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APPROACHING ESTIMATIONS OF THE REALIZED ECO-CULTURAL NICHE: THE POTENTIAL OF ARCHAEOLOGICAL FAUNAL REMAINS FOR TAKING BIOTIC INTERACTIONS INTO CONSIDERATION

Introduction

Since cultures operate within an environmental context, it is important to understand the range of environmental conditions they habitually, or could potentially, exploit-i.e., their ecological niche-when examining and interpreting the diversity and complexity of material cultural assemblages, as well as settlement and subsistence systems. In doing so, it becomes possible to better understand cultureenvironment relationships, begin disentangling the constellations of factors and processes at work behind them, and comprehend how they influenced documented cultural trajectories. When studying prehistoric cultures that lived during periods marked by rapid and dramatic climatic, and thus environmental, change (e.g., Marine Isotope Stages 4-2) and whose behaviors are only attested to by the archaeological record, our ability to reliably estimate the ecological niches that they potentially exploited-termed an 'ecocultural niche'-becomes even more critical.

A number of studies have examined archaeological data in the context of climatic variability to infer how shifting environmental frameworks may have influenced Paleolithic cultural adaptations and demography [START_REF] Bertran | The Landes de Gascogne (southwest France): periglacial desert and frontier during the Palaeolithic[END_REF][START_REF] Birks | Impacts of palaeoclimate change 60 000-8000 years ago on humans and their environments in Europe: Integrating palaeoenvironmental and archaeological data[END_REF][START_REF] Bocquet-Appel | Technological Responses of Neanderthals to Macroclimatic Variations (240,000-40,000 BP)[END_REF][START_REF] Bradtmöller | The repeated replacement model -Rapid climate change and population dynamics in Late Pleistocene Europe[END_REF][START_REF] Errico | Neandertal extinction and the millennial scale climatic variability of OIS 3[END_REF][START_REF] Discamps | Human choices and environmental constraints: deciphering the variability of large game procurement from Mousterian to Aurignacian times (MIS 5-3) in southwestern France[END_REF][START_REF] Gamble | Climate change and evolving human diversity in Europe during the last glacial[END_REF][START_REF] Miller | Mapping the expansion of the Northwest Magdalenian[END_REF][START_REF] Schmidt | Rapid climate change and variability of settlement patterns in Iberia during the Late Pleistocene[END_REF][START_REF] Weber | Between warm and cold: Impact of the Younger Dryas on human behavior in Central Europe[END_REF][START_REF] Tallavaara | Human population dynamics in Europe over the Last Glacial Maximum[END_REF]. Despite the variety of approaches taken, no real consensus has emerged as to how best to evaluate and interpret adaptive changes documented in the archaeological record, and this is due in large part from a lack of focus on how culture-environment relationships might be intertwined with ecological niche dynamics.

Eco-cultural niche modeling (ECNM), an heuristic approach that integrates archaeological, chronological, and paleoclimatic data, via predictive algorithms developed within the ecological and biodiversity sciences, provides a means to estimate the ecological conditions exploited by culturally cohesive populations and evaluate their potential variability through time-i.e., evaluate potential ecological niche dynamics [START_REF] Banks | Human-climate interaction during the Early Upper Paleolithic: testing the hypothesis of an adaptive shift between the Proto-Aurignacian and the Early Aurignacian[END_REF], [START_REF] Banks | Investigating links between ecology and bifacial tool types in Western Europe during the Last Glacial Maximum[END_REF]. By characterizing estimated eco-cultural niches and evaluating them against quantified material culture variability and inferred adaptive shifts, ECNM makes it possible to tease apart the various mechanisms (i.e., suites of factors and their processes of interaction) [START_REF] Errico | Identifying Mechanisms behind Middle Paleolithic and Middle Stone Age Cultural Trajectories[END_REF], be they cultural or ecological, implicated in past culture-environment relationships and understand how they influenced cultural trajectories.

