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Disentangling human from natural factors: Taphonomical value of microanatomical features on archaeological wood and charcoal assemblages

Archaeobotanical charcoal and wood analyses rely on the observation of different macro and microanatomical features affecting wood structure to variable extents. These features may result from a wide range of intrinsic and extrinsic factors alluding to different stages of the wood's taphonomical history: initial growth conditions, human selection, transformation/use and discard, post-depositional processes and archaeological sampling strategies. Papers in this volume address taphonomy in this broad sense, through recent methodological work mainly based on experimentation and case studies from a variety of chrono-cultural and geographical contexts. The authors present a number of tools available to wood and charcoal analysts and discuss their archaeological relevance to characterize anthropogenic and/or natural processes. The presented approaches are complementary and well reflect the extent to which wood and charcoal remains provide new insights into past human practices and social dynamics.

Introduction

Since the beginning of systematic charcoal analysis or anthracology, increasing attention has been given to different types of microanatomical features to advance the discipline's theoretical, methodological and interpretative framework [START_REF] Vernet | Les charbons de bois, les anciens écosystèmes et le rôle de l'homme[END_REF][START_REF] Thiébault | Charcoal analysis: methodological approaches, palaeoecological results and wood uses: proceedings of the Second International Meeting of Anthracology[END_REF][START_REF] Damblon | Proceedings of the Fourth International Meefing of Anthracology: Brussels[END_REF]; Fiorentino and Magri, 2008;Badal et al., 2012;[START_REF] Ludemann | Anthracology: local to global significance of charcoal science[END_REF][START_REF] Théry-Parisot | Anthracology and taphonomy, from wood gathering to charcoal analysis. A review of the taphonomic processes modifying charcoal assemblages, in archaeological contexts[END_REF][START_REF] Dotte-Sarout | Not just carbon: assessment and prospects for the application of anthracology in Oceania[END_REF][START_REF] Kabukcu | Wood Charcoal Analysis in Archaeology[END_REF]. In the early stages of anthracology, research was focused on sampling and quantification methods and potential representativeness biases such as fragmentation and mass reduction, which led to establishing the methodological basis of the discipline (Chabal, 1982[START_REF] Chabal | L'étude paléoécologique de sites protohistoriques à partir des charbons de bois: la question de l'unité de mesure[END_REF], 1992[START_REF] Chabal | Apports récents de l'anthracologie à la connaissance des paysages passés: performances et limites[END_REF], 1997;[START_REF] Chabal | L'Anthracologie[END_REF][START_REF] Krauss-Marguet | Analyse anthracologique du gisement Postglaciaire de la Poujade (Commune de Millau, Aveyron)[END_REF][START_REF] Badal García | Méthodes utilisées pour l'étude de sites préhistoriques[END_REF][START_REF] Badal | L'anthracologie préhistorique: à propos de certains problèmes méthodologiques[END_REF][START_REF] Pernaud | Paléoenvironnements végétaux et sociétés à l'Holocène dans le nord du Bassin Parisien: anthracoanalyses de sites archéologiques d'Île-de-France et de Picardie: méthodologie et paléoécologie[END_REF]. The establishment of an accurate method for charcoal analysis allowed to compare data between sites and to establish reliable paleoecological records [START_REF] Asouti | Reconstructing woodland vegetation and its exploitation by past societies, based on the analysis and interpretation of archaeological wood charcoal macroremains[END_REF]. Beyond these aspects, analyses of microanatomical features on charcoal developed in two main directions. First, the study of anatomical features to reconstruct firewood management, especially in Paleolithic and Mesolithic contexts for which a systemic interpreta tive framework was needed [START_REF] Théry-Parisot | Économie des combustibles au Paléolithique: expérimentation, taphonomie, anthracologie[END_REF]Henry and Théry-Parisot 2014a;[START_REF] Vidal-Matutano | Dead wood gathering among Neanderthal groups: charcoal evidence from Abric del Pastor and El Salt (Eastern Iberia)[END_REF]. Secondly, the study of anatomical features to identify aspects related to woodland management and paleoecological reconstructions [START_REF] Terral | Reconstruction of Holocene climate in southern France and eastern Spain using quantitative anatomy of olive wood and archaeological charcoal[END_REF][START_REF] Marguerie | Charcoal analysis and dendrology: data from archaeological sites in north-western France[END_REF][START_REF] Ludemann | Die Wälder am Schauinsland und ihre Nutzung durch Bergbau und Köhlerei[END_REF][START_REF] Dufraisse | Mesurer les diamètres du bois de feu en anthracologie. Outils dendrométriques et interprétation des données[END_REF][START_REF] Dufraisse | Anthraco-typology as a key approach to past firewood exploitation and woodland management reconstructions. Dendrological reference dataset modelling with dendro-anthracological tools[END_REF].

