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The discovery that Neandertals made specialized bone tools [1], previously thought restricted to modern humans, adds to a list of
behaviors that both Neandertals and modern humans exhibited. Five nearly identical shaped and worn rib fragments interpreted
to be lissoirs (a term that means “smoothers” from the French typology), have been found in three separate archaeological deposits
at two late Middle Paleolithic sites in southwest France, Pech-de-l’Azé I and Abri Peyrony. Similar bone tools have been found
in a wide variety of contexts across time and space and are even used by craftspeople today. Modern lissoirs are used for working
leather, and because the bone tools in the Paleolithic show similar morphologies and wear signatures to the modern tools, it has
been proposed that the Paleolithic lissoirs were also for working animal skins. Little research has focused on the various aspects
of Paleolithic lissoir manufacture and use [2]. Here, I seek to form a higher-resolution picture of Paleolithic lissoir technology by
comparing the variation and standardization of the Middle Paleolithic lissoirs to those of the Upper Paleolithic.

A comparative approach is key for assessingwhether or not the technologies in the different time periods and regions are similar
in terms of manufacture and use. I accomplish this using complementary qualitative and quantitative methods at both macro- and
microscopic scales. The artifacts in this study span a temporal range from the late Middle Paleolithic to the early Aurignacian and
through the final Gravettian, and they originate from sites in France (n=217) and Russia (n=6).Themicroscopic analyses confirm
that theMiddle Paleolithic lissoirs are formal bone tools due to the presence ofmanufacturing traces on all five artifacts. Additional
evidence comes from a comparison of the Middle Paleolithic lissoirs to unmodified ribs preserved in the same layers, which show
distinctive surface textures. Upper Paleolithic lissoirs are typicallymade on split ribs and smoothed on all surfaces. Conversely,Mid-
dle Paleolithic tools are made on unsplit ribs, a variation only represented in approximately 6% of the Upper Paleolithic examples.
Techniques for shaping are consistent between Middle Paleolithic and Upper Paleolithic lissoirs and include scraping and grind-
ing. Material wear is similar on a macroscopic scale, while microscopic wear across all artifacts is somewhat variable, but generally
indicates use on a soft, supple material such as animal skin. The results indicate that while Middle and Upper Paleolithic lissoirs
were used in similar ways, manufacturing procedures were sometimes different. Generally, Middle Paleolithic lissoirs were expedi-
ently made with little investment in the production process. In contrast, Upper Paleolithic lissoirs are often highly processed. This
comparative approach lends nuance to our understanding of the behavioral diversity in Neandertals and Upper Paleolithic human
groups.

This research was conducted as part of the author’s PhD dissertation, with equipment and facilities provided by the Department of Human Evolution at the Max Planck Institute for Evolutionary
Anthropology, the Max PlanckWeizmann Center for Integrative Archaeology and Anthropology, the Préhistoire et Technologie UMR 7055 and the Maison Archéologie et Ethnologie, René-Ginouvès
(MAE), and the Department of Anthropology, University of California, Davis (UC Davis). Additional support comes from the Department of Anthropology, University of California, Davis, NSF-DDRI
(Award ID: 1550161), Chateaubriand Fellowship, Wenner-Gren Foundation (Gr. 9214.), NSF-GRFP (Award ID: 1650042), and NSF-GROW.Thanks to the Musée d’Archéologie Nationale (MAN), St
Germain-en-Laye, France, the Musée Nationale de Préhistoire (MNP), Les Eyzies, France, the Musée d’Abri Pataud, Les Eyzies, France, and the Institute for the History of Material Culture of Russian
Academy of Sciences, St Petersburg, Russia for allowing me access to their collections. Special thanks to Teresa E. Steele, Anna E. Goldfield, Jean-Jacques Hublin, Michel Lenoir, Shannon P. McPherron,
Isabelle Sidéra, Marie Soressi, and Nicolas Zwyns.

References:[1] Soressi, M., McPherron, S.P., Lenoir, M., Dogandzic, T., Goldberg, P., Jacobs, Z. et al., 2013. Neandertals made the first specialized bone tools in Europe. Proc Natl Acad Sci U S A.,
110(35):14186-90. Epub 2013/08/14. doi: 10.1073/pnas.1302730110. PubMed PMID: 23940333; PubMed Central PMCID: PMCPMC3761603.[2] Tartar, É., 2009. De l’os à l’outil: Caractérisation
technique, économique et sociale de l’utilisation de l’os à l’Aurignacien ancien: Étude de trois sites: l’Abri Castanet (secteurs nord et sud), Brassempouy (Grotte des Hyènes et Abri Dubalen) et Gatzarria
[PhDThesis]: Université de Paris I-Panthéon-Sorbonne.
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Postnatal development of the human mandibular symphysis is posited to link with variation in vocal tract anatomy, suprahyoid
muscles and hyoid position [1]. The distinct modern human pre/postnatal globularization phase of the brain/cerebellum [2] may
also contribute to this morphology. Stable neurovascular landmark configurations (LMs) of the hominoid cranial base [3] offer a
reliable approach to explore 3D relationships between Foramen magnum (FM) position variation as a proxy for cerebellar expan-
sion, the hyomandibular complex (mandible, hyoid and suprahyoid muscles) and evolutionary shape variations of the cranial base
[4].We hypothesize a postero-anterior direction of developmental events initiated by early cerebellar expansion.Wemeasured 132
3D-(semi)landmarks describing cranial base, hyoid, mandibular and suprahyoidmuscle insertionmorphology in complete growth
series of 57 humans and 38 chimpanzees and partial growth series of 11 gibbons, 5 gorillas and 3 orangutans. (1) Partial least square
regressions (PLS) were used to assess relationships of growth patterns of the hyomandibular complex, the FM and the stable cranial
base LMs: Foramen ovale (FO) Foramen rotundum (FR) and internal acoustic meatus (IAM). (2)We explored inter-and intraspe-
cific morphology variations with General Procrustes Analysis, Principal Components Analysis and MANOVA. (1) Inter-specific
PLS indicate a strong correlation (RV coeff=0.93, p< 0.001) between stable cranial base LMs, the hyomandibular complex andFM.
Intra-specific correlations are also strong (human RV coeff=0.739, chimpanzee RV coeff=0.724, both p<0.001) but ontogenetic
variations of the FM and hyomandibular complex differ within each species: The human FM shifts downwards in relation to the
cranial base and the mandibular symphysis rotates around the Foramen mentum (Fment) of the mandible. Hyoid position shifts
antero-inferior relative to FR and rotates parallel to the stable LMs.The posterior digastric insertion andmastoid process shift later-
ally whilst the anterior digastric insertion displaces anterior to Fment.The chimpanzee FM shifts postero-superiorwhereas both the
symphysis and Fment shift anterior relative to the cranial base. Hyoid orientation remains stable but it displaces postero-inferiorly
to the cranial base. Fment and anterior digastrics insertions both displace anteriorly to the stable LMs. With the exception of the
specialized gibbon hyoid shape (PC3=5.4%), other apes vary like chimpanzees. (2)We observe significant variation in cranial base
shape and size (PC1=40%, p<0.002) in very young children (<1 year) compared to older ones (>2 years). The inferior shift of the
FM is accompanied by a lateral shift of the mastoid and styloid processes and the carotid canals relative to the stable cranial base
LMs. In chimpanzees, the FM is the only variable neurovascular structure; styloid and mastoid processes and carotid canals retain
size and shape relative to each other and to the stable LMs.The hypothesis that globularization initiates postero-anterior knock-on
of developmental events seems plausible. Variation of the FM position due to cerebellar expansion, variation in inner ear position
[5] and size and shape of the internal carotid arteries could influence the position of neurovascular structures of the Pars petrosum
and the morphology of the tympanic plate, styloid and mastoid processes. Suprahyoid muscle insertions in turn have an effect on
the hyoid position and orientation.This leads to variations in how these muscles and the tongue, anchored to the hyoid, act on the
developing mandible, resulting in the uniquely modern human morphology. We consider posterior cranial base variation a good
candidate to explain morphological variations of the vocal tract and mandible between humans and apes. Understanding the pos-
terior cranial base may facilitate predictions in fossil hominins for their suprahyoid muscle configuration and hyoid position and
orientation.

We thank C.E.P. Zollikofer and M. Ponce de Leon, Universität Zürich, F. Spoor, Natural History Museum London, P. O’Higgins, University of York and Takeshi Nishimura and the Digital Morphology
Museum at the Primate Research Institute, Kyoto University for access to comparative chimpanzee material and J. Hodler and his team at orthopaedic University hospital Zurich for CT scan access and
support. We are also very grateful to Frédéric Richard, Aix-Marseille Université, S. Blau and VIFM, Monash University Melbourne for providing the human CT scan data set.

References:[1] Coquerelle, M., Prados-Frutos, J.C., Benazzi, S., Bookstein, F.L., Senck, S., Mitteroecker, P., Weber, G. W., 2013. Infant growth patterns of the mandible in modern humans: a closer
exploration of the developmental interactions between the symphyseal bone, the teeth, and the suprahyoid and tongue muscle insertion sites. Journal of Anatomy 222, 178-192.[2] Gunz, P., Neubauer, S.,
Golovanova, L., Doronichev, V., Maureille, B., Hublin, J.-J., 2012. A uniquely modern human pattern of endocranial development. Insights from a new cranial reconstruction of the Neandertal newborn
fromMezmaiskaya. Journal of Human Evolution 62, 300-313.[3] Martelli, S.A., Dean, M.C., 2015. Stability of neurovascular vs. musculoskeletal landmarks on human and chimpanzee (Pan troglodytes)
cadavers - implications for interpreting fossil hominins. PESHE 4, 151.[4] Kimbel, W.H., Suwa, G., Asfaw, B., Rak, Y., White, T.D., 2014. Ardipithecus ramidus and the evolution of the human cranial
base. PNAS 111, 948-953.[5] Stössel, A., David, R., Gunz, P., Schmidt, T., Spoor, F., Hublin, J.-J., 2016. Morphology and function of Neandertal and modern human ear ossicles. PNAS 113, 11489-11494
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Strategies of anthropic exploitation of animal carcasses are in close relation with human evolution. Animals constitute a nutritional
source -meat, marrow and fat- and they also provide other organic elements as hide, bones, horns, antlers, etc. Bones have been
used as technological raw materials since the Early Pleistocene in Africa and since the Middle Pleistocene in Europe and Asia [1,
2]. According to previous studies, large taxa bones are chosen in order to shape tools in some sites and theymay be related to in situ
butchering [3]. Nevertheless, the identification of bone artefacts is usually problematic due to the characteristics of the assemblage
and the presence of other agents -carnivores, trampling, etc.- that create pseudo-tools. In many cases, the criteria of identification
of bone tools in Middle Pleistocene sites is not clearly defined.

An experimental protocol was designed in order to explore this issue and develop an interdisciplinary methodology for the
recognition of unmodified and retouched bone tools. The first step was the anthropic bone breakage of green bovid bones. The
technique used was direct percussion on an anvil with two different quartzite percussors: a hammerstone and a chopper. The aim
was, first the nutritionalmarrowobtention and second, the technological exploitation of resulting long bones fragments.Then, after
themarrow’s removal, some of the obtained shaft fragments were used unmodified in skinning, defleshing and disarticulation activ-
ities on a red deer. Others were retouched by direct percussion with a quartzite hammerstone and then used for the same activities.
Selection criteria were related to variables as size and morphology of the tool and the working edge. Bone tools produced diverse
degree of success in the different activities involved in carcass processing. Skinning and disarticulationwere proved as difficult tasks,
but we obtained appropriate results on defleshing and filleting with both simple and retouched bone tools.

This faunal assemblage -includingunmodified and retouchedbone tools, bone fragments resultedof bonebreakage andbutchered
red deer bones- is being studied with an interdisciplinary approach involving zooarchaeology and taphonomy, prehistoric technol-
ogy and traceology. Data about selection criteria of experimental bones used as tools, such as dimensions andmorphology, is going
to be convenient in the identification of archaeological bone artefacts. Thus, the created reference collection is used to establish
clear criteria for the characterization of anthropic bone breakage, as well as the resulting bone tools -simple or retouched- and the
presence of bone artefacts in osseous assemblages from EuropeanMiddle Pleistocene sites. Results will increase our current knowl-
edge on the early Palaeolithic bone tool use and on the hominins’ subsistence strategies.

This research is framed in the PGC2018-093925-B-C32 (MICINN-Feder), the 2017SGR1040 (AGAUR) and the 2018PFR-URV-B2-91 (URV) projects. Research at IPHES is framed in the CERCA
program.

References:[1] Backwell, L., d’Errico, F., 2008. Early hominid bone tools from Drimolen, South Africa. Journal of Archaeological Science 35, 2880-2894.[2] Patou-Mathis, M., 1999. Les outils osseux du
Paléolithique inférieur et moyen en Europe. Problèmes, méthodes et résultats préliminaires, in: Camps-Fabrer, J., Julien, M. (Eds.), Préhistoire d’os, Recueil d’ études sur l’industrie osseuse préhistorique
offert à Henriette Camps-Fabrer. Publications de l’Université de Provence, Aix-en-Provence, pp. 49-57.[3] Zutovski, K., Barkai, R., 2016.The use of elephant bones for making Acheulian handaxes: A
fresh look at old bones. Quaternary International 406, 227-238.
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In recent years, the sequencing of many ancient early modern human genomes from West Eurasia has provided insights into the
human population history in Europe [1]. In contrast, only four genomes from early modern humans in Siberia and one in East Asia
have been generated, which limits our grasp of the genetic history of early East Eurasians [1]. Here, we present the genomic analy-
ses of a hominin skull cap discovered in 2006 during mining operations in the Salkhit Valley, Northeastern Mongolia [2]. To our
knowledge, the specimen remains the only Pleistocene hominin found so far in the country. Discovered outside any archeological
context, the age and the ancestry of the specimen have been debated since its discovery and the presence of peculiar morphological
features has led to potential affiliation to archaic hominin groups [3], [4]. We used a compound-specific radiocarbon dating ap-
proach to determine the age of the Salkhit individual to 34,950 - 33,900 Cal. BP (at 95% probability), placing the specimen in the
Mongolian Early Upper Paleolithic period.We also determined its complete mitochondrial genome (mtDNA) and showed that it
belongs to the modern human haplogroupNwhich is widespread in Eurasia today [5]. Nuclear analyses of the specimen show that
the Salkhit individual was a female modern human. To investigate her relatedness to archaic hominin and ancient and present day
modern humans, we used hybridization capture of 3.9 million single nucleotide polymorphisms across the nuclear genome.We use
f3 andD statistics to show that she was closely related to the 40,000-year-old Tianyuan individual fromChina but shares more alle-
les withWestern andNorth-Eastern Eurasians than does theTianyuan individual. Using an admixture graph, the Salkhit individual
is positioned as an ancient East Asian with some genetic contribution fromWest Eurasian. This scenario underlies an unexpected
genetic link between East andWest Eurasians after their major split. Using a newmethod to identify archaic introgressed DNA in
ancient genome data, we estimate Neandertal ancestry in the Salkhit individual to∼2%, and show that this ancestry is contained
in longer DNA tracks than those of present-day Eurasians – as expected given the age of the specimen. We also show that approx-
imately 0.2-0.3% of the Salkhit genome is derived from Denisovans and identified longer tracts (>0.2 cM) of Denisovan ancestry
in the Salkhit and other ancient East Eurasians genomes than in present-day East Eurasians genomes. This is the first evidence of
Denisovan ancestry inUpper Pleistocenemodern humans in East Eurasia. It is in sharp contrast toWest Eurasia where we found no
evidence for Denisovan introgression at the same resolution in early or later modern humans.The genome of the Salkhit individual
provides further evidence for a complex population history of Pleistocene modern humans across Eurasia involving population
substructure, migration and admixture.Those results emphasize the mosaic of events that shaped the genetic landscape of modern
human since the Upper Pleistocene.

Funding was provided by the Max Planck Society and the European Research Council under the European Union’s Seventh Framework Programme (FP7/2007-2013); ERC grant 324139 PalaeoChron
awarded to Professor TomHigham and ERC grant 694707 100 Archaic Genomes awarded to Professor Svante Pääbo.

References:[1] Nielsen, R., Akey, J. M., Jakobsson, M., Pritchard, J. K., Tishkoff, S., &Willerslev, E., 2017. Tracing the peopling of the world through genomics. Nature, 541(7637), 302–310.[2]
Tseveendorj, D., Batbold, N., Amgalantugs, T., 2007. Studia Archaeologica - Instituti Archaeologici Academiae ScientiarumMongolicae 3, 5-20.[3] Coppens, Y., Tseveendorj, D., Demeter, F., Turbat, T.,
Giscard, P.-H., 2008. Discovery of an archaic Homo sapiens skullcap in Northeast Mongolia. Comptes Rendus Palevol 7, 51-60.[4] Tseveendorj, D., Gunchinsuren, B., Gelegdorj, E., Yi, S., Lee, S.-H. 2016.
Patterns of human evolution in northeast Asia with a particular focus on Salkhit. Quaternary International 400, 175-179.[5] Devièse, T., Massilani D., Yi, S., Comeskey, D., Nagel, S., Nickel, B., Ribechini,
E., Lee, J., Tseveendorj, D., Gunchinsuren, B., Meyer, M., Pääbo, S., Higham T., 2019. Compound-specific radiocarbon dating and mitochondrial DNA analysis of the Pleistocene hominin from Salkhit
Mongolia. Nature Communications,10(1), 274.
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Strategies of anthropic exploitation of animal carcasses are in close relation with human evolution. Animals constitute a nutritional
source -meat, marrow and fat- and they also provide other organic elements as hide, bones, horns, antlers, etc. Bones have been
used as technological raw materials since the Early Pleistocene in Africa and since the Middle Pleistocene in Europe and Asia [1,
2]. According to previous studies, large taxa bones are chosen in order to shape tools in some sites and theymay be related to in situ
butchering [3]. Nevertheless, the identification of bone artefacts is usually problematic due to the characteristics of the assemblage
and the presence of other agents -carnivores, trampling, etc.- that create pseudo-tools. In many cases, the criteria of identification
of bone tools in Middle Pleistocene sites is not clearly defined.

An experimental protocol was designed in order to explore this issue and develop an interdisciplinary methodology for the
recognition of unmodified and retouched bone tools. The first step was the anthropic bone breakage of green bovid bones. The
technique used was direct percussion on an anvil with two different quartzite percussors: a hammerstone and a chopper. The aim
was, first the nutritionalmarrowobtention and second, the technological exploitation of resulting long bones fragments.Then, after
themarrow’s removal, some of the obtained shaft fragments were used unmodified in skinning, defleshing and disarticulation activ-
ities on a red deer. Others were retouched by direct percussion with a quartzite hammerstone and then used for the same activities.
Selection criteria were related to variables as size and morphology of the tool and the working edge. Bone tools produced diverse
degree of success in the different activities involved in carcass processing. Skinning and disarticulationwere proved as difficult tasks,
but we obtained appropriate results on defleshing and filleting with both simple and retouched bone tools.

This faunal assemblage -includingunmodified and retouchedbone tools, bone fragments resultedof bonebreakage andbutchered
red deer bones- is being studied with an interdisciplinary approach involving zooarchaeology and taphonomy, prehistoric technol-
ogy and traceology. Data about selection criteria of experimental bones used as tools, such as dimensions andmorphology, is going
to be convenient in the identification of archaeological bone artefacts. Thus, the created reference collection is used to establish
clear criteria for the characterization of anthropic bone breakage, as well as the resulting bone tools -simple or retouched- and the
presence of bone artefacts in osseous assemblages from EuropeanMiddle Pleistocene sites. Results will increase our current knowl-
edge on the early Palaeolithic bone tool use and on the hominins’ subsistence strategies.

This research is framed in the PGC2018-093925-B-C32 (MICINN-Feder), the 2017SGR1040 (AGAUR) and the 2018PFR-URV-B2-91 (URV) projects. Research at IPHES is framed in the CERCA
program.

References:[1] Backwell, L., d’Errico, F., 2008. Early hominid bone tools from Drimolen, South Africa. Journal of Archaeological Science 35, 2880-2894.[2] Patou-Mathis, M., 1999. Les outils osseux du
Paléolithique inférieur et moyen en Europe. Problèmes, méthodes et résultats préliminaires, in: Camps-Fabrer, J., Julien, M. (Eds.), Préhistoire d’os, Recueil d’ études sur l’industrie osseuse préhistorique
offert à Henriette Camps-Fabrer. Publications de l’Université de Provence, Aix-en-Provence, pp. 49-57.[3] Zutovski, K., Barkai, R., 2016.The use of elephant bones for making Acheulian handaxes: A
fresh look at old bones. Quaternary International 406, 227-238.

125

Pecha Kucha Presentation Session 6, Friday 11:00
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In recent years, the sequencing of many ancient early modern human genomes from West Eurasia has provided insights into the
human population history in Europe [1]. In contrast, only four genomes from early modern humans in Siberia and one in East Asia
have been generated, which limits our grasp of the genetic history of early East Eurasians [1]. Here, we present the genomic analy-
ses of a hominin skull cap discovered in 2006 during mining operations in the Salkhit Valley, Northeastern Mongolia [2]. To our
knowledge, the specimen remains the only Pleistocene hominin found so far in the country. Discovered outside any archeological
context, the age and the ancestry of the specimen have been debated since its discovery and the presence of peculiar morphological
features has led to potential affiliation to archaic hominin groups [3], [4]. We used a compound-specific radiocarbon dating ap-
proach to determine the age of the Salkhit individual to 34,950 - 33,900 Cal. BP (at 95% probability), placing the specimen in the
Mongolian Early Upper Paleolithic period.We also determined its complete mitochondrial genome (mtDNA) and showed that it
belongs to the modern human haplogroupNwhich is widespread in Eurasia today [5]. Nuclear analyses of the specimen show that
the Salkhit individual was a female modern human. To investigate her relatedness to archaic hominin and ancient and present day
modern humans, we used hybridization capture of 3.9 million single nucleotide polymorphisms across the nuclear genome.We use
f3 andD statistics to show that she was closely related to the 40,000-year-old Tianyuan individual fromChina but shares more alle-
les withWestern andNorth-Eastern Eurasians than does theTianyuan individual. Using an admixture graph, the Salkhit individual
is positioned as an ancient East Asian with some genetic contribution fromWest Eurasian. This scenario underlies an unexpected
genetic link between East andWest Eurasians after their major split. Using a newmethod to identify archaic introgressed DNA in
ancient genome data, we estimate Neandertal ancestry in the Salkhit individual to∼2%, and show that this ancestry is contained
in longer DNA tracks than those of present-day Eurasians – as expected given the age of the specimen. We also show that approx-
imately 0.2-0.3% of the Salkhit genome is derived from Denisovans and identified longer tracts (>0.2 cM) of Denisovan ancestry
in the Salkhit and other ancient East Eurasians genomes than in present-day East Eurasians genomes. This is the first evidence of
Denisovan ancestry inUpper Pleistocenemodern humans in East Eurasia. It is in sharp contrast toWest Eurasia where we found no
evidence for Denisovan introgression at the same resolution in early or later modern humans.The genome of the Salkhit individual
provides further evidence for a complex population history of Pleistocene modern humans across Eurasia involving population
substructure, migration and admixture.Those results emphasize the mosaic of events that shaped the genetic landscape of modern
human since the Upper Pleistocene.

Funding was provided by the Max Planck Society and the European Research Council under the European Union’s Seventh Framework Programme (FP7/2007-2013); ERC grant 324139 PalaeoChron
awarded to Professor TomHigham and ERC grant 694707 100 Archaic Genomes awarded to Professor Svante Pääbo.

References:[1] Nielsen, R., Akey, J. M., Jakobsson, M., Pritchard, J. K., Tishkoff, S., &Willerslev, E., 2017. Tracing the peopling of the world through genomics. Nature, 541(7637), 302–310.[2]
Tseveendorj, D., Batbold, N., Amgalantugs, T., 2007. Studia Archaeologica - Instituti Archaeologici Academiae ScientiarumMongolicae 3, 5-20.[3] Coppens, Y., Tseveendorj, D., Demeter, F., Turbat, T.,
Giscard, P.-H., 2008. Discovery of an archaic Homo sapiens skullcap in Northeast Mongolia. Comptes Rendus Palevol 7, 51-60.[4] Tseveendorj, D., Gunchinsuren, B., Gelegdorj, E., Yi, S., Lee, S.-H. 2016.
Patterns of human evolution in northeast Asia with a particular focus on Salkhit. Quaternary International 400, 175-179.[5] Devièse, T., Massilani D., Yi, S., Comeskey, D., Nagel, S., Nickel, B., Ribechini,
E., Lee, J., Tseveendorj, D., Gunchinsuren, B., Meyer, M., Pääbo, S., Higham T., 2019. Compound-specific radiocarbon dating and mitochondrial DNA analysis of the Pleistocene hominin from Salkhit
Mongolia. Nature Communications,10(1), 274.
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Facial fluctuating asymmetry (FA) is the non-directional deviation from bilateral symmetry in the facial skeleton. It is interpreted
as an indicator of developmental instability, including exposure to environmental stressors and/or inbreeding. Genomic analyses
show that mountain gorillas exhibit tracts of homozygosity indicative of recent and extensive inbreeding, exceeding that observed
in all other gorilla subspecies, including closely related grauer gorillas and even the most inbred human populations [1]. Here, we
use geometric morphometric techniques to assess intra- and interspecific variation in facial asymmetry among three gorilla taxa
(Virunga mountain gorillas – Gorilla beringei beringei; grauer gorillas – G. beringei graueri; western lowland gorillas – G. gorilla
gorilla). We test whether mountain gorillas exhibit higher levels of facial FA compared to other taxa, reflecting genetic instability
in the population. We used Viewbox 4 software (dHAL) to place 156 homologous landmarks and curve semilandmarks on 48
3D models of crania derived from computed tomography and surface (laser and white structured light) scans. MorphoJ was used
to conduct separate Procrustes ANOVAs by taxon and sex, with the factor “individual” reflecting symmetric variation; the factor
“side” reflecting directional asymmetry (DA; consistent variation in one direction); and the interaction between “individual x side”
reflecting FA [2,3]. The effect of error was minimized via repeated measurements of all individuals, calculated as the residual vari-
ation in the Procrustes ANOVAs. We found that symmetric variation, DA, and FA are significant in all three taxa (p<0.001). We
followed Gomez-Robles et al. [4] to assess the proportion of shape variation explained by each variable among species and sexes.
Symmetric variation explains the highest proportion of the total variation in the sample, while FA explains the highest proportion
of asymmetric variation. As predicted, mountain gorillas have the highest proportion of FA among gorillas – more than twice as
much as western lowland gorillas – explaining 14.6% of total variation vs. 11.6% in grauer gorillas and 5.8% in western lowland
gorillas. In the principal component analysis of the asymmetric component of shape variation, we find that the range of variation in
mountain gorillas envelopes that of the other two taxa. The facial regions with the most extreme asymmetry are the brow and the
lower face, similar to the pattern that was previously reported for grauer gorillas [5]. In the intraspecific comparison, females have a
somewhat higher proportion of FA compared to males in the combined species sample (11.1% vs. 8.1%, respectively), while males
exhibit a higher proportion of DA compared to females (3.2% and 1.2%, respectively). It’s worth noting that while highly signifi-
cant, the proportion of variation explained by DA is comparable to that explained by measurement error (ranging from 1.8-3.4%
in all analyses). The pattern reported here tracks what is known about gorilla genomic diversity: mountain gorillas, with a current
population size of about 1000 individuals, show the highest degree of facial FA among great apes, followed by grauer gorillas, and
finally western lowland gorillas. It is not yet clear to what extent environmental conditions might contribute to these results, as go-
rilla subspecies live in divergent habitats and exhibit different life history strategies. Future work will expand the sample to include
other gorilla populations, and in documented samples like the Virunga mountain gorillas, incorporate associated health, behavior,
and climate data to assess the relationships among environmental conditions, facial asymmetry, and fitness outcomes.