Ecological niche modeling methods [START_REF] Peterson | Ecological Niches and Geographic Distributions[END_REF], from which ECNM is derived, are effective for estimating a species' or population's environmental requirements and associated potential geographic distribution, as well as anticipating likely geographic range shifts in the context of climate change. There remain uncertainties, however, concerning how the interplay between abiotic and biotic factors influence a species' ecological niche and potential distribution, and this despite a hierarchical view of these factors' relations. This view, termed the Eltonian Noise Hypothesis (ENH) [START_REF] Soberón | Niches and distributional areas: concepts, methods, and assumptions[END_REF] posits that inter-species interactions and resource distributions (i.e., biotic factors) are important at reduced spatial scales, whereas coarse-scale environmental (i.e., abiotic) factors are more influential on species distributions at broader scales and at these larger scales the influence of biotic factors is difficult to discern statistically [START_REF] Fraterrigo | Local-scale biotic interactions embedded in macroscale climate drivers suggest Eltonian noise hypothesis distribution patterns for an invasive grass[END_REF]. A massive literature supports the general expectations of the ENH (i.e., distributions can be predicted rather well from abiotic conditions only), and some studies whose findings do not [START_REF] Araújo | The importance of biotic interactions for modelling species distributions under climate change[END_REF][START_REF] De Araújo | The importance of biotic interactions in species distribution models: a test of the Eltonian noise hypothesis using parrots[END_REF][START_REF] Freeman | The Geographic Distribution of a Tropical Montane Bird Is Limited by a Tree: Acorn Woodpeckers (Melanerpes formicivorus) and Colombian Oaks (Quercus humboldtii) in the Northern Andes[END_REF]; the latter are likely a result of biotic interactions that operate across relatively homogenous regions that are abiotically suitable for a species [START_REF] Peterson | Ecological Niches and Geographic Distributions[END_REF]. The degree to which ENH may hold true for human hunter-gatherer populations and estimations of the geographic distributions of their respective eco-cultural niches remains an open research question. This paper argues that archaeologists possess a unique class of data-the presence of faunal remains representing animal species hunted by human groups-that can and should be used to attempt to capture biotic interactions, thereby potentially improving the robustness and accuracy of eco-cultural niche estimations and allowing the relevance of the ENH to past hunter-gatherer populations to be evaluated.

Placing Archaeological Cultures in an Environmental Context

When the goal is to examine whether cultural shifts documented in the archaeological record may correlate to rapid-scale climate change, the ability to accurately determine with which climatic episode(s) a given archaeological culture was associated is critical. A little more than two decades ago paleoclimatologists discovered that the Late Pleistocene (ca. 120-11k cal BP) in the northern Hemisphere was characterized by abrupt and pronounced climatic fluctuations that occurred on millennial and submillennial time scales [START_REF] Dansgaard | Evidence for general instability of past climate from a 250-kyr ice-core record[END_REF][START_REF] Heinrich | Origin and consequences of cyclic ice rafting in the Northeast Atlantic Ocean during the past 130,000 years[END_REF][START_REF] Johnsen | Irregular glacial interstadials recorded in a new Greenland ice core[END_REF]. Temporal resolution of this Dansgaard-Oeschger (D-O) variability has continually increased [START_REF] Shackleton | Absolute calibration of the Greenland time scale: implications for Antarctic time scales and for Δ14[END_REF], [START_REF] Svensson | A 60 000 year Greenland stratigraphic ice core chronology[END_REF], however completely deciphering the complexity of these events and the mechanisms behind them remains problematic [START_REF] Broecker | Abrupt climate change revisited[END_REF][START_REF] Marcott | Ice-shelf collapse from subsurface warming as a trigger for Heinrich events[END_REF][START_REF] Menviel | Hindcasting the continuum of Dansgaard-Oeschger variability: mechanisms, patterns and timing[END_REF][START_REF] Roche | LGM hosing approach to Heinrich Event 1: results and perspectives from data-model integration using water isotopes[END_REF][START_REF] Wolff | Millennial-scale variability during the last glacial: The ice core record[END_REF]. Detailed analyses of marine and terrestrial climatic archives, along with paleoclimatic simulation studies, have allowed detailed reconstructions of climatic and environmental conditions across Europe during the Last Glacial period [START_REF] Fletcher | Millennial-scale variability during the last glacial in vegetation records from Europe[END_REF][START_REF] Kageyama | Climatic impacts of fresh water hosing under Last Glacial Maximum conditions: a multi-model study[END_REF][START_REF] Wu | Climatic changes in Eurasia and Africa at the last glacial maximum and mid-Holocene: reconstruction from pollen data using inverse vegetation modelling[END_REF]. Tephra signatures suggest that D-O events were largely synchronous across the North Atlantic and Europe [START_REF] Austin | Tracing time in the ocean: a brief review of chronological constraints (60-8 kyr) on North Atlantic marine event-based stratigraphies[END_REF], [START_REF] Davies | Integrating the INTIMATE records using tephrochronology: rising to the challenge[END_REF], although marine and terrestrial archives demonstrate that their regional expressions differed [START_REF] Fletcher | Millennial-scale variability during the last glacial in vegetation records from Europe[END_REF], [START_REF] Lane | A regional tephrostratigraphic framework for central and southern European climate archives during the Last Glacial to Interglacial transition: comparisons north and south of the Alps[END_REF][START_REF] Harrison | Global patterns of vegetation response to millennial-scale variability and rapid climate change during the last glacial period[END_REF][START_REF] Sánchez Goñi | Contrasting impacts of Dansgaard-Oeschger events over a western European latitudinal transect modulated by orbital parameters[END_REF]. As it concerns the late Middle Paleolithic and Upper Paleolithic, improvements in radiocarbon dating methods [START_REF] Bird | Radiocarbon dating of 'old' charcoal using a wet oxidation, stepped-combustion procedure[END_REF], [START_REF] Higham | AMS Radiocarbon Dating Of Ancient Bone Using Ultrafiltration[END_REF], calibration curves [START_REF] Reimer | IntCal13 and Marine13 Radiocarbon Age Calibration Curves 0-50,000 Years cal BP[END_REF], [START_REF] Reimer | IntCal09 and Marine09 Radiocarbon Age Calibration Curves, 0-50,000 Years cal BP[END_REF], in conjunction with Bayesian age-modeling methods and readily available software packages (e.g., OxCal, ChronoModel) [START_REF] Ramsey | Bayesian Analysis of Radiocarbon Dates[END_REF][START_REF] Ramsey | Dealing with Outliers and Offsets in Radiocarbon Dating[END_REF][START_REF] Philippe | Hierarchical Bayesian modeling for combining Dates in archaeological context[END_REF][START_REF] Lanos | Event Model: A Robust Bayesian Tool for Chronological Modeling[END_REF] have allowed researchers to better constrain the chronological limits of archaeological cultures and thus more accurately correlate them with specific climatic events and corresponding environmental frameworks [START_REF] Banks | Human-climate interaction during the Early Upper Paleolithic: testing the hypothesis of an adaptive shift between the Proto-Aurignacian and the Early Aurignacian[END_REF], [START_REF] Higham | The timing and spatiotemporal patterning of Neanderthal disappearance[END_REF].