Macro-and microanatomical features visible within the ligneous cellular structure depend on different intrinsic and extrinsic factors alluding to various stages of the wood's taphonomical history: initial growth conditions, human selection, transformation/use and discard, post-depositional processes and archaeological sampling strategies. Initial growth conditions can be reflected by distinguishable anatomical variations of the wood structure resulting from the action of intrinsic or extrinsic natural factors or human activities such as deforestation, pruning or domestication/irrigation [START_REF] Schweingruber | Wood Structure and Environment[END_REF][START_REF] Dufraisse | Charcoal analysis: new analytical tools and methods for archaeology[END_REF]Terral, 2000;Limier et al., 2018). The identification of the features related to these processes sheds light on woodland management practices and environmental effects on woody plants. Human selection is a major topic in anthracology where the study of anatomical features allows going beyond the taxonomic identification to analyze charcoal assemblages, as aspects related to socio-economical behavior can be approached through studies aiming at reconstruct ing minimal diameters and state of the wood (green, seasoned, decayed) used. Indeed, the latter are additional indicators of firewood acquisition modalities (woodcutting vs. gathering) and have different implications in terms of heat requirements and fire use (Moskal-del [START_REF] Hoyo | Preservation of fungi in archaeological charcoal[END_REF][START_REF] Théry-Parisot | Seasoned or green? Radial cracks analysis as a method for identifying the use of green wood as fuel in archaeological charcoal[END_REF]Henry and Théry-Parisot, 2014b;Mallol and Henry, 2017;[START_REF] Vidal-Matutano | Firewood and hearths: Middle Palaeolithic woody taxa distribution from El Salt, stratigraphic unit Xb (Eastern Iberia)[END_REF]. Transformation/use and discard involve different processes subjected to variable archaeological visibility according to the studied material; macro-and microtraces on worked wood allow reconstructing manufacture processes and uses, whereas in the case of charcoal assemblages the combustion constitutes an additional taphonomy filter. Burning induces wood fragmentation and mass reduction, alters the cell walls and can produce specific microanatomical alterations such as cracks and vitrification, in relation to the initial fuel characteristics [START_REF] Chabal | L'Anthracologie[END_REF][START_REF] Théry-Parisot | Anthracology and taphonomy, from wood gathering to charcoal analysis. A review of the taphonomic processes modifying charcoal assemblages, in archaeological contexts[END_REF][START_REF] Théry-Parisot | Seasoned or green? Radial cracks analysis as a method for identifying the use of green wood as fuel in archaeological charcoal[END_REF][START_REF] Mcparland | Is vitrification in charcoal a result of high temperature burning of wood?[END_REF]. Post-depositional processes and preservation of charcoal or wood in archaeological or natural contexts are diverse. In the course of their depositional or post-depositional history, charcoal particles can be fragmented or hyper fragmented. Anthracological remains are affected by processes indicating the action of mechanical, biological or climatic factors [START_REF] Chrzazvez | Impact of post-depositional processes on charcoal fragmentation and archaeobotanical implications: experimental approach combining charcoal analysis and biomechanics[END_REF]. In the case of wood, its preservation generally implies specific depositional and post-depositional conditions. Finally, archaeological sampling strategies and recovery methods can have a significant impact on assemblage fragmentation and, more generally, representativeness, which stresses the importance of the traceability of excavation and laboratory methods [START_REF] Vidal-Matutano | Firewood and hearths: Middle Palaeolithic woody taxa distribution from El Salt, stratigraphic unit Xb (Eastern Iberia)[END_REF][START_REF] Arranz-Otaegui | Evaluating the impact of water flotation and the state of the wood in archaeological wood charcoal remains: implications for the reconstruction of past vegetation and identification of firewood gathering strategies at Tell Qarassa North (south Syria)[END_REF].

