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SEASONALITY AND SEASON OF BIRTH OF MODERN AND LATE NEOLITHIC SHEEP FROM SOUTH-EASTERN FRANCE USING TOOTH ENAMEL δ 18 O ANALYSIS

Keywords: 

Stable oxygen isotopic analysis of tooth enamel was used to investigate seasonality and season of birth in sheep. Analyses were performed on the teeth of eight modern sheep bred at the Carmejane farm in south-eastern France and born in different periods of the year. This reference data set confirms that oxygen isotopic records in the second and third molars can be used to differentiate between sheep born in late winter and those born in early autumn. The results show that inter-individual variability in the timing of tooth formation is low for the second lower molar and more pronounced for the third lower molar in this population. The duration of the process of enamel mineralization has been estimated at approximately six months. The teeth of four sheep and two goats from the late Neolithic site of Collet-Redon in south-eastern France were analysed using the same methodology. At this site, lambing occurred between the late winter and early spring. A slight difference appears in the seasonal sequence recorded in sheep and goat, although it cannot be determined, whether this is due to different timing of tooth development, or an actual shift in the birth period. From the distribution of slaughter ages ands birth period, it is suggested that domestic caprines were killed throughout the year and that Collet-Redon was probably a permanent settlement.

INTRODUCTION

Birth season is a central parameter of pastoral economies, determining the rhythm of breeding activities and the availability of animal resources, including milk. However, birth pattern might have changed according to husbandry practices and environmental conditions. Determining the seasonality and season of births of Neolithic caprines using δ 18 O analysis serves to refine the interpretation of mortality patterns in terms of seasonality of slaughter and consequently helps to define the strategies of Neolithic herders and the timing of farming practices, while providing key elements to the seasonality of site occupation [START_REF] Balasse | Determining sheep birth seasonality by analysis of tooth enamel oxygen isotope ratios: the Late Stone Age site of Kasteelberg (South Africa)[END_REF][START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]). The analysis of the stable oxygen isotopic composition (δ 18 O) of tooth enamel, following the methodology of sequential sampling, has already been successfully applied to modern and archaeological populations to determine the seasonality of birth in horses, sheep, goats and cattle [START_REF] Balasse | The seasonal mobility model for prehistoric herders in the south-western Cape of South Africa assessed by isotopic analysis of sheep tooth enamel[END_REF][START_REF] Balasse | Determining sheep birth seasonality by analysis of tooth enamel oxygen isotope ratios: the Late Stone Age site of Kasteelberg (South Africa)[END_REF][START_REF] Balasse | Stable isotope evidence for seasonal consumption of marine seaweed by modern and archaeological sheep in the Orkney archipelago (Scotland)[END_REF][START_REF] Balasse | Environmental constraints on the reproductive activity of domestic sheep and cattle: what latitude for the herder?[END_REF]Bryant et al. 1996aBryant et al. , 1996bBryant et al. , 1996c;;[START_REF] Fricke | Inter-and intra-tooth variation in the oxygen isotope composition of mammalian tooth enamel phosphate: implications for palaeoclimatological and palaeobiological research[END_REF][START_REF] Henton | The use of oxygen isotopes in sheep moalrs to investigate past herding practices at the Neolithic settlement of Çatalhöyük, central Anatolia[END_REF]. The δ 18 O of skeleton bioapatite is linked to the δ 18 O of drinking water and plant water ingested by animals, indirectly to meteoric water (Iacumin and Longinelli 2002;[START_REF] Longinelli | Oxygen isotopes in mammal bone phosphate: A new tool for paleohydrological and paleoclimatological research[END_REF][START_REF] Luz | Fractionation of oxygen isotopes between mammalian bone-phosphate and environmental drinking water[END_REF]. At high and middle latitudes, the δ 18 O of precipitation varies seasonally with ambient temperature [START_REF] Dansgaard | Stable isotopes in precipitation[END_REF][START_REF] Gat | The isotopes of hydrogen and oxygen in precipitation[END_REF]. During tooth growth, enamel bioapatite records and preserves seasonal changes. Because within a species, the timing of tooth growth is fixed, individuals born in the same period of the year record the same seasonal sequence in the same portion of the tooth. Inversely, individuals born in different seasons have these sequences shifted [START_REF] Balasse | Determining sheep birth seasonality by analysis of tooth enamel oxygen isotope ratios: the Late Stone Age site of Kasteelberg (South Africa)[END_REF][START_REF] Fricke | Inter-and intra-tooth variation in the oxygen isotope composition of mammalian tooth enamel phosphate: implications for palaeoclimatological and palaeobiological research[END_REF]. Due to uncertainties in the timing and duration of tooth mineralization, modern reference sets are required before the season of birth can be inferred from archaeological assemblages using this methodology. For sheep, one reference data set exists on a modern population from the Orkney archipelago born in the spring [START_REF] Balasse | Distinguishing sheep and goats using dental morphology and stable isotopes C 4 grassland environments[END_REF][START_REF] Balasse | Stable isotope evidence for seasonal consumption of marine seaweed by modern and archaeological sheep in the Orkney archipelago (Scotland)[END_REF][START_REF] Balasse | Environmental constraints on the reproductive activity of domestic sheep and cattle: what latitude for the herder?[END_REF].