This project has received funding from the European Union’s Horizon 2020 research and innovation program under the Marie Sklodowska-Curie grant agreement No 798117, National Geographic
Society (8486-08),The Leakey Foundation, National Science Foundation (BCS 0852866, 0964944, 1520221)

References:[1] Xue, Y., Prado-Martinez, J., Sudmant, P.H., Narasimhan, V., Ayub, Q., Szpak, M., Frandsen, P., Chen, Y., Yngvadottir, B., Cooper, D.N. and DeManuel, M., 2015. Mountain gorilla
genomes reveal the impact of long-term population decline and inbreeding. Science 348(6231), 242-245.[2] Klingenberg, C.P., McIntyre, G.S., 1998. Geometric morphometrics of developmental
instability: analyzing patterns of fluctuating asymmetry with Procrustes methods. Evolution 52(5) 1363-1375.[3] Klingenberg, C.P., Barluenga, M., Meyer, A., 2002. Shape analysis of symmetric
structures: quantifying variation among individuals and asymmetry. Evolution 56(10), 1909-1920.[4] Gómez-Robles, A., Hopkins, W.D., Sherwood, C.C., 2013. Increased morphological asymmetry,
evolvability and plasticity in human brain evolution. Proceedings of the Royal Society B: Biological Sciences, 280(1761).[5] Heuzé, Y., Balzeau, A., 2014. Asymmetry of the midfacial skeleton of eastern
lowland gorillas (Gorilla beringei graueri) and potential association with frontal lobe asymmetries. Journal of Human Evolution 74, 123.
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Evidence of social support revealed by healed trauma in human foot bones fromManot Cave, an Early
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Recent archaeological excavations atManotCave, an EarlyUpper Paleolithic (EUP) site in theWesternGalilee, Israel, retrieved the
remains of a partial left foot of a young adult, including the talus, the calcaneus, the cuboid and the first, second andfifthmetatarsals.
A healed fracture was observed on the secondmetatarsal.The pedal bones are dated to 38 and 34 kya.These bones most likely orig-
inated from a burial that partially slid down the talus, as all bones are from the left side, and all demonstrate a similar color and
taphonomic condition. Additional artifacts in close proximity to the bones includemarinemollusks, [twoCowries shells (Erosaria
sp. AndZanaria pyrum) andColumbella rustica], and a large number of flint tools (including four el-Wadpoints, two ofwhichwere
made on non-local flint). The aims of the current study were to morphologically and metrically characterize the EUP foot bones,
and to investigate their population affiliations (Neanderthals vs. AMH andmodern humans). Additionally, µCT images were used
to verify a suspected injury of the second metatarsal and to identify the type of and likely cause of the injury.The shape and size of
the Manot pedal bones indicate an overall modern morphology for all elements, however several Neanderthal-like characteristics
were also noted. Imaging analysis confirmed the existence of a healed traumatic fracture of the second metatarsal with the plantar
third of the base misaligned with the shaft, and a fracture line on the lateral side. Furthermore, a bone flake on the dorsomedial
side of the shaft indicated forced contact with the hallux.These features are consistent with a fracture known as ’Lisfranc’s fracture’,
most probably caused by an impact to the dorsum of the foot. This injury usually leads to ligamentous instability and collapse of
the transverse and longitudinal arches, causing severe walking difficulties. Full recovery requires rest and immobility for several
weeks. As suggested by previous studies examining healed trauma in prehistoric individuals, the long-term survival of individuals
with limited mobility required a supportive social system [1]. Accordingly, the survival of this individual indicates a supportive
community at Manot Cave.

This work was supported by the Dan David Foundation,The Shmunis Family, Anthropology Institute, Binational Science Foundation (grant no. 2015303), Israel Science Foundation (grant no. 2632/18),
The Leakey Foundation and the Shafran Family Foundation.

References:[1] Trinkaus, E., Zimmerman, M. R., 1982. Trauma among the Shanidar Neandertals. American Journal of Physical Anthropology 57, 61-76.

126



Podium Presentation Session 5, Friday 10:20

Facial fluctuating asymmetry tracks genomic diversity among gorilla subspecies

KateMcGrath1,2, Amandine B. Eriksen3, Aida Gómez-Robles4, Daniel García-Martínez1, Jason S. Massey5, Antoine
Mudakikwa6, Tara S. Stoinski7, Michael R. Cranfield8, Emmanuel Gilissen9,10, MatthewW. Tocheri11,12, Shannon C.
McFarlin2,13, YannHeuzé1

1 - Université de Bordeaux, CNRS, PACEA, UMR5199, France· 2 - Center for the Advanced Study of Human Paleobiology,
Department of Anthropology,The GeorgeWashington University, USA · 3 - Department of Anthropology, University at
Buffalo, USA · 4 - Department of Anthropology, University College London, UK · 5 - Department of Integrative Biology and
Physiology, University of Minnesota Medical School, USA · 6 - Rwanda Development Board, Tourism and Conservation · 7 -
Dian Fossey Gorilla Fund International · 8 - Mountain Gorilla Veterinary Project · 9 - Royal Museum for Central Africa · 10 -
Université Libre de Bruxelles · 11 - Department of Anthropology, Lakehead University · 12 - Human Origins Program, National
Museum of Natural History, Smithsonian Institution · 13 - Division of Mammals, National Museum of Natural History,
Smithsonian Institution

Facial fluctuating asymmetry (FA) is the non-directional deviation from bilateral symmetry in the facial skeleton. It is interpreted
as an indicator of developmental instability, including exposure to environmental stressors and/or inbreeding. Genomic analyses
show that mountain gorillas exhibit tracts of homozygosity indicative of recent and extensive inbreeding, exceeding that observed
in all other gorilla subspecies, including closely related grauer gorillas and even the most inbred human populations [1]. Here, we
use geometric morphometric techniques to assess intra- and interspecific variation in facial asymmetry among three gorilla taxa
(Virunga mountain gorillas – Gorilla beringei beringei; grauer gorillas – G. beringei graueri; western lowland gorillas – G. gorilla
gorilla). We test whether mountain gorillas exhibit higher levels of facial FA compared to other taxa, reflecting genetic instability
in the population. We used Viewbox 4 software (dHAL) to place 156 homologous landmarks and curve semilandmarks on 48
3D models of crania derived from computed tomography and surface (laser and white structured light) scans. MorphoJ was used
to conduct separate Procrustes ANOVAs by taxon and sex, with the factor “individual” reflecting symmetric variation; the factor
“side” reflecting directional asymmetry (DA; consistent variation in one direction); and the interaction between “individual x side”
reflecting FA [2,3]. The effect of error was minimized via repeated measurements of all individuals, calculated as the residual vari-
ation in the Procrustes ANOVAs. We found that symmetric variation, DA, and FA are significant in all three taxa (p<0.001). We
followed Gomez-Robles et al. [4] to assess the proportion of shape variation explained by each variable among species and sexes.
Symmetric variation explains the highest proportion of the total variation in the sample, while FA explains the highest proportion
of asymmetric variation. As predicted, mountain gorillas have the highest proportion of FA among gorillas – more than twice as
much as western lowland gorillas – explaining 14.6% of total variation vs. 11.6% in grauer gorillas and 5.8% in western lowland
gorillas. In the principal component analysis of the asymmetric component of shape variation, we find that the range of variation in
mountain gorillas envelopes that of the other two taxa. The facial regions with the most extreme asymmetry are the brow and the
lower face, similar to the pattern that was previously reported for grauer gorillas [5]. In the intraspecific comparison, females have a
somewhat higher proportion of FA compared to males in the combined species sample (11.1% vs. 8.1%, respectively), while males
exhibit a higher proportion of DA compared to females (3.2% and 1.2%, respectively). It’s worth noting that while highly signifi-
cant, the proportion of variation explained by DA is comparable to that explained by measurement error (ranging from 1.8-3.4%
in all analyses). The pattern reported here tracks what is known about gorilla genomic diversity: mountain gorillas, with a current
population size of about 1000 individuals, show the highest degree of facial FA among great apes, followed by grauer gorillas, and
finally western lowland gorillas. It is not yet clear to what extent environmental conditions might contribute to these results, as go-
rilla subspecies live in divergent habitats and exhibit different life history strategies. Future work will expand the sample to include
other gorilla populations, and in documented samples like the Virunga mountain gorillas, incorporate associated health, behavior,
and climate data to assess the relationships among environmental conditions, facial asymmetry, and fitness outcomes.

This project has received funding from the European Union’s Horizon 2020 research and innovation program under the Marie Sklodowska-Curie grant agreement No 798117, National Geographic
Society (8486-08),The Leakey Foundation, National Science Foundation (BCS 0852866, 0964944, 1520221)
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genomes reveal the impact of long-term population decline and inbreeding. Science 348(6231), 242-245.[2] Klingenberg, C.P., McIntyre, G.S., 1998. Geometric morphometrics of developmental
instability: analyzing patterns of fluctuating asymmetry with Procrustes methods. Evolution 52(5) 1363-1375.[3] Klingenberg, C.P., Barluenga, M., Meyer, A., 2002. Shape analysis of symmetric
structures: quantifying variation among individuals and asymmetry. Evolution 56(10), 1909-1920.[4] Gómez-Robles, A., Hopkins, W.D., Sherwood, C.C., 2013. Increased morphological asymmetry,
evolvability and plasticity in human brain evolution. Proceedings of the Royal Society B: Biological Sciences, 280(1761).[5] Heuzé, Y., Balzeau, A., 2014. Asymmetry of the midfacial skeleton of eastern
lowland gorillas (Gorilla beringei graueri) and potential association with frontal lobe asymmetries. Journal of Human Evolution 74, 123.
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Recent archaeological excavations atManotCave, an EarlyUpper Paleolithic (EUP) site in theWesternGalilee, Israel, retrieved the
remains of a partial left foot of a young adult, including the talus, the calcaneus, the cuboid and the first, second andfifthmetatarsals.
A healed fracture was observed on the secondmetatarsal.The pedal bones are dated to 38 and 34 kya.These bones most likely orig-
inated from a burial that partially slid down the talus, as all bones are from the left side, and all demonstrate a similar color and
taphonomic condition. Additional artifacts in close proximity to the bones includemarinemollusks, [twoCowries shells (Erosaria
sp. AndZanaria pyrum) andColumbella rustica], and a large number of flint tools (including four el-Wadpoints, two ofwhichwere
made on non-local flint). The aims of the current study were to morphologically and metrically characterize the EUP foot bones,
and to investigate their population affiliations (Neanderthals vs. AMH andmodern humans). Additionally, µCT images were used
to verify a suspected injury of the second metatarsal and to identify the type of and likely cause of the injury.The shape and size of
the Manot pedal bones indicate an overall modern morphology for all elements, however several Neanderthal-like characteristics
were also noted. Imaging analysis confirmed the existence of a healed traumatic fracture of the second metatarsal with the plantar
third of the base misaligned with the shaft, and a fracture line on the lateral side. Furthermore, a bone flake on the dorsomedial
side of the shaft indicated forced contact with the hallux.These features are consistent with a fracture known as ’Lisfranc’s fracture’,
most probably caused by an impact to the dorsum of the foot. This injury usually leads to ligamentous instability and collapse of
the transverse and longitudinal arches, causing severe walking difficulties. Full recovery requires rest and immobility for several
weeks. As suggested by previous studies examining healed trauma in prehistoric individuals, the long-term survival of individuals
with limited mobility required a supportive social system [1]. Accordingly, the survival of this individual indicates a supportive
community at Manot Cave.

This work was supported by the Dan David Foundation,The Shmunis Family, Anthropology Institute, Binational Science Foundation (grant no. 2015303), Israel Science Foundation (grant no. 2632/18),
The Leakey Foundation and the Shafran Family Foundation.
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Concerning body manipulation practice during the Stone Age: trepanations and ritual amputations
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The practice of surgical bodymanipulations can be traced to the Palaeolithic,Mesolithic andNeolithic ages.The earliest case seems
to be theUpper Palaeolithic symbolic trepanation fromTelmanovskaya site (Kostenki 8) in EuropeanRussia.The fragment of skull
was discovered by expedition of A. N. Rogachev (Leningrad Branch of Institute of Archaeology AS USSR) in 1959. Human frag-
mentary remains were found in the 2nd cultural layer of the Western dwelling. Special attention should be devoted to the cranial
fragment of adult individual (male?) pasted together from 3 pieces by restorers. Its maximal length was 83 mm, width 58 mm. In
the central part of the frontal bone is presented a lesion with diameter about 10 mm. Digital microfocus radiological examination
supports hypothesis of complete healing of bone tissue. During the Mesolithic age surgical operations could be used for passage
rites as proven by the case of woman 24-25 years buried theMursak-Koba site (Crimea peninsula, excavated by S. N. Bibikov, A. N.
Zhirov, 1936). New radiological study confirms, that both little toes were amputated on her hands when she was teenager. Then
around 20 years old (being married?) she got an external, “symbolic” trepanation in the posterior part of the left parietal bone. The
osteological collection from the Museum of Man in Paris still has no analogies in the Old World regarding the representation of
ancient trepanations. New description of skulls with traces of intravital trepanations was provided [1]. Two categories of objects
from the Neolithic collection were described: trepanned skulls and bone plates (rondelles), which represent practice in Lozere and
Paris regions. We have evidence of a large group of people, who lived their lives after a most severe surgical intervention, which
could have led to their disability. Most likely these operations affected only the skull, as brain operations were not yet performed
at this time. But especially, given the size of trepanations, the risk of complications was enormous. Bleeding from the venous sinus,
diploe bleeding, infection, meningocele, cognitive deviations in case of an operator error - this is a list of dangers, the empirical
knowledge of which did not stop the Late Neolithic inhabitants of France from trepanning. It is a very special model of behavior,
which could become a connecting thread from childhood (or adolescence), including burial and the use of plates made from skulls
of successfully trepanned people.

I am very grateful to the Head of the Department of electronic devices of the St. Petersburg Electrotechnical University (LETI), Doctor of Technical Sciences N. N. Potrakhov and Associate Professor of
the Department, Candidate of Technical Sciences V.B. Bessonov for assistance in microfocus X-ray of samples from the Telmanovskaya site, Murzak-Koba and Vasilyevka, stored in the Kunstkamera RAS.
I am grateful to V. I. Khartanovich, former Head of the Department of Anthropology of the IEA, for permission to work with these unique materials.The author takes the opportunity to express gratitude
to Philippe Mennecier, Veronique Laborde, Tatiana Benfougal, Alan Froment for permission to work with the collection of the Museum of Man and for the invaluable help at different stages of the study.
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of Man). Moscow: Institute of archaeology RAS, Club Print. 208.
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This paper describes the excavation, stratigraphic context, and lithic assemblage of a newEarlyMiddle Stone Site fromNegusKabri.
Negus Kabri was discovered and excavated as part of the Asbole Research Project in the Afar region of eastern Ethiopia. The site
consists of a single artifact horizon rich in lithics but with poor faunal preservation.The geological context of the deposit plus site
formation data based on artifact breakage, edge damage, artifact orientations, and the ratio of large to small finds all suggest an in-
tact deposit near the top of the Busidima Formation at the Bironita-Duma Ridge. Stratigraphically the deposits lie approximately
1m above a plateau-forming gravel, which in turn lies just above the widespread Bironita Tuff (0.64 Ma).The artifact horizon also
lies 10 meters below a local tephra layer, which we call the Negus Kabri Tuff and which yielded an 40Ar/39Ar date of 144 ± 23 ka.
The assemblage consists of over 3500 artifacts (> 25mm) of which over 3000 are flakes and flake fragments.The cores (N = 56) are
highly standardized and dominated by centripetal Levallois technology with a few discoidal cores, cores on flakes and other mis-
cellaneous forms. Similarly, the flakes are dominated by Levallois and discoidal technologies with some blade forms and also some
bifacial thinning flakes on obsidian. The flakes tend to be broad and not elongated. Typologically, points are the most common
group of retouched artifacts, and these are made preferentially on Levallois flakes. The raw materials consist of coarse grained vol-
canics, some cryptocrystalline silicates, and fewer obsidian artifacts. The former are available today in the plateau forming gravels.
Based on cortex measures, the complete reduction sequence appears to be present for the coarsed grained volcanics. Again based
on cortex measures, the other types of stone appear to have been imported already reduced.This interpretation is supported as well
by the blank to tool and blank to core ratios which vary greatly by raw material type. For instance, the blank to tool ratio is seven
times greater in the coarse materials than in obsidian suggesting the import of completed tool forms in obsidian. As Levallois and
point technologies have long been considered a defining aspect of the Middle Stone Age in eastern Africa, this, along with the age
bracket, place Negus Kabri comfortably in the known Middle Stone Age variability of the region. Negus Kabri thus adds to the
relatively sparse dataset of Early Middle Stone Age sites in eastern Africa.
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The practice of surgical bodymanipulations can be traced to the Palaeolithic,Mesolithic andNeolithic ages.The earliest case seems
to be theUpper Palaeolithic symbolic trepanation fromTelmanovskaya site (Kostenki 8) in EuropeanRussia.The fragment of skull
was discovered by expedition of A. N. Rogachev (Leningrad Branch of Institute of Archaeology AS USSR) in 1959. Human frag-
mentary remains were found in the 2nd cultural layer of the Western dwelling. Special attention should be devoted to the cranial
fragment of adult individual (male?) pasted together from 3 pieces by restorers. Its maximal length was 83 mm, width 58 mm. In
the central part of the frontal bone is presented a lesion with diameter about 10 mm. Digital microfocus radiological examination
supports hypothesis of complete healing of bone tissue. During the Mesolithic age surgical operations could be used for passage
rites as proven by the case of woman 24-25 years buried theMursak-Koba site (Crimea peninsula, excavated by S. N. Bibikov, A. N.
Zhirov, 1936). New radiological study confirms, that both little toes were amputated on her hands when she was teenager. Then
around 20 years old (being married?) she got an external, “symbolic” trepanation in the posterior part of the left parietal bone. The
osteological collection from the Museum of Man in Paris still has no analogies in the Old World regarding the representation of
ancient trepanations. New description of skulls with traces of intravital trepanations was provided [1]. Two categories of objects
from the Neolithic collection were described: trepanned skulls and bone plates (rondelles), which represent practice in Lozere and
Paris regions. We have evidence of a large group of people, who lived their lives after a most severe surgical intervention, which
could have led to their disability. Most likely these operations affected only the skull, as brain operations were not yet performed
at this time. But especially, given the size of trepanations, the risk of complications was enormous. Bleeding from the venous sinus,
diploe bleeding, infection, meningocele, cognitive deviations in case of an operator error - this is a list of dangers, the empirical
knowledge of which did not stop the Late Neolithic inhabitants of France from trepanning. It is a very special model of behavior,
which could become a connecting thread from childhood (or adolescence), including burial and the use of plates made from skulls
of successfully trepanned people.
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This paper describes the excavation, stratigraphic context, and lithic assemblage of a newEarlyMiddle Stone Site fromNegusKabri.
Negus Kabri was discovered and excavated as part of the Asbole Research Project in the Afar region of eastern Ethiopia. The site
consists of a single artifact horizon rich in lithics but with poor faunal preservation.The geological context of the deposit plus site
formation data based on artifact breakage, edge damage, artifact orientations, and the ratio of large to small finds all suggest an in-
tact deposit near the top of the Busidima Formation at the Bironita-Duma Ridge. Stratigraphically the deposits lie approximately
1m above a plateau-forming gravel, which in turn lies just above the widespread Bironita Tuff (0.64 Ma).The artifact horizon also
lies 10 meters below a local tephra layer, which we call the Negus Kabri Tuff and which yielded an 40Ar/39Ar date of 144 ± 23 ka.
The assemblage consists of over 3500 artifacts (> 25mm) of which over 3000 are flakes and flake fragments.The cores (N = 56) are
highly standardized and dominated by centripetal Levallois technology with a few discoidal cores, cores on flakes and other mis-
cellaneous forms. Similarly, the flakes are dominated by Levallois and discoidal technologies with some blade forms and also some
bifacial thinning flakes on obsidian. The flakes tend to be broad and not elongated. Typologically, points are the most common
group of retouched artifacts, and these are made preferentially on Levallois flakes. The raw materials consist of coarse grained vol-
canics, some cryptocrystalline silicates, and fewer obsidian artifacts. The former are available today in the plateau forming gravels.
Based on cortex measures, the complete reduction sequence appears to be present for the coarsed grained volcanics. Again based
on cortex measures, the other types of stone appear to have been imported already reduced.This interpretation is supported as well
by the blank to tool and blank to core ratios which vary greatly by raw material type. For instance, the blank to tool ratio is seven
times greater in the coarse materials than in obsidian suggesting the import of completed tool forms in obsidian. As Levallois and
point technologies have long been considered a defining aspect of the Middle Stone Age in eastern Africa, this, along with the age
bracket, place Negus Kabri comfortably in the known Middle Stone Age variability of the region. Negus Kabri thus adds to the
relatively sparse dataset of Early Middle Stone Age sites in eastern Africa.
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Aspects of use and control of fire by Neanderthals has generated heated discussions [1]. A crucial aspect to our understanding of
Neanderthal pyrotechnology is understanding the features related to fires that they left behind, including intact hearths and asso-
ciated combustion residues that may have been modified syndepositionally by maintenance activities but also by post-depositional
reworking and chemical alteration. We may study burnt objects from a site (bone, lithics) but to obtain a more complete under-
standing of Neanderthal ‘fire use’, we must study in detail the primary/primeval aspects of Neanderthal pyrotechnology, the de-
posits themselves at a microstratigraphic scale [2]. At the site of Kebara Cave, hearths and burned residues have been previously
studied at the microstratigraphic scale using micromorphology and phytolith analyses [3], but direct links to concurrent macro-
scopic analyses, including identification of diagenetic minerals using FTIR have until recently been limited. This study links the
macroscopic to microscopic records by applying µ-XRF and µ-FTIR directly to micromorphological samples to characterize the
lithologies, composition, mineralogy, and structure of hearths. The work focuses on samples collected in 2006 after the main ex-
cavations (1982-1990) in order to evaluate their depositional and post-depositional histories and their reflection on Neanderthal
and modern human fire-making and use practices.

The site of Kebara, located along the western side ofMt. Carmel,∼30 km south ofHaifa, Israel, is formed in aCretaceous lime-
stone reef complex at an elevation of∼ 60 m asl. Excavations from the 1930s to 1990s exposed deposits with Natufian, Kebaran,
Upper and Middle Palaeolithic (UP, MP) implements, and a Neanderthal skeleton. Burnt Mousterian flints yielded thermolumi-
nescence (TL) dates between 48000 and 60000 BP, whereas numerous radiocarbon dates point to the transition fromMiddle to
Upper Palaeolithic between 49/48 and 47/46 k radiocarbon calibrated years before present [3].

Samples for this study were collected from MP and UP hearths in various locations and layers in the cave, and include single
hearth structures, thin superposed/stacked hearths, and ashy layered dumped hearthmaterials.They were removed as intact blocks
that were dried and impregnated with polyester resin, from which petrographic thin sections (50x75 mm) were made.

The integrated microscopic results show that broad spatial patterns in the chemical alteration of the deposits are generally con-
firmed; however, several samples show evidence of multiple phases of alteration that indicate shifting chemical environments. For
example, dahllite precipitation in voids parallel observations previouslymade at TabunCave, which suggest that at both sites, cycles
of renewed phosphatization may have occurred several millennia after the initially more “severe” diagenetic alteration. Bands and
areas that appear uniformly white in the field also contain multiple phases of diagenesis. The work also provides new information
about the dark, organic-rich layers, some of which form the basal portions of hearth sequences.These layers are enriched in copper
and in some cases may be associated withmagnesium. Some dark layers exhibit evidence of phosphatization prior to the deposition
of overlying ashes.

The combined use of microstratigraphic documentation in the field, micromorphology, µ-XRF and µ-FTIR is a robust ap-
proach for deconstructing chemical partitioning within the thin section, which ultimately may reflect on human activities that
previously were not visible in the field or using only a petrographic microscope.

Alexander von Humboldt Society, Deutsche Forschungsgemeinschaft, US National Science Foundation, Matthias Czechowski

References:[1] Dibble, H.L., Sandgathe, D., Goldberg, P., McPherron, S., Aldeias, V., 2018. Were Western European Neandertals able to make fire? Journal of Paleolithic Archaeology, published online.[2]
Goldberg, P., Miller, C.E., Mentzer, S.M., 2017. Recognizing Fire in the Paleolithic Archaeological Record. Current Anthropology Volume 58, Supplement 16, S175–S190.[3] Bar-Yosef, O., Meignen, L.,
2007. Kebara Cave, Mt. Carmel, Israel: the Middle and Upper Palaeolithic archaeology, Part I. Peabody Museum of Archaeology and Ethnology, Harvard University, Cambridge.
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As a consequence of the taphonomic history, many fossils and relevant specimens presentmissing parts and post-depositional alter-
ations. For that reason, in spite of the great effort invested in their recovery and preservation during the archaeological excavations,
they are left out from the morphometric analysis. Therefore, they cannot be used for discussing human variability and evolution-
ary processes. This is especially the case for South America, where the early Holocene specimens are scarce, and some of them are
incomplete and/or present some changes as a result of post-depositional alterations. We present here the first virtual reconstruc-
tion of an early Holocene South American skull that was recovered from the excavations at Cuncaicha rock shelter in the south
of Peru (9240-8770 calibrated years BP) [1]. The skull is composed of 20 fragments that were scanned in the Paleoanthropology
Department at the University of Tübingen. A virtual anatomical reconstruction was conducted by using Avizo and including skull
reference models from the Andes. As the cranial vault presents a strong alteration resulting in a lateral distortion that affects the
whole vault shape, retrodeformation techniques were applied for modeling post-depositional changes [2]. In spite of the large de-
gree of completeness of the skull (approx. 80%), there are some missing parts that were estimated by mirroring them from the
opposite preserved side of the skull.This allowed conducting 3Dmorphometric analysis from the whole skull by comparing it with
other early and late Holocene specimens from South America (N=500), by taking into account the symmetric component only.
Shape changes were studied by running between-groups Principal Component Analysis. The results are discussed together with a
previous 2D morphometric study of the facial variation that allowed establishing associations with specimens from Lagoa Santa
in Brazil, supporting previous claims of morphological similarities among the early settlers of the continent [3]. Such craniofacial
patterns were interpreted as the retention of some ancestral features among some of the early South American populations.