Bayesian age-modeling methods are especially valuable for time periods approaching the chronological limits of 14C dating (i.e., ca. 40-50k cal BP) since their incorporation of stratigraphic or contextual priors can help reduce the statistical noise due to the relatively large errors of radiocarbon ages associated with late Middle Paleolithic and early Upper Paleolithic archaeological levels. One must be extremely cognizant of contextual and taphonomic issues, however, when compiling and evaluating radiometric data to be analyzed with such methods [START_REF] Pettitt | Problematizing Bayesian approaches to prehistoric chronologies[END_REF]. Most Middle and Upper Paleolithic archaeological sites, and their associated cultural levels, have been subjected to some degree of postdepositional modification in addition to the fact that many cultural levels represent palimpsests of cultural activity or occupations. If such factors are not taken into account, then the validity of age model results may be compromised, so it is paramount that all chronological data be adequately evaluated and vetted prior to running and interpreting Bayesian age models.

Potential Cultural Responses to Environmental Change

From an ecological perspective, when faced with rapid-scale climatic change and subsequent reorganization of environments, hunter-gatherers can respond in a number of ways. First, groups may maintain existing settlement, subsistence, and technological systems, conserve the ecological niche they exploit, and simply track its shifting geographic footprint. In another scenario, environmental changes could negatively impact demography and social networks, thereby preventing the maintenance of cultural traditions [START_REF] Henrich | Demography and Cultural Evolution: How Adaptive Cultural Processes can Produce Maladaptive Losses: The Tasmanian Case[END_REF]. This effect could lead to loss of certain technological and social adaptations and ultimately niche contraction such that the population would only make use of a subset of the environmental conditions that it used previously. Inversely, periods of climatic amelioration can result in a lowering of ecological risk levels such that a human population may, with the same or similar cultural adaptations, shrink their realized ecological niche by only focusing on certain subsets of the niche exploited previously. Such situations may be characterized by the regionalization of hunter-gatherer populations and cultural drift between macro regions-a situation hypothesized to have occurred between the Middle and Upper Solutrean in Western Europe [START_REF] Banks | Investigating links between ecology and bifacial tool types in Western Europe during the Last Glacial Maximum[END_REF].