In the present study, results are presented from a new reference data set of sheep teeth collected on a farm in south-eastern France, including individuals born in winter and late summer to early autumn [START_REF] Blaise | Référentiel actuel de brebis « Préalpes du sud » (Digne, Alpes-de-Haute-Provence, France): pratiques d'élevage et âges dentaires[END_REF][START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]. The objectives are to explore the variability in the development of tooth growth, to investigate the duration of mineralization of tooth enamel in the second and third molars, and to confirm the distinction in the oxygen isotopic record of sheep born in different periods of the year. This new data set is then used to estimate the season of birth of archaeological specimens from the late Neolithic site of Collet-Redon (Martigues, Bouches-du-Rhône, France).

MATERIAL AND METHODS

The modern reference set

The study was performed on the teeth from eight domestic ewes (Ovis aries) from the primitive "southern pre-Alps" breed, raised on an experimental farm (Carmejane farm, Alpes-de-Haute-Provence, France) and born in late winter and late summer (Tabl.1). These are culled females slaughtered in May 2004. The farmstead is located near Digne (Fig. 1), in the pre-Alpine region characterized by strong climatic constraints including summer drought, erratic rains and snow in winter. Until 2004, the herd was managed on a yearly basis on the rangelands nearby, without any movement of the flocks in summer pastures [START_REF] Blaise | Référentiel actuel de brebis « Préalpes du sud » (Digne, Alpes-de-Haute-Provence, France): pratiques d'élevage et âges dentaires[END_REF][START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]. The 520 sheep are managed in two batches balanced according to the lambing season. In the barn, the animals are provided with water from the city (source capture of the town). Outdoors, the available water came half from the city and half from a local well (groundwater source) until year 2000. Since that date, water comes essentially from the local well. That may result in some attenuation of seasonal variations in drinking water δ 18 O (outdoors only) of "Ovis 1216" and "Ovis 1511" born in 2001 compared to all other sheep, born in year 2000 or earlier (Tabl. 1). The third molar from eight sheep and the second molar from six of them were selected for stable carbon and oxygen isotope analysis [START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]. Four second molars were sampled and analysed in 2006 and two additional in 2010, in order to increase this data set. A total of 214 enamel samples were analysed.

The archaeological specimens

Archaeological molars were extracted from mandibles from the assemblage of Collet-Redon in southeastern France (Martigues, Bouches-du-Rhône, France) (Fig. 1). Dental remains come from the occupation levels attributed to the Late Neolithic Couronnien (late 4 th -mid 3 rd mil. BC), located in the habitation area "house n° 1" and in area II excavated in 2004 by G. Durenmath and J. Cauliez (Durenmath et al. 2007). During the 3 rd mil. BC, in this temperate zone of Western Europe, Mediterranean climate appears gradually, characterized by mild winters and dry summers, but the climate was nevertheless wetter than today [START_REF] Berger | Le cadre paléographique des occupations du Bassin Valdainais (Drôme) à l'Holocène[END_REF][START_REF] Magny | Assessment of the impact of climate and anthropogenic factors on Holocene Mediterranean vegetation in Europe on the basis of palaeohydrological records[END_REF][START_REF] Magny | Holocene climatic variability as reflected by mid-European lake-level fluctuations, and its probable impact on prehistoric human settlements[END_REF][START_REF] Magny | 4è Millénaire. La transition du Néolithique moyen au Néolithique final dans le sud-est de la France et les régions voisines, Lattes[END_REF][START_REF] Martin | Caractérisation de l'anthropisation à l'Holocène en Provence et en Languedoc oriental, par les mollusques terrestres[END_REF]). At Collet-Redon, the Late Neolithic occupation has delivered many witnesses of agropastoral activities and paleo-environmental data show a high human impact on local landscape [START_REF] Cauliez | Paysages et implantations du Néolithique final à l'Âge du Bronze ancien au Collet-Redon (Martigues, Bouches-du-Rhône)[END_REF]. In this site, livestock rearing was supplemented by fishing and gathering [START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF][START_REF] Durrenmath | Le Collet-Redon (Martigues, Bouches-du-Rhône) : passé, présent et futur des recherches sur l'économie d'un site néolithique final[END_REF]). The herds were composed mainly of sheep, goats and cattle, exploited for their meat and milk. Pigs were rare and provided a complement of meat and fat. The high frequencies of cattle aged over 9 years and the occurrence of bone pathologies indicate the use of this animal for work [START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]. Six lower second molars (M2) were selected from well-preserved and complete dental rows belonging to adults aged between 2 and 6 years, including four attributed to sheep (Ovis aries) and two to goats (Capra hircus). The distinction between both species was performed according to morphological criteria [START_REF] Balasse | Distinguishing sheep and goats using dental morphology and stable isotopes C 4 grassland environments[END_REF][START_REF] Helmer | Discrimination des genres Ovis et Capra, à l'aide des prémolaires inférieures 3 et 4 et interprétation des âges d'abattage : l'exemple de Dikili Tash (Grèce)[END_REF][START_REF] Halstead | Sorting the sheep from the goats: morphological distinction between the mandibles and mandibular teeth of adult Ovis and Capra[END_REF][START_REF] Payne | Morphological distinctions between the mandibular teeth of young sheep, Ovis, and goats, Capra[END_REF]. They yielded a total of 82 enamel samples.