TheCuncaicha fieldwork was funded by the Max Planck Institute for the Science of Human History in Jena, the Pontifical Catholic University of Lima, and the DFG Centre for Advanced Studies ‘Words,
Bones, Genes, Tools’ (DFG FOR 2237).The laboratory analyses were supported by an Alexander von Humboldt Foundation fellowship granted to Kurt Rademaker, the Deutsche Forschungsgemeinshaft
(FOR 2237, INST 37/706 to K. Harvati), and the Northern Illinois University.This particular project was funded by the DFG Centre for Advanced Studies ‘Words, Bones, Genes, Tools’ (DFG FOR
2237), directed by Katerina Harvati and Gerhard Jäger, the “Bridging Funds” Program of the University of Tübingen, granted to Lumila Menéndez, and a Postdoctoral Fellowship from the Konrad Lorenz
Institute.

References:[1] Rademaker, K., Hodgins, G., Moore, K., Zarrillo, S., Miller, C., Bromley, G.R., 2014. Paleoindian settlement of the high-altitude Peruvian Andes. Science 346(6208), 466-469.[2] Schlager,
S., Profico, A., Di Vincenzo, F., Manzi, G., 2018. Retrodeformation of fossil specimens based on 3D bilateral semi-landmarks: Implementation in the R package “Morpho”. PloS One, 13(3), e0194073.[3]
Menéndez, L.P., Rademaker, K., Harvati, K. Solving a Human Anatomy Puzzle: Virtual Reconstruction and Craniometric analysis of a Fragmented Facial Skeleton from Cuncaicha (Southern Peru).
Paleoamerica. Under Review.
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Aspects of use and control of fire by Neanderthals has generated heated discussions [1]. A crucial aspect to our understanding of
Neanderthal pyrotechnology is understanding the features related to fires that they left behind, including intact hearths and asso-
ciated combustion residues that may have been modified syndepositionally by maintenance activities but also by post-depositional
reworking and chemical alteration. We may study burnt objects from a site (bone, lithics) but to obtain a more complete under-
standing of Neanderthal ‘fire use’, we must study in detail the primary/primeval aspects of Neanderthal pyrotechnology, the de-
posits themselves at a microstratigraphic scale [2]. At the site of Kebara Cave, hearths and burned residues have been previously
studied at the microstratigraphic scale using micromorphology and phytolith analyses [3], but direct links to concurrent macro-
scopic analyses, including identification of diagenetic minerals using FTIR have until recently been limited. This study links the
macroscopic to microscopic records by applying µ-XRF and µ-FTIR directly to micromorphological samples to characterize the
lithologies, composition, mineralogy, and structure of hearths. The work focuses on samples collected in 2006 after the main ex-
cavations (1982-1990) in order to evaluate their depositional and post-depositional histories and their reflection on Neanderthal
and modern human fire-making and use practices.

The site of Kebara, located along the western side ofMt. Carmel,∼30 km south ofHaifa, Israel, is formed in aCretaceous lime-
stone reef complex at an elevation of∼ 60 m asl. Excavations from the 1930s to 1990s exposed deposits with Natufian, Kebaran,
Upper and Middle Palaeolithic (UP, MP) implements, and a Neanderthal skeleton. Burnt Mousterian flints yielded thermolumi-
nescence (TL) dates between 48000 and 60000 BP, whereas numerous radiocarbon dates point to the transition fromMiddle to
Upper Palaeolithic between 49/48 and 47/46 k radiocarbon calibrated years before present [3].

Samples for this study were collected from MP and UP hearths in various locations and layers in the cave, and include single
hearth structures, thin superposed/stacked hearths, and ashy layered dumped hearthmaterials.They were removed as intact blocks
that were dried and impregnated with polyester resin, from which petrographic thin sections (50x75 mm) were made.

The integrated microscopic results show that broad spatial patterns in the chemical alteration of the deposits are generally con-
firmed; however, several samples show evidence of multiple phases of alteration that indicate shifting chemical environments. For
example, dahllite precipitation in voids parallel observations previouslymade at TabunCave, which suggest that at both sites, cycles
of renewed phosphatization may have occurred several millennia after the initially more “severe” diagenetic alteration. Bands and
areas that appear uniformly white in the field also contain multiple phases of diagenesis. The work also provides new information
about the dark, organic-rich layers, some of which form the basal portions of hearth sequences.These layers are enriched in copper
and in some cases may be associated withmagnesium. Some dark layers exhibit evidence of phosphatization prior to the deposition
of overlying ashes.

The combined use of microstratigraphic documentation in the field, micromorphology, µ-XRF and µ-FTIR is a robust ap-
proach for deconstructing chemical partitioning within the thin section, which ultimately may reflect on human activities that
previously were not visible in the field or using only a petrographic microscope.
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ations. For that reason, in spite of the great effort invested in their recovery and preservation during the archaeological excavations,
they are left out from the morphometric analysis. Therefore, they cannot be used for discussing human variability and evolution-
ary processes. This is especially the case for South America, where the early Holocene specimens are scarce, and some of them are
incomplete and/or present some changes as a result of post-depositional alterations. We present here the first virtual reconstruc-
tion of an early Holocene South American skull that was recovered from the excavations at Cuncaicha rock shelter in the south
of Peru (9240-8770 calibrated years BP) [1]. The skull is composed of 20 fragments that were scanned in the Paleoanthropology
Department at the University of Tübingen. A virtual anatomical reconstruction was conducted by using Avizo and including skull
reference models from the Andes. As the cranial vault presents a strong alteration resulting in a lateral distortion that affects the
whole vault shape, retrodeformation techniques were applied for modeling post-depositional changes [2]. In spite of the large de-
gree of completeness of the skull (approx. 80%), there are some missing parts that were estimated by mirroring them from the
opposite preserved side of the skull.This allowed conducting 3Dmorphometric analysis from the whole skull by comparing it with
other early and late Holocene specimens from South America (N=500), by taking into account the symmetric component only.
Shape changes were studied by running between-groups Principal Component Analysis. The results are discussed together with a
previous 2D morphometric study of the facial variation that allowed establishing associations with specimens from Lagoa Santa
in Brazil, supporting previous claims of morphological similarities among the early settlers of the continent [3]. Such craniofacial
patterns were interpreted as the retention of some ancestral features among some of the early South American populations.
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Throughout the history and prehistory ofHomo sapiens, cultural transitions repeatedly altered lifestyle, the conditions of survival
and reproduction as well as the modes of biocultural inheritance. Cultural changes thus have been important drivers of biological
evolution in our species [1].With the advancement of agriculture, housing, medicine, and other technologies, natural selection has
been continually reduced. Has this also reduced evolutionary change in our lineage? Do humans still evolve in modern industrial
societies, and if so, can we predict how human biology evolved in the last centuries or will continue to evolve? It is tempting to as-
sume that evolutionary change in humans has reduced or even stopped as a result of reduced natural selection. For instance, David
Attenborough claimed that ”... we’ve stopped evolving ... as soon as we started being able to rear 95–99% of our babies that are
born.” [2]. I will show that this is not true: by shifting existing fitness trade-offs, reduced selection pressures have even triggered new
evolutionary changes. Many anatomical, physiological, and behavioral traits evolved by trading off fitness for different functions
or life stages. The resulting “evolutionary compromises” optimize average fitness in a population and may entail individuals that
appear to be maladapted for one or more of the involved functions. A typical example is pelvic form: a wide pelvis is beneficial for
childbirth but detrimental for pelvic floor stability; human pelvic form thus evolved as a compromise that trades off these two op-
posed selective forces [3]. Drawing form epidemiological and genomic data, I also show how such trade-off dynamics underlie the
evolution of sickle cell disease and autoimmune disorders in humans. In modern societies, such opposed selective forces have been
differently relaxed by technological or medical advances; this, in turn, has disrupted the evolutionary equilibriums and triggered
novel evolutionary changes [4]. I will outline this theory and use it to showhowmedical treatment of obstructed labor, anemia, and
autoimmune disorders has evolutionary affected human childbirth, sickle cell disease, and immune function. Furthermore, I will
extend this theory to the trade-off between ecological and social selection. In particular, I show how the antagonism of ecological
and sexual selection has determined the evolution of sexual dimorphism in human stature.Using global demographic and biometric
data, I demonstrate how the relaxation of ecological selection has altered the pattern of sexual dimorphism in human body height.
Outside of biology and medicine, researchers from various disciplines are wary of evolutionary considerations of human biology
and health owing to possible linkages to racist or eugenic standpoints [5]. At the end of my talk, I will thus briefly discuss ethical
and political challenges involved in these studies and address the questionwhether the human evolution community should engage
more in studies of modern human dynamics and evolutionary medicine.

PMwas supported by the Austrian Science Fund (FWF grant P29397).

References:[1] Jablonka, E., Lamb, M.J., 2005. Evolution in Four Dimensions: Genetic, Epigenetic, Behavioral, and Symbolic Variation in the History of Life. MIT Press.[2]
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Pavlicev, M., 2016. Cliff edge model of obstetric selection in humans. PNAS 113(51), 14680-14685.[4] Mitteroecker, P., 2018. How human bodies are evolving in modern societies. Nature Ecology &
Evolution 3, 324-326.[5] Laubichler, M. D., Maienschein, J., 2010. Politics in Biology.in: Encyclopedia of Life Sciences. JohnWiley & Sons, Chichester.
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Archaeological sites are submitted to various taphonomic processes that have been studiedmainly in order to understand the forma-
tion processes of sites, modifications in the spatial distribution of lithic artefacts or bonematerials at particular sites, or preservation
of bones and other organic material. Post-depositional phenomenamay however also modify stone tools, altering their surface and
edges and thus affecting the functional wear that may be present [1]. Alterations of stone tools have been observed since the begin-
ning of use-wear analysis. Indeed, alterations are known to possibly cover, destroy or mimic use-wear traces, thereby hampering a
reliable functional study and a loss of essential information [2]. Some time periods and regions prove to be more affected by alter-
ations than others, while experiences have also shown that raw materials tend to react differently to specific taphonomic processes
[3]. An improved understanding of functional data, in particular for Palaeolithic archaeological assemblages, requires a better com-
prehension of alteration phenomena in order to strengthen interpretations of altered assemblages or even render their functional
data accessible.This study focuses on alterations produced by repeated freeze and thaw cycles which are frequently attested onUp-
per Palaeolithic sites in Europe. Thanks to a climate chamber, we succeeded in the reproduction of natural freeze and thaw cycles.
Flint tools, used onwood,meat, bone and hide were buried inwater-saturated loess and submitted to repeated temperature fluctua-
tions between -20°C and 20°C. Tools were excavated after 50 cycles.We obtained an alteration polish which is frequently observed
on prehistoric stone tools [4, 5] and which may hinder use-wear traces. The process also transformed and/or detached residues
from the tool surface. In some cases, the residues proved to protect the flint surface against alterations.The results of this method-
ological study support the relevance of further explorations of how freeze-thaw cycles affect and possibly transform use-wear traces
and residues. An improved understanding of these alterations not only improves present-day use-wear and residue methodologies,
but also paves the way for functional analyses of altered archaeological assemblages that are now often considered as having little
potential for functional studies.

This research was funded by the European Research Council under the European Union Seventh Framework Programme (FP/2007-2013) in the context of a starting grant (EVO-HAFT) attributed to V.
Rots (ERC Grant Agreement no. 312283) and by the University of Liège (Bourses non-FRIA, M. Michel). V. Rots is also indebted to the Fund for Scientific Research (FNRS-FRS). We sincerely thank all
members of TraceoLab for their help with the experiments and the analysis, particularly Christian Lepers for his contribution to the experimental set-up. We are equally grateful to Stephane Pirson for his
useful comments on ice-related phenomena.
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BAR International Series 2471: 81.[5] Rots, V., 2015. Hafting and the interpretation of site function in the European Middle Palaeolithic. Settlement Dynamics of the Middle Palaeolithic and Middle
Stone Age 4, 383-410.
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Throughout the history and prehistory ofHomo sapiens, cultural transitions repeatedly altered lifestyle, the conditions of survival
and reproduction as well as the modes of biocultural inheritance. Cultural changes thus have been important drivers of biological
evolution in our species [1].With the advancement of agriculture, housing, medicine, and other technologies, natural selection has
been continually reduced. Has this also reduced evolutionary change in our lineage? Do humans still evolve in modern industrial
societies, and if so, can we predict how human biology evolved in the last centuries or will continue to evolve? It is tempting to as-
sume that evolutionary change in humans has reduced or even stopped as a result of reduced natural selection. For instance, David
Attenborough claimed that ”... we’ve stopped evolving ... as soon as we started being able to rear 95–99% of our babies that are
born.” [2]. I will show that this is not true: by shifting existing fitness trade-offs, reduced selection pressures have even triggered new
evolutionary changes. Many anatomical, physiological, and behavioral traits evolved by trading off fitness for different functions
or life stages. The resulting “evolutionary compromises” optimize average fitness in a population and may entail individuals that
appear to be maladapted for one or more of the involved functions. A typical example is pelvic form: a wide pelvis is beneficial for
childbirth but detrimental for pelvic floor stability; human pelvic form thus evolved as a compromise that trades off these two op-
posed selective forces [3]. Drawing form epidemiological and genomic data, I also show how such trade-off dynamics underlie the
evolution of sickle cell disease and autoimmune disorders in humans. In modern societies, such opposed selective forces have been
differently relaxed by technological or medical advances; this, in turn, has disrupted the evolutionary equilibriums and triggered
novel evolutionary changes [4]. I will outline this theory and use it to showhowmedical treatment of obstructed labor, anemia, and
autoimmune disorders has evolutionary affected human childbirth, sickle cell disease, and immune function. Furthermore, I will
extend this theory to the trade-off between ecological and social selection. In particular, I show how the antagonism of ecological
and sexual selection has determined the evolution of sexual dimorphism in human stature.Using global demographic and biometric
data, I demonstrate how the relaxation of ecological selection has altered the pattern of sexual dimorphism in human body height.
Outside of biology and medicine, researchers from various disciplines are wary of evolutionary considerations of human biology
and health owing to possible linkages to racist or eugenic standpoints [5]. At the end of my talk, I will thus briefly discuss ethical
and political challenges involved in these studies and address the questionwhether the human evolution community should engage
more in studies of modern human dynamics and evolutionary medicine.
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Homo erectus sensu lato is the earliest fossil human species that shows modern human body proportions, an increase of brain size,
as well as various other derived features. Its vast time range and geographic distribution have been linked with its observed high
morphological variability. This variability, however, has also been interpreted in terms of taxonomic diversity, with some authors
proposing the presence of two species. Understanding the factors that affect this variation, including geography, time, sexual dimor-
phism and developmental changes, is therefore imperative for the interpretation of theHomo erectus hypodigm. A case in point is
the specimenKNM-ER 42700, whom taxonomy has been highly debated over the past years [1-2-3-5]. Recently a new reconstruc-
tion of the specimen was made[4]. One of the conclusive hypotheses that the authors suggested, after analyzing the endocranial
shape of this fossil, is that this individual had a probable age at death between Mojokerto and KNM-WT15000. In this study we
aim to develop a comparative basis for assessing the developmental stage of KNM-ER 42700 based on the ontogenetic pattern of
the ectocranial surface of the basicranium in modern humans and chimpanzees. A total of 33 landmarks were collected from an
ontogenetic sample of modern humans (80), chimpanzees (51), and twelve individuals classified asHomo erectus sensu latoOnto-
genetic trajectories were analyzed, and common aspects were extracted for the purpose of discriminating age groups. A regression
of size on the extracted shape variables was used to investigate common ontogenetic allometry. The basicranial development of
chimpanzees and humans follows different trajectories; however, similarities are also present. The common shape component of
development extracted can be used to define age groups in both chimpanzees andmodern humans.The extracted shape component
presents a similar ontogenetic and static-allometric pattern in these two species.The developmental stage ofHomo erectus sensu lato
specimens was attributed following these common traits. Developmental stages ofHomo erectus sensu lato were correctly assigned
for the specimens of known developmental stage. The component used for assessing developmental stage has an ontogenetic al-
lometric component. However, this shape component can discriminate age group irrespective of size and is no longer related to
size when static allometry is considered. Adult Homo erectus sensu lato specimens were attributed to the adult category. KNM-
WT15000 fell with the late juvenile age group, while D2700 plotted in the region of overlap between the juvenile and adult age
groups andMojokerto with the younger age groups, as predicted by their known developmental stages. KNM-ER42700 fell within
the adult variability despite its incompletely fused spheno-occipital synchondrosis. Our results indicate that KNM-ER42700 al-
ready attained an adult basicranial morphology. Thus, suggesting that its overall cranial morphology probably was not influenced
by a very young developmental stage as previously hypothesized.

References:[1] Baab, K.L., 2008. A re-evaluation of the taxonomic affinities of the earlyHomo cranium KNM-ER 42700. Journal of Human Evolution 55, 741-746; discussion 747-750.[2] Baab, K.L., 2016.
The role of neurocranial shape in defining the boundaries of an expandedHomo erectus hypodigm. Journal of Human Evolution 92, 1-21.[3] Bauer, C.C., Harvati, K., 2015. A virtual reconstruction and
comparative analysis of the KNM-ER 42700 cranium. Anthropologischer Anzeiger 72, 129-140.[4] Neubauer, S., Gunz, P., Leakey, L., Leakey, M., Hublin, J.-J., Spoor, F., 2018. Reconstruction,
endocranial form and taxonomic affinity of the earlyHomo calvaria KNM-ER 42700. Journal of Human Evolution.[5] Spoor, F., Leakey, M.G., Gathogo, P.N., Brown, F.H., Antón, S.C., McDougall, I.,
Kiarie, C., Manthi, F.K., Leakey, L.N., 2007. Implications of new early Homo fossils from Ileret, east of Lake Turkana, Kenya. Nature 448, 688.
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Crvena Stijena (‘Red Rock’) is a rock shelter in Montenegro with an exceptionally long and well-preserved sequence of archaeo-
logical deposits spanning theMiddle Paleolithic to the Bronze Age. It is located in the Dinaric Alps in the southwestern part of the
country, 700meters a.s.l. and 32 km from the present-dayAdriatic coastline.Half of the sequence (10meters in depth) is older than
40 kya, as it is capped by the well-dated Y5 tephra attributed to the Campanian Ignimbrite eruption [1].The site was excavated in
the 1950s and 60s, during which a deep sounding was placed through the Paleolithic deposits.The resulting lithic collections have
made Crvena Stijena a type-site for the southern Balkans [2]. Subsequent excavations by Whallon and colleagues [3] from 2004-
2015 produced the first extensive absolute chronology for the site, assessed the stratified hearths and macrobotanical remains, and
documented the extensive faunal record [4]. In 2017, a new collaboration was formed between the University of Minnesota, the
Center for Conservation and Archaeology (Ministry of Culture), Montenegro, and the National Museum of Montenegro. The
goal of this project is to excavate the Middle Paleolithic levels in order to characterize Neanderthal behavior, particularly with re-
gards to pyrotechnology. We are testing the controversial hypothesis [5] that Neanderthals used fire only when it was available in
their environment. We are applying a number of analytical techniques to reconstruct pyrotechnological behaviors, such as micro-
morphology, mineralogical analysis of sediments and heat-altered artifacts, and archaeomagnetic analysis of combustion features.
Paleoenvironmental reconstruction is based upon faunal analysis, phytolith analysis, biomarker analysis from sediments, and char-
coal analysis. Preliminary results frommicromorphology indicate that the combustion features in the lower layers (e.g. XXIV) are
in situ and well preserved. They are composed almost entirely of fragmented, burnt bone; wood ash; and charcoal. FTIR analyses
support the identification of wood ash in the combustion features and demonstrate that some of the calcined bones were heated
above 500° C. Analysis of lipid biomarkers from the same combustion features suggests that terrestrial plants are themain source of
the charred matter. Anthracological analyses show that the charcoal is dominated by Pinus nigra-sylvestris (Black Scots Pine).The
overall species composition of the charcoal indicates that the wood comes from cryophilous pine forests, typical of mid-altitude
Mediterraneanmountain pine forests. Analysis of the fauna shows extensive evidence of human interaction, withmoderate to high
frequencies of cut-marks on a wide range of skeletal parts and on all of themain ungulate taxa.The ungulate fraction, dominated by
red deer, is remarkably consistent throughout the sequence.This suggests either that local ecological conditions were stable through
time, or that the layers accumulated fairly quickly. We are thus beginning to refine our understanding of local environmental con-
ditions during the time of occupation of the site, and ofNeanderthals’ responses to these conditions.Themulti-analytical approach
to the archaeological record that we have deployed will allow us to document Neanderthal pyrotechnological behavior within its
ecological context, and develop a better understanding of the interaction between fire use and variation in site function as recon-
structed from the lithic economy and faunal exploitation domains.

The authors wish to thank the villagers of Petrovići for their immense hospitality; the many talented students who assisted with fieldwork and labwork; and the Montenegrin Ministry of Culture, the
Montenegrin Academy of Sciences, the National Science Foundation (NSF-BCS 1758285), and the University of Minnesota Grant-in-Aid of Research, for funding and support.

References:[1] Morley, M. W., Woodward, J. C., 2011. The Campanian Ignimbrite (Y5) tephra at Crvena Stijena Rockshelter, Montenegro. Quaternary Research, 75(3): 683–696.[2] Mihailović, D.,
Whallon, R., 2017. Crvena Stijena revisited: The Late Mousterian assemblages. Quaternary International 450:36-49.[3] Baković, M., Mihailović, B., , Mihailović, D., Morley, M., Vušović-Lučić, Z.,
Whallon, R., Woodward, J., 2009. Crvena Stijena excavations 2004-2006, preliminary report. Eurasian Prehistory, 6(1–2), 3–31.[4] Whallon, R. (Ed.), 2017. Crvena Stijena in Cultural and Ecological
Context. Podgorica: National Museum of Montenegro, Montenegrin Academy of Sciences and Arts. Special editions (Monographies and Studies), Volume 138.[5] Dibble, H. L., Abodolahzadeh, A.,
Aldeias, V., Goldberg, P., McPherron, S. P., Sandgathe, D. M., 2017. How Did Hominins Adapt to Ice Age Europe without Fire?, Current Anthropology 58:S16, S278-S287.

134



Poster Presentation Number 37, Session 1,Th. 12:15-14:00

Basicranial ontogeny comparison in Pan troglodytes andHomo sapiens and its use for developmental
stage definition of KNM-ER42700

TommasoMori1, Katerina Harvati1,2

1 - Paleoanthropology, Senckenberg Centre for Human Evolution and Paleoenvironment, Institute of Archaeological Sciences,
University of Tübingen, Tübingen, Germany · 2 - DFGCentre for Advanced Studies “Words, Bones, Genes, Tools: Tracking
linguistic, cultural and biological trajectories of the human past”, Institute of Archaeological Sciences, University of Tübingen,
Tübingen, Germany

Homo erectus sensu lato is the earliest fossil human species that shows modern human body proportions, an increase of brain size,
as well as various other derived features. Its vast time range and geographic distribution have been linked with its observed high
morphological variability. This variability, however, has also been interpreted in terms of taxonomic diversity, with some authors
proposing the presence of two species. Understanding the factors that affect this variation, including geography, time, sexual dimor-
phism and developmental changes, is therefore imperative for the interpretation of theHomo erectus hypodigm. A case in point is
the specimenKNM-ER 42700, whom taxonomy has been highly debated over the past years [1-2-3-5]. Recently a new reconstruc-
tion of the specimen was made[4]. One of the conclusive hypotheses that the authors suggested, after analyzing the endocranial
shape of this fossil, is that this individual had a probable age at death between Mojokerto and KNM-WT15000. In this study we
aim to develop a comparative basis for assessing the developmental stage of KNM-ER 42700 based on the ontogenetic pattern of
the ectocranial surface of the basicranium in modern humans and chimpanzees. A total of 33 landmarks were collected from an
ontogenetic sample of modern humans (80), chimpanzees (51), and twelve individuals classified asHomo erectus sensu latoOnto-
genetic trajectories were analyzed, and common aspects were extracted for the purpose of discriminating age groups. A regression
of size on the extracted shape variables was used to investigate common ontogenetic allometry. The basicranial development of
chimpanzees and humans follows different trajectories; however, similarities are also present. The common shape component of
development extracted can be used to define age groups in both chimpanzees andmodern humans.The extracted shape component
presents a similar ontogenetic and static-allometric pattern in these two species.The developmental stage ofHomo erectus sensu lato
specimens was attributed following these common traits. Developmental stages ofHomo erectus sensu lato were correctly assigned
for the specimens of known developmental stage. The component used for assessing developmental stage has an ontogenetic al-
lometric component. However, this shape component can discriminate age group irrespective of size and is no longer related to
size when static allometry is considered. Adult Homo erectus sensu lato specimens were attributed to the adult category. KNM-
WT15000 fell with the late juvenile age group, while D2700 plotted in the region of overlap between the juvenile and adult age
groups andMojokerto with the younger age groups, as predicted by their known developmental stages. KNM-ER42700 fell within
the adult variability despite its incompletely fused spheno-occipital synchondrosis. Our results indicate that KNM-ER42700 al-
ready attained an adult basicranial morphology. Thus, suggesting that its overall cranial morphology probably was not influenced
by a very young developmental stage as previously hypothesized.
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comparative analysis of the KNM-ER 42700 cranium. Anthropologischer Anzeiger 72, 129-140.[4] Neubauer, S., Gunz, P., Leakey, L., Leakey, M., Hublin, J.-J., Spoor, F., 2018. Reconstruction,
endocranial form and taxonomic affinity of the earlyHomo calvaria KNM-ER 42700. Journal of Human Evolution.[5] Spoor, F., Leakey, M.G., Gathogo, P.N., Brown, F.H., Antón, S.C., McDougall, I.,
Kiarie, C., Manthi, F.K., Leakey, L.N., 2007. Implications of new early Homo fossils from Ileret, east of Lake Turkana, Kenya. Nature 448, 688.