It follows, thus, that the fact that culture allows for rapid adjustments and adaptations to changing climatic conditions and new environments must also be considered [START_REF] Richerson | Cultural Innovations and Demographic Change[END_REF], [START_REF] Richerson | Not By Genes Alone: How Culture Transformed Human Evolution[END_REF]. This behavioral flexibility among hunter-gatherers may be recognized archaeologically by technological changes (bone and lithic toolkits), shifts in subsistence and settlement systems (mobility structure, geographic ranges, etc.), and shifts in social network structures (inferred from shared material culture styles). As a result, in some instances, cultural adaptations allow for the potential expansion of the exploited ecological niche as a means of adjusting to abrupt restructuring of environments. An examination of archaeological cultures for early AMH populations in Europe found that the Early Aurignacian cultural technocomplex expanded its niche significantly during a period of marked climatic deterioration [START_REF] Banks | Human-climate interaction during the Early Upper Paleolithic: testing the hypothesis of an adaptive shift between the Proto-Aurignacian and the Early Aurignacian[END_REF]. This study demonstrated that the tendency towards niche conservatism generally observed among plant and animal taxa [START_REF] Peterson | Ecological niche conservatism: a time-structured review of evidence[END_REF][START_REF] Petitpierre | Climatic Niche Shifts Are Rare Among Terrestrial Plant Invaders[END_REF][START_REF] Wasof | Disjunct populations of European vascular plant species keep the same climatic niches[END_REF] does not necessarily apply to human hunter-gatherer populations. Therefore, an important question is, what are the mechanisms (involving ecological or cultural factors, or both) involved in determining whether an archaeological culture conserves, contracts, or expands its exploited niche, with respect to a previous culture, in response to climate change? It is only by reliably and accurately estimating past ecological (eco-cultural) niches, and therefore by attempting to take into consideration all relevant factors that serve to influence an ecological niche (discussed below), that this question can be answered.

The Ecological Niche

The realized ecological niche, represents the environments associated with the intersection (G0) of three broad factors: environmental conditions (A), biotic interactions (B), and geographic regions potentially accessible to the target population (M), as depicted by the BAM diagram [START_REF] Peterson | Ecological Niches and Geographic Distributions[END_REF], [START_REF] Soberon | Interpretation of Models of Fundamental Ecological Niches and Species' Distributional Areas[END_REF] (Figure 1).

With respect to human populations, one can substitute the term eco-cultural niche. The overlap between A and M is termed the existing fundamental niche; because biotic interactions [START_REF] Araújo | The importance of biotic interactions for modelling species distributions under climate change[END_REF], [START_REF] Mod | Biotic interactions boost spatial models of species richness[END_REF], [START_REF] Soberón | Grinnellian and Eltonian niches and geographic distributions of species[END_REF] are difficult to quantify and incorporate into predictive architectures, many modeling efforts neglect such interactions and allow them either to represent noise in the system or to manifest via correlations with A or M. However, the Eltonian Noise Hypothesis [START_REF] Soberón | Niches and distributional areas: concepts, methods, and assumptions[END_REF] suggests that biotic interactions are only influential at finer spatial scales and will rarely be manifested in geographic effects.

When the ENH hold true, the effects of biotic interactions are essentially averaged out over broad geographic scales, thereby making A = B (Figure 1), and when M has been incorporated into niche modeling process, then resulting niche predictions could be considered to estimate the realized ecological niche of the population under study. On the other hand, in situations where the ENH does not hold true for examined hunter-gatherer populations and only climatic variables (abiotic factors: A) are used to produce niche predictions, then those predictions may overestimate hunter-gatherer distributions by estimating the realized fundamental niche rather than the realized niche. This has important implications especially when trying to identify the factors that may have resulted in an archaeological culture having a smaller observed distribution than that predicted with the eco-cultural niche modeling approach-in other words, one must consider the possibility that a lack of agreement between observed and predicted distribution may be a product of the modeling process and the non-inclusion of biotic factors rather than cultural or adaptive factors. Thus, the validity of the ENH with respect to prehistoric hunter-gatherer populations and to estimations of their exploited ecological niches has not been evaluated. The archaeological community, however, is in a unique position to test its validity by incorporating archaeological faunal data into the niche estimation process.

Eco-Cultural Niche Modeling

Before discussing the incorporation of faunal data into the niche estimation process, it is necessary to briefly outline how ECNM works. As pointed out above, this analytical approach, which examines archaeological data, in conjunction with chronological and paleoenvironmental data and via predictive algorithms, allows questions related to the diverse nature of culture-environment relationships to be addressed.

Once an archaeological culture, or a distinct regional variant of a larger technocomplex, has been placed in its correct chronological, and thus, paleoenvironmental framework, appropriate paleoenvironmental rasterized data layers (climatic and vegetation) are selected along with the geographic coordinates of archaeological sites assigned to the targeted with the culture being examined. With the above data as inputs, a number of statistical and mathematical predictive algorithms that work with presence-only data can be used to estimate past ecological niches and population distributions (e.g. envelope models, genetic algorithms, and maximum entropy methods). Because no single predictive algorithm will be the best performer under all circumstances, the ecological community agrees that a combination of algorithms should be used [START_REF] Araújo | Ensemble forecasting of species distributions[END_REF][START_REF] Thuiller | Biomod2: Ensemble platform for species distribution modeling[END_REF][START_REF] Thuiller | BIOMOD -a platform for ensemble forecasting of species distributions[END_REF] and the best single or few should be used in a given situation [START_REF] Qiao | No silver bullets in correlative ecological niche modelling: insights from testing among many potential algorithms for niche estimation[END_REF].

