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InTRoducTIon

A t the end of the Palaeolithic, the Last Glacial Maximum (LGM) and the Late Glacial (LG) were marked by a series of climatic oscillations that most probably created multiple periods of environmental instability. This holds even truer for the Paris Basin and more generally the north of France: its northern geographic position may have contributed to the accentuation or acceleration of such changes. The spread and movement of animal species and human societies at the heart of our research cannot be dissociated from these complex ecological systems, within which they are nested at different levels. As Edgard Morin so elegantly stated, '[…] life cannot simply be atomized into organisms and compartmentalized into species: it also lives according to a self-eco-organisation. The evolution of life is also the evolution of ecosystems, in which the evolution of species is both the producer and the product' (1) (Morin, 1980, p. 89).

Our systemic perspective of faunal communities during the LGM and the LG in the Paris Basin is articulated around two different yet complementary scales of observation. On the one hand, we aim to consider the animal communities' composition in order to characterize the balance between palaeoecologically functioning groups within a food web (especially generalist or monogastric herbivores; specialist herbivores or ruminants; omnivores; carnivores). Beyond biodiversity richness and the global structuration of landscapes, such considerations offer useful information concerning plant resource partitioning among animal species, a crucial element of palaeo ecological research. Our arguments are consolidated and strengthened thanks to recent syntheses of available data, namely that such discoveries refute the conception of the Paris Basin as a 'polar desert' during the LGM.

On the other hand, it was also necessary to fine-tune the identification of the feeding habits of specific species.

This second scale sheds light on their ecological habitats, pinpointing which resources animals selected within these as well as the evolution of their choices. We focused on horses and reindeer as these two animal species are the most constantly recorded at our regional Upper Palaeolithic sites, and there are clearly more data on them than on other species. Moreover, these data are most regularly spread out over LGM and LG periods, which is useful when tracking behavioural changes. In addition, the two selected species belong to different groups of herbi vores, thus hopefully highlighting certain features of their respective communities. Horses have large foraging requirements (as do other monogastrics, like the woolly mammoth and the woolly rhinoceros), and must adjust their needs to the available biomass and plants. Reindeer, however, are ruminants, like other cervids or large bovids, and behave more like selective herbivores, even if they are classified as mixed feeders considering the range of their fluctuating feeding habits (Dannell et al., 2006). The reconstruction of both species' diets was achieved using dental microwear texture analyses.

Using our results to establish certain key ecological elements, we will discuss human mobility, which is clearly tied to available animal resources in such a palaeoenvironment. As horses and reindeer were systematically targeted by different prehistoric groups of the LGM and the LG in the Paris Basin, understanding how communities functioned and the different feeding behaviours of both species allowed us to better re-contextualise Palaeolithic hunting strategies. Defining the foraging areas of main preys also defines where hunts took place. Though such information is of great importance when considering modalities of acquisition (weaponry, hunting goals, supply logistics, etc.), the crucial motivator during the LGM and LG was finding food and a large range of animal raw materials (skins, tendons, antlers, etc.). Human settlement patterns in northern France during the LGM will be examined using the currently debated 'Expansion-Contraction' and 'Cryptic Northern Refugia' models.

Mots-clés : Dernier Maximum Glaciaire, Tardiglaciaire, Bassin parisien, Communautés animales, Paléoécologie, Comportements de subsistances.

Zusammenfassung: In diesem Artikel wird das Verhalten von Tiergemeinschaften in Nordfrankreich vom Letzten Glazialen Maximum (LGM) bis zum Spätglazial (Late Glacial) untersucht. Wir erforschen, wie Faunenreste wesentlich zu einem besseren Verständnis der Paläoumwelt des Gebiets beitragen können, das ein westlicher Knotenpunkt zwischen den südlichen und nördlichsten Gebieten Europas war. Nordfrankreich stellt einen entscheidenden und faszinierenden geografischen Rahmen dar, in dem Tiergemeinschaften während des LGM und LG extreme und instabile Klimaphasen überstanden haben. Um diese spezifischen paläoökologischen Dynamiken zu verstehen, sind umfangreiche Untersuchungen erforderlich. Basierend auf dem paläoökologischen Kontext bestimmter Tiergemeinschaften haben wir uns auf die Variabilität der Zusammensetzung dieser Gemeinschaften konzentriert, um ihre paläoökologische Strukturierung und Entwicklung zu untersuchen. Um unseren Ansatz zu verfolgen, analysierten wir die dentalen Mikrospuren von Pferden und Rentieren, um die Ernährungsökologie der meistgejagten Beutetiere des LGM und des LG in Nordfrankreich zu charakterisieren. Basierend auf unseren Ergebnissen möchten wir die Modelle der Extension und Kontraktion sowie der kryptischen nördlichen Refugien für das LGM gegenüberstellen und die Entwicklung der Kolonisationsprozesse bis zum Spätglazial aufzeigen.

Schlüsselwörter: Letztes Glaziales Maximum, Spätglazial, Pariser Becken, Tiergemeinschaften, Paläoökologie, Fressverhalten.

EnvIRonMEnTAL conTExTS And cuL-TuRAL EnTITIES duRInG ThE LGM/LG The evolution of climate conditions

The LGM is known as a period of intense cold between 20,000 and 15,000 years BP (21,500 and 16,500 calBC), during which the Scandinavian glaciers extended most rapidly around 20,500 years calBC (Mix et al., 2001;[START_REF] Clark | -Ice sheets and sea level of the Last Glacial Maximum[END_REF]Blockley et al., 2012). Chronologically, the LGM was flanked by the H1 and 2 Heinrich periods, considered to be even more intense glacial periods (fig. 1).

During the LGM, the maximum extension of glaciers led to an extreme drop in sea levels (Mix et al., 2001;[START_REF] Clark | -Ice sheets and sea level of the Last Glacial Maximum[END_REF]Blockley et al., 2012). Dependent on climate variations, the estimated winter temperatures in the immediate vicinity of the glaciers lay between -40 and -20°C, and probably rose to barely above freezing in summer (Mix et al., 2001;[START_REF] Prud | Palaeo temperature reconstruction during the Last Glacial from δ 18 O of earthworm calcite granules from Nussloch loess sequence, Germany[END_REF]. As a result, throughout the Paris Basin, seasonal differences were more marked due to a more continental geographic configuration (fig. 1). A portion of northern France endured strong winds, bringing thick loess deposits, at the heart of which several layers of tundra gley have been found, attesting to brief episodes of warmer weather [START_REF] Antoine | Rapid and cycli aeolian deposition during the Last Glacial in European loess: A high-resolution record from Nussloch, Germany[END_REF][START_REF] Moine | Enregistrements malacologiques à haute résolution dans les loess et les gleys de toundra du pléniglaciaire weichselien supérieur : premiers exemples du nord de la France[END_REF][START_REF] Prud | Earthworm calcite granules: a new tracker of millennialtimescale environmental changes in Last Glacial loess deposits[END_REF][START_REF] Antoine | Upper Pleistocene loess-palaeosol records from Northern France in the European context: Environmental background and dating of the Middle Palaeolithic[END_REF]. In addition to these regional climate fluctuations, a geographic variability in temperatures linked to local characteristics may have existed according to certain models [START_REF] Svenning | Ice age legacies in the geographical distribution of tree species richness in Europe[END_REF].

The LG period consists of contrasted climate phases, as illustrated in the division of palynological chronozones (Dryas I, Bølling, Dryas II, Allerød, Dryas III) that are connected to a number of environmental upheavals [START_REF] Magny | Une histoire du climat, des derniers mammouths au siècle de l'automobile[END_REF]. The Dryas I was an extremely 

Fig. 1 -Répartition des sites (A) badegouliens, solutréens et (B) magdaléniens dans le Bassin parisien (la ligne large correspond à la limite géographique du Bassin parisien), (C) avec leurs périodes chronoculturelles régionales d'apparition.

Abb. 1 -Verteilung von (A) Badegoulien-, Solutréen-und (B) Magdalénien-Fundstellen im Pariser Becken (die dicke Linie stimmt mit der geographischen Grenze des Pariser Beckens überein), (C) mit ihren regionalen, chronokulturellen Perioden. The Last Glacial Maximum and the Late Glacial in northern France cold period (around 15,000 BP; 16,500 calBC) that has now been determined as corresponding to the H1 event.