135

Poster Presentation Number 88, Session 2, Sa. 12:15-14:00

New Excavations at Crvena Stijena, Montenegro: First Results

GillianeMonnier1, Gilbert Tostevin1, Mile Baković2, Nikola Borovinić2, CarolinaMallol3, Margarita Jambrina3, Goran
Ćulafić4, Goran Pajović5, EugeneMorin6, Elisabetta Boaretto7, Paloma Vidal8, Angel Carrancho9, DušanMihailović10,
RobertWhallon11, Norbert Mercier12, Michael Morley13

1 - Dept. of Anthropology, University of Minnesota, USA · 2 - Center for Conservation and Archaeology, Montenegro · 3 -
Universidad de la Laguna, Tenerife, Spain · 4 - Natural History Museum, Montenegro · 5 - National Museum, Montenegro · 6 -
Dept. of Anthropology, Trent University, Canada · 7 - Kimmel Center for Archaeological Science,Weizmann Institute of Science,
Israel · 8 - Dept. of Prehistory, Archaeology, and Ancient History, University of Valencia, Spain · 9 - Dept. of History, Geography
and Communication, University of Burgos, Spain · 10 - Dept. of Archaeology, Faculty of Philosophy, Belgrade University, Serbia ·
11 - Museum of Anthropological Archaeology, University of Michigan, USA · 12 - Centre de Recherche en Physique Appliquée à
l’Archéologie, France · 13 - Centre for Archaeological Science, University ofWollongong, Australia

Crvena Stijena (‘Red Rock’) is a rock shelter in Montenegro with an exceptionally long and well-preserved sequence of archaeo-
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40 kya, as it is capped by the well-dated Y5 tephra attributed to the Campanian Ignimbrite eruption [1].The site was excavated in
the 1950s and 60s, during which a deep sounding was placed through the Paleolithic deposits.The resulting lithic collections have
made Crvena Stijena a type-site for the southern Balkans [2]. Subsequent excavations by Whallon and colleagues [3] from 2004-
2015 produced the first extensive absolute chronology for the site, assessed the stratified hearths and macrobotanical remains, and
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their environment. We are applying a number of analytical techniques to reconstruct pyrotechnological behaviors, such as micro-
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in situ and well preserved. They are composed almost entirely of fragmented, burnt bone; wood ash; and charcoal. FTIR analyses
support the identification of wood ash in the combustion features and demonstrate that some of the calcined bones were heated
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the charred matter. Anthracological analyses show that the charcoal is dominated by Pinus nigra-sylvestris (Black Scots Pine).The
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Mediterraneanmountain pine forests. Analysis of the fauna shows extensive evidence of human interaction, withmoderate to high
frequencies of cut-marks on a wide range of skeletal parts and on all of themain ungulate taxa.The ungulate fraction, dominated by
red deer, is remarkably consistent throughout the sequence.This suggests either that local ecological conditions were stable through
time, or that the layers accumulated fairly quickly. We are thus beginning to refine our understanding of local environmental con-
ditions during the time of occupation of the site, and ofNeanderthals’ responses to these conditions.Themulti-analytical approach
to the archaeological record that we have deployed will allow us to document Neanderthal pyrotechnological behavior within its
ecological context, and develop a better understanding of the interaction between fire use and variation in site function as recon-
structed from the lithic economy and faunal exploitation domains.
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Brain lateralisation is commonly interpreted as crucial for human brain function and cognition. Several evolutionary hypotheses
have linked human brain asymmetry to handedness, tool use, and language, and brain lateralisation for sensorimotor functions is
widely assumed to provide increased neural capacity, key to the evolution of higher cognitive abilities in the human lineage. How-
ever, as comparative studies among primates are rare, it is not knownwhich aspects of lateralisation are really uniquely human.Here,
we quantify aspects of brain shape asymmetry based on endocranial imprints of the braincase in humans, chimpanzees, gorillas, and
orangutans. Due to the tight interactions between the brain, connective tissues (meninges), and neurocranial bones during growth,
such endocasts closely reflect the size and outer shape of the brain, including the magnitude and pattern of brain asymmetry. We
use computed tomography scans of 228 individuals to generate digital endocasts and tomeasure 935 three-dimensional landmarks
and sliding semilandmarks for a geometricmorphometrics analysis. Importantly, ourmethodological approach neither requires the
specification of an anatomical midplane (which itself can be asymmetric), nor an orientation or mapping to any reference system.
We show that the average pattern andmagnitude of shape asymmetry is shared across humans and non-human apes. Most individ-
uals of the analysed taxa display a combination of a left occipital and right frontal petalia (protrusions of the cerebral cortex into the
internal table of cranial bone), as previously described for humans. Additionally, this directional asymmetry pattern is associated
with differential projections of the temporal poles and cerebellar lobes. Our results emphasize the need to disentangle shape asym-
metry from absolute size differences, whichmight have concealed the shared asymmetry pattern among hominids in earlier studies.
Individual variation in endocranial asymmetry around this average pattern is pervasive and most pronounced in humans. Chim-
panzees show a reducedmagnitude of both symmetric and asymmetric shape variation, which challenges interpretations of human
“uniqueness” inferred from a comparison with chimpanzees only. Humans, however, have a weakened and decoupled pattern of
directional asymmetry compared to non-human apes, the opposite of what we expected. Based on these findings, it is important
to note that a left occipital petalia combined with a right frontal petalia found on a fossil hominin endocast does not necessarily
imply a modern human pattern of brain lateralisation. Intriguingly, our findings suggest that instead of a unique spatial asymmetry
pattern with strong directionality, humans display a uniquely variable and decoupled pattern of – otherwise conserved – endocra-
nial asymmetry.This likely reflects increased functional and developmental modularization of the human brain.
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Differences in time of dental growth between Neanderthals and modern humans, as a proxy for ontogenetic diversity, have been
subject of intense debate [1] in the past decades using morphology, classic histology and virtual histology. Particular attention has
been paid to the permanent dentition while much less data is available for high resolution histomorphometry of Neanderthal de-
ciduous dental crowns. Here we present preliminary results of the histomorphometrical analysis of three deciduous Neanderthal
tooth crowns from the same geographic area of Northeastern Italy, spanning chronologically between 70 and 40 ka BP. De Nadale
1 is a lower right deciduous first molar exfoliated crown, from the De Nadale Late Middle Palaeolithic cave located in the Berici
Hills (Vicenza, Northeastern Italy) with a minimum age of 70.2 ka BP [2]. Fumane 1 is a lower left deciduous second molar exfo-
liated crown, from the Mousterian levels of the Fumane cave in the Lessini Mountains (Verona, Northeastern Italy) dated before
47.6 ka cal BP [3]. Broion 1 is a still unreported upper deciduous left canine, possibly exfoliated, from the finalMousterian deposits
of Riparo Broion (Vicenza, Northeastern Italy), preliminarily dated before 40 ka BP.The three sites are situated within a∼55 km
radius of each other. Sectioning, imaging and enamel histological analyses were conducted at Museo delle Civiltà (Rome). Teeth
were embedded in clean EpoThin (Buehler) resin, cut using a Low Speed Isomet microtome (Buehler) with water as lubricant and
polished using 1 µm diamond paste (DP-SuspensionM, Struers). Final sections were 200-250 µm thick to allow both transmitted
light investigation and future LA-ICPMS chemical analysis. All the crowns are worn, making precise prenatal and total crown for-
mation time estimates difficult. However, the neonatal line is present in all the three specimens, thus allowing a precise estimate
of the postnatal crown formation time. Preliminary assessment of the enamel daily secretion rates was performed and shown to
be very similar to the data reported in literature [4] for modern humans. The postnatal crown formation time of the deciduous
first molar De Nadale 1 lies within the modern human variability, while the deciduous canine Broion 1 and the second deciduous
molar Fumane 1 show a consistently shorter postnatal crown formation time when compared with the known archaeological [5]
and modern [4] human range of variability. Despite the small sample size, the results of this study suggest there may be significant
differences in some deciduous total crown formation times betweenNeanderthals andmodern humans that may in the future con-
tribute to the ongoing debate about ontogenetic diversity.
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Brain lateralisation is commonly interpreted as crucial for human brain function and cognition. Several evolutionary hypotheses
have linked human brain asymmetry to handedness, tool use, and language, and brain lateralisation for sensorimotor functions is
widely assumed to provide increased neural capacity, key to the evolution of higher cognitive abilities in the human lineage. How-
ever, as comparative studies among primates are rare, it is not knownwhich aspects of lateralisation are really uniquely human.Here,
we quantify aspects of brain shape asymmetry based on endocranial imprints of the braincase in humans, chimpanzees, gorillas, and
orangutans. Due to the tight interactions between the brain, connective tissues (meninges), and neurocranial bones during growth,
such endocasts closely reflect the size and outer shape of the brain, including the magnitude and pattern of brain asymmetry. We
use computed tomography scans of 228 individuals to generate digital endocasts and tomeasure 935 three-dimensional landmarks
and sliding semilandmarks for a geometricmorphometrics analysis. Importantly, ourmethodological approach neither requires the
specification of an anatomical midplane (which itself can be asymmetric), nor an orientation or mapping to any reference system.
We show that the average pattern andmagnitude of shape asymmetry is shared across humans and non-human apes. Most individ-
uals of the analysed taxa display a combination of a left occipital and right frontal petalia (protrusions of the cerebral cortex into the
internal table of cranial bone), as previously described for humans. Additionally, this directional asymmetry pattern is associated
with differential projections of the temporal poles and cerebellar lobes. Our results emphasize the need to disentangle shape asym-
metry from absolute size differences, whichmight have concealed the shared asymmetry pattern among hominids in earlier studies.
Individual variation in endocranial asymmetry around this average pattern is pervasive and most pronounced in humans. Chim-
panzees show a reducedmagnitude of both symmetric and asymmetric shape variation, which challenges interpretations of human
“uniqueness” inferred from a comparison with chimpanzees only. Humans, however, have a weakened and decoupled pattern of
directional asymmetry compared to non-human apes, the opposite of what we expected. Based on these findings, it is important
to note that a left occipital petalia combined with a right frontal petalia found on a fossil hominin endocast does not necessarily
imply a modern human pattern of brain lateralisation. Intriguingly, our findings suggest that instead of a unique spatial asymmetry
pattern with strong directionality, humans display a uniquely variable and decoupled pattern of – otherwise conserved – endocra-
nial asymmetry.This likely reflects increased functional and developmental modularization of the human brain.
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Differences in time of dental growth between Neanderthals and modern humans, as a proxy for ontogenetic diversity, have been
subject of intense debate [1] in the past decades using morphology, classic histology and virtual histology. Particular attention has
been paid to the permanent dentition while much less data is available for high resolution histomorphometry of Neanderthal de-
ciduous dental crowns. Here we present preliminary results of the histomorphometrical analysis of three deciduous Neanderthal
tooth crowns from the same geographic area of Northeastern Italy, spanning chronologically between 70 and 40 ka BP. De Nadale
1 is a lower right deciduous first molar exfoliated crown, from the De Nadale Late Middle Palaeolithic cave located in the Berici
Hills (Vicenza, Northeastern Italy) with a minimum age of 70.2 ka BP [2]. Fumane 1 is a lower left deciduous second molar exfo-
liated crown, from the Mousterian levels of the Fumane cave in the Lessini Mountains (Verona, Northeastern Italy) dated before
47.6 ka cal BP [3]. Broion 1 is a still unreported upper deciduous left canine, possibly exfoliated, from the finalMousterian deposits
of Riparo Broion (Vicenza, Northeastern Italy), preliminarily dated before 40 ka BP.The three sites are situated within a∼55 km
radius of each other. Sectioning, imaging and enamel histological analyses were conducted at Museo delle Civiltà (Rome). Teeth
were embedded in clean EpoThin (Buehler) resin, cut using a Low Speed Isomet microtome (Buehler) with water as lubricant and
polished using 1 µm diamond paste (DP-SuspensionM, Struers). Final sections were 200-250 µm thick to allow both transmitted
light investigation and future LA-ICPMS chemical analysis. All the crowns are worn, making precise prenatal and total crown for-
mation time estimates difficult. However, the neonatal line is present in all the three specimens, thus allowing a precise estimate
of the postnatal crown formation time. Preliminary assessment of the enamel daily secretion rates was performed and shown to
be very similar to the data reported in literature [4] for modern humans. The postnatal crown formation time of the deciduous
first molar De Nadale 1 lies within the modern human variability, while the deciduous canine Broion 1 and the second deciduous
molar Fumane 1 show a consistently shorter postnatal crown formation time when compared with the known archaeological [5]
and modern [4] human range of variability. Despite the small sample size, the results of this study suggest there may be significant
differences in some deciduous total crown formation times betweenNeanderthals andmodern humans that may in the future con-
tribute to the ongoing debate about ontogenetic diversity.
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Neanderthal humeri are characterised as exhibiting considerable bilateral asymmetry, which is thought to reflect adaptation to uni-
manual tasks such as hide scraping [1], even though broad trends of cross-sectional geometry are considered to be comparable with
Upper Palaeolithic individuals. Juvenile remains however often exhibit considerable robusticity, though much of this is thought to
relate to greater body mass [2]. It can be said that Neanderthal arms seem to have grown at a faster rate than those of modern hu-
mans [2]. This presentation is a progress report on a project to characterise this phenomenon throughout ontogeny using a whole
bone approach, including data on specimens (Eleesivichi, Kostenki 12 and Jebel Irhoud 4) which have not previously had their
internal morphology examined in detail. CT andmicroCT scans of the humerus fromMiddle andUpper Palaeolithic juvenile ho-
minins (n=14) were segmented through a machine–learning approach using the Weka segmentation toolbox in ImageJ [3]. Two
of the humeri (Irhoud 4 and Weimar Ehringsdorf G6) were both partially covered in breccia and also required extensive virtual
re-alignment of fragments in Avizo after segmentation due to crushing during fossilisation and manual reconstruction artefacts.
The cortical bone was then manually separated from the trabecular bone for subsequent analyses, due to the irregular nature of
this during growth. Variation in endostructural and periosteal growth of the humerus was characterised from CT and microCT
scans using a whole bone approach, known as morphometric mapping [4]. Briefly, using a customMatlab script, properties of cor-
tical thickness and periosteal curvature are automatically extracted at a high density from every cross section between the 20-80%
margins.These are then unwrapped into false colourmaps which are then compared using conventionalmultivariate statistics. Cor-
tical bone thickness and cross-sectional properties (including J, Imax/Imin and %Cortical Area) along the length of the shaft were
compared with a sample of Holocene individuals as a baseline. It was found that Neanderthal endostructural properties mainly
aligned with modern human individuals who were older dentally, suggesting a more rapid development. Upper Palaeolithic indi-
viduals were more in line with Holocene individuals. Of particular interest areWeimar Ehringsdorf G6 and Irhoud 4, which both
exhibit massively thick cortices along the entire shaft. Elliptical Fourier descriptors of the external periosteal contours (following
the methodology in [4]) were compared withHolocene Agrarian groups (n=95 individuals) and Terminal Pleistocene individuals
fromTaforalt and Afalou Bou-Rhummel (n=18) using Principal components Analysis andDiscriminant Function Analysis. It was
found that Neanderthals occupied a different portion of shape space. This suggested a slightly modified growth trajectory in our
Neanderthal sample. Upper Palaeolithic individuals aligned more closely with later Pleistocene individuals. This was confirmed
through a phenotypic trajectory analysis, using the methodology outlined in [5], which demonstrated that Neanderthals, agrarian
groups and hunter-gatherers all followed different growth trajectories, both in terms of direction and size. Future work will con-
centrate on augmenting our Palaeolithic sample to see if the tendencies discussed here are truly reflective of broader trends.
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Behaviour does not fossilise, yet, with the help of advanced imaging techniques, such as μCT, we could reconstruct the locomotor
behaviour of extinct species.This approach is based on the complex relationship betweenmechanical loading and bonemicrostruc-
tural adaptations observed in extant primates, yet progress in this field is still hampered by methodological constraints and a lack
of a golden standard. Advances occur iteratively as each new study addresses the flaws of earlier protocols. Small methodological
studies could accelerate this process. Our study focusses on methodological influences on the quantification of bone parameters.
We obtained μCT data for the third metacarpal (MC3) and capitate of 9 bonobos (Pan paniscus), 5 gibbons (Hylobates lar) and 2
gorillas (Gorilla gorilla). Rather than using a cylindrical volume of interest (VOI), we used an in-house developed computer routine
to isolate the entire trabecular region. Following a protocol based on the ‘whole-epiphysis method’, we limited the ‘length’ of the
MC3 epiphyseal VOIs at the cut-off point where the epiphysis transitions into the diaphysis [1]. The images were then converted
from grayscale to binary by choosing a segmentation threshold for each bone. Using CTAn software, we quantified the microstruc-
ture of the entire capitate and both epiphyses of the MC3.We found that several relevant architectural parameters, such as degree
of anisotropy (DA), bone volume fraction (BV/TV), trabecular number (Tb.N) and trabecular thickness (Tb.Th), were sensitive
to methodological constraints. The whole-epiphysis method was created as an alternative to using a simple VOI, as it was found
that the size and location of these VOIs could influence the measured bone parameters, obscuring functionally relevant variation
and inhibiting interstudy comparison [2]. However, we found that constraints in the whole-epiphysis method could similarly limit
comparison between studies and between and within species. In this method, the cut-off point is determined by the external bone
shape, without considering the presence of a region containing both trabecular structures and a medullary cavity (low Tb.N, low
BV/TV, high DA). To qualitatively assess the influence of the cut-off point on the data, we varied the length of the distal epiphysis
of a PanMC3 and confirmed that increasing the VOI length decreases the Tb.N and BV/TV and increases the DA. Scan resolu-
tion is another influence that could greatly impede interstudy comparisons. During the segmentation process, pixels on the bone
interface that partially contain bone are either considered bone or not-bone. At lower resolutions, these ‘partial pixels’ greatly affect
smaller architectural features such as thin trabeculae, intertrabecular spaces and pores. To investigate this effect, we scanned a go-
rilla capitate at 20μm and resized the image to 40μm, 60μm and 80μm, to obtain four scan resolutions. Prior studies have described
how a lower resolution decreases the Tb.N and increases the Tb.Th and DA by preferentially eroding the trabeculae that are not
aligned with the loading direction [3][4] (these thinner structures are more affected by partial pixels). We were able to confirm
this, but found that the Tb.Th is increased by an additional thickening effect, likely the deletion of pores and intertrabecular spaces.
We also found that the effect of resolution on BV/TVwas determined by the difference in sensitivity with which Tb.Th and Tb.N
increase and decrease, respectively, as BV/TV is proportional to these parameters. Understanding the methodological influences
on bone microstructural analysis allows researchers to make more informed choices and provides a more solid basis for functional
interpretations. Until there is a uniform standard, more small-scale methodological studies are needed to bring us closer to our goal
of using fossil remains to ascertain the locomotor behaviour of extinct species.
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Neanderthal humeri are characterised as exhibiting considerable bilateral asymmetry, which is thought to reflect adaptation to uni-
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relate to greater body mass [2]. It can be said that Neanderthal arms seem to have grown at a faster rate than those of modern hu-
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bone approach, including data on specimens (Eleesivichi, Kostenki 12 and Jebel Irhoud 4) which have not previously had their
internal morphology examined in detail. CT andmicroCT scans of the humerus fromMiddle andUpper Palaeolithic juvenile ho-
minins (n=14) were segmented through a machine–learning approach using the Weka segmentation toolbox in ImageJ [3]. Two
of the humeri (Irhoud 4 and Weimar Ehringsdorf G6) were both partially covered in breccia and also required extensive virtual
re-alignment of fragments in Avizo after segmentation due to crushing during fossilisation and manual reconstruction artefacts.
The cortical bone was then manually separated from the trabecular bone for subsequent analyses, due to the irregular nature of
this during growth. Variation in endostructural and periosteal growth of the humerus was characterised from CT and microCT
scans using a whole bone approach, known as morphometric mapping [4]. Briefly, using a customMatlab script, properties of cor-
tical thickness and periosteal curvature are automatically extracted at a high density from every cross section between the 20-80%
margins.These are then unwrapped into false colourmaps which are then compared using conventionalmultivariate statistics. Cor-
tical bone thickness and cross-sectional properties (including J, Imax/Imin and %Cortical Area) along the length of the shaft were
compared with a sample of Holocene individuals as a baseline. It was found that Neanderthal endostructural properties mainly
aligned with modern human individuals who were older dentally, suggesting a more rapid development. Upper Palaeolithic indi-
viduals were more in line with Holocene individuals. Of particular interest areWeimar Ehringsdorf G6 and Irhoud 4, which both
exhibit massively thick cortices along the entire shaft. Elliptical Fourier descriptors of the external periosteal contours (following
the methodology in [4]) were compared withHolocene Agrarian groups (n=95 individuals) and Terminal Pleistocene individuals
fromTaforalt and Afalou Bou-Rhummel (n=18) using Principal components Analysis andDiscriminant Function Analysis. It was
found that Neanderthals occupied a different portion of shape space. This suggested a slightly modified growth trajectory in our
Neanderthal sample. Upper Palaeolithic individuals aligned more closely with later Pleistocene individuals. This was confirmed
through a phenotypic trajectory analysis, using the methodology outlined in [5], which demonstrated that Neanderthals, agrarian
groups and hunter-gatherers all followed different growth trajectories, both in terms of direction and size. Future work will con-
centrate on augmenting our Palaeolithic sample to see if the tendencies discussed here are truly reflective of broader trends.

W. Sellers, C. Brassey and J. Gardiner for assistance and advice with coding; A.T. Chamberlain and P. O’Higgins for methodological and statistical advice. NESPOS society e.V. and V.I. Khartanivich,
KunstKamera for access to samples; J.- J. Hublin and H. Temming for providing access to the MicroCT of Irhoud 4. N.N. Potrakhov, V.B. Bessonov and A.V. Obodovsky from the First Electrotechnical
University, St Petersburg for assistance in scanning the Kostenki and Eleesivichi remains.

References:[1] Shaw, C.N., Hofmannm C.L., Petraglia, M.D., Stock ,J.T., Gottschall, J.S., 2012. Neandertal Humeri May Reflect Adaptation to Scraping Tasks, but Not SpearThrusting. PLoS ONE 7(7):
e40349. https://doi.org/10.1371/journal.pone.0040349[2] Cowgill, L. W., 2010.The ontogeny of Holocene and Late Pleistocene human postcranial strength. American Journal of Physical Anthropology,
141(1), 16-37.[3] Arganda-Carreras, I., Kaynig, V., Rueden, C., Eliceiri, K.W., Schindelin, J., Cardona, A., Seung, H.S., 2017. Trainable Weka Segmentation: a machine learning tool for microscopy pixel
classification, Bioinformatics, 33(15):01, 2424-2426, https://doi.org/10.1093/bioinformatics/btx180[4] Morimoto, N., De León, M. S. P., Zollikofer, C. P., 2011. Exploring femoral diaphyseal shape
variation in wild and captive chimpanzees by means of morphometric mapping: a test of Wolff ’s law.The Anatomical Record: Advances in Integrative Anatomy and Evolutionary Biology, 294(4),
589-609.[5] Adams, D. C., Collyer, M. L., 2009. A general framework for the analysis of phenotypic trajectories in evolutionary studies. Evolution: International Journal of Organic Evolution, 63(5),
1143-1154.
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Behaviour does not fossilise, yet, with the help of advanced imaging techniques, such as μCT, we could reconstruct the locomotor
behaviour of extinct species.This approach is based on the complex relationship betweenmechanical loading and bonemicrostruc-
tural adaptations observed in extant primates, yet progress in this field is still hampered by methodological constraints and a lack
of a golden standard. Advances occur iteratively as each new study addresses the flaws of earlier protocols. Small methodological
studies could accelerate this process. Our study focusses on methodological influences on the quantification of bone parameters.
We obtained μCT data for the third metacarpal (MC3) and capitate of 9 bonobos (Pan paniscus), 5 gibbons (Hylobates lar) and 2
gorillas (Gorilla gorilla). Rather than using a cylindrical volume of interest (VOI), we used an in-house developed computer routine
to isolate the entire trabecular region. Following a protocol based on the ‘whole-epiphysis method’, we limited the ‘length’ of the
MC3 epiphyseal VOIs at the cut-off point where the epiphysis transitions into the diaphysis [1]. The images were then converted
from grayscale to binary by choosing a segmentation threshold for each bone. Using CTAn software, we quantified the microstruc-
ture of the entire capitate and both epiphyses of the MC3.We found that several relevant architectural parameters, such as degree
of anisotropy (DA), bone volume fraction (BV/TV), trabecular number (Tb.N) and trabecular thickness (Tb.Th), were sensitive
to methodological constraints. The whole-epiphysis method was created as an alternative to using a simple VOI, as it was found
that the size and location of these VOIs could influence the measured bone parameters, obscuring functionally relevant variation
and inhibiting interstudy comparison [2]. However, we found that constraints in the whole-epiphysis method could similarly limit
comparison between studies and between and within species. In this method, the cut-off point is determined by the external bone
shape, without considering the presence of a region containing both trabecular structures and a medullary cavity (low Tb.N, low
BV/TV, high DA). To qualitatively assess the influence of the cut-off point on the data, we varied the length of the distal epiphysis
of a PanMC3 and confirmed that increasing the VOI length decreases the Tb.N and BV/TV and increases the DA. Scan resolu-
tion is another influence that could greatly impede interstudy comparisons. During the segmentation process, pixels on the bone
interface that partially contain bone are either considered bone or not-bone. At lower resolutions, these ‘partial pixels’ greatly affect
smaller architectural features such as thin trabeculae, intertrabecular spaces and pores. To investigate this effect, we scanned a go-
rilla capitate at 20μm and resized the image to 40μm, 60μm and 80μm, to obtain four scan resolutions. Prior studies have described
how a lower resolution decreases the Tb.N and increases the Tb.Th and DA by preferentially eroding the trabeculae that are not
aligned with the loading direction [3][4] (these thinner structures are more affected by partial pixels). We were able to confirm
this, but found that the Tb.Th is increased by an additional thickening effect, likely the deletion of pores and intertrabecular spaces.
We also found that the effect of resolution on BV/TVwas determined by the difference in sensitivity with which Tb.Th and Tb.N
increase and decrease, respectively, as BV/TV is proportional to these parameters. Understanding the methodological influences
on bone microstructural analysis allows researchers to make more informed choices and provides a more solid basis for functional
interpretations. Until there is a uniform standard, more small-scale methodological studies are needed to bring us closer to our goal
of using fossil remains to ascertain the locomotor behaviour of extinct species.

This project was made possible with the assistance of the Anthropological Institute andMuseum (AIM) in Zürich, the Royal Museum for Central Africa in Brussels, Hanniyeh Hemmatian, KarenMys and
Timo Van Leeuwen.