To understand processes and classify different features several methods have been applied relying overall on experimentation and ethnoarchaeology (Ntinou, 2002;Théry-Parisot et al., 2009;[START_REF] Henry | Ethnoarchaeology of fuel use in northern forests: towards a better characterization of prehistoric fire-related activities[END_REF]Théry Parisot et al., 2016;[START_REF] Gelabert | The ethnoarchaeology of firewood management in the Fang villages of Equatorial Guinea, central Africa: Implications for the interpretation of wood fuel remains from archaeological sites[END_REF][START_REF] Dussol | Experimental anthracology: evaluating the role of combustion processes in the representivity of archaeological charcoal records in tropical forests, a case study from the Maya Lowlands[END_REF][START_REF] Caruso-Fermé | Tracing Driftwood in Archaeological Contexts: Experimental Data and Anthracological Studies at the Orejas De Burro 1 Site (Patagonia, Argentina)[END_REF][START_REF] Mcparland | Is vitrification in charcoal a result of high temperature burning of wood?[END_REF][START_REF] Dufraisse | Anthraco-typology as a key approach to past firewood exploitation and woodland management reconstructions. Dendrological reference dataset modelling with dendro-anthracological tools[END_REF]. Accurate observations of the materials and efforts in understanding the processes involved in the formation of microanatomical features have provided interpretation keys of anthracological materials that are currently at different stages of development.