Then, a sharp rise in temperatures ushered in the Bølling (towards 12,700 BP; Björck et al., 1998): this chronozone was characterized by a highly unstable climate, marked by a great amplitude in oscillations, followed by a sharp cooling phase that characterizes the Dryas II (roughly 12,000-11,800 BP). The following Allerød had a cool, humid climate that contrasted sharply with the return of glacial conditions during the Dryas III (roughly between 11,000 and 10,000 BP). It is generally accepted that the Bølling and Allerød constituted an interstadial period, in other words the initialisation of an aborted interglacier phase (Magny, ibid.).

cultural characteristics of human societies of the LGM

A small number of deposits, not all of which have been dated, prove the presence of Solutrean groups in northern France (table 1). Traces of the earliest phase of the Solutrean/Proto Solutrean period are still rare and can only be found at the sites of the Trilobite cave in Arcy-sur-Cure, and Celle-Saint-Cyr, Yonne [START_REF]Des témoins solutréens en France septentrionale : un mode original de production de support de pointe à face plane (La Celle-St-Cyr, Yonne)[END_REF][START_REF] Bodu | L'ancien » Solutréen du Bassin parisien, quelques observations récentes[END_REF]fig.1A). Middle and Late Solutrean remnants are more commonly identified throughout this geographic area: the caves in Rochefort [START_REF] Hinguant | Le Paléolithique supérieur ancien de la vallée de l'Erve (Mayenne) : un état des connaissances[END_REF][START_REF] Biard | Regard typo-technologique sur les productions lithiques foliacées du Solutréen de la vallée de l'Erve (Mayenne, France)[END_REF], in Saint-Sulpice-de-Favières, in Ormesson [START_REF] Sacchi | Le gisement solutréen de Saint-Sulpice-de-Favières (Essonne)[END_REF][START_REF] Bodu | Le gisement du Paléolithique moyen et du Paléolithique supérieur des Bossats Ormesson (Seine-et-Marne), Rapport de deuxième année de triennale (autorisation triannuelle 2013-2015)[END_REF] Tableau 1 -Listes des dates radiocarbones du Bassin parisien cités dans l'étude.

Tabelle 1 -Liste mit 14 C-Daten der Fundstellen im Pariser Becken, die in diesem Aufsatz aufgeführt werden. [START_REF] Bodu | Un nouveau gisement solutréen en Île-de-France, le site des Bossats à Ormesson (Seine-et-Marne)[END_REF][START_REF] Bignon-Lau | Opération archéologique programmée du site de Pincevent (La Grande Paroisse, Seine-et-Marne) -Autorisation 2017-2019 -Rapport final 2019[END_REF], in levels 7 to 10 of the Fritsch shelter [START_REF] Allain | Le Paléolithique supérieur au sud-ouest du Bassin Parisien[END_REF][START_REF] Allain | À propos de la datation С 14 de l'Abri Fritsch aux Roches de Pouligny-Saint-Pierre, Indre[END_REF][START_REF] Trotignon | Études sur l'abri Fritsch (Indre)[END_REF]at Maitreaux (Aubry et al., 1998). Other discoveries testify to the presence of Solutrean groups in the Centre region and in the north of France (the Erve valley in Mayenne: [START_REF] Allard | État de la question sur le Paléolithique supérieur en Mayenne. Les grottes de Thorigné-en-Charnie et de Saint-Pierre-sur-Erve[END_REF]1985;Hinguant and Colleter (eds.), 2020); more vague traces have been found in the Roches d'Abilly, the Monthaud shelter, Chalais, etc. [START_REF] Pradel | L'abri Solutréen de Monthaud commune de Chalais (Indre)[END_REF][START_REF] Agogué | Autour du grand paléolac miocène : continuités et ruptures de l'occupation territoriale au Paléolithique supérieur en région Centre[END_REF][START_REF] Almeida | De la fin du Solutréen au Magdalénien moyen dans les vallées de la Claise et de la Creuse[END_REF].

Lithic production (or the associated facies, see [START_REF] Montoya | Le « Colombier » à Chézy-sur-Marne (Aisne, France) : analyses préliminaires d'un site inédit du Dernier Maximum Glaciaire[END_REF], related to radiocarbon dates, confirms the presence of Badegoulian societies in the Paris Basin (fig. 1A).

A few such sites are the Bois des Beauregards in Nemours [START_REF] Bodu | Le Badegoulien de la moitié nord de la France. Un état des connaissances[END_REF][START_REF] Schmider | Le massif de Fontainebleau au Paléolithique supérieur. Les grands sites d'habitat préhistorique, évolution des cultures et des paysages[END_REF], the Fritsch shelter (levels 3 to 6; [START_REF] Trotignon | Études sur l'abri Fritsch (Indre)[END_REF], and the Mont-Saint-Aubin in Oisy [START_REF] Bodu | Le Badegoulien de la moitié nord de la France. Un état des connaissances[END_REF][START_REF] Debout | The Magdalenian in the Paris Basin: New results[END_REF]. In addition, there are LGM sites without clear defined cultural characterisation such as Colombier in Chézy-sur-Marne [START_REF] Paris | Chézy-sur-Marne, Aisne[END_REF][START_REF] Montoya | Fouille programmée de Chézy sur Marne (02), Autorisation de fouille triannuelle 2012-2014[END_REF], or the site of Thèmes [START_REF] Malgarini | Les faciès du Magdalénien moyen dans l'Est de la France : confrontation et discussion des industries osseuses et lithiques[END_REF], possibly related to early phases of Lower Magdalenian. Here too, it is worth noting the existence of more modest clues, such as finds from the Grotte de la Chèvre [START_REF] Hinguant | Le Paléolithique supérieur ancien de la vallée de l'Erve (Mayenne) : un état des connaissances[END_REF], as well as in La Croix-de Bagneux [START_REF] Kildea | Le Paléolithique supérieur ancien aux marges méridionales du Bassin parisien : le site de la Croix-de-Bagneux à Mareuilsur-Cher (Loir-et-Cher)[END_REF], the Bois des Beauregard, the Trocadéro, and in Orville [START_REF] Chehmana | De nouveaux arguments pour un rattachement au Badegoulien des séries dites « à grands burins transversaux » de la vallée de la Claise[END_REF][START_REF] Orliac | Stratigraphie des limons et chronologie des sols magdaléniens[END_REF]Malgarini et al., ibid.). Recent discoveries and the renewed analysis of industries over the past few years clearly indicate that northern France was occupied during many phases of the LGM.

During the LG, the oldest vestiges of Magdalenian settlement in the Paris Basin can be found in Étiolles (table 1, fig. 1B; Bodu et al., 2011;[START_REF] Debout | The Magdalenian in the Paris Basin: New results[END_REF]2014;[START_REF] Olive | Un campement magdalénien dans la vallée de la Seine à Étiolles (Essonne) : de l'organisation des activités à la sociologie d'un habitat[END_REF]. There are over forty sites in the region, with faunal remains unevenly distributed across all of them [START_REF] Bignon | Diversité et exploitation des équidés au Tardiglaciaire en Europe occidentale -Implications pour les stratégies de subsistance et les modes de vie au Magdalénien et à l'Azilien ancien dans le Bassin parisien[END_REF][START_REF] Bignon | Comparaisons taphonomiques de sites magdaléniens du Bassin parisien: les faunes de Ville-Saint-Jacques (Seine-et-Marne) et Étiolles (Essonne)[END_REF]. Certain, exceptionally well preserved open air deposits offer several layers of successive occupation (especially Les Coudrays-Étiolles, Pincevent, Verberie). These sites are situated at the bottom of regularly flooded valleys, as is the case along the rivers Seine or the Oise; but other discoveries have been made in other contexts such as in the Loing valley [START_REF] Schmider | Marsangy, un campement des derniers chasseurs magdaléniens sur les bords de l'Yonne, Liège[END_REF][START_REF] Bodu | Variabilité des habitudes tardiglaciaires dans le Bassin parisien : l'organisation spatiale et sociale de l'Azilien ancien du Closeau[END_REF][START_REF] Pigeot | Les derniers Magdaléniens d'Étiolles[END_REF][START_REF] Enloe | Fauna and Site Structure at Verberie: Implications for Domesticity and Demography[END_REF][START_REF] Debout | La découverte du gisement de la Haye aux Mureaux (Yvelines) et ses implications sur la connaissance du peuplement magdalénien d'Île-de-France[END_REF][START_REF] Julien | Un automne à Pincevent -Le campement magdalénien du niveau IV20[END_REF].

Key preys hunted

With current data, it would seem that reindeer and horses were key preys throughout the Upper Palaeolithic in the Paris Basin, regardless of the cultural entity [START_REF] Bignon-Lau | Hunting Practices targeting Large Mammals communities of the Paris Basin during the Upper Palaeolithic[END_REF]. But, as proven for the Magdalenian of the Paris Basin (Bignon, 2007a and2008), a different balance in hunting strategies can be found (table 2): predominantly reindeer, predominantly horses, or a joint preference for reindeer and horses. It is remarkable that this configuration of hunting choices during the LG is generally identical for older societies of the LGM in the region (Solutrean, Badegoulian, Lower Magdalenian).

As they were regularly hunted, we can conclude that the distribution of reindeer and horse populations were relatively constant in the area, including during the LGM. The near exclusive presence of these two preys also allows us to infer other palaeoecological implications that we will touch upon later, notably the coevolutionary relationships between predator and prey. In addition, we will also focus on better understanding how human societies traveled and were organized during the LGM and the LG, by characterizing the mobility of their key preys.