References:[1] Tsegai, Z.J., Kivell, T.L., Gross, T., Huynh Nguyen, N., Pahr, D.H., Smaers, J.B., Skinner, M.M., 2013. Trabecular bone structure correlates with hand posture and use in hominoids. PLoS
ONE. 8, e78781.[2] Kivell, T.L., Skinner, M.M., Lazenby, R., Hublin, J.J., 2011. Methodological considerations for analyzing trabecular architecture: An example from the primate hand. Journal of
Anatomy. 218, 209–225.[3] Isaksson, H., Töyräs, J., Hakulinen, M., Aula, A.S., 2011. Structural parameters of normal and osteoporotic human trabecular bone are affected differently by microCT image
resolution. 167–177.[4] Kothari, M., Keaveny, T.M., Lin, J.C., Newitt, D.C., Genant, H.K., Majumdar, S., 1998. Impact of Spatial Resolution on the Prediction of Trabecular Architecture Parameters. 22,
437–443.
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Italy preserves several archaeological sites with deposits dated to the Middle-to-Upper Paleolithic transition, and for this reason,
it plays an important role in understanding the biocultural processes that characterized the disappearance of the Neandertal and
the success of the newcomers modern humans. However, any conclusive statements is hampered by the paucity of well-preserved
human remains dated to the transitional period. Indeed, as far as Italy is concerned, between 50-40 thousands years ago (kyr), only
five human teeth have been discovered: one Neandertal and two modern human teeth respectively from the final Mousterian and
the Uluzzian deposits of Grotta del Cavallo (Lecce); two modern human teeth from Riparo Bombrini (Ventimiglia) and Grotta
di Fumane (Verona), respectively. In this study we present two new human deciduous teeth retrieved from the deposits of Riparo
Broion (Longare, Vicenza) and Roccia San Sebastiano (Mondragone, Caserta). Specifically, the tooth from Riparo Broion, here-
after called Broion 1, was retrieved from layer 11 top, square AA3a. Radiocarbon dating is in progress, but layer 11, attributed to a
final Mousterian, is below the Uluzzian layer 1g, recently dated∼40 kyr BP [1]. The tooth from Roccia San Sebastiano [2], here-
after called San Sebastiano 1, comes from layer 34, sector E14-E15. Radiocarbon dating of the entire stratigraphy is in progress, but
preliminary evidence based on the archaeological sequence and lithic assemblages, suggests that layer 34 includes a finalMousterian
lithic production. High-resolution microCT images of the teeth were obtained by Xalt micro-CT scanner, and three-dimensional
digitals models were reconstructed using semiautomatic segmentation. Both teeth were morphologically described and morpho-
metrically analysed using crown diameter measurements. Moreover, for San Sebastiano 1 we investigated the crown and cervical
outlines and lateral enamel thickness. The results were compared with a sample of Neandertal, Upper Paleolithic modern human
(UPMH) and recent modern human (RMH) teeth collected from the scientific literature. In terms of morphology, Broion 1 is a
upper left deciduous canine with a strong buccal bulging of the crown and a concave lingual side with a cervical eminence. As far as
San Sebastiano 1 is concerned, the tooth is a lower left second deciduousmolar characterized by an enlargement of the bucco-distal
side of the crown, and an anterior fovea bordered distally by a mid-trigonid crest. Overall, morphological description andmorpho-
metric analysis align both teeth to Neandertal. Archaeological information and paleoanthropological analysis point out that the
Neandertal teeth Broion 1 and San Sebastiano 1 represent, along with the deciduous tooth Cavallo D (from the final Mousterian
deposit of Grotta del Cavallo) [3], the most recent Neandertal remains in Italy currently known.

This project has received funding from the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme (grant agreement No 724046 – SUCCESS;
http://www.erc-success.eu/). Research at Cave of Roccia San Sebastiano is financed by the municipality of Mondragone (Caserta, Italy) and is coordinated by Museum Biagio Greco of Mondragone with
the support of “Soprintendenza Archeologia, Patrimonio, Belle arti di Caserta e Benevento”. Research at Riparo Broion is coordinated by the Ferrara University and the Bologna University in the
framework of a project supported by the Ministry of Culture - Veneto Archaeological Superintendency, public institutions (Veneto Region - Department for Cultural Heritage, Longare Municipality),
institutions (Leakey Foundation, Spring 2015 Grant; Fondazione CariVerona; Istituto Italiano Preistoria e Protostoria), associations and private companies.

References:[1] Peresani, M., Bertola, S., Delpiano, D., Benazzi, S., Romandini, M., 2019.The Uluzzian in the north of Italy: insights around the new evidence at Riparo Broion. Archaeological and
Anthropological Sciences. https://doi.org/10.1007/s12520-018-0770-z.[2] Collina, C., Fiore, I., Gallotti, R., Pennacchioni, M., Piperno, M., Salvadei, L., Tagliacozzo, A., 2008. Il gravettiano di Roccia
San Sebastiano (Mondragone, Caserta). In: Il Tardoglaciale in Italia (BAR Interantional Series 1859), 133-143.[3] Fabbri, P. F., Panetta, D., Sarti, L., Martini, F., Salvadori, P. A., Caramella, D., Fedi, M.,
Benazzi, S., 2016. Middle paleolithic human deciduous incisor from Grotta del Cavallo, Italy. American Journal of Physical Anthropology. 161, 506-512. doi:10.1002/ajpa.23044
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Modelling land use has always been a challenge to archaeologists examining prehistoric hunter-gatherer lifeways. The complex re-
lationships between subsistence, culture and environment are eagerly discussed and modeled individually, but seldom are all these
concepts brought together in a comprehensive characterization of hunter-gatherer land use. Such a characterization is, however,
necessary in order to compare elements such as settlement pattern andmobility for prehistoric societies over temporal and regional
borders. In the framework of the Collaborative Research Centre 806 of the University of Cologne, this project was initiated to set
up a multi-proxy methodology for comprehensive, reproducible characterizations of pre-agricultural land use strategies. Based on
Binfordian and Optimal Foraging theories, this contribution describes how the multitude of different archaeological and spatial
analytical methods can be applied to archaeological datasets. We present a roadmap showing how to analyze, infer and predict cer-
tain concepts of hunter-gatherer land use, such as mobility or procurement strategy. This allows us to discuss how the input data
– site locations, assemblage data, environmental data – not only directly determines the types of analyses that can be undertaken,
but also how the reliability of the results changes throughout different modelling steps. After presenting the analyses we can apply
to each different kind of dataset, we assess the quality of this roadmap, pointing out the ways biases in the input data can influence
the analysis result and the interpretations drawn from them. Such an approach not only leaves us with clear-cut expectations for
hunter-gatherer land use, but also allows us to judge the reliability of these expectations and therefore enables comparisons to other
prehistoric societies. By examining land use using such a framework, we will be able to piece together the multifaceted picture of a
crucial and, until now, rather enigmatic aspect of hunter-gatherer lifeways.
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Italy preserves several archaeological sites with deposits dated to the Middle-to-Upper Paleolithic transition, and for this reason,
it plays an important role in understanding the biocultural processes that characterized the disappearance of the Neandertal and
the success of the newcomers modern humans. However, any conclusive statements is hampered by the paucity of well-preserved
human remains dated to the transitional period. Indeed, as far as Italy is concerned, between 50-40 thousands years ago (kyr), only
five human teeth have been discovered: one Neandertal and two modern human teeth respectively from the final Mousterian and
the Uluzzian deposits of Grotta del Cavallo (Lecce); two modern human teeth from Riparo Bombrini (Ventimiglia) and Grotta
di Fumane (Verona), respectively. In this study we present two new human deciduous teeth retrieved from the deposits of Riparo
Broion (Longare, Vicenza) and Roccia San Sebastiano (Mondragone, Caserta). Specifically, the tooth from Riparo Broion, here-
after called Broion 1, was retrieved from layer 11 top, square AA3a. Radiocarbon dating is in progress, but layer 11, attributed to a
final Mousterian, is below the Uluzzian layer 1g, recently dated∼40 kyr BP [1]. The tooth from Roccia San Sebastiano [2], here-
after called San Sebastiano 1, comes from layer 34, sector E14-E15. Radiocarbon dating of the entire stratigraphy is in progress, but
preliminary evidence based on the archaeological sequence and lithic assemblages, suggests that layer 34 includes a finalMousterian
lithic production. High-resolution microCT images of the teeth were obtained by Xalt micro-CT scanner, and three-dimensional
digitals models were reconstructed using semiautomatic segmentation. Both teeth were morphologically described and morpho-
metrically analysed using crown diameter measurements. Moreover, for San Sebastiano 1 we investigated the crown and cervical
outlines and lateral enamel thickness. The results were compared with a sample of Neandertal, Upper Paleolithic modern human
(UPMH) and recent modern human (RMH) teeth collected from the scientific literature. In terms of morphology, Broion 1 is a
upper left deciduous canine with a strong buccal bulging of the crown and a concave lingual side with a cervical eminence. As far as
San Sebastiano 1 is concerned, the tooth is a lower left second deciduousmolar characterized by an enlargement of the bucco-distal
side of the crown, and an anterior fovea bordered distally by a mid-trigonid crest. Overall, morphological description andmorpho-
metric analysis align both teeth to Neandertal. Archaeological information and paleoanthropological analysis point out that the
Neandertal teeth Broion 1 and San Sebastiano 1 represent, along with the deciduous tooth Cavallo D (from the final Mousterian
deposit of Grotta del Cavallo) [3], the most recent Neandertal remains in Italy currently known.

This project has received funding from the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme (grant agreement No 724046 – SUCCESS;
http://www.erc-success.eu/). Research at Cave of Roccia San Sebastiano is financed by the municipality of Mondragone (Caserta, Italy) and is coordinated by Museum Biagio Greco of Mondragone with
the support of “Soprintendenza Archeologia, Patrimonio, Belle arti di Caserta e Benevento”. Research at Riparo Broion is coordinated by the Ferrara University and the Bologna University in the
framework of a project supported by the Ministry of Culture - Veneto Archaeological Superintendency, public institutions (Veneto Region - Department for Cultural Heritage, Longare Municipality),
institutions (Leakey Foundation, Spring 2015 Grant; Fondazione CariVerona; Istituto Italiano Preistoria e Protostoria), associations and private companies.
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Modelling land use has always been a challenge to archaeologists examining prehistoric hunter-gatherer lifeways. The complex re-
lationships between subsistence, culture and environment are eagerly discussed and modeled individually, but seldom are all these
concepts brought together in a comprehensive characterization of hunter-gatherer land use. Such a characterization is, however,
necessary in order to compare elements such as settlement pattern andmobility for prehistoric societies over temporal and regional
borders. In the framework of the Collaborative Research Centre 806 of the University of Cologne, this project was initiated to set
up a multi-proxy methodology for comprehensive, reproducible characterizations of pre-agricultural land use strategies. Based on
Binfordian and Optimal Foraging theories, this contribution describes how the multitude of different archaeological and spatial
analytical methods can be applied to archaeological datasets. We present a roadmap showing how to analyze, infer and predict cer-
tain concepts of hunter-gatherer land use, such as mobility or procurement strategy. This allows us to discuss how the input data
– site locations, assemblage data, environmental data – not only directly determines the types of analyses that can be undertaken,
but also how the reliability of the results changes throughout different modelling steps. After presenting the analyses we can apply
to each different kind of dataset, we assess the quality of this roadmap, pointing out the ways biases in the input data can influence
the analysis result and the interpretations drawn from them. Such an approach not only leaves us with clear-cut expectations for
hunter-gatherer land use, but also allows us to judge the reliability of these expectations and therefore enables comparisons to other
prehistoric societies. By examining land use using such a framework, we will be able to piece together the multifaceted picture of a
crucial and, until now, rather enigmatic aspect of hunter-gatherer lifeways.
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Human adaptation to the environment and the resulting settlement patterns are a major point in the understanding of hunter-
gatherer economy and subsistence, and rarely more so, than in environments including different ecotones as the Southern Levant.
For the timeframe of the Upper Palaeolithic the results of a geoarchaeological study are presented investigating these processes on
two different scale levels. A dataset of 129 inventories of published Upper Palaeolithic sites from the Southern Levant is used to
model the settlement patterns. As an essential source-critical step an evaluation of the preservational conditions for Late Pleistocene
sites is conducted though the analysis of geomorphological maps. Geomorphological and climatic results are used to reconstruct
the Late Pleistocene Levantine environment, which presents itself as dominated by rising water tables and abundant fluvial sedi-
mentation.The spatial distribution of the sites is mapped in relation to the major resources (water and rawmaterial) to understand
guiding factors in site locality choice. The Late Pleistocene Levantine environment is thus argued to be characterised by a mosaic
landscape of patches with high resource availability and areas with resource depletion. Multivariate statistical evaluation is used to
test the explanatory value of different environmental factors on the variability in the archaeological dataset. Particularities in site
locality choice for the different cultural units are highlighted. The settlement patterns of Pleistocene hunter-gatherers are recon-
structed and evaluated through an assessment of the different inventories in terms of the representation of the operational chains,
the diversity of the tool assemblages, the working time invested in the production of the lithic assemblages, the caloric yield of the
faunal inventories and tool curation. In general, theUpper Palaeolithic of the Levant is characterised by a stable residential mobility
system adapted to the patchy but abundant distribution of resources. Only at the beginning and end of the analysed timeframe a
specialisation of the inventories is notable. A stable use of the environment can be contrasted to a highly dynamic cultural develop-
ment as reconstructed from sites from theWadi Sabra in Southern Jordan. In theWadi Sabra sites, the reconstruction of operational
chains can highlight a potential knowledge transfer of carinated technology leading to increasing techno-typological variability in
Post-Aurignacian industries.

Funding for this research has been provided by the German Research Foundation (DFG) in the framework of the CRC 806-OurWay to Europe.
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The presence of pseudoepiphysis in the non-epiphyseal end is a commonly reported trait in the hallucal metatarsals in recent popu-
lations. It is habitually represented by notches or clefts in the distal end of hallucal metatarsals, or in the proximal ones of the lateral
metatarsals [1, 2]. This kind of non-metric structures generally has no influence over the longitudinal growth of the bone because
they are remnants of a physeal structure, mostly incapable of producing longitudinal growth of the bone, due to the penetration of
bone tissue through the physeal cartilage up to the epiphyses [2]. Sometimes this is related to pathological conditions, but frequently
is clear that these structures represent normal stages in the physeal invasion of the primary centre into the head hallucal metatarsals
as an isolated bone variant in healthy children [1]. The notches normally appear between the ages of 3 and 4 years and the final
disappearance of these notches is related to the formation of the adult morphology of the metatarsals that occurs at around 15-16
years old.They can remain potentially identifiable until the completion of fusion of the cartilage and subsequent disappearance of
the pseudoepiphysis due to alignment with the rest of the bone forming a completely normal adult morphology [1].The presence
of pseudoepiphysis in different consanguine individuals [3], suggests this character as a possible epigenetic trait. In the Middle
Pleistocene site of Sima de los Huesos (SH) nearly 7,000 human fossil fragments, belonging to at least 28 individuals, have been
recovered up to date. Using a variety of techniques, the hominin-bearing layer could be assigned to a period around 430 thousand
years ago. Morphologically, these fossils represent an ancestral European population that evolved into the Neandertals [4]. From
this sample, five immature hallucal metatarsals have been recovered. Two of them (AT-863 – left andAT-977 – right) display a phy-
seal notch in the dorsal area of the non-epiphyseal distal end, i.e. pseudoepiphysis. They belonged to different individuals due to
the differentmorphology and general size inside the variation of SH.Themorphology of the proximalmetaphysis of these two first
metatarsals with a centrally located raised mound on the metaphyseal surface of the diaphysis suggests a biological age around of
12 years old for these two individuals. In recent populations the presence of pseudoepiphysis in the hallucal metatarsal is relatively
frequent and it could be considered an epigenetic non-pathological trait. In our comparative samples (Hamann-ToddOsteological
collection – recent, and San Pablo Medieval collection) the presence of pseudoepiphysis is identified in one of 14 and in eight of
15 individuals respectively. This study offers the first, and oldest, evidence of presence of pseudoepiphysis in the hominin fossil
record.The existence of pseudoepiphysis in two of five different immature individuals in the SH sample, and the inexistence of this
trait in the hominin fossil record, takes us to propose this character as a non-metric or epigenetic trait in this Middle population
Pleistocene as proposed byManzi et al. [5] for the SH crania, suggesting all the individuals in SH could belong to a single biological
population with phenetic relationships between and/or within populations.

We are deeply grateful to the Atapuerca research and excavation team, especially those people involved in the Sima de los Huesos site excavation. Without their work, help, effort and advice studies like
this would not be possible. We are indebted to many people who have allowed access to some important skeletal collections, especially Y. Haile-Selassie and L. Jellema of the Cleveland Museum of Natural
History (CMNH) for access to the Hamann-Todd Osteological Collection and J. M. Carretero of the University of Burgos (UBU) for access to the San Pablo Medieval collection. Fieldwork at Atapuerca
was funded by the Junta de Castilla y León and Fundación Atapuerca. This research was supported by the Spanish project PGC2018-093925-B-C33. We would like to thank also the BBP/R3 and “Grupo
de Bioacústica Evolutiva y Paleoantropología (BEP)” research groups.

References:[1] Scheuer, L., Black, S., 2000. Developmental Juvenile Osteology. London: Academic Press, 1–587.[2] Ogden, J.A., Ganey, T.M., Light, T.R., Belsole, R.J., Greene, T.L., 1994. Ossification
and pseudoepiphysis formation in the “nonepiphyseal” end of bones of the hands and feet. Skeletal Radiology. 23(1): 3-13.[3] de Jong, T.R., Melenhorst, W.B.W.H., Houpt, P., 2014. Complete
pseudoepiphyses with associated enhanced growth in hands and feet: A report of 2 Siblings—Case report. The Journal of Hand Surgery. 39(3): 488-492.[4] Arsuaga, J.L., Martínez, I., Arnold, L.J.,
Aranburu, A., Gracia-Téllez, A., Sharp, W.D., Quam, R.M., Falguères, C., Pantoja-Pérez, A., Bischoff, J., Poza-Rey, E., Parés, J.M., Carretero, J.M., Demuro, M., Lorenzo, C., Sala, N., Martinón-Torres, M.,
García, N., Alcázar de Velasco, A., Cuenca-Bescós, G., Gómez-Olivencia, A., Moreno, D., Pablos, A., Shen, C.-C., Rodríguez, L., Ortega, A.I., García, R., Bonmatí, A., Bermúdez de Castro, J.M.,
Carbonell, E., 2014. Neandertal roots: Cranial and chronological evidence from Sima de los Huesos. Science. 344(6190): 1358–1363.[5] Manzi, G., Gracia, A., Arsuaga, J.L., 2000. Cranial discrete traits in
the Middle Pleistocene humans from Sima de los Huesos (Sierra de Atapuerca, Spain). Does hypostosis represent any increase in ”ontogenetic stress” along the Neanderthal lineage? Journal of Human
Evolution. 38(3): 425-446.
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Human adaptation to the environment and the resulting settlement patterns are a major point in the understanding of hunter-
gatherer economy and subsistence, and rarely more so, than in environments including different ecotones as the Southern Levant.
For the timeframe of the Upper Palaeolithic the results of a geoarchaeological study are presented investigating these processes on
two different scale levels. A dataset of 129 inventories of published Upper Palaeolithic sites from the Southern Levant is used to
model the settlement patterns. As an essential source-critical step an evaluation of the preservational conditions for Late Pleistocene
sites is conducted though the analysis of geomorphological maps. Geomorphological and climatic results are used to reconstruct
the Late Pleistocene Levantine environment, which presents itself as dominated by rising water tables and abundant fluvial sedi-
mentation.The spatial distribution of the sites is mapped in relation to the major resources (water and rawmaterial) to understand
guiding factors in site locality choice. The Late Pleistocene Levantine environment is thus argued to be characterised by a mosaic
landscape of patches with high resource availability and areas with resource depletion. Multivariate statistical evaluation is used to
test the explanatory value of different environmental factors on the variability in the archaeological dataset. Particularities in site
locality choice for the different cultural units are highlighted. The settlement patterns of Pleistocene hunter-gatherers are recon-
structed and evaluated through an assessment of the different inventories in terms of the representation of the operational chains,
the diversity of the tool assemblages, the working time invested in the production of the lithic assemblages, the caloric yield of the
faunal inventories and tool curation. In general, theUpper Palaeolithic of the Levant is characterised by a stable residential mobility
system adapted to the patchy but abundant distribution of resources. Only at the beginning and end of the analysed timeframe a
specialisation of the inventories is notable. A stable use of the environment can be contrasted to a highly dynamic cultural develop-
ment as reconstructed from sites from theWadi Sabra in Southern Jordan. In theWadi Sabra sites, the reconstruction of operational
chains can highlight a potential knowledge transfer of carinated technology leading to increasing techno-typological variability in
Post-Aurignacian industries.

Funding for this research has been provided by the German Research Foundation (DFG) in the framework of the CRC 806-OurWay to Europe.
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The presence of pseudoepiphysis in the non-epiphyseal end is a commonly reported trait in the hallucal metatarsals in recent popu-
lations. It is habitually represented by notches or clefts in the distal end of hallucal metatarsals, or in the proximal ones of the lateral
metatarsals [1, 2]. This kind of non-metric structures generally has no influence over the longitudinal growth of the bone because
they are remnants of a physeal structure, mostly incapable of producing longitudinal growth of the bone, due to the penetration of
bone tissue through the physeal cartilage up to the epiphyses [2]. Sometimes this is related to pathological conditions, but frequently
is clear that these structures represent normal stages in the physeal invasion of the primary centre into the head hallucal metatarsals
as an isolated bone variant in healthy children [1]. The notches normally appear between the ages of 3 and 4 years and the final
disappearance of these notches is related to the formation of the adult morphology of the metatarsals that occurs at around 15-16
years old.They can remain potentially identifiable until the completion of fusion of the cartilage and subsequent disappearance of
the pseudoepiphysis due to alignment with the rest of the bone forming a completely normal adult morphology [1].The presence
of pseudoepiphysis in different consanguine individuals [3], suggests this character as a possible epigenetic trait. In the Middle
Pleistocene site of Sima de los Huesos (SH) nearly 7,000 human fossil fragments, belonging to at least 28 individuals, have been
recovered up to date. Using a variety of techniques, the hominin-bearing layer could be assigned to a period around 430 thousand
years ago. Morphologically, these fossils represent an ancestral European population that evolved into the Neandertals [4]. From
this sample, five immature hallucal metatarsals have been recovered. Two of them (AT-863 – left andAT-977 – right) display a phy-
seal notch in the dorsal area of the non-epiphyseal distal end, i.e. pseudoepiphysis. They belonged to different individuals due to
the differentmorphology and general size inside the variation of SH.Themorphology of the proximalmetaphysis of these two first
metatarsals with a centrally located raised mound on the metaphyseal surface of the diaphysis suggests a biological age around of
12 years old for these two individuals. In recent populations the presence of pseudoepiphysis in the hallucal metatarsal is relatively
frequent and it could be considered an epigenetic non-pathological trait. In our comparative samples (Hamann-ToddOsteological
collection – recent, and San Pablo Medieval collection) the presence of pseudoepiphysis is identified in one of 14 and in eight of
15 individuals respectively. This study offers the first, and oldest, evidence of presence of pseudoepiphysis in the hominin fossil
record.The existence of pseudoepiphysis in two of five different immature individuals in the SH sample, and the inexistence of this
trait in the hominin fossil record, takes us to propose this character as a non-metric or epigenetic trait in this Middle population
Pleistocene as proposed byManzi et al. [5] for the SH crania, suggesting all the individuals in SH could belong to a single biological
population with phenetic relationships between and/or within populations.

We are deeply grateful to the Atapuerca research and excavation team, especially those people involved in the Sima de los Huesos site excavation. Without their work, help, effort and advice studies like
this would not be possible. We are indebted to many people who have allowed access to some important skeletal collections, especially Y. Haile-Selassie and L. Jellema of the Cleveland Museum of Natural
History (CMNH) for access to the Hamann-Todd Osteological Collection and J. M. Carretero of the University of Burgos (UBU) for access to the San Pablo Medieval collection. Fieldwork at Atapuerca
was funded by the Junta de Castilla y León and Fundación Atapuerca. This research was supported by the Spanish project PGC2018-093925-B-C33. We would like to thank also the BBP/R3 and “Grupo
de Bioacústica Evolutiva y Paleoantropología (BEP)” research groups.

References:[1] Scheuer, L., Black, S., 2000. Developmental Juvenile Osteology. London: Academic Press, 1–587.[2] Ogden, J.A., Ganey, T.M., Light, T.R., Belsole, R.J., Greene, T.L., 1994. Ossification
and pseudoepiphysis formation in the “nonepiphyseal” end of bones of the hands and feet. Skeletal Radiology. 23(1): 3-13.[3] de Jong, T.R., Melenhorst, W.B.W.H., Houpt, P., 2014. Complete
pseudoepiphyses with associated enhanced growth in hands and feet: A report of 2 Siblings—Case report. The Journal of Hand Surgery. 39(3): 488-492.[4] Arsuaga, J.L., Martínez, I., Arnold, L.J.,
Aranburu, A., Gracia-Téllez, A., Sharp, W.D., Quam, R.M., Falguères, C., Pantoja-Pérez, A., Bischoff, J., Poza-Rey, E., Parés, J.M., Carretero, J.M., Demuro, M., Lorenzo, C., Sala, N., Martinón-Torres, M.,
García, N., Alcázar de Velasco, A., Cuenca-Bescós, G., Gómez-Olivencia, A., Moreno, D., Pablos, A., Shen, C.-C., Rodríguez, L., Ortega, A.I., García, R., Bonmatí, A., Bermúdez de Castro, J.M.,
Carbonell, E., 2014. Neandertal roots: Cranial and chronological evidence from Sima de los Huesos. Science. 344(6190): 1358–1363.[5] Manzi, G., Gracia, A., Arsuaga, J.L., 2000. Cranial discrete traits in
the Middle Pleistocene humans from Sima de los Huesos (Sierra de Atapuerca, Spain). Does hypostosis represent any increase in ”ontogenetic stress” along the Neanderthal lineage? Journal of Human
Evolution. 38(3): 425-446.
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Paleoneurological investigations intoHomo neanderthalensis have largely been confined to the cranial vault with the cranial base
often highly fragmentary or incomplete, limiting interpretations of the temporal lobes. Tentative interpretations from fragmentary
basicrania, extrapolation and comparison with extantHomo sapiens suggestH. neanderthalensis possessed a temporal lobe that was
wider but not longer than H. sapiens. The temporal lobe occupies the bony region of the basicranium, the middle cranial fossa,
with the close spatial proximity of the fossa and temporal lobe reciprocally influenced by changes to basicranial size and shape.
Description of sulcal imprints preserved on the surface of the fossa note the difference betweenH. sapiens andH. neanderthalensis,
specifically the position of the inferior temporal sulcus and fusiform gyrus, corresponding to superolateral expansion of the tem-
poral lobe inH. sapiens. In this study, Computed tomography (CT) scans were used to generate 3D digital crania in five specimens
fromH. neanderthalensis (La Chapelle aux saints 1, La Ferrassie 1, La Quina 5, Tabun 1, Gibraltar 1) and a comparative sample of
extantH. sapiens (n = 40).Three linear dimensions were digitally measured on the endocranial surface of the fossa, approximating
temporal lobe boundaries. We examined fossa dimensions relative to cranial length and width in the five fossil specimens of H.
neanderthalensis and the average values for extantH. sapiens. Comparisons of relative fossa proportions indicate our results agree
with previous findings thatH. neanderthalensis had relatively wider temporal lobe (mediolaterally) not relatively longer (antero-
posteriorly) compared toH. sapiens. Despite the limitations of small fossil sample size preventing statistical analyses, these results
agree with previous findings that compared to H. sapiens, the temporal lobe in H. neanderthalensis was relatively wider but not
longer.