For the Palaeolithic and, more generally, temporary hunter-gatherer occupations, specific questionings related to taphonomy issues and wood-related human behavior in terms of fire management systems are widely being developed. These questionings concern mainly fuel selection and acquisition modalities from an environmental, territorial and functional perspective [START_REF] Théry-Parisot | Économie des combustibles au Paléolithique: expérimentation, taphonomie, anthracologie[END_REF]2002;[START_REF] Théry-Parisot | Anthracology and taphonomy, from wood gathering to charcoal analysis. A review of the taphonomic processes modifying charcoal assemblages, in archaeological contexts[END_REF], 2018;[START_REF] Allué | Preliminary issues regarding the taphonomic study of archaeological charcoal upon the record from Abric Romani (Capellades, España)[END_REF][START_REF] Allué | Charcoal taphonomy: the study of the cell structure and surface deformations of Pinus sylvestris type for the understanding of formation processes of archaeological charcoal assemblages[END_REF]Henry and Théry-Parisot, 2014a;[START_REF] Vidal-Matutano | Firewood and hearths: Middle Palaeolithic woody taxa distribution from El Salt, stratigraphic unit Xb (Eastern Iberia)[END_REF][START_REF] Vidal-Matutano | Neanderthal firewood management: evidence from stratigraphic unit IV of Abric Del Pastor (eastern Iberia)[END_REF][START_REF] Vidal-Matutano | The anthropogenic use of firewood during the European Middle Pleistocene: charcoal evidence from levels XIII and XI of Bolomor Cave, Eastern Iberia (230-160 ka)[END_REF][START_REF] Alcolea-Gracia | Donde hubo fuego: estudio de la gestión humana de la madera como recurso en el valle del Ebro entre el Tardiglaciar y el Holoceno Medio[END_REF]Allué & Mas, this volume;Martínez-Varea et al., this volume). These specific chrono-cultural contexts have also led researchers to investigate more in-depth the impact of depositional and post-depositional processes in order to contribute to reconstructing on-site taphonomic conditions (Théry-Parisot, 2001; [START_REF] Chrzazvez | Impact of post-depositional processes on charcoal fragmentation and archaeobotanical implications: experimental approach combining charcoal analysis and biomechanics[END_REF][START_REF] Marquer | Étude des macro-, méso-et micro-charbons du site épigravettien de Mezhyrich (Ukraine): données taphonomiques et anthracologiques[END_REF][START_REF] Vidal-Matutano | Dead wood gathering among Neanderthal groups: charcoal evidence from Abric del Pastor and El Salt (Eastern Iberia)[END_REF][START_REF] Vidal-Matutano | Firewood and hearths: Middle Palaeolithic woody taxa distribution from El Salt, stratigraphic unit Xb (Eastern Iberia)[END_REF]. With increasing anthropogenic pressure from the Neolithic onwards and within more recent, generally better preserved contexts, the development of dendroanthracological tools and multi-proxy approaches have allowed significant advances in the knowledge of past woodland management and agricultural systems [START_REF] Ludemann | Die Wälder am Schauinsland und ihre Nutzung durch Bergbau und Köhlerei[END_REF][START_REF] Carrión-Marco | Dendrología y arqueología: las huellas del clima y de la explotación humana de la madera[END_REF][START_REF] Delhon | Environment and landscape management during the Middle Neolithic in Southern France: evidence for agro-sylvo-pastoral systems in the Middle Rhone Valley[END_REF][START_REF] Dufraisse | Charcoal analysis: new analytical tools and methods for archaeology[END_REF][START_REF] Terral | Bio-archaeological evidence of olive tree (Olea europaea L.) irrigation during the Middle Ages in Southern France and North Eastern Spain[END_REF][START_REF] Delhon | Shepherds and plants in the Alps: multi-proxy archaeobotanical analysis of Neolithic dung from "La Grande Rivoire" (Isère, France)[END_REF][START_REF] Paradis-Grenouillet | Deciduous oak/chestnut: Differential shrinkage of wood during charcoalification? Preliminary experimental results and implications for wood diameter study in anthracology[END_REF][START_REF] Marguerie | Dendroanthracologie[END_REF][START_REF] Dufraisse | Mesurer les diamètres du bois de feu en anthracologie. Outils dendrométriques et interprétation des données[END_REF][START_REF] Dufraisse | Anthraco-typology as a key approach to past firewood exploitation and woodland management reconstructions. Dendrological reference dataset modelling with dendro-anthracological tools[END_REF][START_REF] Out | Branch age and diameter: useful criteria for recognising woodland management in the present and past?[END_REF]. Finally, exceptional contexts such as waterlogged sites where non-charred ligneous materials are preserved allow the adoption of a wider perspec tive regarding wood uses, from techno-functional and cultural approaches of ligneous materials and artefacts to the reconstruction of woodland management and economies [START_REF] Mertens | Hölzerne Fischfanggeräte und ihre Bedeutung für die Ökonomie des Mesolithikums[END_REF][START_REF] Chabal | Le mobilier organique des puits antiques et autres contextes humides de Lattara[END_REF][START_REF] Carrión | Revealing Iberian woodcraft: conserved wooden artefacts from south-east Spain[END_REF][START_REF] Klooß | They were fishing in the sea and coppicing the forest. Terminal Mesolithic and Early Neolithic wooden artefacts of coastal settlements on the southwestern Baltic Sea[END_REF][START_REF] López-Bultó | Wood procurement at the early Neolithic site of La Draga (Banyoles, Barcelona)[END_REF]Martín-Seijó and Carrión, 2012;[START_REF] Zhilin | Early art in the Urals: New research on the wooden sculpture from Shigir[END_REF].

Case studies presented in this special issue

The case studies presented in this volume cover a wide geographic range from Eurasia to South America. The archaeological contexts are also diverse, with a chronological span from the Middle Palaeolithic to historical periods. There is a broad application of new approaches to traditional anthracology that definitely contribute to a better understanding of anatomical features and, more generally, of the anthracological record. These approaches are intended to solve particular issues regarding specific human activities related to wood uses and to understand natural and anthropogenic processes affecting anthracological assemblages.