Plant communities

Mainly due to preservation issues, palynological data alone are insufficiently reliable to allow us to recreate the plant communities in this type of context [START_REF] Jackson | Modern analogs in Quaternary paleoecology: Here today, gone yesterday, gone tomorrow?[END_REF][START_REF] Feurdean | The influence of refugial population on Lateglacial and early Holocene vegetational changes in Romania[END_REF][START_REF] Binney | The distribution of late-Quaternary woody taxa in northern Eurasia: evidence from a new macrofossil database[END_REF]. Over the past few years, the many analyses have thus preferred plant macro remains (charcoal), systematically dated, with results sometimes backed up by palaeogenetic analyses [START_REF] Willis | Trees or no trees? The environments of central and eastern Europe during the Last Glaciation[END_REF][START_REF] Anderson | -Ice-Age endurance: DNA evidence of a white spruce refugium in Alaska[END_REF][START_REF] Magri | The distribution of Quercus suber chloroplast haplotypes matches the palaeogeographical history of the Western Mediterranean[END_REF][START_REF] Magri | Patterns of post-glacial spread and the extent of glacial refugia of European beech (Fagus sylvatica)[END_REF]2010;[START_REF] Bhagwat | Species persistence in northerly glacial refugia of Europe: a matter of chance or biogeographical traits?[END_REF][START_REF] Kullman | Early postglacial appearance of tree species in northern Scandinavia: Review and perspective[END_REF][START_REF] Petit | Forest of the Past: A window to future change[END_REF][START_REF] Binney | The distribution of late-Quaternary woody taxa in northern Eurasia: evidence from a new macrofossil database[END_REF][START_REF] Treier | Tree refugia and slow forest development in response to post-LGM warming in North-Eastern European Russia[END_REF]. Based on hundreds of sites and several thousand samples, results show the existence of relatively diversified varieties above the 40 th parallel north at the scale of the Eurasian continent. Such research has contributed to renewing the picture of plant landscapes during the most critical glacier phases, notably during the LGM. It would seem that these plant communities can be qualified as 'non analogue'. This term indicates that these communities offer up associations of species that are atypical when compared to their modern day counterparts. During the LGM, plant communities appeared notably more diversified in their northern distribution. Based on previously cited research, the simulations of areas of distribution of various plant species during the LGM [START_REF] Svenning | Glacial refugia of temperate trees in Europe: insights from species distribution modelling[END_REF] offer interesting conclusions. Thus, vast Nordic distributions that extended all the way to the ice caps seem plausible for the following trees: grey alder (Alnus incana), silver and white birch (Betula pendula; B. pubescens), Norway spruce (Picea abies), Scots pine (Pinus sylvestris), European aspen (Populus tremula), and goat or pussy willow (Salix caprea).

Thanks to a number of radiocarbon datings, it has been discovered the existence of a forest cover that was most likely heterogeneous, extending to within several kilometers of the glaciers, even during the LGM (Willis and [START_REF] Willis | Trees or no trees? The environments of central and eastern Europe during the Last Glaciation[END_REF][START_REF] Kullman | Early postglacial appearance of tree species in northern Scandinavia: Review and perspective[END_REF][START_REF] Magri | Persistence of tree taxa in Europe and Quaternary climate changes[END_REF]. In humid zones with less wind, certain deciduous trees sometimes managed to constitute small forests, alongside conifers, which were more common during the LGM. In western and central Europe, the tree layer also seems to have spread widely with variable densities depending on local configurations [START_REF] Bhagwat | Species persistence in northerly glacial refugia of Europe: a matter of chance or biogeographical traits?[END_REF][START_REF] Svenning | Glacial refugia of temperate trees in Europe: insights from species distribution modelling[END_REF][START_REF] Binney | The distribution of late-Quaternary woody taxa in northern Eurasia: evidence from a new macrofossil database[END_REF][START_REF] Treier | Tree refugia and slow forest development in response to post-LGM warming in North-Eastern European Russia[END_REF]. Recent discoveries in the northern half of France, at the Rochefort cave (Mayenne) and in Ormesson (Seine-et-Marne), comply to this schema. Several types of charcoal were identified in the Solutrean levels 4.6 to 4.2 of The Last Glacial Maximum and the Late Glacial in northern France [START_REF] Bodu | Un nouveau gisement solutréen en Île-de-France, le site des Bossats à Ormesson (Seine-et-Marne)[END_REF][START_REF] Bodu | Le gisement paléolithique multistratifié d'Ormesson (Seine-et-Marne) : Palethnologie ou pâle ethnologie ?[END_REF]. Three other recently dated items confirm the attribution of the site to the Middle Solutrean (two on bones and the third on charcoal; [START_REF] Bodu | Le gisement paléolithique multistratifié d'Ormesson (Seine-et-Marne) : Palethnologie ou pâle ethnologie ?[END_REF].

Culture

On the Eurasian scale, plant communities were dominated by many species of herbaceous monocots (Carex sp., Juncus sp.) and dicots (Artemisia sp.), and even mosses, as evidenced by pollen and macro remains in the intestines of mummified mammoths [START_REF] Goetcheus | Full-glacial upland tundra vegetation preserved under tephra in the Beringia National Park, Seward Peninsula, Alaska[END_REF][START_REF] Petit | Forest of the Past: A window to future change[END_REF][START_REF] Van Geel | The ecological implications of a Yakutian mammoth's last meal[END_REF][START_REF] Treier | Tree refugia and slow forest development in response to post-LGM warming in North-Eastern European Russia[END_REF]. A mosaic structure emerges in which steppe-tundra vegetation is associated with loessic areas, and bush tundras developed alongside mesic habitats [START_REF] Goetcheus | Full-glacial upland tundra vegetation preserved under tephra in the Beringia National Park, Seward Peninsula, Alaska[END_REF].

The Expansion-contraction and the cryptic northern Refugia models -opposing or complementary frameworks?

The Expansion-Contraction ('E-C') model of the Pleistocene [START_REF] Provan | Phylogeograhic insights into cryptic glacial refugia[END_REF] seems to be particularly compatible with the extreme macro-climate conditions described above. This model predicts that depending on expansion-contraction phenomena of glaciers, the large northernmost areas of northern Europe were inhospitable during the most extreme phases. Historically, the palynological syntheses for Europe, performed by Brian Huntley and Harry John Betteley Birks (1983), had largely promoted this model, suggesting a polar desert in the northern regions before the Bølling [START_REF] Antoine | Paléoenvironnements pléistocènes et peuplements paléolithiques dans le bassin de la Somme (nord de la France)[END_REF]. The 'E-C' model has also been accepted for animal communities [START_REF] Delpech | L'environnement animal des Magdaléniens[END_REF]1992): according to it, large mammals massively retreated during the worse glacial periods, behind a line stretching from the Loire to the Jura Mountains, due to the extreme lack of available food resources. During these extreme glacial phases, ecological communities retreated further south, towards southern France, or even further to southern peninsulas: Iberia, Italy, and the Balkans. This model, however, does not quite apply to reindeer (Rangifer tarandus), because their presence has yet to be attested in Italy during the Upper Palaeolithic. They seem to have remained in Iberia during the Allerød (Álvares-Lao and García, 2010; Álvares-Lao and García, 2011).

Nevertheless, the 'E-C' model, largely based on ancient palynological data, which, moreover, are sensitive to taphonomic alterations, is now in contradiction with the recent archaeo-botanical advances explained earlier. In terms of large mammals, the massive and homogeneous retreat of animal communities no longer holds true, if we are to consider the permanence of hunted animals in the Paris Basin discussed above. This is even clearer for equine populations, because, to stay alive, these animals require large quantities of food due to their cecum digestive system, which is much less efficient than that of ruminants [START_REF] Janis | The evolutionary strategy of the Equidae and the origins of rumen and cecal digestion[END_REF][START_REF] Duncan | Horses and Grasses. The Nutritional Ecology of Equids and their Impact on the Camargue[END_REF]. Furthermore, over the past fifteen years, a number of archaeological discoveries as well as archeobotanical and archeozoological analyses call into question the systematic nature of the 'E-C' model.

Parallel to this, a model arguing for the existence of Cryptic Northern Refugia (CNR) in Europe has emerged, steadily enriched by newly available data.

These cryptic refugia seem to have developed in areas with more favourable micro-climatic conditions and/or sheltered topographies -generally deeply incised valleys in limestone massifs [START_REF] Stewart | Cryptic northern refugia and the origins of the modern biota[END_REF], throughout the vast ice-free expanses of northern Europe [START_REF] Binney | The distribution of late-Quaternary woody taxa in northern Eurasia: evidence from a new macrofossil database[END_REF][START_REF] Willerslev | -Fifty thousand years of Arctic vegetation and megafaunal diet[END_REF]. But the 'E-C' and the 'CNR' models are not mutually exclusive; they may very well have coincided at certain periods in various regions (fig. 2; [START_REF] Stewart | Cryptic northern refugia and the origins of the modern biota[END_REF][START_REF] Bennett | What do we mean by 'refugia'?[END_REF][START_REF] Provan | Phylogeograhic insights into cryptic glacial refugia[END_REF]. Indeed, the 'CNR' might very well have been established during the LGM or during the H2 Heinrich event, concomitantly to certain bio-geographic movements, depending on the various strategies of species and populations. Further investigations (diet, migration, phylogeography) need to be carried out to better understand the evolution and eventual stabilization of populations or communities of 'CNRs' until the beginning of the LG (of the H1 Heinrich event and the Younger Dryas palynological chronozone).

ThE STRucTuRInG oF AnIMAL coM-MunITIES: PALAEoEcoLoGIcAL IMPLIcATIonS

Expected characteristics of the 'Mammoth Steppe'

The concept of the 'Mammoth Steppe' was notably elaborated by R. D. [START_REF] Guthrie | Mammals of the mammoth steppe as paleoenvironmental indicators[END_REF][START_REF] Guthrie | Mosaïcs, allelochemics and nutrients. An ecological theory of late Pleistocene megafaunal extinctions[END_REF][START_REF] Guthrie | Frozen fauna of the mammoth steppe: the story of the Blue Babe[END_REF]).