Methods

Sequential sampling was performed in order to reconstruct the isotopic history of the individual over the time of tooth development [START_REF] Balasse | Reconstructing dietary and environmental history from enamel isotopic analysis: time resolution of intra-tooth sequential sampling[END_REF][START_REF] Balasse | Potential biases in sampling design and interpretation of intra-tooth isotope analysis[END_REF][START_REF] Balasse | The seasonal mobility model for prehistoric herders in the south-western Cape of South Africa assessed by isotopic analysis of sheep tooth enamel[END_REF][START_REF] Balasse | Determining sheep birth seasonality by analysis of tooth enamel oxygen isotope ratios: the Late Stone Age site of Kasteelberg (South Africa)[END_REF][START_REF] Fricke | Inter-and intra-tooth variation in the oxygen isotope composition of mammalian tooth enamel phosphate: implications for palaeoclimatological and palaeobiological research[END_REF][START_REF] Kohn | Variability in oxygen isotope compositions of herbivore teeth: reflections of seasonality or developmental physiology?[END_REF][START_REF] Sharp | Fossil isotope records of seasonal climate and ecology: Straight from the horse's month[END_REF]. Tooth surfaces were cleaned by abrasion. A series of enamel samples was removed by drilling with a diamond bit from the tooth surface, and from the apex to the crown root junction. The sampling spans the width of a lobe. The second molars were sampled on the posterior lobe, the third molars on the middle lobe. Each sampling is located by its distance from the enamel-root junction (thereafter referred to as ERJ). The collected enamel powder was treated for bioapatite extraction according to the protocol described in [START_REF] Balasse | The seasonal mobility model for prehistoric herders in the south-western Cape of South Africa assessed by isotopic analysis of sheep tooth enamel[END_REF]. Each enamel sample (5 to 7 mg) reacted with sodium hypochlorite 2-3% (24h, 0.1 ml/mg) to remove organic matter and was then treated with 0.1 M acetic acid (4h, 0.1 ml/mg) to remove exogenous carbonates. This protocol is usually recommended for archaeological samples to eliminate contamination from exogenous carbonates. Because it was shown to induce a shift in δ 18 O values [START_REF] Koch | The effects of sample treatment and diagenesis on the isotopic integrity of carbonate in biogenic hydroxylapatite[END_REF], it was also applied to the modern samples in order to ensure that both sets went through the same analytical procedure. A small amount of bioapatite (600 µg approximately) was placed into individual vessels to react under vacuum with phosphoric acid at 70 ° C in a Kiel carbonate IV. The cryogenically purified CO 2 was analysed in a Delta V Advantage mass spectrometer. Over the period of analysis of the bioapatite samples in 2006, analytical precision, determined by 133 analyses of the laboratory internal carbonate standard (Marbre LM), is 0.09 ‰ for δ 18 O. Over the same period, 45 analyses of the international standard NBS 19 produce an analytical precision of 0.08 ‰. In 2010, analytical precision is 0.06 ‰ for δ 18 O, defined by 16 analyses of Marbre LM. To assess the season of birth, the record of the isotopic variation and its location in the crown height were compared between the modern and archaeological sheep. However, due to possible differences in tooth morphology including full tooth height between modern and Neolithic sheep, direct comparisons might induce a bias. For this reason, all distances from the enamel root junction were normalized using the mean transverse diameter of modern sheep (measuring protocol after [START_REF] Ducos | L'origine des animaux domestiques de Palestine[END_REF]). For all archaeological caprines, distances from ERJ were divided by the individual transverse diameter and multiplied by the mean transverse diameter of modern sheep (8.1 mm).

RESULTS

Stable oxygen isotope ratios in enamel bioapatite

Results from the isotope analysis of enamel bioapatite from modern and archaeological specimens are presented in Appendix I. Position in tooth crown of the lowest and highest δ 18 O values measured on each second and third molar of the modern sheep are reported in Table 1 andin Table 2 for the domestic caprines from Collet-Redon. Whole sequences are shown in Figures 2, 3 and4. The δ 18 O values measured in the modern "southern pre-Alps" ewes vary between -6.9 ‰ and -0.5 ‰ in the M2 and between -7.2 ‰ and -0.2 ‰ in the M3. The δ 18 O values measured in the M2 of the archaeological specimens vary between -2.1 ‰ and 1.8 ‰. For all these individuals, the pattern of intra-tooth variation of δ 18 O values is sinusoidal, most probably reflecting the seasonal changes in water δ 18 O. The amplitude of variation is close to 4 ‰ to 6 ‰ for the modern ewes (3.9 ‰ to 6.3 ‰ in the M2; 3.5 ‰ to 5.4 ‰ in the M3; Table 1) and varies from 2.1 ‰ to 3.6 ‰ for the sheep and goats from Collet-Redon (Table 2). A shorter amplitude of variation in the archaeological sheep compared to the modern individuals may be due to local climatic conditions: Collet-Redon is located nearby the Mediterranean coast whereas the Carmejane farm is settled further inland in the pre-alpine zone where the annual amplitude of temperature is higher.