Funding supporting this work: A.P. acknowledges funding by the Australian Government Research Training Program Scholarship and E.B. was funded by the Spanish Government
(#CGL2015-65387-C3-3-P). We acknowledge the Museum National d’Historie Naturelle, Paris (MNHN) care of P. Mennecier and A. Froment;The Natural History Museum, London (NHM) care of R.
Kruszynki and C. Stringer; NESPOS Society e.V. care of J.J. Hublin and the Anatomisches Institut, Universität Leipzig; University of Pennsylvania Museum of Archaeology and Anthropology and the
Open Research Scan Archive (ORSA) care of J. Monge and P. T. Schoenemann (NSF proposal # 0447271).
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Archaeological evidence of how early humans selected and used raw materials for stone tools informs us about the evolutionary
origins of human technology. However, organic materials, especially from plants, that likely were used by our ancestors hardly ever
preserve. Thus, significant amounts of information about the origins of human technology remains invisible in the archaeological
record. Studies of chimpanzee technology can provide valuable comparative insights. This study pioneers the use of traditional
archaeological methods to study the use of plants associated to termite-fishing technology in three different populations of wild
chimpanzees living in environments equivalent to early hominin habitats. Source plant species, raw material types, and locations
relative to targeted termitemounds were recorded for populations atGombe, Issa, andMahale in west Tanzania. Results show that:
a) chimpanzees selected particular plant species and tool materials for the manufacture of their tools; b) some source species were
exploited at all three sites, perhaps for their especially suitable physical properties, like bark that is easy to peel off; c) chimpanzees
living in a drier more open environment travelled almost double the distance to obtain their tool material and utilized sources
more intensively, and d) the sourcing of tool material by chimpanzees leaves a scar on the source plant that can be studied well
beyond the time of use. That populations selected different raw materials, despite similar raw materials available, may reflect cul-
tural differences between chimpanzee groups. This study highlights how archaeological methods can reveal ”invisible” aspects of
technological behaviours. Albeit the ”archaeology of the perishable” is still in its infancy, it may ultimately improve reconstructions
of organic-based tool use in our ancestors.

We are grateful for: permission to conduct research in Gombe Stream National Park, Mahale Mountains National Park, and Issa valley by Tanzania National Parks (TANAPA), Tanzania Wildlife
Research Institute (TAWIRI), and Tanzanian Commission for Science and Technology (COSTECH); field assistance at Issa from Shedrack Lucas, Patrick Hassan, Godfrey Stephano, Mashaka Kalutwa,
Busoti Juma, Mlema Juma, Msigwa Rashid, Sebastian Ramirez-Amaya, and EdenWondra, at Mahale by Shaka and Singa Kabugonga, and at Gombe by Matendo Msafiri Katoto, Nasibu Zuberi Madumbi
and Nuhu Japhary Buke; logistical support from Jane Goodall Institute, Greater Mahale Ecosystem Research and Conservation Project and Mahale Mountains Chimpanzee Research Project; plant
identifications by FrankMbago, Botany Department, University of Dar es Salaam, Tanzania; termite identifications by Rudolf H. Scheffrahn, University of Florida, USA. Special thanks go to Anne Pusey,
Anthony Collins, Deus Mjungu, Michio Nakamura, and Alex Piel for aiding logistics in the field; APG was supported by a Leverhulme Trust Early Career Fellowship and received further funding for
fieldwork fromThe Boise Trust Fund, University of Oxford.
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Paleoneurological investigations intoHomo neanderthalensis have largely been confined to the cranial vault with the cranial base
often highly fragmentary or incomplete, limiting interpretations of the temporal lobes. Tentative interpretations from fragmentary
basicrania, extrapolation and comparison with extantHomo sapiens suggestH. neanderthalensis possessed a temporal lobe that was
wider but not longer than H. sapiens. The temporal lobe occupies the bony region of the basicranium, the middle cranial fossa,
with the close spatial proximity of the fossa and temporal lobe reciprocally influenced by changes to basicranial size and shape.
Description of sulcal imprints preserved on the surface of the fossa note the difference betweenH. sapiens andH. neanderthalensis,
specifically the position of the inferior temporal sulcus and fusiform gyrus, corresponding to superolateral expansion of the tem-
poral lobe inH. sapiens. In this study, Computed tomography (CT) scans were used to generate 3D digital crania in five specimens
fromH. neanderthalensis (La Chapelle aux saints 1, La Ferrassie 1, La Quina 5, Tabun 1, Gibraltar 1) and a comparative sample of
extantH. sapiens (n = 40).Three linear dimensions were digitally measured on the endocranial surface of the fossa, approximating
temporal lobe boundaries. We examined fossa dimensions relative to cranial length and width in the five fossil specimens of H.
neanderthalensis and the average values for extantH. sapiens. Comparisons of relative fossa proportions indicate our results agree
with previous findings thatH. neanderthalensis had relatively wider temporal lobe (mediolaterally) not relatively longer (antero-
posteriorly) compared toH. sapiens. Despite the limitations of small fossil sample size preventing statistical analyses, these results
agree with previous findings that compared to H. sapiens, the temporal lobe in H. neanderthalensis was relatively wider but not
longer.

Funding supporting this work: A.P. acknowledges funding by the Australian Government Research Training Program Scholarship and E.B. was funded by the Spanish Government
(#CGL2015-65387-C3-3-P). We acknowledge the Museum National d’Historie Naturelle, Paris (MNHN) care of P. Mennecier and A. Froment;The Natural History Museum, London (NHM) care of R.
Kruszynki and C. Stringer; NESPOS Society e.V. care of J.J. Hublin and the Anatomisches Institut, Universität Leipzig; University of Pennsylvania Museum of Archaeology and Anthropology and the
Open Research Scan Archive (ORSA) care of J. Monge and P. T. Schoenemann (NSF proposal # 0447271).
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Archaeological evidence of how early humans selected and used raw materials for stone tools informs us about the evolutionary
origins of human technology. However, organic materials, especially from plants, that likely were used by our ancestors hardly ever
preserve. Thus, significant amounts of information about the origins of human technology remains invisible in the archaeological
record. Studies of chimpanzee technology can provide valuable comparative insights. This study pioneers the use of traditional
archaeological methods to study the use of plants associated to termite-fishing technology in three different populations of wild
chimpanzees living in environments equivalent to early hominin habitats. Source plant species, raw material types, and locations
relative to targeted termitemounds were recorded for populations atGombe, Issa, andMahale in west Tanzania. Results show that:
a) chimpanzees selected particular plant species and tool materials for the manufacture of their tools; b) some source species were
exploited at all three sites, perhaps for their especially suitable physical properties, like bark that is easy to peel off; c) chimpanzees
living in a drier more open environment travelled almost double the distance to obtain their tool material and utilized sources
more intensively, and d) the sourcing of tool material by chimpanzees leaves a scar on the source plant that can be studied well
beyond the time of use. That populations selected different raw materials, despite similar raw materials available, may reflect cul-
tural differences between chimpanzee groups. This study highlights how archaeological methods can reveal ”invisible” aspects of
technological behaviours. Albeit the ”archaeology of the perishable” is still in its infancy, it may ultimately improve reconstructions
of organic-based tool use in our ancestors.

We are grateful for: permission to conduct research in Gombe Stream National Park, Mahale Mountains National Park, and Issa valley by Tanzania National Parks (TANAPA), Tanzania Wildlife
Research Institute (TAWIRI), and Tanzanian Commission for Science and Technology (COSTECH); field assistance at Issa from Shedrack Lucas, Patrick Hassan, Godfrey Stephano, Mashaka Kalutwa,
Busoti Juma, Mlema Juma, Msigwa Rashid, Sebastian Ramirez-Amaya, and EdenWondra, at Mahale by Shaka and Singa Kabugonga, and at Gombe by Matendo Msafiri Katoto, Nasibu Zuberi Madumbi
and Nuhu Japhary Buke; logistical support from Jane Goodall Institute, Greater Mahale Ecosystem Research and Conservation Project and Mahale Mountains Chimpanzee Research Project; plant
identifications by FrankMbago, Botany Department, University of Dar es Salaam, Tanzania; termite identifications by Rudolf H. Scheffrahn, University of Florida, USA. Special thanks go to Anne Pusey,
Anthony Collins, Deus Mjungu, Michio Nakamura, and Alex Piel for aiding logistics in the field; APG was supported by a Leverhulme Trust Early Career Fellowship and received further funding for
fieldwork fromThe Boise Trust Fund, University of Oxford.
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In recent years, genetic data has been generated from an increasing number of Neandertal, Denisovan and early modern human
specimens. Because of meiotic recombination, each individuals’ genome is a mosaic of its ancestors’, and the length and frequency
of these ancestry tracts is highly informative about a populations’ gene flowhistory: the longer an introgressed tract, themore recent
the gene flow. Here, I am presenting results from a newly developed Empirical Bayes method to identify these ancestry tracts from
ancientDNA. In contrast tomethods developed for the same purpose inmodernDNA,my approach explicitlymodels that ancient
DNA is sparse, and frequently contaminated. Formally, I use a Hidden-Markov-Model along an individual’s genome. The hidden
states reflect the ancestry at a particular region in the genome, and I link sequencing read data to the hidden states by combining
a genotype likelihood model (to allow for contamination) with a modified Balding-Nichols model (to allow for genetic drift and
uncertainty in ancestry). Using simulations, I find that the method remains accurate at coverages as low as 0.1x and empirically
I find introgressed Neandertal tracts in the 0.3x Denisova 2 genome with a contamination rate of 85% [1]. Applying this model
to all published low-coverage Denisovan genomes reveals that the two oldest individuals (Denisova 2 and Denisova 8)[1,2] have
12% and 10% Neandertal ancestry, respectively. This ancestry is found in genomic tracts of up to 20,000,000 base pair length,
strongly suggesting that this Neandertal ancestry is less than 30 generations old.The tract locations are not overlapping more than
expected by chance, which indicates that the introgression events were distinct, which is consistent with dating results placing these
specimens several tens of thousands of years apart[3]. Also adding Denisova 11 (confirmed as an F1-offspring with this method), I
find that all Denisovans that are dated to be older than 90,000 years old have a substantial number of recent Neandertal ancestors,
suggesting that Neandertals and Denisovans interacted recurrently for several tens of thousands of years. In addition, I find tracts
of Denisovan ancestry in a high-coverage Neandertal (Denisova 5), showing that offspring was fertile in both directions. However,
as I do not find evidence of gene flow in a much younger Denisovan specimen (Denisova 4), this gene flow might not have been
persistent. In modern humans, the comparatively large number of genotyped specimens fromWestern Eurasia allows me to use my
method to improve the timing of the gene flow from Neandertals into early modern humans: As expected, Neandertal ancestry
tracts are commonly shared between individuals, and become shorter over time. Modelling this decay using a Bayesian mixture
model allows me to estimate the distribution of times when Neandertal ancestry entered the modern human population. I find
that the introgression history can be broadly subdivided into three distinct phases: In a first phase, up to until 55 kya ago, low levels
of gene flow are present.Themajority of Neandertal ancestry entered the modern human population in the relatively short second
phase, between 48kya and 55kya. The final phase is gene-flow events private to modern humans in Europe, and ends at around
40kya. Overall, I show that gene flow between modern humans, Neandertals and Denisovans was frequent, but not ubiquitous.
While Denisovans and Neandertals interacted for tens of thousands of years, the impact on later Neandertal and Denisovan ge-
netic diversity appearsminimal.On the other hand, the inferred timing of gene flow, and the absence of evidence for gene flow from
modern humans into Neandertals is consistent with a model where the origin of modern humanNeandertal ancestry is largely due
to the range expansion ofmodern humans into Eurasia, with a partial absorption of the (likely smaller) localNeandertal population
[4].

References:[1] Slon, V., Viola, B., Renaud, G., Gansauge, M. T., Benazzi, S., Sawyer, S., Prüfer, K. et al., 2017. A fourth Denisovan individual. Science advances, 3(7), e1700186.[2] Sawyer, S., Renaud, G.,
Viola, B., Hublin, J. J., Gansauge, M. T., Shunkov, M. V., Pääbo, S. et al., 2015. Nuclear and mitochondrial DNA sequences from two Denisovan individuals. Proceedings of the National Academy of
Sciences, 112(51), 15696-15700.[3] Douka, K., Slon, V., Jacobs, Z., Ramsey, C. B., Shunkov, M. V., Derevianko, A. P., Comeskey, D. et al., 2019. Age estimates for hominin fossils and the onset of the
Upper Palaeolithic at Denisova Cave. Nature, 565(7741), 640.[4] Excoffier, L., Foll, M., Petit, R.J., 2009. Genetic consequences of range expansions. Annual Review of Ecology, Evolution and Systematics
40: 481-501.
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Museum of Archaeology and Anthropology, Philadelphia, USA · 12 - CNRS, University of Bordeaux, Pessac, Musée de
Sauveterre-la-Lémance, France · †- Deceased

Exploration of the relationship between paleoclimate and hominin behaviour is central to Palaeolithic Archaeology and the study
of past human lifeways. In particular, past climatic conditions have featured heavily in discussion around hominin adaptive be-
haviours. However, the palaeoclimate record for MIS 3 and 4 remains sparse for much of Europe and is almost exclusively derived
from broad regional or global scale proxies, which can be difficult to correlate directly to hominin activity records at individu-al
sites. Palaeotemperature information gleaned from oxygen isotopic analyses of faunal remains pro-vides an opportunity to gain in-
sights into sub-annual resolution seasonal temperature cycles on a smaller, more local level that, significantly, can be linked directly
to archaeological contexts. Here we present high resolution seasonal temperature data to contextualize Neanderthal activity during
MIS 3 and 4 at the site of La Ferrassie, southwest France. Summer andwinter palaeotemperatures are obtained from oxygen isotope
analyses of sequential enamel samples from Bos/Bison (aurochs/bison) teeth from Layers 2 (MIS 4), 5A and 5B (MIS 3). Carbon
and nitrogen isotope ratios of bone collagen from Layer 2 through 5B are used to corroborate diachronic trends seen in the δ18O
data. Oxygen iso-tope results indicate mild interstadial conditions in all analysed layers, with pronounced diachronic changes in
seasonality (summer to winter temperature difference). We observe warm temperatures, moderate seasonality and increased forest
cover for Layers 5A and 5B, which most likely date to Greenland Interstadial 12, matching results from other records showing a
pronounced warm phase in southwest France phase during this time.We observe a cooling trend in summer and winter conditions
from Layer 5A to 5B. In the lithic technology, these layers show a shift towards increasing numbers of discoidal flakes at the ex-
pense of Levallois flakes and facetted platforms. Whether this shift in tech-nology is related to changes in mobility as a response
to changing environmental conditions (e.g. [1]) is a point to be further investigated. At the same time, despite geological features
such as cryoturbation indicating cold conditions during the formation of Layer 2, stable iso-tope results do not indicate overall
cold conditions or prevalence of sub-zero winter temperatures.We interpret these discrepancies as potentially inherent differences
between anthropogenic and non-anthropogenic markers of climatic conditions that may indicate preferential use of the site during
warm phases of the Layer 2 formation time inMIS 4, but further exploration of this issue is necessary.

Thanks are due to Birke Brumme, Manuel Trost, Sven Steinbrenner, Paulina Dittmann andWolframMeier-Augenstein for technical assistance as well as Sahra Talamo and Aurélien Royer for valuable
discussion.This research was funded by the Max-Planck-Society.

References:[1] Delagnes, A., Rendu, W., 2011. Shifts in Neandertal mobility, technology and subsistence strategies in western France. Journal of Archaeological Science. 38, 1771–1783.
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Gene flow between hominins was common

Benjamin Peter1

1 - Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany

In recent years, genetic data has been generated from an increasing number of Neandertal, Denisovan and early modern human
specimens. Because of meiotic recombination, each individuals’ genome is a mosaic of its ancestors’, and the length and frequency
of these ancestry tracts is highly informative about a populations’ gene flowhistory: the longer an introgressed tract, themore recent
the gene flow. Here, I am presenting results from a newly developed Empirical Bayes method to identify these ancestry tracts from
ancientDNA. In contrast tomethods developed for the same purpose inmodernDNA,my approach explicitlymodels that ancient
DNA is sparse, and frequently contaminated. Formally, I use a Hidden-Markov-Model along an individual’s genome. The hidden
states reflect the ancestry at a particular region in the genome, and I link sequencing read data to the hidden states by combining
a genotype likelihood model (to allow for contamination) with a modified Balding-Nichols model (to allow for genetic drift and
uncertainty in ancestry). Using simulations, I find that the method remains accurate at coverages as low as 0.1x and empirically
I find introgressed Neandertal tracts in the 0.3x Denisova 2 genome with a contamination rate of 85% [1]. Applying this model
to all published low-coverage Denisovan genomes reveals that the two oldest individuals (Denisova 2 and Denisova 8)[1,2] have
12% and 10% Neandertal ancestry, respectively. This ancestry is found in genomic tracts of up to 20,000,000 base pair length,
strongly suggesting that this Neandertal ancestry is less than 30 generations old.The tract locations are not overlapping more than
expected by chance, which indicates that the introgression events were distinct, which is consistent with dating results placing these
specimens several tens of thousands of years apart[3]. Also adding Denisova 11 (confirmed as an F1-offspring with this method), I
find that all Denisovans that are dated to be older than 90,000 years old have a substantial number of recent Neandertal ancestors,
suggesting that Neandertals and Denisovans interacted recurrently for several tens of thousands of years. In addition, I find tracts
of Denisovan ancestry in a high-coverage Neandertal (Denisova 5), showing that offspring was fertile in both directions. However,
as I do not find evidence of gene flow in a much younger Denisovan specimen (Denisova 4), this gene flow might not have been
persistent. In modern humans, the comparatively large number of genotyped specimens fromWestern Eurasia allows me to use my
method to improve the timing of the gene flow from Neandertals into early modern humans: As expected, Neandertal ancestry
tracts are commonly shared between individuals, and become shorter over time. Modelling this decay using a Bayesian mixture
model allows me to estimate the distribution of times when Neandertal ancestry entered the modern human population. I find
that the introgression history can be broadly subdivided into three distinct phases: In a first phase, up to until 55 kya ago, low levels
of gene flow are present.Themajority of Neandertal ancestry entered the modern human population in the relatively short second
phase, between 48kya and 55kya. The final phase is gene-flow events private to modern humans in Europe, and ends at around
40kya. Overall, I show that gene flow between modern humans, Neandertals and Denisovans was frequent, but not ubiquitous.
While Denisovans and Neandertals interacted for tens of thousands of years, the impact on later Neandertal and Denisovan ge-
netic diversity appearsminimal.On the other hand, the inferred timing of gene flow, and the absence of evidence for gene flow from
modern humans into Neandertals is consistent with a model where the origin of modern humanNeandertal ancestry is largely due
to the range expansion ofmodern humans into Eurasia, with a partial absorption of the (likely smaller) localNeandertal population
[4].

References:[1] Slon, V., Viola, B., Renaud, G., Gansauge, M. T., Benazzi, S., Sawyer, S., Prüfer, K. et al., 2017. A fourth Denisovan individual. Science advances, 3(7), e1700186.[2] Sawyer, S., Renaud, G.,
Viola, B., Hublin, J. J., Gansauge, M. T., Shunkov, M. V., Pääbo, S. et al., 2015. Nuclear and mitochondrial DNA sequences from two Denisovan individuals. Proceedings of the National Academy of
Sciences, 112(51), 15696-15700.[3] Douka, K., Slon, V., Jacobs, Z., Ramsey, C. B., Shunkov, M. V., Derevianko, A. P., Comeskey, D. et al., 2019. Age estimates for hominin fossils and the onset of the
Upper Palaeolithic at Denisova Cave. Nature, 565(7741), 640.[4] Excoffier, L., Foll, M., Petit, R.J., 2009. Genetic consequences of range expansions. Annual Review of Ecology, Evolution and Systematics
40: 481-501.
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Exploration of the relationship between paleoclimate and hominin behaviour is central to Palaeolithic Archaeology and the study
of past human lifeways. In particular, past climatic conditions have featured heavily in discussion around hominin adaptive be-
haviours. However, the palaeoclimate record for MIS 3 and 4 remains sparse for much of Europe and is almost exclusively derived
from broad regional or global scale proxies, which can be difficult to correlate directly to hominin activity records at individu-al
sites. Palaeotemperature information gleaned from oxygen isotopic analyses of faunal remains pro-vides an opportunity to gain in-
sights into sub-annual resolution seasonal temperature cycles on a smaller, more local level that, significantly, can be linked directly
to archaeological contexts. Here we present high resolution seasonal temperature data to contextualize Neanderthal activity during
MIS 3 and 4 at the site of La Ferrassie, southwest France. Summer andwinter palaeotemperatures are obtained from oxygen isotope
analyses of sequential enamel samples from Bos/Bison (aurochs/bison) teeth from Layers 2 (MIS 4), 5A and 5B (MIS 3). Carbon
and nitrogen isotope ratios of bone collagen from Layer 2 through 5B are used to corroborate diachronic trends seen in the δ18O
data. Oxygen iso-tope results indicate mild interstadial conditions in all analysed layers, with pronounced diachronic changes in
seasonality (summer to winter temperature difference). We observe warm temperatures, moderate seasonality and increased forest
cover for Layers 5A and 5B, which most likely date to Greenland Interstadial 12, matching results from other records showing a
pronounced warm phase in southwest France phase during this time.We observe a cooling trend in summer and winter conditions
from Layer 5A to 5B. In the lithic technology, these layers show a shift towards increasing numbers of discoidal flakes at the ex-
pense of Levallois flakes and facetted platforms. Whether this shift in tech-nology is related to changes in mobility as a response
to changing environmental conditions (e.g. [1]) is a point to be further investigated. At the same time, despite geological features
such as cryoturbation indicating cold conditions during the formation of Layer 2, stable iso-tope results do not indicate overall
cold conditions or prevalence of sub-zero winter temperatures.We interpret these discrepancies as potentially inherent differences
between anthropogenic and non-anthropogenic markers of climatic conditions that may indicate preferential use of the site during
warm phases of the Layer 2 formation time inMIS 4, but further exploration of this issue is necessary.

Thanks are due to Birke Brumme, Manuel Trost, Sven Steinbrenner, Paulina Dittmann andWolframMeier-Augenstein for technical assistance as well as Sahra Talamo and Aurélien Royer for valuable
discussion.This research was funded by the Max-Planck-Society.
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Neanderthals lithic toolkits in high mobility context: an overview fromTeixoneres Cave (Spain)
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Studies on lifestyle of modern hunter-gatherers have provided pivotal insights on the human land use and the strategies applied for
the acquisition of resources [1]. Climatic and ecological settings are two of the main causes influencing the productivity of the en-
vironment and, therefore, themobility and dispersal of foragers groups. Generally, in territories with relative scarce biotic resources
hunter-gatherers tends to move frequently whereas, in plentiful environments, they are less mobile and tend to camp near ecotones
where resources from several habitats can be gathered at the same time [1]. In hunter-gatherers, carrying capacities are limited and
the patchy distribution of food sources affects greatly the composition of the toolkit. In high mobility context, the personal gear
of foragers groups should emphasize portability and limit the material waste. Several researches investigated the patterns of arte-
facts mobility and transport during theMiddle Paleolithic [2][3].These data indicate that, within retouched tools, flakes and cores
were also moved from the place of production showing a high flexibility in how Neanderthals organize their technology during
the displacements across the territory, and minimize the risk of shortage of lithic gears. Generally, these transported artefacts are
isolate items or stone tools produced in allochthonous raw materials. However, the recurrent use of local and semi-local raw ma-
terials by Neanderthals could hamper the accurate identification of the toolkit composition because some transported items could
be interpreted as part of the knapping events carried out at the site. This paper aims to explore the Neanderthals mobile toolkits
from unit III of Teixoneres Cave (Moià, Spain), radiocarbon dated from >51,000 to 44,210 cal. BP (68.2%) [4]. Multidisciplinary
studies on the archaeological record indicate that Neanderthals settlements at the site were of short-term and space out by the
visiting of carnivores, mostly hyenas [5]. Preliminary surveys of the raw material distributions indicates the presence of cobbles of
quartzite, sandstone and quartz found in secondary context in the nearbyMal stream, whereas outcrops of chert, limestone, horn-
fels and quartzite are found in primary and secondary positions at∼ 10-15 km east of the site. Other sources of quartz and chert
in secondary contexts are located at∼ 8 km south and at∼ 15 km northwest of the cave. The technological analysis on the lithic
assemblages of unit IIIa and IIIb reveals the use of two main strategies. Prepared core technologies and curated artefacts are com-
mon in chert andmetamorphic rockswhereas the local quartz nodules are exploited opportunistically using the tranche de saucisson
method.These different approaches in the reduction of the raw materials allow a clear differentiation between the artefacts of the
mobile toolkit and the lithic items used during the domestic activities. The reconstruction of the operative chains in chert and
metamorphic rocks reveal the transport at the site of flakes, retouched tools and configured cores that were used on site for short
knapping sequences. The amount of cortical items is very low suggesting that the early phases of core configurations occurred in
other locations. This pattern in raw material transport and exploitation is very different from the neighboring Middle Paleolithic
sites where bigger amounts of chert nodules are transported inside the natural shelters.The study evidences also the production of
pointed blanks on local quartz and the frequent import of Mousterian points and convergent tools. These latter artefacts are rare
in the Northeast of the Iberian Peninsula indicating an extended network with groups from the northern Pyrenees and southern
France.

Excavations at Teixoneres Cave are supported by the project ”Neandertals i carnívors: una història compartida” funded by the Generalitat de Catalunya (Ref No. CLT009/18/00055). J. Rosell and R.
Blasco develop their work within the Spanish MINECO/FEDER projects CGL2015-65387-C3-1-P, CGL2016-80000-P and CGL2015-68604-P, and F. Rivals, M.G. Chacón and A. Picin within the
Spanish MINECO project HAR2016-76760-C3-1-P. J. Rosell, R. Blasco and F. Rivals are also supported by the Generalitat de Catalunya project 2017 SGR 836.The research of M. G. Chacón, B. Gómez
de Soler, J. Rosell and F. Rivals is funded by “CERCA Programme/Generalitat de Catalunya”.