Here, we will limit ourselves to explaining its three main characteristics. First, the Mammoth Steppe has been recognized as a vast biome (or macro-ecosystem) that developed across most of the Eurasian continent. Chronologically, archaeological data signal its existence for at least all of the Upper Palaeolithic, and until the Holocene in the most northern regions [START_REF] Hopkins | Paleoecology of Beringia[END_REF][START_REF] Zimov | Steppe-Tundra transition: a herbivore-driven biome shift at the end of the Pleistocene[END_REF][START_REF] Mcphee | Radiocarbon chronologies and extinction dynamics of the late Quaternary mammalian megafauna of the Taimyr Peninsula, Russian federation[END_REF]. This biome is defined by highly diversified plant and animal communities, the result of a long, shared evolutionary history. Taken individually, these specific assemblages appear to be a complex combination of different current biomes, notably the tundra and the steppe [START_REF] Chernov | The living tundra[END_REF]. The ecological settlement of the Mammoth Steppe is thus resolutely original and has no clear equivalent today [START_REF] Guthrie | Mammals of the mammoth steppe as paleoenvironmental indicators[END_REF][START_REF] Guthrie | Mosaïcs, allelochemics and nutrients. An ecological theory of late Pleistocene megafaunal extinctions[END_REF][START_REF] Guthrie | Frozen fauna of the mammoth steppe: the story of the Blue Babe[END_REF].

The second characteristic of the Mammoth Steppe is its ecological functioning, intimately linked to its high biodiversity. Today, only a few settlements in African savannas shelter a similarly high diversity of plant and animal communities: the common point of all the current communities is the fact that they enjoy open spaces with relatively complex landscape structures. These environments all have grazing ecosystems in which there exist solid and ancient interactions between animal and plant species, as is the case for the Serengeti [START_REF] Bell | The use of the herb layer by grazing ungulates in the Serengeti[END_REF][START_REF] Bell | A grazing ecosystem in the Serengeti[END_REF][START_REF] Mcnaughton | Grazing lawns: animals in herbs, plant form and coevolution[END_REF]1994). This is necessarily an analogous comparison because specific components from the Palaeolithic do not correspond to those in the Serengeti. However, in both cases, the complementarity of animal diet, their migrations, and interactions can only be explained by the existence of grazing ecosystems and open, diverse landscapes.

The third characteristic of the Mammoth Steppe deals directly with the mosaic structure of landscapes at the regional level. This complex arrangement reflects the mosaic composition of all the animal and plant species [START_REF] Guthrie | Mammals of the mammoth steppe as paleoenvironmental indicators[END_REF]1984). Though it is possible today to observe a latitudinal leveling of biomes from the North Pole to the equator, R. D. Guthrie (ibid.) developed a biogeographical 'patchwork quilt' model for the Palaeolithic periods. This model allows for an understanding of the mosaic structure of landscapes (linked to the characteristics of the physical environment) at regional and continental levels.

Such non-analogue animal assemblages have been investigated using isotopic analysis of collagen in order to verify the characteristics of the Mammoth Steppe. A large survey of southwest France throughout the Upper Palaeo-lithic [START_REF] Drucker | Validation méthodologique de l'analyse isotopique d'ossements fossiles et apports aux reconstructions paléoécologiques du Paléolithique supérieur du Sud-Ouest de la France[END_REF]) is highly consistent with Guthrie's model. The results showed an open environment without dense tree cover in which the various herbivores shared food resources following specific trends through time.

Faunal spectrum and the structure of animal communities during the LGM and the LG in the Paris Basin

Compiled in a recent article [START_REF] Bignon-Lau | Des nouvelles du front ? Les sociétés humaines du Dernier Maximum Glaciaire dans le Bassin parisien face aux dynamiques spatiales des peuplements paléoécologiques[END_REF], at least 150 radiocarbon datings on bones from large mammals were confirmed for the LMG period and the H2 Heinrich event in the northernmost zones of western and central Europe. These dates, which correspond to what is probably still an incomplete survey of data, confirm the presence of large animal communities in these geographic areas (tables 1 and 3).

What is remarkable is the relative importance of mega herbivore species [START_REF] Owen-Smith | Megaherbivores. The influence of very large body size on ecology[END_REF] with one fifth of the radiocarbon datings. This category of monogastric herbivores (with a cecum digestive system) includes species that consume large quantities of plant matter. In order of importance, there were woolly mammoths (Mammuthus primigenius), horses (Equus caballus sp.), and woolly rhinoceroses (Coelodonta antiquitatis). These animals theoretically fed off of large quantities of herbaceous plants and grasses, suggesting a relative abundance of plant resources, at least within certain fringes of the landscape (Owen-Smith, ibid.). [START_REF] Stewart | Cryptic northern refugia and the origins of the modern biota[END_REF]Provan et Bennett, 2008, modifiés).

Fig. 2 -Le Dernier Maximum Glaciaire en Europe occidentale : refuges cryptiques septentrionaux vs refuges des péninsules méridionales et les E-C axes de migrations (d'après

Abb. 2 -Refugien des Letzten Glazialen Maximums in Westeuropa: kryptische nördliche Refugien vs. Refugien der südlichen

Halbinseln und Extension-Kontraktion-Migrationswege (nach Stewart und Lister, 2001;Provan und Bennett, 2008, verändert).

However, ruminants are represented by the vast majority of the datings. These animals, which are more selective in their choice of plants or parts of plants, generally placed less of a strain on the plant resources in their environment due to their more efficient digestive system [START_REF] Janis | The evolutionary strategy of the Equidae and the origins of rumen and cecal digestion[END_REF][START_REF] Mcnaughton | Grazing lawns: animals in herbs, plant form and coevolution[END_REF]1994). In this category, the reindeer (Rangifer tarandus) is by far the best documented species, though the red deer (Cervus elaphus) is also well represented in central France and central Europe. Other ruminants included the Irish elk (Megaloceros giganteus) and even the roe deer (Capreolus capreolus). Though they have been found at certain sites, large bovines (aurochs, bison) suffer from an incomprehensible lack of dating.

For carnivores, the majority of available datings concern hyenas (Crocuta sp.), more rarely are there wolves (Canis lupus), or other mid or small species, such as the polar or common fox (Vulpes lagopus, Vulpes vulpes), or the wolverine (Gulo gulo), but also the arctic lemming as a rodent (Dicrostonyx torquatus).

As is the case with plant communities, the direct datings of animal remains, though less abundant in current research, confirm the presence of diversified communities in northern Europe during the LGM. Moreover, in the Paris Basin, there is little difference in animal communities between the LGM and the LG (table 2). However, this similarity in the structuring does not mean that they had the same palaeoecological functions as shown by current studies on large animal communities [START_REF] Sinclair | Patterns of predation in a diverse predator-prey system[END_REF][START_REF] Fryxell | Landscape scale, heterogeneity, and the viability of Serengeti grazers[END_REF][START_REF] Hopcraft | Herbivores, resources and risks: Alternating regulation along primary environmental gradients in savannas[END_REF]. Indeed, Mammoth Steppe communities with identical or near identical compositions can have fairly different modes of ecological functioning (in terms of demographic balance, physical environment, or hydrographic networks; see [START_REF] Bignon | Chasser les chevaux à la fin du Paléolithique dans le Bassin parisien. Stratégies de subsistance et des modes de vie au Magdalénien et à l'Azilien ancien[END_REF][START_REF] Bignon | Comparaisons taphonomiques de sites magdaléniens du Bassin parisien: les faunes de Ville-Saint-Jacques (Seine-et-Marne) et Étiolles (Essonne)[END_REF][START_REF] Bignon-Lau | Des nouvelles du front ? Les sociétés humaines du Dernier Maximum Glaciaire dans le Bassin parisien face aux dynamiques spatiales des peuplements paléoécologiques[END_REF]. If we take into consideration the climate conditions and characteristics of the Mammoth Steppe, we should arrive at an ecological structuring of communities in the northern regions of France that was even more diversified during the LGM. This organisation would imply a variable, regional abundance of taxa and thus a specific density that fluctuates locally or over time. Providing an annual diet summary, the isotopic analysis of collagen realized on herbivores found at the Paris Basin sites revealed a tundra-like environment, but this area has not been as well investigated 
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Badegoulian as southwestern France (Drucker, 2007a, b and2011a, b). However, many horses (n = 28) and reindeer (n = 21) from Magdalenian and Early Azilian sites have been analysed: Etiolles (Locus 2), Verberie, Pincevent (IV0, IV20, IV.21.3, Habitation 1), and Le Closeau. Reindeer values (δ 13 C coll = -19.3 and -20.3 ‰; δ 15 N coll = 1.6 and 3.9 ‰) clearly indicate the consumption of lichens and a certain variability of environmental contexts, where resources were found by these ruminants. Horse values (δ 13 C coll = -20.3 and -21.8 ‰; δ 15 N coll = 1.8 and 5.4 ‰) exhibit more steppic features (without lichens in their diet), while the great variability in nitrogen observed reveals a wide set of environmental conditions (namely, a more or less pronounced aridity or a fertilization of soils). Such results, even if restricted to the LG and limited specimens per site, clearly show that reindeer and horse frequented an open environment and avoided direct food competition.