Inter-group variability in the δ 18 O values of modern sheep

In the second and third molars for all modern sheep, an inter-individual variability can be observed in the δ 18 O values, related most probably mainly to inter-annual variations in ambient temperature. The inter-individual variability observed in the localisation of the time sequence in tooth height shows clear separation of two groups, depending on whether the individuals were born in late winter or in autumn (Figures 2 and3). In the second molars (Fig. 2), in sheep born between late January and early February, the maxima δ 18 O are recorded in the crown of the M2 between 4 mm and 8 mm from the ERJ and the minima between 16 and 21 mm. In the winter group, the sequence recorded during growth in the second portion of the crown of the M2 is winter / spring / summer (the beginning of the recording is truncated by tooth wear): the maxima are recorded between 3 mm and the ERJ in Ovis 0026 and at around 6 mm in Ovis 1216, and the minima in the middle of the crown (16-19 mm from the ERJ). In sheep born in late September, the maxima are recorded in the crown between 17 mm and 22 mm from the ERJ and the minima between 8 and 10 mm in Ovis 9470, Ovis 0522 and Ovis 0562, but at around 2 mm in Ovis 1511. In Ovis 9470, the isotopic record is partly truncated in the upper part of the molar because of tooth wear. In the autumn group, the sequence recorded during M2 formation is late summer / autumn / winter / spring. In the third molars (Fig. 3), in sheep born from late January to early February, the highest δ 18 O values are recorded between 20 mm and 35 mm from the ERJ and the lowest δ 18 O values between 7 and 20 mm. In Ovis 8143, the isotopic record is partly truncated in the upper part of the molar because of tooth wear. Ovis 9726, born in the spring (April 29), has recorded δ 18 O maxima between 20 and 25 mm and δ 18 O minima between 4 and 9 mm. In individuals born in September, the highest δ 18 O values are recorded between 12 and 20 mm from the ERJ. Ovis 0562 recorded the lowest δ 18 O values at around 7 mm. The minimum δ 18 O value is not attained in the three other individuals and therefore it cannot be located with certitude (Ovis 9470, Ovis 1511, Ovis 0522). In the third molars, the sequence of the seasonal cycle recorded is well offset between individuals born in winter and those born in the autumn. For example, Ovis 1511 (born in September) records, in the last thirty millimeters of the tooth, spring-summer-autumn, while Ovis 0026 (born in February) records the sequence summer-autumn-winter. However, within each group of sheep born in the same time of the year, inter-individual variability can be important, partially reducing the applicability of this M3 reference data set as long as it is used to specify precisely the season of birth. A higher interindividual variability in the record of δ 18 O sequences in the M3 should be kept in mind when interpreting such sequences from archaeological specimens.

Inter-individual variations in the δ 18 O values of the Neolithic caprines from Collet-Redon

At Collet-Redon, in sheep and goat, inter-individual differences are observed in the range of variations of δ 18 O values during M2 formation, possibly related to inter-annual variations in temperature. In sheep, the lowest δ 18 O values are recorded in the crown of M2 around 16-22 mm from the ERJ and the highest between 5 and 10 mm from the ERJ (Fig. 4). In goats, δ 18 O minima are attained in the crown of M2 around 21-25 mm and the maximum between 10 and 15 mm (Fig. 4).

DISCUSSION

Duration of the process of enamel mineralization

According to radiographic data on the duration of tooth formation of 106 Awassi sheep [START_REF] Weinreb | Tooth development in sheep[END_REF] and 48 "southern pre-Alps" [START_REF] Milhaud | Développement des molaires chez le mouton, étude morphologique, radiographique et microdurométrique[END_REF], the crown of the M2 begins formation during the second month and is completed at 12 month. In Carmejane ewes born in January-February (Ovis 1216 and Ovis 0026), winter values would be expected in the part of the crown formed last (Fig. 2). However, in this part of the crown, the measured δ 18 O values are the highest, corresponding to summertime. Similarly, for individuals born in September (Ovis 0522, Ovis 0562 and Ovis 9470), the δ 18 O values measured in the part of the crown formed last correspond to a late spring / early summer signal rather than autumn. The pattern of intra-tooth variation of δ 18 O values of Ovis 1511 is slightly offset from the others because it was born a little earlier and possibly also because of a difference in the timing of tooth development. Histological investigations on growing teeth in sheep and goats [START_REF] Suga | Progressive mineralization pattern of developing enamel during the maturation stage[END_REF] have demonstrated that the enamel mineralization is a progressive and discontinuous process. This intra-tooth isotopic study of modern sheep molars shows that a gap appears between the isotopic record and the chronology of tooth development in "southern pre-Alps" ewes from Carmejane. The shift between the expected and measured signal might correspond to the time required for mineralization, around half a seasonal cycle (approximately 6 months). This estimation is similar to that observed in other sheep [START_REF] Zazzo | The isotope record of short-and long-term dietary changes in sheep tooth enamel: Implications for quantitative reconstruction of paleodiets[END_REF].

Inter-individual variability in the timing of tooth growth in the Carmejane sheep population

Inter-individual variability in the M2 formation appears to be small in the Carmejane sheep population (Fig. 2). In individuals born in the same period of the year, the highest δ 18 O values, on the one hand, and the lowest, on the other hand, are recorded in the crown within only a few millimetres. This slight offset (the localisation of the maxima is distributed over 4.6 mm for autumn group and 2.5 mm for winter group) may be due partly to a slight inter-individual variation in the timing of tooth growth and/or enamel mineralization. Inter-individual variability seems to be more pronounced for the M3 than for the M2 in this modern breed. No significant difference has been detected in the tooth wear and eruption stage between third molars of individuals of the same age [START_REF] Blaise | Référentiel actuel de brebis « Préalpes du sud » (Digne, Alpes-de-Haute-Provence, France): pratiques d'élevage et âges dentaires[END_REF][START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]. However, some variations appear in the timing of the isotopic signal with tooth development between individuals born in the same season (Fig. 3). In the M3, for sheep born between late January and early February, the localisation of the highest δ 18 O values is over 10 mm (22.5 mm to 32.5 mm from ERJ). For sheep born in September, the highest δ 18 O values are recorded between 12.5 mm and 21 mm, over 8.5 mm. When comparing isotopic sequences after normalizing distance from ERJ, the shift between individuals does not disappear for M3 because of very little difference in tooth morphology of the Carmejane sheep population (data not shown).