While each predictive algorithm functions differently, at a general level they identify environmental characteristics of known locations (geographic coordinates) of where the population being studied has been observed, create and test rules that define these parameters' relationships, and in effect estimate an ecological niche and its geographic distribution. ECNM thus reconstructs or estimates a past ecological niche exploited by an archaeological culture, or regional expression of that culture, and the geographic expression of this estimated niche.

Niche Estimations that Include Faunal Data

With the approach described above, which relies on paleoclimatic and vegetation variables as environmental data inputs, it is not entirely evident whether the produced niche estimation represents the realized ecological niche (G0) or if the results depict the existing fundamental niche, which is represented by the intersection of A and M (A ∩ M) (Figure 1), thereby overestimating G0. As pointed out earlier, if the ENH holds true for the archaeological human population under investigation, then G0 is in fact equivalent to A ∩ M. If the ENH is not valid in a given situation, then it is important to find a means of capturing biotic interactions (B) so that one can attempt to approach G0 with any produced niche estimations. I propose that archaeological faunal remains represent an ideal class of data with which to conduct such evaluations of the ENH and to potentially improve our ability to accurately reconstruct the realized ecological niches of past hunter-gatherer populations. Past hunter-gatherer populations' subsistence strategies included the hunting of large herbivores and the evidence of interactions with these mammal species are attested to by the presence of their skeletal remains in archaeological cultural levels. While their subsistence regimes were not entirely dependent on the exploitation of large mammals, in most periods of the Paleolithic, large mammals represented a significant portion of their animal-based diet, and it has been demonstrated that in many instances their mobility and settlement systems were strongly influenced by the presence or seasonal presence of such game. Therefore, by taking large mammal faunal remains into consideration in the niche estimation process, one can, at least in part, capture biotic interactions. In other words, the presence and distribution of prey species could have played a role in defining a hunter-gatherer population's realized eco-cultural niche. By including these data in the estimations of past eco-cultural niches, one can evaluate whether or not the use of detailed climatic data is indirectly capturing the presence of such species, thereby supporting the ENH, or whether the inclusion of faunal data can add additional details or resolution to estimated niches and should, therefore, be included in all eco-cultural niche estimation studies.

To do this, one can document the presence of particular large mammal species recovered from sites with cultural levels associated with the archaeological culture(s) being investigated. The geographic coordinates of these faunal being sites can be used to create ecological niche estimations for each species (e.g., reindeer, bison, horse, etc.). These faunal niche predictions will be in the form of rasterized geographic distributions where the potential presence and absence of each species is indicated, and these raster data can be included as individual environmental data layers that the predictive algorithms will take into consideration when estimating an eco-cultural niche. Thus, the resulting eco-cultural niche estimation will have a higher likelihood of capturing a hunter-gatherer population's realized ecological niche.

Conclusions

The advantages of the approach outlined above are two-fold. First, it provides archaeologists with the ability to evaluate the validity of the Eltonian Noise Hypothesis with respect to past hunter-gatherer populations in situations where multiple, high-resolution environmental variables are used to estimate ecocultural niches. Most eco-cultural niche studies to-date have focused on large geographic scales, and based on the substantial literature demonstrating that the ENH hold true for most biological taxa at such scales, it is natural to assume that the same holds true for human populations. Nevertheless, such an assumption must be validated, and if it does not hold true, it is important to understand why and if such situations have a common denominator. Secondly, since one of the principal goals of eco-cultural niche modeling analyses is to identify the mechanisms that operated behind past culture-environment relationships, including the distributions of large mammal prey species in the eco-cultural niche estimation process should allow us to better capture the factors that potentially shaped the niche exploited by past huntergatherers and trace the influence of such factors through time and cultural trajectories. Figure 1: BAM scheme for understanding species' distributions. Aenvironmental conditions (the fundamental ecological niche); Bbiotic interactions (the interaction niche); Mthe geographic region(s) accessible to a species. The 'realized niche' is the intersection of environments associated with these three factors, indicated by G0. Adapted from [START_REF] Soberon | Interpretation of Models of Fundamental Ecological Niches and Species' Distributional Areas[END_REF].