To address the resource partitioning in the Paris Basin during the LGM and LG with larger samples, keeping in mind the ecological structure of animal communities, we tracked the feeding habits of the reindeer and horses using dental microwear textural analyses. This approach allowed us to also examine the stability of coevolutionary ties that linked these prey with their human predators.

FEEdInG hABITS oF KEy PREyS

A multiscalar approach

The presence of horses and reindeer has been attested at most of the Upper Palaeolithic sites in the Paris Basin, when fauna was preserved (table 3). By reconstructing the feeding habits of these two taxa, both at the inter-and intraspecific levels, we have arrived at hypotheses on the environment they inhabited (composition, structuring, and functioning of animal communities), and on the utilization of animal resources by human societies. To optimise the perception of the results, we opted for a multiscalar approach, much more commonly used in biogeography [START_REF] Blondel | Biogéographie. Approche écologique et évolutive[END_REF], in order to discriminate between the different sources of variability in feeding habits:

-At the inter-individual level, variability is considered at the local level and within the same, specific population, in other words, at the scale of the archaeological site (LGM or LG);

-At the inter-population level, the regional level of the Paris Basin during the chronological phases (LGM, LG) is the framework for differentiating variables. Though it is possible within current dataset frameworks to potentially consider the variations between populations within or between two sub-species of a taxa, this degree of resolution is not possible for Palaeolithic taxa. We are obliged to use the less well-defined 'chrono-species' that are most often established using morphotypes (with osteometry or morphometry).

-At the inter-specific level, in our case between reindeer and horses, observations were made at the regional/continental level, following the main chronological phases under consideration, in order to study both the evolutionary tendencies and the interaction between each species-specific behaviours. This scale further requires large sets of actualist and archaeological data, with vastly improved equine datasets. Our first observations are thus illustrative and not definitive. How to reconstitute the diet of the herbivores studied here?

Method

When plants are chewed by animals, they scratch tooth enamel and leave microscopic wear. This microwear can be characterised to reconstitute an individual's diet during the final weeks of its life [START_REF] Merceron | Tooth microwear pattern in roe deer (Capreolus capreolus L.) from Chizé (Western France) and relation to food composition[END_REF][START_REF] Catz | Comportements alimentaires et migratoires du renne (Rangifer tarandus) dans le Bassin parisien du Dernier Maximum Glaciaire au Bölling (18 000-12 000 BP) : analyse de texture des micro-usures dentaires, master 2 thesis[END_REF][START_REF] Scott | Dental microwear texture analysis of extant African Bovidae[END_REF]. The protocol for dental microwear texture analysis (DMTA) is applicable across all species (Calandra and Merceron, 2016;[START_REF] Scott | Dental microwear texture analysis shows within species diet variability in fossil hominins[END_REF][START_REF] Scott | Dental microwear texture analysis: technical considerations[END_REF][START_REF] Scott | Dental microwear texture analysis of the archaeolemurids and megaladapids, two families of subfossil lemurs from Madagascar[END_REF]Ungar et al., 2008a, b and2010;[START_REF] Krueger | Incisor microwear textures of five bioarcheological groups[END_REF][START_REF] Martin | Dietary Niches of Terrestrial Cercopithecines from the Plio-Pleistocene Shungura Formation, Ethiopia: Evidence from Dental Microwear Texture Analysis[END_REF][START_REF] Merceron | Folivory or fruit/seed predation for Mesopithecus, an earliest colobine from the Late Miocene of Eurasia?[END_REF][START_REF] Catz | Comportements alimentaires et migratoires du renne (Rangifer tarandus) dans le Bassin parisien du Dernier Maximum Glaciaire au Bölling (18 000-12 000 BP) : analyse de texture des micro-usures dentaires, master 2 thesis[END_REF][START_REF] Prideaux | Extinction implications of a chenopod browse diet for a giant Pleistocene kangaroo[END_REF][START_REF] Ungar | Dental evidence for diets of early Homo[END_REF][START_REF] Schubert | Carnassial microwear and dietary behaviour in large carnivorans[END_REF][START_REF] Schulz | Applying Tribology to Teeth of Hoofed Mammals[END_REF]. Following standard procedures, teeth were selected, cleaned, and dental molds were made using President microSystem Affinis Regular body (Coltène-Whaledent) polyvinylsiloxane. The replicas were then scanned using the 'TRI-DENT' white light confocal surface profilometer DCM8 Leica Microsystems (at the PALEVOPRIM laboratory, CNRS, and the University of Poitiers), which was used to produce a 3D model of dental surfaces. Finally, the last step in obtaining data was an automatic calculation using multi-scalar analyses of textural parameters [START_REF] Scott | Dental microwear texture analysis: technical considerations[END_REF]. Then, Toothfrax and Mountain software were used to generate DMTA variables, following procedures and settings provided by [START_REF] Scott | Dental microwear texture analysis: technical considerations[END_REF].

To date, three parameters synthesize information on dietary habits: anisotropy (epLsar [= exact proportion of Length-scale anisotropy of the relief]), complexity (Asfc [= Area-scale fractal complexity]), and the heterogeneity of complexity (HAsfc [= heterogeneity of Area-scale fractal complexity]). Food ingested by ruminants is differentiated by its nutritional and physical properties. Abrasives (both endogenous phytoliths and, to a lesser extent, exogenous dust; [START_REF] Merceron | Untangling the environmental from the dietary: dust does not matter[END_REF] within tissues and the mechanical and physical properties of fodder scratch the surface of the enamel. The more these scratches are preferentially oriented (high anisotropy epLsar), the more likely it is that the animal is a tough-leaf eater. It is more specifically a grazer [START_REF] Scott | Dental microwear texture analysis of extant African Bovidae[END_REF], if the anisotropy is coupled with a low or very low complexity values. Grazers show lower complexity (Asfc) and higher anisotropy (epLsar) values than intermediate feeders and browsers [START_REF] Ungar | Dental microwear texture analysis of varswater bovids and early Pliocene Paleoenvironments of Langebaanweg, Western Cape Province, South Africa[END_REF][START_REF] Scott | Dental microwear texture analysis of extant African Bovidae[END_REF]. Among browsers, those that ingest few lignified tissues tend to have lower complexity values than species with diets including bark, seeds, and twigs. Browsers may also have high anisotropy values (coupled with intermediate complexity), if the dietary bolus is composed of tough leafy material (Merceron et al. 2021, in press). Grazers would have ingested large quantities of plants rich in phytoliths such as herbaceous monocots (grasses, sedges, rushes). The more mature the monocotyledons, the higher the concentration of phytoliths. Finally, heterogeneity of complexity (HAsfc) values are low with a poorly diversified diet and, in opposition, this parameter's values rise when diets diversify [START_REF] Souron | Three-dimensional dental microwear texture analysis and diet in extant Suidae (Mammalia: Cetartiodactyla)[END_REF][START_REF] Ramdarshan | Seeds, browse, and tooth wear: a sheep perspective[END_REF][START_REF] Merceron | Dental Microwear Texture Analysis in Mammalian Ecology: DMTA in Ecology[END_REF][START_REF] Merceron | Browsing and non-browsing extant and extinct giraffids: Evidence from dental microwear textural analysis[END_REF].

The study of dental microwear allows us to reconstitute the variability of dietary habits, for example throughout a season [START_REF] Merceron | Can dental microwear textures record inter-individual dietary variations?[END_REF][START_REF] Percher | Dental microwear textural analysis as an analytical tool to depict individual traits and reconstruct the diet of a primate[END_REF][START_REF] Berlioz | Deer in an arid habitat: dental microwear textures track feeding adaptability[END_REF]. Among ruminants, there are three types of dietary habits:

-Grazers that eat herbaceous monocotyledons, including sedges, rushes, and grasses. These plants share a higher concentration of silica phytoliths than most dicotyledon plants (physical defenses of plants; [START_REF] Hodson | Phylogenetic variation in the silicon composition of plants[END_REF][START_REF] Massey | Herbivore Specific Induction of Silica-Based Plant Defences[END_REF] and mark the dental enamel of ruminants.

-Browsers are more diversified than grazers. They include different tissues or parts of trees (stems, leaves, shrubs, flowers, fruit) in their diet. The physical defenses of plants thus vary depending on the tissues ingested.

-Mixed feeders are more or less grazers or browsers depending on the availability of resources in the landscape.

It is thus possible to identify the different feeding habits of herbivores according to the selection of plants ingested. By identifying such a selection, we obtain a clearer image of these animals' habitats, because the distribution and diversity of plants respond to certain environmental characteristics. We thus have indications on the areas where prey may have been killed by hunters.

Material

We studied reindeer from two LGM sites and horses from three LGM sites (table 4). We were able to compare diet data for reindeer from four LG sites and for horses with data from one LG site. The majority of these sites offers samples of the two species most hunted by humans during the Upper Palaeolithic. For certain deposits (Pincevent level IV0, Rochefort), we conducted analyses on both species, which allowed us to compare the behaviour of reindeer and horses in the same occupation area (intraspecies/inter-site or inter-species/intra-site scales). For the other sites, data was either not available or available but analysed for only one of the two species studied here.