References:[1] Kelly, R.L., 1983. Hunter-gatherer mobility strategies. Journal of Anthropological Research 39, 277-306.[2] Picin, A., Carbonell, E., 2016. Neanderthal mobility and technological change
in the northeastern of the Iberian Peninsula:The patterns of chert exploitation at the Abric Romaní rock-shelter. Comptes Rendus Palevol 15, 581-594.[3] A., Roebroeks, W., Bourguignon, L., Faivre, J.-P.,
2013.The fragmented character of Middle Palaeolithic stone tool technology. Journal of Human Evolution 65, 641-655.[4] Talamo, S., Blasco, R., Rivals, F., Picin, A., Gema Chacón, M., Iriarte, E., Manuel
López-García, J., Blain, H.-A., Arilla, M., Rufà, A., Sánchez-Hernández, C., Andrés, M., Camarós, E., Ballesteros, A., Cebrià, A., Rosell, J., Hublin, J.-J., 2016.The Radiocarbon Approach to Neanderthals
in a Carnivore Den Site: a Well-Defined Chronology for Teixoneres Cave (Moià, Barcelona, Spain). Radiocarbon 58, 247-265.[5] Rosell, J., Blasco, R., Rivals, F., Chacón, M.G., Arilla, M., Camarós, E.,
Rufà, A., Sánchez-Hernández, C., Picin, A., Andrés, M., Blain, H.-A., López-García, J.M., Iriarte, E., Cebrià, A., 2017. A resilient landscape at Teixoneres Cave (MIS 3; Moià, Barcelona, Spain):The
Neanderthals as disrupting agent. Quaternary International 435 Part A, 195-210.
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The recent recovery of the mitochondrial genome from an early European Neandertal from Hohlenstein-Stadel Cave (HST) in
Germany revealed that it shared a most recent common ancestor with other Neandertal mitochondrial genomes around 270,000
years ago. This is the deepest divergence between Neandertal mitochondrial genomes observed to date [1]. We have retrieved nu-
clearDNA sequences fromHST, as well as from another earlyNeandertal found in ScladinaCave in Belgium, both dated to around
120,000 years ago [1, 2]. We show that both individuals are genetically closer to later Neandertals who lived in Europe until their
disappearance - about 40,000 years ago - than to a roughly contemporaneous Neandertal from Denisova Cave in the Altai Moun-
tains, Siberia. Moreover, the HST and Scladina individuals are also closer to Neandertals who later occupied the Altai region,
suggesting that theNeandertals that migrated to Siberia between 120,000 and 90,000 years ago [3] were closely related to theHST
and Scladina Neandertals. Their population split times from this genetically closer group of European and Asian Neandertals sug-
gest that late Neandertals traced at least part of their ancestry back to Neandertals who predated them in Europe by at least 80,000
years. The old mitochondrial common ancestor ofHST with other Neandertals is incompatible withHST ’s close relationship to
these Neandertals based on his nuclear sequences and the estimated long-term small population size of Neandertals. Instead, this
mitochondrial genomemay represent ancestry from an isolatedNeandertal population, suggesting the existence of deep population
substructure among Neandertals. An alternative explanation may be the replacement of the mitochondrial DNA in Neandertals
by gene flow from a source related to early modern humans [1, 4] more recently than 270,000 years ago. If several mitochondrial
lineages were introduced intoNeandertal populations by such gene flow, then the deeply divergent mitochondrial genome inHST
may represent a remnant of this introgressing population.

We thank B. Schellbach and A. Weihmann for DNA sequencing, I. Bünger and R. Schultz for their technical support, A. Huebner and E. Macholdt for their assistance with the BEAST analyses, B. Evans,
T. Lauer, B. M. Peter, A. Schuh, P. Skoglund, M. Slatkin and B. Vernot for helpful discussion.This study was funded by the Max Planck Society and the European Research Council (grant agreement
number 694707 to Svante Pääbo).
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Studies on lifestyle of modern hunter-gatherers have provided pivotal insights on the human land use and the strategies applied for
the acquisition of resources [1]. Climatic and ecological settings are two of the main causes influencing the productivity of the en-
vironment and, therefore, themobility and dispersal of foragers groups. Generally, in territories with relative scarce biotic resources
hunter-gatherers tends to move frequently whereas, in plentiful environments, they are less mobile and tend to camp near ecotones
where resources from several habitats can be gathered at the same time [1]. In hunter-gatherers, carrying capacities are limited and
the patchy distribution of food sources affects greatly the composition of the toolkit. In high mobility context, the personal gear
of foragers groups should emphasize portability and limit the material waste. Several researches investigated the patterns of arte-
facts mobility and transport during theMiddle Paleolithic [2][3].These data indicate that, within retouched tools, flakes and cores
were also moved from the place of production showing a high flexibility in how Neanderthals organize their technology during
the displacements across the territory, and minimize the risk of shortage of lithic gears. Generally, these transported artefacts are
isolate items or stone tools produced in allochthonous raw materials. However, the recurrent use of local and semi-local raw ma-
terials by Neanderthals could hamper the accurate identification of the toolkit composition because some transported items could
be interpreted as part of the knapping events carried out at the site. This paper aims to explore the Neanderthals mobile toolkits
from unit III of Teixoneres Cave (Moià, Spain), radiocarbon dated from >51,000 to 44,210 cal. BP (68.2%) [4]. Multidisciplinary
studies on the archaeological record indicate that Neanderthals settlements at the site were of short-term and space out by the
visiting of carnivores, mostly hyenas [5]. Preliminary surveys of the raw material distributions indicates the presence of cobbles of
quartzite, sandstone and quartz found in secondary context in the nearbyMal stream, whereas outcrops of chert, limestone, horn-
fels and quartzite are found in primary and secondary positions at∼ 10-15 km east of the site. Other sources of quartz and chert
in secondary contexts are located at∼ 8 km south and at∼ 15 km northwest of the cave. The technological analysis on the lithic
assemblages of unit IIIa and IIIb reveals the use of two main strategies. Prepared core technologies and curated artefacts are com-
mon in chert andmetamorphic rockswhereas the local quartz nodules are exploited opportunistically using the tranche de saucisson
method.These different approaches in the reduction of the raw materials allow a clear differentiation between the artefacts of the
mobile toolkit and the lithic items used during the domestic activities. The reconstruction of the operative chains in chert and
metamorphic rocks reveal the transport at the site of flakes, retouched tools and configured cores that were used on site for short
knapping sequences. The amount of cortical items is very low suggesting that the early phases of core configurations occurred in
other locations. This pattern in raw material transport and exploitation is very different from the neighboring Middle Paleolithic
sites where bigger amounts of chert nodules are transported inside the natural shelters.The study evidences also the production of
pointed blanks on local quartz and the frequent import of Mousterian points and convergent tools. These latter artefacts are rare
in the Northeast of the Iberian Peninsula indicating an extended network with groups from the northern Pyrenees and southern
France.

Excavations at Teixoneres Cave are supported by the project ”Neandertals i carnívors: una història compartida” funded by the Generalitat de Catalunya (Ref No. CLT009/18/00055). J. Rosell and R.
Blasco develop their work within the Spanish MINECO/FEDER projects CGL2015-65387-C3-1-P, CGL2016-80000-P and CGL2015-68604-P, and F. Rivals, M.G. Chacón and A. Picin within the
Spanish MINECO project HAR2016-76760-C3-1-P. J. Rosell, R. Blasco and F. Rivals are also supported by the Generalitat de Catalunya project 2017 SGR 836.The research of M. G. Chacón, B. Gómez
de Soler, J. Rosell and F. Rivals is funded by “CERCA Programme/Generalitat de Catalunya”.
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Rufà, A., Sánchez-Hernández, C., Picin, A., Andrés, M., Blain, H.-A., López-García, J.M., Iriarte, E., Cebrià, A., 2017. A resilient landscape at Teixoneres Cave (MIS 3; Moià, Barcelona, Spain):The
Neanderthals as disrupting agent. Quaternary International 435 Part A, 195-210.
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The recent recovery of the mitochondrial genome from an early European Neandertal from Hohlenstein-Stadel Cave (HST) in
Germany revealed that it shared a most recent common ancestor with other Neandertal mitochondrial genomes around 270,000
years ago. This is the deepest divergence between Neandertal mitochondrial genomes observed to date [1]. We have retrieved nu-
clearDNA sequences fromHST, as well as from another earlyNeandertal found in ScladinaCave in Belgium, both dated to around
120,000 years ago [1, 2]. We show that both individuals are genetically closer to later Neandertals who lived in Europe until their
disappearance - about 40,000 years ago - than to a roughly contemporaneous Neandertal from Denisova Cave in the Altai Moun-
tains, Siberia. Moreover, the HST and Scladina individuals are also closer to Neandertals who later occupied the Altai region,
suggesting that theNeandertals that migrated to Siberia between 120,000 and 90,000 years ago [3] were closely related to theHST
and Scladina Neandertals. Their population split times from this genetically closer group of European and Asian Neandertals sug-
gest that late Neandertals traced at least part of their ancestry back to Neandertals who predated them in Europe by at least 80,000
years. The old mitochondrial common ancestor ofHST with other Neandertals is incompatible withHST ’s close relationship to
these Neandertals based on his nuclear sequences and the estimated long-term small population size of Neandertals. Instead, this
mitochondrial genomemay represent ancestry from an isolatedNeandertal population, suggesting the existence of deep population
substructure among Neandertals. An alternative explanation may be the replacement of the mitochondrial DNA in Neandertals
by gene flow from a source related to early modern humans [1, 4] more recently than 270,000 years ago. If several mitochondrial
lineages were introduced intoNeandertal populations by such gene flow, then the deeply divergent mitochondrial genome inHST
may represent a remnant of this introgressing population.

We thank B. Schellbach and A. Weihmann for DNA sequencing, I. Bünger and R. Schultz for their technical support, A. Huebner and E. Macholdt for their assistance with the BEAST analyses, B. Evans,
T. Lauer, B. M. Peter, A. Schuh, P. Skoglund, M. Slatkin and B. Vernot for helpful discussion.This study was funded by the Max Planck Society and the European Research Council (grant agreement
number 694707 to Svante Pääbo).

References:[1] Posth, C., Wißing, C., Kitagawa, K., Pagani, L., van Holstein, L., Racimo, F., Wehrberger, K., Conard, N.J., Kind, C.J., Bocherens, H., Krause, J., 2017. Deeply divergent archaic
mitochondrial genome provides lower time boundary for African gene flow into Neanderthals. Nature Communications 8, 16046.[2] Toussaint, M., Bonjean, D., 2014.The Scladina I-4A Juvenile
Neandertal. Palaeoanthropology and Context. ERAUL, Andenne.[3] Slon, V., Mafessoni, F., Vernot, B., de Filippo, C., Grote, S., Viola, B., Hajdinjak, M., Peyrégne, S., Nagel, S., Brown, S., Douka, K.,
Higham, T., Kozlikin, M.B., Shunkov, M.V., Derevianko, A.P., Kelso, J., Meyer, M., Prüfer, K., Pääbo, S., 2018.The genome of the offspring of a Neanderthal mother and a Denisovan father. Nature 561,
113–116.[4] Meyer, M., Arsuaga, J.L., de Filippo, C., Nagel, S., Aximu-Petri, A., Nickel, B., Martínez, I., Gracia, A., Bermúdez de Castro, J.M., Carbonell, E., Viola, B., Kelso, J., Prüfer, K., Pääbo, S., 2016.
Nuclear DNA sequences from the Middle Pleistocene Sima de los Huesos hominins. Nature 531, 504-507.
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There are evidences on marked birth seasonality in several populations across the world. However, fewer studies focus on birth
seasonality of smaller hunter-gatherer population.The aim of this study is to characterise the seasonal pattern of births in a hunter-
gatherer pygmy group, the Baka, living in southeast Cameroon. A secondary aim is to determine the factors that drive the fluctua-
tions in the birth rate of this population. Data on births has been collected through continuous field studies from 2007 to 2018 and
comprises written birth records from 1980 to 1982 and from 1987 to present, a total of 1067 registered births.Meteorological data
has been provided by theWorldMeteorologicalOrganization. Birth peaks are found inMay andOctober, with their respective con-
ception peaks in August and January.The seasonal pattern found has no statistical significance, despite presenting amplitude values
higher than 15%. Two environmental factors are often associated with birth rate in foraging and agricultural societies, tempera-
ture and rainfall. Although it appears to be a relation between births and temperatures in the Baka, the oscillation of this weather
variable throughout the year is so small that it cannot be considered as a driving factor for birth patterns. There are two rainfall
peaks:May and September-October.These months correspond with the months of more births and less conceptions. Similar birth
patterns, and an associationwith rainfall, have been also observed in other populations, such as inNgisonyoka population inKenya
[3], inTanzania [2] or Lese farmers and Efe pygmies inDemocratic Republic ofCongo [1]. Even so, the advanced factors that relate
rainfall and conception and births in other populations, such as farming seasons, food scarce or worsening of health, often cannot
be applied for our study sample [4]. Other cultural factors, like marriages or holidays, which can drive seasonality of births in other
populations are also ruled out as a main factor for birth pattern in the Baka pygmies. Instead we propose 3 nonexclusive hypotheses
to explain the relation observed between rainfall and birth seasonality: - Activity: during rainy seasons Baka tend to live in nearby
forest.They are more likely to spendmore hours of the day transporting the gathers and hunts to the village, instead of havingmore
leisure time. - Nutritional status: the primordial carbohydrates source of Baka is wild yam Dioscorea spp.. During dry season its
reserves are at maximum, which could provide an improved nutritional status that could translate to higher conception frequency.
- Convenient timing: it is probably more convenient and comfortable for Baka women to give birth in nearby camps, or at the vil-
lage during rainy seasons, rather than in further camps in drier seasons. Studies characterising birth seasonality in hunter-gatherer
groups are highly insufficient, especially for comparison. It is interesting to note that the Efe pygmies did not present seasonality
in births [1], while having a similar lifestyle to the Baka. Possible differences in growth pattern, in childcare [4], as well as diverse
climatic conditions, could possibly explain these differences.

References:[1] Bailey, R. C., Jenike, M., Ellison, P. T., Bantley, G. R., Harrigan, M. A., Peacock, N. R., 1992.The ecology of birth seasonality among agriculturalists in central Africa. Journal of Biosocial
Science 24(3), 393–412.[2] Bantje, H., 1987. Seasonality of births and birthweights in Tanzania. Social Science andMedicine 24(9), 733–739.[3] Leslie, P. W., Fry, P. H., 1989. Extreme seasonality of births
among nomadic Turkana pastoralists. American Journal of Physical Anthropology 79(1), 103–115.[4] Ramirez Rozzi, F. V., 2018. Reproduction in the Baka pygmies and drop in their fertility with the
arrival of alcohol. Proceedings of the National Academy of Sciences of the United States of America 115(27), 1–9.
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Pleistocene fossil concentrations excavated in open-air contexts are usually the result of the participation of one or various processes
or agents (either physical or biological) involved in the transport and accumulation of several remains in a specific place, until form-
ing archaeological deposits. In some open-air sites, however, we do not find a main actor in the accumulation of the remains and
the formation of the deposits.These palimpsests could be the result of the successive accumulation of multiple independent events,
which contribute to the deposition of different materials in a greater or less amount of time.The late Early Pleistocene site of Bar-
ranc de la Boella (Tarragona) and the late Middle Pleistocene site of Torralba (Soria) are two Iberian archaeological sites which
formation seems to be the result of this type of accumulation processes.These archaeological sites have different taphonomic histo-
ries, although they share palaeoecological and taphonomic features, such as its formation in fluvio-deltaic contexts, the evidences of
carnivore activity or the identification of the presence of hominin populations through the abundant lithic stone tools recovered,
although the evidences of anthropization of faunal remains is scarce or practically null. Taphonomic analyses suggest that we are in
front of discrete occupations in these sites, in which hominins would not have played a main role in the formation of osteological
accumulations. We propose that these deposits do not correspond to places of activity of the Lower Paleolithic hominin popula-
tions, but could correspond to places of transit where they would have transited.These areas would be part of the wide territory of
domination, control and use that these hominins populations would have exploited within their foraging strategies and different
activities of acquisition of resources. These evidences would highlight the importance of patterns of mobility (both at a regional
and macro-regional scale) and use of the landscape that these hominins would have during their foraging activities since Lower
Pleistocene chronologies.
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be applied for our study sample [4]. Other cultural factors, like marriages or holidays, which can drive seasonality of births in other
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reserves are at maximum, which could provide an improved nutritional status that could translate to higher conception frequency.
- Convenient timing: it is probably more convenient and comfortable for Baka women to give birth in nearby camps, or at the vil-
lage during rainy seasons, rather than in further camps in drier seasons. Studies characterising birth seasonality in hunter-gatherer
groups are highly insufficient, especially for comparison. It is interesting to note that the Efe pygmies did not present seasonality
in births [1], while having a similar lifestyle to the Baka. Possible differences in growth pattern, in childcare [4], as well as diverse
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ries, although they share palaeoecological and taphonomic features, such as its formation in fluvio-deltaic contexts, the evidences of
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The main excavations at the Troisième caverne of Goyet in Belgium were conducted by Edouard Dupont in 1868 who identified
Palaeolithic human occupations later attributed to the Middle and Upper Palaeolithic. These are represented by an archaeologi-
cal record that spans theMousterian, Lincombian-Ranisian-Jerzmanowician, Aurignacian, Gravettian, andMagdalenian, and then
extends into the Neolithic and historic periods. Due to the lack of detailed documentation of the excavated materials, their asso-
ciation to a specific chronocultural context has been challenging. Morphometric and taphonomic analyses, combined with direct
radiocarbon dating as well as isotopic and genetic analyses, were used to assign human remains to either late Neanderthals or an-
cientmodern humans fromdifferent chronocultural groups. In 2016 the first palaeogenetic investigation ofNeanderthal specimens
from Goyet was published [1]. Taxonomic assignment was confirmed by performing hybridization capture of the mitochondrial
DNA (mtDNA) and later inspecting diagnostic mutations at nucleotide positions that distinguish modern humans from Nean-
derthals. Moreover, a phylogenetic reconstruction placed seven nearly complete mtDNA sequences from Goyet within the diver-
sity of late Neanderthal mtDNA. An around two-fold coverage nuclear genome was later sequenced from one of those individuals
(Goyet Q56-1) [2], revealing a high genetic similarity to other late Neanderthals that is well correlated to their geographical dis-
tance. Analyzing modern human remains retrieved at Goyet, mtDNA genomes were initially reported for two specimens directly
dated to the Aurignacian, five to the Gravettian, and one to the Magdalenian [3]. Aurignacian-related individuals were particu-
larly intriguing as they were found to carry mtDNA haplogroupM, which is almost entirely absent in present-day Europeans. For
Gravettian- toMagdalenian-related individuals, the shift fromU2/U5 toU8 haplogroups was detected locally - as in other regions
of Central Europe - likely influenced by the genetic bottleneck during the Last Glacial Maximum (LGM). Furthermore, nuclear
sequences of five modern human individuals from Goyet were produced through genome-wide targeted enrichment [4] revealing
local replacement between Aurignacian- and Gravettian-related populations. However, the genetic component associated with a
35,000-year-old individual (Goyet Q116-1) reappeared after the LGM, first in Spain and then in other European regions includ-
ing in aMagdalenian-related individual fromGoyet (Goyet Q-2).This individual was later found to be the best proxy for a genetic
component that was largely displaced in Europe from around 14,000 years ago onwards while surviving in high proportion among
Mesolithic individuals from Iberia [5]. Here we present new palaeogenetic data of Neanderthal and modern human individuals
from this iconic site. First, we expand the molecular taxonomic identifications with three additional Neanderthal specimens and
reconstruct their partial mtDNA genomes. Those confirm the general picture of a limited genetic diversity for late Neanderthals,
which is also apparent among the Goyet Neanderthals. Second, working on modern human remains, we produced new mtDNA
and nuclear data from fourGravettian specimens.They belong tomtDNAhaplogroupsU2 andU5, further extending the observa-
tion of bothmtDNA types being largely present in pre-LGMEurope.Moreover, their nuclear genomes provide additional evidence
for the genetic affinity between Gravettian-related groups across Europe, from the present-day regions of the Czech Republic to
Belgium and Southern Italy. In conclusion, the deep temporal range covered by the human remains from the Troisième caverne of
Goyet provides the unique opportunity to describe within a single archaeological site the major genetic transformations that took
place in Europe throughout the Middle and Upper Palaeolithic.