Assessing seasonality and season of birth of sheep and goats from Collet-Redon

At Collet-Redon, results suggest that these domestic caprines were born in the same period of the year. However, some variability appears in the timing of the isotopic record between sheep and goats (Fig. 4). The lambing season for the late Neolithic sheep and goats can be estimated by comparison with the modern reference data set. In four archaeological sheep, the variation in δ 18 O values along tooth crown seems to fit with that of modern specimens born in winter (Fig. 5). The pattern of δ 18 O intra-tooth variation of goats is slightly shifted with those of modern individuals and archaeological sheep. If this shift does not reflect a difference in the timing of tooth development between both species, this could indicate a slight shift in the birth season: goats would be born slightly later in the year (Fig. 5). However, the limited number of archaeological individuals included in the study precludes any firm conclusion on this point. These results thus reveal a marked seasonality of births on the site (one single birth peak identified from these six specimens). Aside from the inter-individual and interbreed variability in the process of tooth development and mineralization, we may thus conclude that the birth season of sheep from Collet-Redon is similar to that of modern sheep born in January-February.

Birth distribution, husbandry practices and hypothesis of period occupation of Collet-Redon

At Collet-Redon, lambing was grouped in late winter. This birth season is earlier than for wild caprines (Alpine ibex and chamois) living currently in this geographic area in France, in which births were from spring to early summer with a peak in April, and in European mouflon (middle to late April) [START_REF] Garel | Reproductive output of female mouflon (Ovis gmelini musimon x Ovis sp.): a comparative analysis[END_REF][START_REF] Huet | Animaux sauvages de nos contrées[END_REF][START_REF] Pfeffer | Le mouflon de Corse (Ovis ammon musimon, Schreber 1972), position systématique, écologie et éthologie comparée[END_REF]). The lambing period estimated at Collet-Redon is similar to that observed presently in traditional breeding in the Mediterranean area [START_REF] Blaise | Référentiel actuel de brebis « Préalpes du sud » (Digne, Alpes-de-Haute-Provence, France): pratiques d'élevage et âges dentaires[END_REF][START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF][START_REF] Halstead | Resettling the Neolithic: fauna evidence for seasons of consumption and residence at Neolithic sites in Greece[END_REF][START_REF] Helmer | L'élevage des caprinés néolithiques dans le sud-est de la France : saisonnalité des abattages, relations entre grottes-bergeries et sites de plein air[END_REF]. This shift might be considered as a consequence of domestication [START_REF] Lincoln | Seasonal cycles in the blood plasma concentration of FSH, inhibin and testosterone, and testicular size in rams of wild, feral and domesticated breeds of sheep[END_REF][START_REF] Thiéry | Neuroendocrinal interactions and seasonality[END_REF]. This does not necessarily require deliberate intervention from the herder at this very site, but could also reflect a general shift towards earlier births in domestic herds possible induced by diet management and protection against weather conditions. From the season and distribution of births, assumptions can be made about the yearly availability of milk. At Collet-Redon, sheep were exploited for meat and milk [START_REF] Blaise | Economie animale et gestion des troupeaux au Néolithique final en Provence : approche archéozoologique et contribution des analyses isotopiques de l'émail dentaire[END_REF]. The kill-off pattern (N = 65 teeth; NMI = 56), reveals that most individuals were killed between 2 months and 2 years (64 %) with a peak at 2-6 months (30 %), providing tender meat and a good meat productivity, while allowing control of herd demography. Almost 34 % of adults were slaughtered between 2 and 6 years suggesting that a number of females were kept for milk exploitation. Considering that the ewe may be able to produce milk for approximately five months, according to data from female European mouflon and primitive sheep breeds in this region [START_REF] Pfeffer | Le mouflon de Corse (Ovis ammon musimon, Schreber 1972), position systématique, écologie et éthologie comparée[END_REF][START_REF] Quittet | Les races ovines françaises, collection : les races d'animaux domestiques, 2 ème édition[END_REF][START_REF] Toussaint | L'élevage des moutons[END_REF], late winter birth would initiate milk production until early summer (Fig. 6).

Our study also has implications for the investigation of the timing of site occupation. From the season of lambing and the mortality profile, it is possible to deduce when the animals were slaughtered in the year. This requires a very precise determination of the age of mortality. As most domestic caprines were slaughtered before two years, the ages were estimated from the deciduous lower fourth premolars using wear stages and preserved crown height [START_REF] Gourichon | Faune et saisonnalité : l'organisation temporelle des activités de subsistance dans l'Epipaléolithique et le Néolithique précéramique du Levant Nord (Syrie)[END_REF]). The error in the age determination is within 1.5 months. At Collet-Redon, from the measurement of eight premolars, six caprines died between 6 and 9 months (N= 6), and two others respectively at 11-12 months and 17-18 months. A goat died to 2 months from the premolar wear. Animals were slaughtered almost every month of the year, only May-June and December are not represented (Fig. 6). According to the seasonality of slaughter (pluri seasonal distribution), we can consider that this occupation was very probably permanent.