The archaeological findings were then compared with the dental datasets of modern African bovids covering the whole spectrum from browsers to grazers [START_REF] Scott | Dental microwear texture analysis of extant African Bovidae[END_REF]. We also used modern dental datasets from the few horses available housed in the Zoological Museum of Copenhagen alongside two datasets from Norwegian reindeerthe first one is being established and the second one has already been published (table 4; [START_REF] Bignon-Lau | Dental microwear textural analyses to track feeding ecology of reindeer: a comparison of Knutshø and Hardangervidda populations, Norway[END_REF].

Here below, we present the first findings on three types of reindeer populations. The study of continental, alpine tundra reindeer (n = 123; [START_REF] Bignon-Lau | Dental microwear textural analyses to track feeding ecology of reindeer: a comparison of Knutshø and Hardangervidda populations, Norway[END_REF] from the Hardangervidda and Knutshø regions in southern Norway helped shape our hypothesis on the adjustment of diets in terms of the availability of resources in the environment and the density of the population within a single region. The study of reindeer from three valleys of the Svalbard archipelago (Colesdalen: n = 420, Sassendalen: n = 503, Grøndalen: n = 79) and of a reindeer population from the forests of a continental region (Forollhogna: n = 55) helped refine our observations on the plasticity of reindeer diets.

For our study on reindeer and horses, we selected only teeth that presented optimal enamel surface conservation. Faunal remains were better preserved from one site/level to another (Pincevent: level IV0 versus level IV20, for instance; [START_REF] Bignon-Lau | Opération archéologique programmée du site de Pincevent (La Grande Paroisse, Seine-et-Marne) -Autorisation 2017-2019 -Rapport final 2019[END_REF]; but in accordance with our selection criteria, such taphonomic differences did not affect the specimens analysed. For reindeer, DMTA was performed on disto-labial facets on the protoconid of lower molars. Priority was given to M2, and additional analyses were carried out on homologous dental facets on third or first molars, following the recommendations of [START_REF] Ramdarshan | Seeds, browse, and tooth wear: a sheep perspective[END_REF]. For horses, any tooth (upper, lower, premolar, molar) was selected, since no significant differences appeared when using lingual or vestibular enamel facets from on tooth to another [START_REF] Schulz | Applying Tribology to Teeth of Hoofed Mammals[END_REF].

dietary habits in extant reindeer and Palaeolithic reindeer

As all other ruminants, the reindeer is selective and therefore categorized as an intermediate feeder/browser [START_REF] Danell | Large Herbivore Ecology, Ecosystem Dynamics and Conservation[END_REF]. Studies on modern Rangifer tarandus show they eat lichen (Cladonia rangiferina L.) all year round [START_REF] Skogland | Comparative summer feeding strategies of Arctic and Alpine rangifer[END_REF]. However, the plasticity of their dietary habits depends directly on their environment's resources. This plasticity has been proven through analyses of their stomach contents [START_REF] Kuntz | Ostéométrie et migration(s) du Renne (Rangifer tarandus) dans le Sud-Ouest de la France au cours du dernier Pléniglaciaire et du Tardiglaciaire[END_REF], because other foods are consumed throughout the seasons: mushrooms, dicot and monocot plants (grasses, rushes, sedges), moss, and sometimes even leaves from shrubs and trees (alder, birch, willow). Finally, they also occasionally eat small mammals and bird's eggs [START_REF] Leader-Williams | Reindeer on South Georgia. The ecology of an introduced population[END_REF]-as cited in Kuntz, 2011).

Dental microwear texture analyses carried out on modern day reindeer in Norway (fig. 3;table 4) illustrate the plasticity of diets within the same species in various environments:

-Continental, alpine tundra reindeer (Rangifer t. tarandus), slaughtered at the end of summer at Hardangervidda and Knutshø, are mixed feeders.

-Continental, alpine tundra reindeer (Rangifer t. tarandus), slaughtered during winter in Hardangervidda, more closely resemble browsers.

-Tundra alpine reindeer from Spitsbergen (Svalbard; Rangifer t. platyrhynchus) -all populations slaughtered between August and September -are obligate grazers.

-Reindeer from Forollhogna (Rangifer t. tarandus), slaughtered between August and September, behave like forest reindeer with dental wear more closely resembling that of browsers.

Compared to these reindeer, Palaeolithic reindeer of the LGM and the LG offer lower complexity values (Asfc), whether they were grazers or browsers. Because of this, prehistoric reindeer plot just below modern ones (fig. 3), suggesting an evolution in resource consumption.

According to dental microwear texture analyses, the LGM reindeer at Rochefort cave and Chézy-sur-Marne offer very high anisotropy and very low complexity values (fig. 3). While these sites do show a relative variability, this cannot be interpreted as a result of distinct behaviours during this period. Though variability between individuals appears more pronounced in Rochefort, there is no overlapping of specimens between both sites.

During the LG, once again, we can observe a diversity of feeding habits in reindeer (fig. 3). Grazing can be observed in both cases of the IV20 level of Pincevent and Étiolles (Locus 2) specimens, which present high anisotropy (epLsar) and low complexity (Asfc) values. These findings contrast with those of the reindeer of level IV0 of Pincevent and of Tureau des Gardes, aligning more with mixed feeder herbivores (lower anisotropy and higher complexity). It should be noted that, at level IV20 of Pincevent and Étiolles, the inter-individual variability of specimens is low, sufficiently for there to have been no inter-population overlap of specimens between the two sites. In contrast, the reindeer of Pincevent level IV0 and those of Tureau des Gardes 6 display a relatively higher intra-population variability, compared to the two previously mentioned sites/levels, and show a large inter-population overlap. At Pincevent level IV0 and Tureau-des-Gardes 6, seasonal estimations offer information on the killing of individual specimens throughout the year [START_REF] Bignon | -Étude archéozoologique de l'unité T125: originalité de la chasse des rennes et des chevaux[END_REF][START_REF] Bignon | Chasser les chevaux à la fin du Paléolithique dans le Bassin parisien. Stratégies de subsistance et des modes de vie au Magdalénien et à l'Azilien ancien[END_REF][START_REF] Debout | The Magdalenian in the Paris Basin: New results[END_REF]: the high inter-individual dispersion thus corresponds to the maximum amplitude of annual values. To conclude, specimens of the level IV20 of Pincevent and Étiolles exhibit grazing behaviour and a very low inter-population variability, while specimens of the level IV0 of Pincevent and Tureau des Gardes 6 show mixed feeder habits and a larger variability corresponding to a year-round values. Simply put, when values are available for only a season, variability is necessarily reduced. Considering the annual intra-population variability of actual Hardangervidda specimens, such an interpretation for the two latest LG sites looks very likely consistent.

Finally, the inter-population levels (range of dietary habits) seem greater during the LG than during the LGM, between the reindeer of Pincevent IV20/Étiolles on the one hand and those from Pincevent IV0/Tureau des Gardes 6 on the other. 

dietary habits of modern day horses and their Palaeolithic counterparts

According to contemporary knowledge, a horse is depicted as a generalist herbivore, though it systematically consumes a wide range of plants and among them a large amount of grasses [START_REF] Duncan | Horses and Grasses. The Nutritional Ecology of Equids and their Impact on the Camargue[END_REF][START_REF] Bignon | Chasser les chevaux à la fin du Paléolithique dans le Bassin parisien. Stratégies de subsistance et des modes de vie au Magdalénien et à l'Azilien ancien[END_REF]. The equine cecum digestive system specifically encourages these animals to choose plants with physical defenses (grasses, rushes, reeds, etc.) rather than those with chemical defenses. As a result, due to this generally more abrasive diet, horses are much more dependent on sources of water than reindeer [START_REF] Skogland | Comparative Social Organization of Wild Reindeer in Relation to Food, Mates and Predator Avoidance[END_REF][START_REF] Duncan | Horses and Grasses. The Nutritional Ecology of Equids and their Impact on the Camargue[END_REF].

Data on recent horses obtained from the Zoological Museum of Copenhagen are much less developed than those for reindeer -we aim to reinforce them significantly in the very near future (table 4). The values for the horses of Exmoor (UK) or Iceland (fig. 4) seem to indicate leafy feed, as illustrated by their typical positioning of browsers. In contrast, we are more confident in the values of the Przewalski horses (hunted in the Gobi desert at the beginning of the 20 th century) and those from Greenland that gravitate around the values for generalist herbivores.

Though archaeological data on horses are less abundant in comparison to those on reindeer, both in number of sites and specimens, we do not find systematically 

Tableau 4 -Spécimens de renne et de cheval archéologiques et modernes utilisés dans nos analyses texturales de micro-usures dentaires.

Tabelle 4 -Archäologische und moderne Rentier-und Pferde-Proben, die zur Analyse der dentalen Mikrospuren genutzt wurden.

higher levels of complexity (Afsc) among horses when compared to their modern day counterparts. While the horses of Amiens-Renancourt 1 and the Rochefort cave (the two oldest sites) comply with 'Palaeolithic' tendencies like those observed on reindeer, this is not true for the equines from the Fritsch shelter (Badegoulian levels) and those from level IV0 of Pincevent.

