm leakage and facilitating sperm release into the female reproductive tract [START_REF] Voss | Male accessory glands and the evolution of copulatory plugs in rodents[END_REF]. Sperm remains and/or plugs are more likely to occur in species with multi-male multi-female mating systems [START_REF] Dixson | Primate sexuality: comparative studies of the prosimians, monkeys, apes and human beings[END_REF][START_REF] Parga | Copulatory plug displacement evidences sperm competition in Lemur catta[END_REF]) and therefore they have been hypothesized to play a crucial role in male-male competition. If males can assess the occurrence of previous copulations (sperm remains) and simultaneously discriminate female reproductive status (vaginal secretions) through visual, tactile, and/or olfactory cues, they might efficiently time their mating effort and maximize their chance of siring, while females might gain benefits by promoting sperm and male-male competition. Further studies compiling behavioral data (e.g. relationship between male copulations and inspections of females), experiments to test signal perception (e.g. testing whether males can discriminate individual identity in urine samples), and chemical analyses for signal content (e.g. volatile fatty acids, identity markers in urine and vaginal secretions) are needed to better understand the role of female odors in male and female mating strategies in Japanese macaques.

  

Table 1 .

 1 Number of successful trials exposing three male Japanese macaques to odor and control stimuli at the Primate Research Institute, Inuyama, Japan (data from October 2015 to January 2016).(males A to C: from highest to lowest dominance rank) a (Number of trials with males taking the swab / total number of presentations)*100

	Stimuli	Male A	Male B	Male C
	Control stimuli	6	6	6
	Pre-fertile phase	5	8	7
	Fertile phase	3	5	5
	Post-fertile phase	5	7	8
	Total	19	26	26
	Rate of success a	70.37 %	92.86 %	92.86 %

Table 3 .

 3 Results of a GLMM testing the influence of exposure to donor female urine and resident female reproductive status in the number of approaches toward resident females of three male Japanese macaques at the Primate Research Institute, Inuyama, Japan (data from October 2015 to January 2016).

	Predictors	Estimate Lower confidence interval;	Std. Error	z	P (>|z|)
			Upper confidence interval			
	Exposure	0.133	-0.23; 0.49	0.185	0.72	0.471
	Peri-fertile vs. non-fertile	-0.586	-1.28; 0.11	0.353	-1.66	0.097
	Peri-fertile vs. pregnancy	-1.394	-2.02; -0.77	0.321	-4.34 < 0.001
	Non-fertile vs. pregnancy	-0.808	-1.58; -0.04	0.393	-2.06	0.040

Table 4 .

 4 Male approaches toward female genital area in relation to the reproductive status of resident female Japanese macaques at the Primate Research Institute, Inuyama, Japan (data from October 2015 to January 2016).

		Mean ± SD number of approaches
		during 30-min focal sample
	Female reproductive status	Pre-exposure	Post-exposure
	Non-fertile period	0.38 ± 1.67	0.58 ± 2.10
	Peri-fertile period	0.80 ± 2.15	0.66 ± 1.88
	Pregnancy period	0.22 ± 0.74	0.24 ± 0.79
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