CONCLUSION

The analysis conducted on the modern reference sheep from Carmejane confirms that sequential δ 18 O analysis in tooth enamel allows distinction between sheep born in different periods of the year. The profile of the variation of oxygen isotope ratios along the tooth of ewes born in winter differs markedly from that of sheep born in the autumn. For winter births (late January-early February), individuals have recorded maxima at around 6 mm from ERJ in their second molar and minima at around 18 mm. Whereas for early autumn births (September), maxima are about 20 mm and minima 8 mm from the enamel-root junction (on average). Seasonal sequences recorded during the M2 development are clearly opposed between both birth groups. Regarding third molars, for sheep born in late winter, the highest δ 18 O values are measured at 25 mm from ERJ on average and the lowest δ 18 O values at around 12 mm on average. For September births, maxima are recorded at around 16 mm from ERJ and minima at 5 mm. Some variability also appears in the timing of growth tooth of the ewes from Carmejane, especially for their third molar. "Southern pre-Alps" ewes are from an improved breed. Analysis of third molars of more primitive sheep breed, such as North Ronaldsay sheep raised in the northern islands of Orkney (Scotland), showed that this variability is not always as high [START_REF] Balasse | Environmental constraints on the reproductive activity of domestic sheep and cattle: what latitude for the herder?[END_REF]. The pattern of intra-tooth isotopic variation of the second molars suggests that completion of enamel mineralization may have required approximately six months. The confirmation of a long duration in enamel mineralization, inducing a shift between the timing of tooth formation and the isotopic record in tooth enamel, shows that these experiments and data on modern sheep are essential for interpreting intra-tooth variations in isotope ratio from archaeological specimens. Using this isotopic dataset of modern sheep, we have been able to estimate distribution and period of births of Neolithic sheep in Collet-Redon and to deduce the rhythm of human activities at this Late Neolithic site. At this site, births were grouped between the late winter and the early spring. The reference δ 18 O data set on modern sheep presented in this study is the first step of a wider research axis whose main objective is to investigate the rhythm of pastoral tasks in the late Neolithic of southeastern France. The assemblage from Collet-Redon was first used to test the applicability of the protocol to archaeological specimens. The results obtained at Collet-Redon about birth seasonality and birth season of sheep and goat illustrate a husbandry system that may be adapted to the local environmental settings -the site is situated nearby the present coast. Additional data were gathered from the sub-contemporaneous site of La Citadelle (Blaise 2010) and will be from other late Neolithic sites including La Fare and La Brémonde, located in the same geographic zone as Collet-Redon but further inland (Fig. 1). These future applications will contribute to a better understanding of breeding practices, site occupation, settlement pattern, land management and socio-economic organization of societies during the 3 rd mil. BC in the Mediterranean area. 

Figure 1 :

 1 Figure 1: Map of the study area with location of the archaeological sites mentioned in the text (circles) and the modern farm (square).

Figure 2 :

 2 Figure 2: Variation in oxygen isotope ratios (δ 18 O) measured along the tooth crown of the second molars of modern sheep.

Figure 3 :

 3 Figure 3: Variation in oxygen isotope ratios (δ 18 O) measured along the tooth crown of the third molars of modern sheep. (a) -all individuals; (b) -winter and spring births; (c) -autumn births.

Figure 4 :

 4 Figure 4: Variation in oxygen isotope ratios (δ 18 O) measured along the tooth crown of the second molars of archaeological sheep (Ovis aries) and goats (Capra hircus) collected from the site of Collet-Redon (Martigues, Bouches-du-Rhône, France). (a) -all individuals; (b) -sheep; (c) -goats.

Figure 5 :

 5 Figure 5: Comparison between results from the stable oxygen isotope analysis (δ 18 O) of the modern sheep and archaeological caprines teeth. (a) -comparison with modern sheep born in winter and sheep of Collet-Redon; (b) -comparison with modern sheep born in late summer to early autumn and sheep of Collet-Redon; (c) -comparison with modern sheep born in winter and goats of Collet-Redon; (d)comparison with modern sheep born in late summer to early autumn and goats of Collet-Redon.

Figure 6 :

 6 Figure 6: Birth season, distribution of slaughtering and hypothesis of period site occupation and availability of milk.

Table 1 :

 1 Results from the stable oxygen isotope analysis (δ 18 O) of tooth enamel bioapatite from the modern sheep born in different periods of the year: Number of sample (N), minimum (min) and maximum (max) values for each tooth, mean and amplitude of intra-tooth variation ( ∆). Sample position is expressed as the distance from the crown enamel root junction (ERJ), in millimeters (mm).