During the LGM, according to dental microwear texture analyses, the horses of the Rochefort cave present an intermediate anisotropy and low level complexity, which allows them to be classified as generalists or intermediate feeders (fig. 4). For example, the horses of Amiens-Renancourt 1, before the LGM (table 1), tend to show a generalist behaviour that is ultimately similar to the equines of the Rochefort cave. At the Fritsch shelter, the horses present a stronger anisotropy than other horses and a higher level of complexity than the reindeer studied. They seem to be variable or intermediate grazers (fig. 4). Another interesting point is that inter-individual variability fluctuates depending on the sites: the horses of the Rochefort cave have more concentrated values (even though data are more abundant; table 4), compared to Amiens-Renancourt 1 (anisotropy) or the Fritsch shelter (complexity).

When comparing the horses of the LG and the LGM, we observed noteworthy differences with horses from Pincevent (niveau IV0; fig. 4). The latter show generalist herbivore values with a tendency towards browsers (less pronounced than the horses from Iceland or the Przewlaski ones), whereas those from the LGM have on the contrary a tendency towards grazing. Finally, the horses at level IV0 of Pincevent offer up the highest level of inter-individual variability of all the archaeological species. This might be tied to the generalist nature of their diet, but it could also be due to the maximal amplitude of annual values, as these horses were hunted all year round [START_REF] Bignon | -Étude archéozoologique de l'unité T125: originalité de la chasse des rennes et des chevaux[END_REF][START_REF] Bignon | Chasser les chevaux à la fin du Paléolithique dans le Bassin parisien. Stratégies de subsistance et des modes de vie au Magdalénien et à l'Azilien ancien[END_REF][START_REF] Debout | The Magdalenian in the Paris Basin: New results[END_REF]. It is clear that recent specimens' datasets as well as complementary studies of other sites from the same period are necessary to consolidate and compare these preliminary results.

conFRonTInG ThE RESuLTS wITh ThEIR EnvIRonMEnTAL conTExTS I n linking palaeoecological groups of herbivores (mono- gastrics, ruminants) to representative species (horse, and reindeer, respectively), our research strategy was to track evolution and to describe their feeding habits through the LGM and LG periods. Obviously, this work in progress cannot resolve and explain the whole of palaeoecological complexity at the end of the Pleistocene; however, combining functional groups with microwear analyses currently offers significant data. In line with rare pioneering studies [START_REF] Price | The migration of Late Pleistocene reindeer: isotopic evidence from northern Europe[END_REF]), we will be comparing our current data with strontium, carbon, and oxygen isotopic analyses of bioapatite (sequential bands of tooth enamel), when completed (Catz, doctoral thesis, ongoing).

Our data thus indicates that the horses and reindeer of these globally cold periods managed, despite the climate conditions, to find plant resources in sufficient quantity, mostly herbaceous monocotyledons (with strong anisotropy tendencies) that were also relatively varied. Based on this diet, the palaeoenvironment would seem to have been an open landscape with plant life similar to our modern steppe plains. Our observations confirm the model of a Mammoth Steppe, even during the LGM, which does not resemble a polar desert. It was, at least in certain areas, ideal pasture land for both ruminants and mono-gastric animals. As previously suggested by the isotopic analysis of collagen realized on herbivore remains from sites throughout the Upper Palaeolithic in southwest France or from the Paris Basin during the LG [START_REF] Drucker | Validation méthodologique de l'analyse isotopique d'ossements fossiles et apports aux reconstructions paléoécologiques du Paléolithique supérieur du Sud-Ouest de la France[END_REF]2007a, b;Drucker et al., 2011a, b), our results indicate a probable partition of plant resources in the latter region since the LGM.

As for reindeer during the LGM and the LG, we observed relatively limited variations in diet between individuals within populations that lived in the same types of habitats. For cervids, the inter-population variations are more contrasted between mixed feeder and grazer diets, both during the LGM and the LG, thus with no linear evolution in time. These inter-population variations were discovered among the alpine tundra reindeer in Norway (Knutshø and Hardangervidda; [START_REF] Bignon-Lau | Dental microwear textural analyses to track feeding ecology of reindeer: a comparison of Knutshø and Hardangervidda populations, Norway[END_REF], as well as between these specimens and those in Spitsbergen (fig. 3; Bignon-Lau et al., in preparation). Furthermore, even though ethologist data [START_REF] Danell | Large Herbivore Ecology, Ecosystem Dynamics and Conservation[END_REF] state that modern reindeer have a flexible diet, ranging from intermediate herbivores to browsers, the Palaeolithic reindeer differ from this with generalist herbivore behaviour with strong grazer tendencies. In addition, this tendency was also observed among Hardangervidda reindeer. These cervids were hunted during two distinct seasons: late summer and winter. Observing these data, we thus can underline the variation of complexity in diet from one period to another. This seems to be the result of two distinct behaviours that are dictated by growth patterns in plant resources and a change in diet from summer grass consumption (grazer) to winter lichen consumption (browser). Finally, our datasets on the Spitsbergen reindeer clearly point to grazing behaviours, at least for the period between late August and the beginning of October. Usually, only the crucial role of lichens is mentioned for the LG reindeer diet [START_REF] Rivals | Dietary traits and habitats of the reindeer (Rangifer tarandus) during the Late Glacial of Northern Europe[END_REF], thus dental microwear texture analyses presented here bring substantial data.

Dental microwear texture analyses of reindeer killed by Magdalenian hunters in Pincevent have revealed rapid variations in feeding behaviour between different levels of occupation [START_REF] Catz | Comportements alimentaires et migratoires du renne (Rangifer tarandus) dans le Bassin parisien du Dernier Maximum Glaciaire au Bölling (18 000-12 000 BP) : analyse de texture des micro-usures dentaires, master 2 thesis[END_REF][START_REF] Catz | Reindeer Feeding ecology and Hunting strategies by Magdalenians from Pincevent (Paris Basin, France): New Insights from Dental Microwear Textural Analyses[END_REF]figs. 3, 5). It is possible to observe a link between hunting strategies with micro-wear data. When reindeer dominated the faunal spectrum at level IV20 [START_REF] Julien | Un automne à Pincevent -Le campement magdalénien du niveau IV20[END_REF], they behaved like grazers. However, when both reindeer and horses dominated the spectrum at level IV0 (Bignon et al., 2006;[START_REF] Debout | The Magdalenian in the Paris Basin: New results[END_REF], they adopted a more diversified diet similar to intermediate herbivores. The nutritional ecology of prey determines key parameters such as their spatial and seasonal distribution, which in turn influences hunting choices in terms of availability of resources, herd density, etc.; we can thus appreciate the significant impact of animal feeding habits on hunting strategies. Considering the grazing habits of both horses and reindeer, the graminoid fields in which they foraged may have provided good cover for hunters engaged in stalking or other hunting approaches in such open environments.

For horses, with the notable exception of the Rochefort cave, the specimens of all the LGM and LG sites display a greater inter-individual variability (in anisotropy and complexity) than the archaeological populations of reindeer. The equines living before the LG generally adopted a generalist herbivore diet with the occasional grazer tendency. The specimens at level IV0 of Pincevent are also generalists, but with browsing tendencies. However, it is necessary to study other archaeological populations from the LG to establish whether this is an evolution in horses' diets over time.

At the inter-species level of variability (figs. 3, 4), our results are largely based on the two sites of the Rochefort cave and Pincevent (level IV0). During the LGM, at the Rochefort cave, feeding habits differ between species. Reindeer tend to be grazers, while horses are more often generalists with grazing tendencies. During the LG, on level IV0 in Pincevent, we can observe slightly different values from one species to the other. The reindeer are mixed feeders, whereas horses can be found between generalists and browsers. These species then selected some resources within the same habitats and thus came to share them partly (even if they ate the same plants in general, differences could have happened on plant parts, maturation, etc.; [START_REF] Guthrie | Mammals of the mammoth steppe as paleoenvironmental indicators[END_REF]. These results bolster the argument of plant resource partitioning, favoured by the mosaic landscape common to the ecosystems of the Mammoth Steppe. It is however useful to mention that the sharing of plant resources fluctuates over time, probably due to climate oscillations, but it can also be linked to palaeoenvironmental configurations at local or regional levels. Thus, for example, reindeer diet in Colombier, in Chézy-sur-Marne, has a signature that is very close to that of horses in the Rochefort cave and the Amiens-Renancourt 1. In addition, the climate instability of the LGM, involving rapid modifications in the distribution or disappearance of plant resources, may have had selective impacts on animal diets. These phenomena can only be understood with additional studies on dental microwear. Also needed -and currently in developmentare isotopic analyses of bioapatite on a large number of modern and archaeological specimens to understand the climate and feeding variations throughout a single year (Catz, doctoral thesis, ongoing).

Finally, dental microwear texture analyses allow us to measure the dietary plasticity of the key Palaeolithic herbivores. Of even greater note, they offer additional information to palaeobotanic studies aimed at reconstructing plant communities, their coevolutionary ties with large herbivores, and the structuring of landscapes. Our results reinforce hypotheses relative to the existence of LGM cryptic refugia in northern regions of France and the geographical and chronological fluctuation of metacommunities [START_REF] Bignon-Lau | Des nouvelles du front ? Les sociétés humaines du Dernier Maximum Glaciaire dans le Bassin parisien face aux dynamiques spatiales des peuplements paléoécologiques[END_REF]. Furthermore, the preferential, coevolutionary predator-prey ties that linked humans and the two preys horse and reindeer might have played a role in the ecological stability between the LGM and the LG, simultaneously favouring the specific structuring of the Mammoth Steppe and the relative heterogeneity of its landscapes (see discussion in [START_REF] Bignon-Lau | Hunting Practices targeting Large Mammals communities of the Paris Basin during the Upper Palaeolithic[END_REF]Bignon-Lau et al., ibid.).