As previously mentioned, the Paleolithic has traditionally been the most studied period from a taphonomical perspective, probably because many processes related to charcoal aging and decay make evident the need for a deep taphonomic analysis. In this volume, two papers focus on this period from different perspectives. Martínez-Varea et al. present two case studies, Abrigo de la Quebrada and Cova de les Cendres (Spain) to analyze the taphonomical characteristics of charcoal remains affected by post-depositional processes. The authors analyze preservation conditions involving different type of contexts and human occupation patterns. Allué and Mas present an overview of microanatomical features observed on Pinus sylvestris type charcoal from Paleolithic sequences in Iberia. As the values provided by the microanatomical features are difficult to interpret in terms of human behavior, they are used as a comparative proxy between archaeological sequences. However, the advance in the description of these features and an accurate classification will allow in the future a better understanding of the meaning of these results with broader implications for wood uses during the Paleolithic.

Charcoal quantification and floristic representativeness of the anthracological spectra (floristic diversity and proportions between taxa) is an important issue in anthracology. The main variables identified as affecting the reliability of charcoal assemblages are the recovery methods used during the excavation, the number of analyzed fragments, the study of different contexts and the origin of the samples (dispersed vs concentrated charcoal assemblages) [START_REF] Chabal | L'étude paléoécologique de sites protohistoriques à partir des charbons de bois: la question de l'unité de mesure[END_REF]1992;1997;[START_REF] Chabal | L'Anthracologie[END_REF][START_REF] Badal | L'anthracologie préhistorique: à propos de certains problèmes méthodologiques[END_REF]. The general validity of these premises, mainly built around protohistorical to historical case studies, is reexamined by Henry et al. for a Mesolithic cave occupation. The objective was to understand the respective contributions of different size classes (2-4 mm and > 4 mm) and sampling contexts (dispersed vs. concentrated charcoal) on the floristic results of Escabasses Cave (France). The fact that the floristic results vary more according to size class than to sampling context goes against previous observations and invites taking fragment size more systematically into account. Furthermore, this specific situation may have paleothnographic implications regarding the way in which small mobile Mesolithic groups managed fireplaces in a confined space.

Combustion processes entailing wood carbonization have major implications in different aspects affecting archaeological charcoal assemblages. Some work has already been done using experimental archaeology to understand specific processes such as mass reduction, wood anatomy changes and fragmentation (Slocum et al. 1978;[START_REF] Chrzazvez | Impact of post-depositional processes on charcoal fragmentation and archaeobotanical implications: experimental approach combining charcoal analysis and biomechanics[END_REF][START_REF] Gonçalves | The effect of carbonization on wood structure of Dalbergia violacea, Stryphnodendron polyphyllum, Tapirira guianensis, Vochysia tucanorum, and Pouteria torta from the Brazilian cerrado[END_REF]Théry-Parisot et al., 2010b). Among the alterations resulting from combustion, vitrification is one of the most recurrent, even though it rarely affects the entire assemblage. This glassy and refractive aspect of the wood anatomical cell struc ture has no accurate explanation yet, even though most of the studies agree that this alteration results frombut cannot be only explained by -the combustion process. Different parameters have been tested and analyzed by several researchers, such as type of combustion process, temperature or initial state of the wood [START_REF] Théry-Parisot | Économie des combustibles au Paléolithique: expérimentation, taphonomie, anthracologie[END_REF][START_REF] Mcparland | Is vitrification in charcoal a result of high temperature burning of wood?[END_REF][START_REF] Henry | Paléoenvironnements et gestion du bois de feu au Mésolithique dans le sud-ouest de la France : anthracologie, ethnoarchéologie et expérimentation[END_REF]. [START_REF] Courty | Fuel origin and firing product preservation in archaeological occupation contexts[END_REF] proposed that this alteration results from wood flash-pyrolysis induced by aeroplasma. In this volume, Courty et al. present research focused on vitrification affecting different kinds of charcoal remains. The authors present new evidence based on modern burning assemblages and their identification and a detailed process inducing vitrified charcoal. One of the strengths of the study is to provide insights on fuel qualities and pyrotechnology, showing that there are different degrees, and probably different processes, leading to the production of vitrified charcoal components. Vidal Matutano et al. present a multi-approach study based on the spatial analysis of charcoal and burned faunal remains to understand the causes of vitrification in an anthracological assemblage from the pre-Hispanic site of Chasogo (Tenerife, Spain). In this study, abundant vitrified wood charcoal fragments seem to be spatially related to the combustion structures and the burnt bones suggesting the relationship of this phenomenon with specific combustion conditions, allowing the discussion of some working hypotheses for future analyses.