						δ 18 O VPDB (‰) of enamel bioapatite		
	Modern specimens	Date of birth	N min	dist. from ERJ (mm) Second lower molar (M2) max dist. from ERJ (mm)	∆ mean N min	dist. from ERJ (mm) Third lower molar (M3) max ERJ (mm) dist. from	∆ mean
	Ovis 1216	February 8, 2001 15 -6.2	18.6	-1.7	6.6	4.5 -4.5 22 -5.2	17.8	-1.1	30.7	4.1 -2.8
	Ovis 0026	January 28, 2000 12 -6.6	18.4	-0.5	4.2	6.1 -3.8 16 -5.0	7.8	-0.5	23.0	4.5 -2.8
	Ovis 8143	February 3, 1998					8 -5.5	14.2	-1.8	4.1	3.7 -4.2
	Ovis 9726	April 29, 1999					16 -4.7	5.5	-1.2	24.2	3.5 -2.6
	Ovis 9470 September 5, 1999 9 -5.6	9.9	-0.6	2.2	5.1 -3.4 13 -5.4	3.4	-0.2	17.9	5.2 -2.3
	Ovis 1511 September 12, 2001 18 -6.9	1.8	-0.6	16.2	6.3 -2.7 20 -7.2	24.8	-2.1	12.5	5.1 -5.1
	Ovis 0522 September 18, 2000 13 -5.7	10.0	-1.8	22.2	3.9 -3.5 21 -7.0	7.3	-1.6	21.8	5.4 -3.6
	Ovis 0562 September 20, 2000 12 -5.1	6.8	-1.1	20.7	4.0 -3.3 19 -6.8	3.9	-1.8	18.1	5.0 -3.6

Table 2 :

 2 Results from the stable oxygen isotope analysis (δ 18 O) of tooth enamel bioapatite from the sheep and goats from Collet-Redon: Number of sample (N), minimum (min) and maximum (max) values for each tooth, mean and amplitude of intra-tooth variation (∆).

	Specimen	δ 18 O VPDB (‰) of enamel bioapatite
		N	min	max	∆	mean
	Ovis MCR 3D M2	17	-2.1	1.5	3.6	-0.7
	Ovis MCR US182 M2	8	-0.8	1.3	2.1	0.5
	Ovis MCR 3B M2	14	-0.9	1.7	2.6	0.3
	Ovis MCR 3C M2	14	-1.8	0.4	2.2	-0.8
	Capra MCR 3D M2	15	-1.6	1.3	2.9	-0.01
	Capra MCR US186 M2	14	-0.7	1.8	2.5	0.9

  Stable oxygen (δ 18 O PDB ) isotope values of tooth enamel bioapatite of modern and archaeological domestic caprines. Sample position is the distance from the crown enamel root junction (ERJ), in millimeters (mm).