Despite animal communities that seem to have remained diversified from the LGM to the LG, the remarkable recurrence of horse and reindeer hunts seems to be a trans-cultural marker in the northern half of France during these periods [START_REF] Bignon-Lau | Hunting Practices targeting Large Mammals communities of the Paris Basin during the Upper Palaeolithic[END_REF]. It should be noted that these preys have (1) a strong potential for mobility, and (2) an average corporal mass for large mammals. While the capacity for mobility constitutes an advantage for their survival in mosaic landscapes, it is also an opportunity for hunters to anticipate and organize various tactics. Several tactics observed during the LG [START_REF] Bignon | Chasser les chevaux à la fin du Paléolithique dans le Bassin parisien. Stratégies de subsistance et des modes de vie au Magdalénien et à l'Azilien ancien[END_REF] are thus equally possible for the LGM [START_REF] Bemilli | Premiers résultats sur les comportements de subsistance solutréens à la grotte Rochefort (Saint-Pierre-sur-Erve, Mayenne, France)[END_REF], such as stalking herds along migration routes or collective hunts (interception, driving back) in refuge zones or environments with the richest plant resources. After obtaining the prey, the latter's body mass lends itself to transporting carcasses or anatomic segments that are economically profitable. Thus, though the mobility of different cultural groups was not identical from the Solutrean to the Upper Magdalenian at the scale of the vast region, these human societies do share a significant logistical dimension. This is corroborated by the fact that, even during the LGM, the geological knowledge required to maintain flint supplies indicates that the territory was occupied more persistently than just during simple, furtive, northern incursions [START_REF] Hinguant | Le Paléolithique supérieur ancien de la vallée de l'Erve (Mayenne) : un état des connaissances[END_REF]Hinguant and Colleter, 2020). This extensive knowledge of territorial characteristics goes hand in hand with the understanding of prey and the rhythms of their movements, because the constant adjusting to their mobile resources was vital for these hunter-gatherer societies. concLuSIon D ated bones from the LGM found in the north of France allow us to place the archaeological sites of the region in the environmental context of the Mammoth Steppe. Indeed, the presence of several taxa on these sites demonstrates the existence of a diversified animal community in these northern European zones. Furthermore, the sites in this study strongly suggest that LGM animal communities were viable resources for human societies, despite palaeoenvironmental and climate variations. This in turn supports the hypothesis of the existence of cryptic refugia that may have sheltered, at least temporarily, both human societies and animal communities during many long months. If this is true, our research has laid the foundation for establishing the diet of the preferred key preys of human hunters during the LGM and LG. Indeed, our study offers new data that help (1) reconstruct the diet of reindeer and horses discovered at various sites during our period of study, and (2) gain a better understanding of palaeoecology in the Paris Basin at the end of the Upper Paleolithic.

Our first dental microwear texture analyses show that during the LG and even the LGM, plant resources seem to have been sufficiently abundant and diversified to maintain populations of large herbivores in the Paris Basin, at least temporarily. Both species studied seem capable of adopting different dietary habits both inter-and intraspecifically. This upholds the idea that they partitioned plant resources, thus encouraging human societies to constantly focus their hunting practices on these two primary preys.

With these promising first results, more extensive analyses of dental microwear texture have begun on modern reindeer and horses, as well as on dental remains at other Palaeolithic sites in order to pinpoint variations in diet between both of these species. Going forth, we would like to combine dental microwear texture analyses with other proxies such as intra-tooth carbon and oxygen isotope analyses. Stable oxygen and carbon isotopes of mammalian tooth enamel record ecological conditions and dietary preferences experienced by an individual during dental formation. Therefore, reconstructing annual variations of reindeer and horses ethology would allow us to confirm or adjust the hypothesis of diet plasticity among these species observed in DMTA and collagen isotopic records in the Paris Basin during the LGM and the LG. Strontium isotope analyses would allow us to answer questions concerning the movement of these taxa within a region that was long considered too cold to shelter such diversified and complex communities. By better understanding biological, ecological, and climate mechanisms, we would be able to discover why and how these animal communities lastingly inhabited the northern zones of France.
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 1 Fig. 1 -Distribution of (A) Badegoulian, Solutrean and (B) Magdalenian sites in the Paris Basin (the thick line corresponds to the geographic limit of the Paris Basin), (C) with their regional chronocultural periods of occurrence.
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 2 Fig.2-Last Glacial Maximum refugia in Western Europe: Cryptic Northern Refugia vs. Southern peninsular refugia areas and Expansion-Contraction ways of migrations (after[START_REF] Stewart | Cryptic northern refugia and the origins of the modern biota[END_REF] Provan and Bennett, 2008, modified).
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 3 Fig. 3 -Reindeer dental microwear textures and diets from the study using complexity (Area-scale fractal complexity, Asfc) and anisotropy (exact proportion Length-scale anisotropy of the relief, epLsar). Standard error of the mean indicated for archaeological and main continental actual populations.

Fig. 3 -

 3 Fig. 3 -Analyses texturales des micro-usures dentaires de renne de cette étude et les régimes alimentaires, utilisant les paramètres de Complexité (Area-scale fractal complexity, Asfc) et d'Anisotropie (exact proportion Length-scale anisotropy of the relief, epLsar). Les écarts-types à la moyenne sont indiqués pour les populations archéologiques et actuelles continentales. Abb. 3 -Mikrospuren-Textur an Rentierzähnen und Ernährungsweise aufgrund von Komplexität (fraktale Komplexität im Flächenmaßstab, Asfc) und Anisotropie (genaues Verhältnis Anisotropie des Reliefs im Längenmaßstab, epLsar). Standardfehler des angegebenen Mittelwerts für archäologische und tatsächliche kontinentale Populationen.
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 4 Fig. 4 -Horse dental microwear textures and diets from the study using complexity (Area-scale fractal complexity, Asfc) and anisotropy (exact proportion Length-scale anisotropy of the relief, epLsar). Standard error of the mean indicated for archaeological populations.

Fig. 4

 4 Fig. 4 -analyses texturales des micro-usures dentaires de cheval de cette étude et les régimes alimentaires, utilisant les paramètres de Complexité (Area-scale fractal complexity, Asfc) et d'Anisotropie (exact proportion Length-scale anisotropy of the relief, epLsar). Les écarts-types à la moyenne sont indiqués pour les populations archéologiques et actuelles continentales. Abb. 4 -Mikrospuren-Textur an Pferdezähnen und Ernährungsweise aufgrund von Komplexität (fraktale Komplexität im Flächenmaßstab, Asfc) und Anisotropie (genaues Verhältnis Anisotropie des Reliefs im Längenmaßstab, epLsar). Standardfehler des angegebenen Mittelwerts für archäologische Populationen.
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 5 Fig. 5 -The stratigraphy of the occupation levels at Pincevent and palaeoenvironmental data: The hunting practices of Upper Magdalenian groups in the Paris Basin (after Bignon, 2008; MNI: Minimum Number of Individuals).
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 5 Fig. 5 -La stratigraphie des niveaux d'occupation de Pincevent et les données de reconstruction paléoenvironnementale -les pratiques de chasse des groupes du Magdalenien supérieur dans le Bassin parisien (d'après Bignon, 2008; NMI, Nombre Minimum d'Individus). Abb. 5 -Die Stratigraphie der Belegungsphasen in Pincevent und paläoökologische Daten: Die Jagdpraktiken Gruppen des Jüngeren Magdalénien im Pariser Becken (nach Bignon, 2008; MNI: Mindestindividuen zahl).
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 1 Lists of 14 C dates for Paris Basin sites cited in this study.
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 2 Faunal spectrum predominance at Last Glacial Maximum and Late Glacial sites in the Paris Basin (NR: Number of Remains, MNI: Minimum Number of Individuals). Betula sp.) and offered up five dating results from 20,090 + /-100 BP to 15,450 + /-60 BP (Marcoux in Hinguant and Colleter, forthcoming). Furthermore, charcoal from Betula sp., dated to 19,150 + /-50 BP (Erl 17854) was identified within the open air site of Ormesson (Théry-Parisot in

Tableau 2 -Prédominances dans les spectres fauniques du Dernier Maximum Glaciaire et du Tardiglaciaire dans les sites du Bassin parisien étudiés. Les descriptions utilisent le Nombre de Restes (NR), le Nombre Minimum d'Individus (NMI). Tabelle 2 -Vorherrschendes Faunenspektrum in den Fundstellen des Letzten Glazialen Maximums und dem Spätglazial im Pariser Becken (NR: Anzahl der Überreste, MNI: Minimale Anzahl an Individuen).

the Rochefort cave (Pinus sp., Salix sp., Juniperus sp.,
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 3 Last Glacial Maximum faunal communities' structuration at Paris Basin sites.

Tableau 3 -Structuration des communautés animales du Dernier Maximum Glaciaire d'après les sites étudiés du Bassin parisien.

Tabelle 3 -Strukturierung der Faunengemeinschaften während des Letzten Glazialen Maximums in den Fundstellen des Pariser Beckens.
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 4 Archaeological and modern reindeer and horse specimens used in dental microwear textural analyses.
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