Wood management has become an important issue based overall in dendroanthracology, with diameter estimates used for drawing paleoeconomical but also palaeoenvironmental hypotheses regarding woodland structure [START_REF] Carrión-Marco | Dendrología y arqueología: las huellas del clima y de la explotación humana de la madera[END_REF][START_REF] Dufraisse | Mesurer les diamètres du bois de feu en anthracologie. Outils dendrométriques et interprétation des données[END_REF]. Dufraisse et al. present new methodological developments for the analysis of wood diameter estimation using the Pith Location Tool (PLT). This method, based on trigonometry, was applied to seven different taxa, constituting an important reference dataset. The strengths of this research are to provide measurement protocols and guidelines for an accurate dendroanthracological analysis, as well as an R-function for wood and charcoal fragments allowing a wide use of this tool among the research community.

Caruso-Fermé and Théry-Parisot apply for the first time an evaluation of the minimal wood caliber to a Patagonian hunter-gatherer site, Cerro Casa de Piedra 7 (Argentina). They propose a comparison between diameters measured on charcoal vs. wood fragments of Nothofagus, the most abundant taxon in this archaeological context. The results show completely different patterns between firewood and wood diameters used at the site throughout time, which has interesting implications regarding wood acquisition strategies of these Patagonian societies.

López-Bultó presents the famous Neolithic waterlogged wood assemblage of La Draga (Spain), from which he analyses woodworking debris and formless pieces of wood. Indeed, in sites with exceptional preservational conditions, this last category is often left aside in xylological studies. This study confirms the necessity to take them into account, as they allow the discussion of key aspects of wood economies such as raw material selection, transport and manufacturing processes (e.g., Caruso Fermé 2012; [START_REF] Taylor | The Wooden Artefacts[END_REF].

Finally, post-depositional processes can be studied from a wide perspective including pedoanthracology as an approach to understand soil formation processes in natural contexts [START_REF] Scott | Charcoal: Taphonomy and significance in geology, botany and archaeology[END_REF]. Ponomarenko et al. present a multidisciplinary study based on sedimentology, palynology and pedoanthracology. The study is focused on the discrimination of natural versus anthropogenic causes of erosion phases during historical times in the Middle Volga region. According to the data, different land uses and cultivation techniques are clearly recognizable in the sedimentary profiles of the investigated area. The authors conclude that human practices related to livestock and deforestation are the main cause of erosion.

Concluding thoughts

Anthracology is a relatively young research field that is still expanding thanks to new analytical methods mainly based on experimental work and actualistic reference datasets in general. Ongoing approaches range from the macroscopic to the molecular levels, with a whole new world of possibilities opening up for a better understanding of both natural and anthropogenic processes. The articles in this SI only represent partially what is going on out there, but in our opinion, they well reflect the fact that charcoal and wood analyses tend to diversify around multiple topics. As shown in this volume, these topics go from paleoenvironmental reconstructions and land-use patterns to very specific questions regarding firewood and wood management, while methodological developments and questionings are still at the heart of the discipline. Much is still left to do to be able to characterize, understand and interpret the many signatures identifiable within the charcoal record, and their relevance for the study of different taxa, archaeological levels, sites and periods. Taphonomic issues are often treated laterally in papers focused on other topics, which often makes it difficult to follow the progress made. In this sense, this volume aims to be a meeting point for the definition, evaluation of archaeological relevance and general discussion of microanatomical signatures observed in archaeological charcoal and wood. [START_REF] Badal | Análisis antracológico de los restos del fuego doméstico del abrigo de los Baños (Ariño, Teruel)[END_REF], [START_REF] Badal | La presencia de hongos e insectos xilófagos en el carbón arqueológico: propuestas de interpretación[END_REF] 

Uncited references

  , Caruso-Ferme and Thery-Parisot (this volume), Courty et al. (this volume), Dufraisse et al. (this volume), Henry et al. (this volume), Lopez-Bulto (this volume), Ponomarenko et al. (this volume), Vidal-Matutano et al. (this volume).
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