	N 5 4 3 2 23,5 29,2 26,8 25,3 Collet-Redon -5,7 Distribution of -4,9 -5,3 -5,8 slaughtering (mm) Appendix 1: δ 18 O (‰) Ovis 1216 M2	Jan -1,1 -2,9 -2,4 -1,8 δ 18 O (‰) Modern specimens second and third molar Feb March April May June July 21,8 -0,5 23,0 -6,1 30,5 27,1 -0,9 27,6 -4,5 34,8 25,7 -1,2 26,1 -5,3 32,9 23,7 -0,7 24,4 -5,2 31,6 Births (mm) δ 18 O (‰) (mm) δ 18 O (‰) (mm) δ 18 O (‰) Aug Sept 0,1 28,0 1,5 32,7 0,02 31,1 0,8 29,5 (mm) Archaeological specimens second molar Oct Nov -1,6 20,0 -0,7 25,3 -1,3 23,1 -1,6 21,5 δ 18 O (‰) (mm) Ovis 1511 M3 Ovis 1511 M2 Ovis 0026 M3 Ovis MCR 3D M2 Ovis MCR 3C M2	Dec	N 5 4 3 2
	-6,1		1 21,9	-1,0	20,7	-0,5	21,3		-6,6	29,0		-0,3	26,4	-1,8	18,4	1
	-5,8		20,1	-0,7	19,1	-1,4	20,2		-6,7	27,4		-1,0	25,1	-1,8	16,9
	-6,2 Season of site -6,0 -5,1 -4,3 -3,1	occupation	18,6 16,7 14,8 12,7 10,5	Jan -0,7 -0,6 -1,0 -1,3 -2,0	Feb March April May June July 17,6 -1,7 18,7 -7,2 26,4 16,2 -2,5 17,0 -7,2 24,8 14,6 -3,0 15,7 -6,9 23,7 13,5 -4,0 14,3 -7,0 22,2 11,8 -4,2 12,4 -6,2 20,6	Aug Sept -1,3 23,6 -2,0 21,9 -2,1 20,1 -1,9 18,8 -1,8 17,1	Oct -1,5 -1,2 -0,4 0,1 0,05	Nov 15,2 13,4 11,7 10,0 8,1	Dec
	-2,4		8,9	-2,3	10,3	-4,6	11,1		-5,8	19,2		-1,5	15,3	0,4	6,2
	-1,7		6,6	-3,2	9,0	-4,9	9,5		-4,6	17,8		-1,1	13,9	0,4	4,5
	Milk -2,3 -3,1 δ 18 O (‰) Ovis 0026 M2 5,1 3,6 (mm) exploitation -6,3 19,8	Jan -3,8 -4,6 -5,5 -6,4 -6,9	Feb March April May June July 7,6 -5,0 7,8 -3,7 15,9 6,2 -4,8 6,7 -2,7 14,2 4,7 -4,4 5,1 -2,1 12,5 3,2 -2,2 10,6 Ovis 8143 M3 1,8 δ 18 O (‰) (mm) -2,7 8,7	Aug Sept -0,7 12,0 -0,4 10,8 0,001 9,3 0,3 7,7 Ovis MCR US182 M2	Oct 0,2 δ 18 O (‰) -1,0 Capra MCR 3D M2 Nov 2,6 (mm) 21,0 -0,8 19,7	Dec
	-6,6		18,4	Ovis 9470 M2	-4,9	15,5		-4,1	6,5	δ 18 O (‰)	(mm)	-0,5	18,6
	-6,3 -5,7		16,9 15,3	δ 18 O (‰) -1,600	Goats dead in their 1st year (mm) -5,5 14,2 17,5 -5,3 12,7	-5,7 Ovis 0522 M3 5,3 (No goat dead in her 2nd year) -0,8 13,0 -0,4 -0,5 11,7 0,1	17,5 16,1
	-5,3		13,2	-2,623	Sheep dead in their 1st year 15,6 -5,2 11,1 δ 18 O (‰)	(mm)		Sheep dead in their 2nd year 0,2 10,2 0,4 14,9
	-4,3		12,0	-4,131	13,7	-4,3	9,4		-4,4	33,0		0,9	8,8	0,9	13,6
	-3,7		10,5	-4,968	11,8	-3,3	7,6		-4,1	31,7		1,3	7,3	1,3	12,4
	-3,2		9,0	-5,641	9,9	-3,0	6,0		-3,9	30,1		0,9	6,0	1,1	11,1
	-2,1		7,3	-4,932	8,1	-1,8	4,1		-3,0	29,0		1,2	4,3	0,9	9,8
	-1,2		5,8	-3,850	6,0	Ovis 9726 M3		-2,7	27,5		0,9	3,1	1,0	8,3
	-0,5		4,2	-2,247	3,9	δ 18 O (‰)	(mm)		-2,2	26,2		Ovis MCR 3B M2	0,5	7,1
	-0,6		2,6	-0,571	2,2	-1,5	26,9		-2,0	24,6	δ 18 O (‰)	(mm)	-0,6	5,8
	Ovis 0522 M2	Ovis 1216 M3	-1,3	25,7		-1,7	23,4		0,3	22,8	-1,5	4,6
	δ 18 O (‰)	(mm)	δ 18 O (‰)	(mm)	-1,2	24,2		-1,6	21,8		-0,5	21,2	-1,6	3,1
	-2,2		25,7	-2,4	38,8	-1,2	22,5		-1,8	20,5		-0,8	19,7	Capra MCR US186 M2-1
	-2,1		24,0	-2,0	37,2	-1,4	21,2		-1,6	19,2		-0,9	17,9	δ 18 O (‰)	(mm)
	-1,8		22,2	-1,2	35,3	-1,4	19,6		-1,9	18,0		-0,8	16,4	-0,6	25,3
	-2,4		20,2	-1,1	33,7	-1,5	18,3		-2,3	16,2		-0,2	14,8	-0,7	24,2
	-2,8		18,0	-1,2	30,7	-1,7	17,1		-2,9	14,3		-0,2	13,4	-0,5	23,0
	-3,8		16,1	-1,1	30,3	-2,3	15,5		-4,0	12,5		0,8	12,1	-0,1	21,1
	-4,7		14,2	-1,7	29,0	-2,7	13,9		-5,2	10,7		1,3	10,6	0,7	19,8
	-5,6		11,9	-2,1	27,2	-3,6	12,4		-6,7	9,1		1,7	9,1	1,1	18,6
	-5,7		10,0	-2,8	25,9	-4,3	10,7		-7,0	7,3		1,1	7,8	1,2	17,3
	-5,0		8,3	-3,3	24,7	-4,6	9,0		-6,6	5,6		1,2	6,5	1,5	16,0
	-4,1		6,3	-3,9	22,8	-4,4	7,4		-5,2	3,9		1,2	4,9	1,6	14,8
	-3,7		4,3	-4,8	21,0	-4,7	5,5		-4,4	2,3		0,1	3,5	1,8	13,1
	-2,2		2,1	-5,1	19,4	-4,6	4,3		Ovis 0562 M3				1,4	12,0
	Ovis 0562 M2	-5,2	17,8	Ovis 9470 M3	δ 18 O (‰)	(mm)				1,5	10,4
	δ 18 O (‰)	(mm)	-5,1	16,1	δ 18 O (‰)	(mm)		-4,8	31,7				1,6	9,0
	-1,6		23,7	-4,7	14,8	-1,0	22,9		-4,7	29,9				1,6	7,2
	-1,2		22,4	-3,5	12,8	-0,7	21,2		-4,2	28,3			
	-1,1		20,7	-3,7	11,3	-0,4	19,6		-3,9	26,9			
	-1,4		19,1	-2,4	9,6	-0,2	17,9		-3,9	25,4			
	-1,9		17,5	-1,3	8,0	-0,5	15,9		-3,4	23,9			
	-3,6		15,9	-1,6	6,0	-0,6	14,3		-3,1	22,4			
	-4,2		14,0	-2,2	4,8	-1,2	12,4		-2,4	21,2			
	-4,9		12,3			-2,4	10,7		-2,2	19,8			
	-5,0		10,8			-3,4	9,1		-1,8	18,1			
	-5,0		8,8			-4,1	7,5		-2,2	16,6			
	-5,1		6,8			-4,7	6,2		-2,2	15,1			
	-4,6		4,8			-5,3	5,0		-3,6	13,6			
						-5,4	3,4		-1,9	12,0			
									-2,8	10,4			
									-3,6	8,9			
									-4,7	7,2			
									-5,6	5,4			
									-6,8	3,9			
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