References:[1] Rougier, H., Crevecoeur, I., Beauval, C., Posth, C., Flas, D., Wissing, C., Furtwangler, A., Germonpre, M., Gomez-Olivencia, A., Semal, P., van der Plicht, J., Bocherens, H., Krause, J., 2016.
Neandertal cannibalism and Neandertal bones used as tools in Northern Europe. Sci Rep 6, 29005.[2] Hajdinjak, M., Fu, Q., Hubner, A., Petr, M., Mafessoni, F., Grote, S., Skoglund, P., Narasimham, V.,
Rougier, H., Crevecoeur, I., Semal, P., Soressi, M., Talamo, S., Hublin, J.J., Gusic, I., Kucan, Z., Rudan, P., Golovanova, L.V., Doronichev, V.B., Posth, C., Krause, J., Korlevic, P., Nagel, S., Nickel, B.,
Slatkin, M., Patterson, N., Reich, D., Prufer, K., Meyer, M., Paabo, S., Kelso, J., 2018. Reconstructing the genetic history of late Neanderthals. Nature 555, 652-656.[3] Posth, C., Renaud, G., Mittnik, A.,
Drucker, D.G., Rougier, H., Cupillard, C., Valentin, F., Thevenet, C., Furtwangler, A., Wissing, C., Francken, M., Malina, M., Bolus, M., Lari, M., Gigli, E., Capecchi, G., Crevecoeur, I., Beauval, C., Flas,
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Hunter-Gatherer Ancestry in the Iberian Peninsula. Curr Biol 29, 1169-1177 e1167.
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The transition to food production, exploitation of ’secondary’ products (e.g., milk), and advances in cookware technology have af-
fected all aspects of human life. It has been hypothesized that the impact of dietary changes, particularly, the decreased functional
demands on the masticatory apparatus due to developments in food preparation techniques and softening of the food resulted in a
reduction of alveolar bone size and changes in mandibular shape [1-3]. Previous studies have supported this hypothesis by demon-
strating that mandibular shape is associated with masticatory muscle cross-sectional area (CSA, a surrogate for muscle force) [2,3].
Accordingly, larger CSAs are associated with a wider, more trapezoidal ramus, massive coronoid, rectangular body and a more
curved basal arch. Whereas mandibles with small CSA are characterized by a tall and narrow ramus (more like a parallelogram)
with a pointed coronoid, triangular body and a more triangular basal arch [3]. It has been shown previously that agriculturalists
(softer diet) had relatively short andbroadmandibleswith a tall, angled ramus and coronoid process, whereas hunter-gatherer popu-
lations (harder diet) have relatively long and narrowmandibles with a short, upright ramus and coronoid process [4]. In the present
study, we aimed to focus on subtle temporal morphological changes of the mandible during the terminal Pleistocene-Holocene
Levant and examine whether they were associated with reduced loadings on the masticatory system. By using a three-dimensional
geometric morphometric (GM) approach we examined the mandibular shape of four Levantine prehistoric populations: Natu-
fian hunter-gatherers (14,900-11,750 cal BP; n=10), Pre-potteryNeolithic early farmers (12,175-8,450 cal BP; n=6), Chalcolithic
farmers (6,500-5,500 cal BP; n=9), Roman-Byzantine (n=16), and a modern population (n=63). Changes in mandibular form
and shape were analyzed using the Procrustes-based geometric morphometric method. Univariate and multivariate analyses were
carried out to examine differences in size and shape between the studied populations. Our results reveal considerable temporal
changes in mandibular shape throughout the Holocene Levant, mainly between the pre-agricultural population (the Natufian)
and the succeeding ones, and between the post-industrial population (the Modern) and the pre-industrial populations. We have
followed changes inmandibular size and shape during the entireHolocene, includingmodern populations, in a restricted geograph-
ical region. A tendency for a reduction in mandibular size was identified between the pre-agricultural population and the farmers.
Most regions of themandible underwent shape changes.These results are supported by previous studies demonstrating similar vari-
ations in mandibular shape between hunter-gatherers and farmers in other geographical regions [4,5]. In conclusion, substantial
changes in mandibular shape occurred throughout the Holocene Levant, especially following the agricultural revolution. These
changes can be explained by the “masticatory-functional hypothesis”.
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The main excavations at the Troisième caverne of Goyet in Belgium were conducted by Edouard Dupont in 1868 who identified
Palaeolithic human occupations later attributed to the Middle and Upper Palaeolithic. These are represented by an archaeologi-
cal record that spans theMousterian, Lincombian-Ranisian-Jerzmanowician, Aurignacian, Gravettian, andMagdalenian, and then
extends into the Neolithic and historic periods. Due to the lack of detailed documentation of the excavated materials, their asso-
ciation to a specific chronocultural context has been challenging. Morphometric and taphonomic analyses, combined with direct
radiocarbon dating as well as isotopic and genetic analyses, were used to assign human remains to either late Neanderthals or an-
cientmodern humans fromdifferent chronocultural groups. In 2016 the first palaeogenetic investigation ofNeanderthal specimens
from Goyet was published [1]. Taxonomic assignment was confirmed by performing hybridization capture of the mitochondrial
DNA (mtDNA) and later inspecting diagnostic mutations at nucleotide positions that distinguish modern humans from Nean-
derthals. Moreover, a phylogenetic reconstruction placed seven nearly complete mtDNA sequences from Goyet within the diver-
sity of late Neanderthal mtDNA. An around two-fold coverage nuclear genome was later sequenced from one of those individuals
(Goyet Q56-1) [2], revealing a high genetic similarity to other late Neanderthals that is well correlated to their geographical dis-
tance. Analyzing modern human remains retrieved at Goyet, mtDNA genomes were initially reported for two specimens directly
dated to the Aurignacian, five to the Gravettian, and one to the Magdalenian [3]. Aurignacian-related individuals were particu-
larly intriguing as they were found to carry mtDNA haplogroupM, which is almost entirely absent in present-day Europeans. For
Gravettian- toMagdalenian-related individuals, the shift fromU2/U5 toU8 haplogroups was detected locally - as in other regions
of Central Europe - likely influenced by the genetic bottleneck during the Last Glacial Maximum (LGM). Furthermore, nuclear
sequences of five modern human individuals from Goyet were produced through genome-wide targeted enrichment [4] revealing
local replacement between Aurignacian- and Gravettian-related populations. However, the genetic component associated with a
35,000-year-old individual (Goyet Q116-1) reappeared after the LGM, first in Spain and then in other European regions includ-
ing in aMagdalenian-related individual fromGoyet (Goyet Q-2).This individual was later found to be the best proxy for a genetic
component that was largely displaced in Europe from around 14,000 years ago onwards while surviving in high proportion among
Mesolithic individuals from Iberia [5]. Here we present new palaeogenetic data of Neanderthal and modern human individuals
from this iconic site. First, we expand the molecular taxonomic identifications with three additional Neanderthal specimens and
reconstruct their partial mtDNA genomes. Those confirm the general picture of a limited genetic diversity for late Neanderthals,
which is also apparent among the Goyet Neanderthals. Second, working on modern human remains, we produced new mtDNA
and nuclear data from fourGravettian specimens.They belong tomtDNAhaplogroupsU2 andU5, further extending the observa-
tion of bothmtDNA types being largely present in pre-LGMEurope.Moreover, their nuclear genomes provide additional evidence
for the genetic affinity between Gravettian-related groups across Europe, from the present-day regions of the Czech Republic to
Belgium and Southern Italy. In conclusion, the deep temporal range covered by the human remains from the Troisième caverne of
Goyet provides the unique opportunity to describe within a single archaeological site the major genetic transformations that took
place in Europe throughout the Middle and Upper Palaeolithic.
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The transition to food production, exploitation of ’secondary’ products (e.g., milk), and advances in cookware technology have af-
fected all aspects of human life. It has been hypothesized that the impact of dietary changes, particularly, the decreased functional
demands on the masticatory apparatus due to developments in food preparation techniques and softening of the food resulted in a
reduction of alveolar bone size and changes in mandibular shape [1-3]. Previous studies have supported this hypothesis by demon-
strating that mandibular shape is associated with masticatory muscle cross-sectional area (CSA, a surrogate for muscle force) [2,3].
Accordingly, larger CSAs are associated with a wider, more trapezoidal ramus, massive coronoid, rectangular body and a more
curved basal arch. Whereas mandibles with small CSA are characterized by a tall and narrow ramus (more like a parallelogram)
with a pointed coronoid, triangular body and a more triangular basal arch [3]. It has been shown previously that agriculturalists
(softer diet) had relatively short andbroadmandibleswith a tall, angled ramus and coronoid process, whereas hunter-gatherer popu-
lations (harder diet) have relatively long and narrowmandibles with a short, upright ramus and coronoid process [4]. In the present
study, we aimed to focus on subtle temporal morphological changes of the mandible during the terminal Pleistocene-Holocene
Levant and examine whether they were associated with reduced loadings on the masticatory system. By using a three-dimensional
geometric morphometric (GM) approach we examined the mandibular shape of four Levantine prehistoric populations: Natu-
fian hunter-gatherers (14,900-11,750 cal BP; n=10), Pre-potteryNeolithic early farmers (12,175-8,450 cal BP; n=6), Chalcolithic
farmers (6,500-5,500 cal BP; n=9), Roman-Byzantine (n=16), and a modern population (n=63). Changes in mandibular form
and shape were analyzed using the Procrustes-based geometric morphometric method. Univariate and multivariate analyses were
carried out to examine differences in size and shape between the studied populations. Our results reveal considerable temporal
changes in mandibular shape throughout the Holocene Levant, mainly between the pre-agricultural population (the Natufian)
and the succeeding ones, and between the post-industrial population (the Modern) and the pre-industrial populations. We have
followed changes inmandibular size and shape during the entireHolocene, includingmodern populations, in a restricted geograph-
ical region. A tendency for a reduction in mandibular size was identified between the pre-agricultural population and the farmers.
Most regions of themandible underwent shape changes.These results are supported by previous studies demonstrating similar vari-
ations in mandibular shape between hunter-gatherers and farmers in other geographical regions [4,5]. In conclusion, substantial
changes in mandibular shape occurred throughout the Holocene Levant, especially following the agricultural revolution. These
changes can be explained by the “masticatory-functional hypothesis”.
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Reproducing cranial endocasts is themain goal for researchers interested in vertebrate brain evolution. Recent developments in 3D
digital modelling enabled to overcome the complex and somewhat riskymanual production of physical casts. Yet, even themost re-
cent, cutting-edgemethods still require somewhat long processing times and usually cannot deal with complex-shaped endocranial
cavities.These problems limit both the statistical power and phylogenetic scope of brain shape and size evolutionary investigations.
To fix these problems, we developed endomaker, a fully automatic tool for extracting endocasts from digital models of the skull and
calculate their volumeby using an innovative automatic voxel-basedmethod.We compared endomaker tomanual segmentation and
other endocast producing software and illustrate how to apply the tool on vertebrate skulls widely differing in size and shape. In this
communication, we show the versatility of endomaker by applying it on different shaped, different sized primate skulls including a
modern human and a human fossil specimen (Petralona,Homo heidelbergensis). Our results show how the surface of the endocast
obtained via endomaker fits the endocranial surface of the skull much more precisely than the one obtained with other software.
Endocranial volume estimates under endomaker are as precise as with the use of other sophisticated approaches. Crucially, both
endocast production and its volume estimation are indefinitely faster under endomaker. Besides being faster andmore precise than
competing software, endomaker is versatile enough that it works with disparate file formats such as .stl, .ply, or .obj and on all oper-
ating systems.This is favourable since digital models come into different forms and must be translated into a suitable format prior
to use with any software other than endomaker. With that, endomaker is the first software ever capable to process single-handedly
entire libraries of skull meshes and their endocranial volume estimates in a fewminutes, with minimal user preparation.endomaker
and example data are fully available in the Arothron R package.
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The emergence of the Acheulean is understood to mark a key adaptive shift in several dimensions of hominin behaviour.This shift
is represented archaeologically by evidence for the expansion of hominin foraging ranges involving increased mobility and tool
transport distances, variability in strategies of stone raw material procurement and use and increased spatial and temporal depths
of planning in the organization of stone tool production. Very little archaeological data, however, has been published to support
these inferences for Acheulean sites older than 1Ma (hereafter Early Acheulean sites). This may be due to a host of factors includ-
ing (1) the paucity of localities that are geologically suitable to investigate Early Acheulean landscape use and (2) the emphasis
in Early Acheulean studies on the origins and production patterns of large bifacial cutting tools (hereafter ‘LCTs’), the marker of
the Acheulean techno-complex.We need to understand how early Acheulean hominins organized and economized their technol-
ogy on a landscape scale, to make quantitative assessments about how shifts in hominin cognition are manifested archaeologically.
Very few contexts exist that are conducive to such studies. One of these is a set of spatially separated semi-contemporaneous early
Acheulean (∼1.4 Ma) sites in Koobi Fora, east Turkana, Kenya, consisting of the localities of FxJj65, FxJj63, FxJj37 and FxJj21.
The expansive lateral exposures of fluvial sediments, as well as the associated tephrostratigraphy of the Koobi Fora Formation pro-
vide the landscape context that enables these comparative analyses. Here I present analyses of variability within and between the
stone artefact assemblages at the Early Acheulean localities of FxJj65, FxJj63, FxJj37 and FxJj21, focusing on two quantitative prox-
ies for hominin landscape use. Namely, (1) variation in LCT manufacture and maintenance patterns across the landscape based
on 3D Geometric Morphometrics (‘3DGM’) [1] and (2) geographic variation in Early Acheulean flake production and discard
patterns based on a logistic predictive model [2]. One trajectory of changes in LCT size and shape is present across all four locali-
ties, implicating a single system of lithic economy for early Acheulean LCT production at Koobi Fora.This reduction trajectory is
differentially represented among the four sites, which implies a spatially structured fragmentation of LCTmanufacture and main-
tenance patterns across the landscape [3].The flake analyses provide an independent perspective on Acheulean hominin landscape
use, and imply a depth of planning in early Acheulean hominins wherein technological activities were undertaken in substantial
anticipation of future needs.
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Reproducing cranial endocasts is themain goal for researchers interested in vertebrate brain evolution. Recent developments in 3D
digital modelling enabled to overcome the complex and somewhat riskymanual production of physical casts. Yet, even themost re-
cent, cutting-edgemethods still require somewhat long processing times and usually cannot deal with complex-shaped endocranial
cavities.These problems limit both the statistical power and phylogenetic scope of brain shape and size evolutionary investigations.
To fix these problems, we developed endomaker, a fully automatic tool for extracting endocasts from digital models of the skull and
calculate their volumeby using an innovative automatic voxel-basedmethod.We compared endomaker tomanual segmentation and
other endocast producing software and illustrate how to apply the tool on vertebrate skulls widely differing in size and shape. In this
communication, we show the versatility of endomaker by applying it on different shaped, different sized primate skulls including a
modern human and a human fossil specimen (Petralona,Homo heidelbergensis). Our results show how the surface of the endocast
obtained via endomaker fits the endocranial surface of the skull much more precisely than the one obtained with other software.
Endocranial volume estimates under endomaker are as precise as with the use of other sophisticated approaches. Crucially, both
endocast production and its volume estimation are indefinitely faster under endomaker. Besides being faster andmore precise than
competing software, endomaker is versatile enough that it works with disparate file formats such as .stl, .ply, or .obj and on all oper-
ating systems.This is favourable since digital models come into different forms and must be translated into a suitable format prior
to use with any software other than endomaker. With that, endomaker is the first software ever capable to process single-handedly
entire libraries of skull meshes and their endocranial volume estimates in a fewminutes, with minimal user preparation.endomaker
and example data are fully available in the Arothron R package.
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The emergence of the Acheulean is understood to mark a key adaptive shift in several dimensions of hominin behaviour.This shift
is represented archaeologically by evidence for the expansion of hominin foraging ranges involving increased mobility and tool
transport distances, variability in strategies of stone raw material procurement and use and increased spatial and temporal depths
of planning in the organization of stone tool production. Very little archaeological data, however, has been published to support
these inferences for Acheulean sites older than 1Ma (hereafter Early Acheulean sites). This may be due to a host of factors includ-
ing (1) the paucity of localities that are geologically suitable to investigate Early Acheulean landscape use and (2) the emphasis
in Early Acheulean studies on the origins and production patterns of large bifacial cutting tools (hereafter ‘LCTs’), the marker of
the Acheulean techno-complex.We need to understand how early Acheulean hominins organized and economized their technol-
ogy on a landscape scale, to make quantitative assessments about how shifts in hominin cognition are manifested archaeologically.
Very few contexts exist that are conducive to such studies. One of these is a set of spatially separated semi-contemporaneous early
Acheulean (∼1.4 Ma) sites in Koobi Fora, east Turkana, Kenya, consisting of the localities of FxJj65, FxJj63, FxJj37 and FxJj21.
The expansive lateral exposures of fluvial sediments, as well as the associated tephrostratigraphy of the Koobi Fora Formation pro-
vide the landscape context that enables these comparative analyses. Here I present analyses of variability within and between the
stone artefact assemblages at the Early Acheulean localities of FxJj65, FxJj63, FxJj37 and FxJj21, focusing on two quantitative prox-
ies for hominin landscape use. Namely, (1) variation in LCT manufacture and maintenance patterns across the landscape based
on 3D Geometric Morphometrics (‘3DGM’) [1] and (2) geographic variation in Early Acheulean flake production and discard
patterns based on a logistic predictive model [2]. One trajectory of changes in LCT size and shape is present across all four locali-
ties, implicating a single system of lithic economy for early Acheulean LCT production at Koobi Fora.This reduction trajectory is
differentially represented among the four sites, which implies a spatially structured fragmentation of LCTmanufacture and main-
tenance patterns across the landscape [3].The flake analyses provide an independent perspective on Acheulean hominin landscape
use, and imply a depth of planning in early Acheulean hominins wherein technological activities were undertaken in substantial
anticipation of future needs.
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A wealth of data is being accumulated showing that the gut microbiome has co-evolved with humans through the fulfillment of
strategic roles for our biology [1]. However, most studies on putative ancestral microbiome traits have been limited to inferences
from contemporary populations adhering to traditional subsistence strategies [2,3], and little or no information on the symbiont
gut-microbial communities of ancient humans is available. To bridge this gap, here we characterized seven sediment samples from
stratigraphic unit X of El Salt Middle Paleolithic open-air site (Alicante, Spain), which has yielded Neanderthal fossil remains and
a rich sequence of well-preserved human occupation deposits dating to MIS 3, around 50 kya. Previous work on these samples
showed presence of several millimetric phosphatic coprolites and fecal lipid biomarkers, such as coprostanol and 5ß-stigmastanol,
with proportions strongly suggesting a human origin [4]. Ancient DNAwas extracted from this material and subjected to shotgun
Illumina sequencing, resulting in >90 M high-quality paired-end sequences. Based on our findings, bacterial species belonging to
families known to be part of a putatively core human gut microbiome are variably represented across the site layers. Interestingly,
these include several members of Lachnospiraceae and Ruminococcaceae, which are well-known short-chain fatty acid producers in
modern human guts and have been repeatedly proposed as biomarkers of a healthy gut microbiome. By reconstructing ancient bac-
terial profiles fromEl Salt Neanderthal feces-containing sediment, we propose the existence of a core human intestinal microbiome
with recognizable coherence betweenNeanderthals andmodern humans, whichmay help elucidate ancient human dietary and be-
havioral patterns as they relate to an association with the environment. The identification of ancient microbial gut constituents
could provide information about evolutionary symbioses that are crucial to development of healthy metabolic and immunological
functions. Further analyses of other Neanderthal in situ occupation sedimentary contexts are necessary to corroborate and expand
our results.This study shows the high potential of combining multidisciplinary biomolecular and geoarchaeological approaches to
the investigation of Paleolithic sites to advance our understanding of human biological and cultural evolution.
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settlers from Nigeria. Cell Reports 23, 3056-3067.[3] Rampelli, S., Schnorr, S.L., Consolandi, C., Turroni, S., Severgnini, M., Peano, C., Brigidi, P., Crittenden, A.N., Henry, A.G., Candela, M., 2015.
Metagenome sequencing of the Hadza hunter-gatherer gut microbiota. Current Biology 25, 1682-1693.[4] Sistiaga, A., Mallol, C., Galván, B., Summons, R.E., 2014.The Neanderthal meal: a new
perspective using faecal biomarkers. PLoS One 9, e101045.
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Bipedalism with an upright posture is one of the main defining traits of the earliest hominins. This locomotor behavior promi-
nently contrasts with those observed in other African apes, which mostly exhibit diversified quadrupedal locomotor behaviors.
Using the extant great apes as analogs, numerous different locomotor modes have been proposed to characterize the ancestral con-
dition prior to the adoption of the strict bipedal locomotion seen in the human lineage. Among the ancestral proposed locomotor
modes, knuckle-walking, a characteristic terrestrial quadrupedal locomotion exhibit by African apes, has played a central role.This
is because it represents the most parsimonious of the alternative hypotheses since both chimpanzees and gorillas exhibit this loco-
motor behavior.The knuckle-walking hypothesis states that the last common ancestor (LCA) of gorillas, chimpanzees, and humans
exhibited this locomotor mode, whereas vertical climbing, a common behavior observed in all of the extant apes, would be con-
sidered ancestral to knuckle-walking. Nonetheless, both phyletic and functional analyses of the earliest hominin fossils suggest
that hominin bipedality might have evolved from a locomotor mode that does not have a modern analog among the great apes
(i.e., careful climbing, clambering, and bridging). In addition, some authors point out that knuckle-walking could have evolved
independently in the African great apes, which would imply a homoplasic evolution of this locomotor behavior in chimpanzees
and gorillas. Other studies have argued the opposite by pointing out that the observed differences in knuckle-walking between
these two genera can be explained by differences in positional behavior, kinematics, and the biomechanics of weight-bearing, with-
out implying two independent origins of knuckle-walking. Due to the importance of this matter, several studies have focused on
the analysis of the hominoid wrist because it represents the key anatomical location that could help to elucidate the locomotor
mode of the LCA. Among the scarce osteological synapomorphies of humans and African apes, the fusion of the os centrale to the
scaphoid in the wrist has been long recognized.The scaphoid-centrale fusion in the African hominoid carpus has been interpreted
as a functional adaptation to the stresses exerted on this joint during quadrupedal locomotion, particularly accentuated in knuckle-
walking. The functional hypothesis has led to the suggestion that the fusion is evidence for a knuckle-walking common ancestor
of the hominine clade. However, the exact functional significance of scaphoid-centrale fusion remains unclear. We address this
question by carrying out finite element simulations of the hominoid wrist during knuckle-walking. We virtually generated fused
and unfused morphologies of our hominoid sample depending on the species to compare biomechanical performance. The un-
fusedmorphologies comprised three bony elements (i.e., capitate, scaphoid, and centrale) connected by the scaphocentralecapitate
ligament, whereas the fusedmorphology involved the scaphoid (or fused scaphoid-centrale) and capitate connected by the scapho-
capitate ligament. A structural static analysis was performed to evaluate the biomechanical behavior of the scaphoid, capitate, and
centrale during the stance phase of knuckle-walking using finite element analysis. We tested the hypothesis that fused scaphoid-
centrale morphologies better withstand the loads derived from a knuckle-walking scenario.The obtained results show that indeed
fused morphologies better resist the loads derived from knuckle-walking, particularly in the Homininae. Hence, these results sup-
port the biomechanical aspect that is required to relate the fusion of scaphoid and the centrale as an adaptation for knuckle-walking.

We thank the Digital Morphology Museum KUPRI andMorphosource for providing the sample.This work was supported by the NERCNE/R011168/1. T.A.P was funded by the Leverhulme Trust Early
Career Fellowship, ECF-2018-264. J.M-N was supported by the DFG, German Research Foundation, KA 1525/9-2 and acknowledges the CERCA programme (Generalitat de Catalunya).
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A wealth of data is being accumulated showing that the gut microbiome has co-evolved with humans through the fulfillment of
strategic roles for our biology [1]. However, most studies on putative ancestral microbiome traits have been limited to inferences
from contemporary populations adhering to traditional subsistence strategies [2,3], and little or no information on the symbiont
gut-microbial communities of ancient humans is available. To bridge this gap, here we characterized seven sediment samples from
stratigraphic unit X of El Salt Middle Paleolithic open-air site (Alicante, Spain), which has yielded Neanderthal fossil remains and
a rich sequence of well-preserved human occupation deposits dating to MIS 3, around 50 kya. Previous work on these samples
showed presence of several millimetric phosphatic coprolites and fecal lipid biomarkers, such as coprostanol and 5ß-stigmastanol,
with proportions strongly suggesting a human origin [4]. Ancient DNAwas extracted from this material and subjected to shotgun
Illumina sequencing, resulting in >90 M high-quality paired-end sequences. Based on our findings, bacterial species belonging to
families known to be part of a putatively core human gut microbiome are variably represented across the site layers. Interestingly,
these include several members of Lachnospiraceae and Ruminococcaceae, which are well-known short-chain fatty acid producers in
modern human guts and have been repeatedly proposed as biomarkers of a healthy gut microbiome. By reconstructing ancient bac-
terial profiles fromEl Salt Neanderthal feces-containing sediment, we propose the existence of a core human intestinal microbiome
with recognizable coherence betweenNeanderthals andmodern humans, whichmay help elucidate ancient human dietary and be-
havioral patterns as they relate to an association with the environment. The identification of ancient microbial gut constituents
could provide information about evolutionary symbioses that are crucial to development of healthy metabolic and immunological
functions. Further analyses of other Neanderthal in situ occupation sedimentary contexts are necessary to corroborate and expand
our results.This study shows the high potential of combining multidisciplinary biomolecular and geoarchaeological approaches to
the investigation of Paleolithic sites to advance our understanding of human biological and cultural evolution.
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Throughout (pre)history, non-flint rocks have been used in combination with fire to structure fireplaces, to retain heat, to boil liq-
uids andprepare food.They constitute an important find category for the reconstructionof past fire functions, potentially providing
insights into aspects of fire-related human behaviour that cannot be obtained from other fire proxies.Thus far the identification of
heated non-flint rocks in archaeological contexts largely depends on visual (macroscopic) assessment, using criteria widely assumed
to be diagnostic for thermal alteration. However, visual identification can be subject to observer bias, and some heat-induced traces
can be quite difficult to distinguish from other types of weathering.This can particularly be an issue for older sites where non-flint
rocks occur in small numbers (as opposed to e.g.HoloceneNorthAmerican siteswith large piles fire-cracked rocks) andwhere those
rocks may have been used for other, non-fire-related, tasks as well. Here we present feldspar luminescence analysis as an objective
way to identify heated non-flint rocks and as a way to test whether macroscopic assessment provides a reliable indication of former
heating. For this purpose, non-flint manuports with and without inferred macroscopic traces of heating, originating from the Last
Interglacial, Middle Palaeolithic site Neumark-Nord 2 (Germany), were submitted to feldspar luminescence analysis (pIRIR) and
results compared to the visual assessment. In addition, the feasibility of the method was tested by analysing heated and unheated
experimental pieces. Feldspar luminescence analysis was applied to a cross-section of different rock types from the Neumark-Nord
2 assemblage. From each stone a core was taken and divided into slices, after which at least one sample from the outside and one
sample from the centre of the stone was analysed to obtain a heating-depth-profile.This allowed distinction between optical reset-
ting (of the outer part) and thermal resetting (of the inner part of the stone). Results show good agreement between macroscopic
traces and luminescence signals for the (presumed) unheated pieces. However, visual assessment of heat alteration overestimated
the actual amount of heated non-flint rocks. Luminescence analysis has so far identified two heated rocks at Neumark-Nord 2,
making them (to our knowledge) the oldest unambiguously heated stones at a Palaeolithic site. Despite the variety of rock types
tested, the low sample size per rock type, and some methodological constraints, this preliminary study demonstrates the potential
of luminescence analyses in the identification of heated rocks–and their prehistoric applications like hot-stone cooking.The study
also warns against the use of macroscopic assessment and the use of inferred diagnostic criteria without further confirmation by
independent, quantitative methods.

This research was generously supported by a Centre for Archaeology, Art history and Science (CAAS) student research grant, a Stichting Nederlands Museum voor Anthropologie en Praehistorie
(SNMAP) innovative research grant, the Koninklijke Nederlandse Akademie van deWetenschappen (KNAW) Academy-assistant program, and funds from the NCL and the KNAW Professorship prize
awarded toW. Roebroeks.
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In archaeological and paleontological contexts, dental morphology is widely used for biodistance analysis in order to reconstruct
modern human population history [1] and hominin phylogenies [2]. Dental variation is routinely characterized using non-metric
traits with reference to the Arizona State University Dental Anthropology System (ASUDAS) [3]. This system catalogues a large
number of standardized crown and root shape variants that are thought to evolve in a neutral genetic manner. However, there is
disagreement on whether certain traits preserve neutral genetic signatures to a greater degree than other traits [4]. For this reason,
identifying traits and trait combinations that are most useful for reconstructing neutral genetic affinities is of upmost importance
for future dental biodistance research. Here, we systematically test the utility of different dental trait combinations by quantifying
the correlation between neutral genomic markers and dental morphological variation in modern human populations. Specifically,
we assess theutility of a particular trait combinationby estimatingdental distance values (Euclidean squared) between20worldwide
populations, and by comparing them to neutral genetic distance values (Delta-mu squared) among the same, or closely matched,
populations. Our analysis, based on 27 ASUDAS dental traits for more than 30,000 individuals and 645 microsatellite loci for
4,391 individuals, tests the differential correlation of 134,217,727 possible dental trait combinations. Our results show that dif-
ferent traits and trait combinations are differentially correlated with neutral genomic variation (with a range from r = -0.11 to r
= 0.79). In general, increasing the number of traits leads to a logarithmic increase in the correlation between genomic and dental
distances until it reaches a plateau at approximately r = 0.5. At the same time, increasing the number of traits reduces the variance
of dental distance estimates.These findings support the claim that dental distances based onmany traits are, in general, more robust
than those based on only a few traits [5].Nevertheless, we found that the highest correlations between genomic and dental variation
were achieved by using a rather limited number of specific and highly diagnostic traits (from 7 to 14). We argue that these traits
should be prioritized in future dental biodistance analyses, when possible. Our results serve to develop accurate inferences about
neutral genetic relationships among modern human populations with the use of dental non-metric traits. They have implications
for drawing interpretations from the archaeological and fossil records, as well as for the evolutionary mechanisms responsible for
human dental morphological diversity.

This work is funded by the German Research Foundation (DFG FOR 2237: Project “Words, Bones, Genes, Tools: Tracking Linguistic, Cultural, and Biological Trajectories of the Human Past”). We thank
Patrícia Santos for assistance with data preparation.
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1233062.[3] Turner, C., Nichol, C., Scott GR., 1991. Scoring procedures for key morphological traits of the permanent dentition:The Arizona State University dental anthropology system, In: Kelley, M.,
Larsen, C. (Eds.), Advances in dental anthropology. Wiley-Liss: New York, 13–32.[4] Park, J.-H., Yamaguchi, T., Watanabe, C., Kawaguchi, A., Haneji, K., Takeda, M., Kim, Y.-I., Tomoyasu, Y.,
Watanabe, M., Oota, H., Hanihara, T., Ishida, H., Maki, K., Park, S.-B., Kimura, R., 2012. Effects of an Asian-specific nonsynonymous EDAR variant on multiple dental traits. J. Hum. Genet. 57 (8),
508–514.[5] Scott, G.R., Turner II, C.G., Townsend, G.C., Martinón-Torres, M., 2018.The Anthropology of Modern Human Teeth, 2nd edition ed. Cambridge University Press, 242.

158



Poster Presentation Number 125, Session 1,Th. 12:15-14:00

Fire on the rocks - establishing prehistoric heating of non-flint rocks through feldspar luminescence
analysis (pIRIR)

F.H. Reidsma1, E.A.L. Pop1,2,5, T. Reimann3, B. Guralnik3, R. Sohbati4, A. Versendaal3, J. Wallinga3, C.E.S. Arps2, S.
Gaudzinski-Windheuser5, W. Roebroeks1

1 – Faculty of Archaeology, Leiden University,TheNetherlands · 2 – Naturalis Biodiversity Centre, Leiden,TheNetherlands · 3 –
Netherlands Centre for Luminescence dating,Wageningen University, Wageningen,TheNetherlands · 4 – Nordic Laboratory for
Luminescence Dating, Aarhus University, Aarhus, Denmark · 5 – Römisch - Germanisches ZentralmuseumMONREPOS
Archaeological Research Centre andMuseum for Human Behavioural Evolution, Monrepos, Germany

Throughout (pre)history, non-flint rocks have been used in combination with fire to structure fireplaces, to retain heat, to boil liq-
uids andprepare food.They constitute an important find category for the reconstructionof past fire functions, potentially providing
insights into aspects of fire-related human behaviour that cannot be obtained from other fire proxies.Thus far the identification of
heated non-flint rocks in archaeological contexts largely depends on visual (macroscopic) assessment, using criteria widely assumed
to be diagnostic for thermal alteration. However, visual identification can be subject to observer bias, and some heat-induced traces
can be quite difficult to distinguish from other types of weathering.This can particularly be an issue for older sites where non-flint
rocks occur in small numbers (as opposed to e.g.HoloceneNorthAmerican siteswith large piles fire-cracked rocks) andwhere those
rocks may have been used for other, non-fire-related, tasks as well. Here we present feldspar luminescence analysis as an objective
way to identify heated non-flint rocks and as a way to test whether macroscopic assessment provides a reliable indication of former
heating. For this purpose, non-flint manuports with and without inferred macroscopic traces of heating, originating from the Last
Interglacial, Middle Palaeolithic site Neumark-Nord 2 (Germany), were submitted to feldspar luminescence analysis (pIRIR) and
results compared to the visual assessment. In addition, the feasibility of the method was tested by analysing heated and unheated
experimental pieces. Feldspar luminescence analysis was applied to a cross-section of different rock types from the Neumark-Nord
2 assemblage. From each stone a core was taken and divided into slices, after which at least one sample from the outside and one
sample from the centre of the stone was analysed to obtain a heating-depth-profile.This allowed distinction between optical reset-
ting (of the outer part) and thermal resetting (of the inner part of the stone). Results show good agreement between macroscopic
traces and luminescence signals for the (presumed) unheated pieces. However, visual assessment of heat alteration overestimated
the actual amount of heated non-flint rocks. Luminescence analysis has so far identified two heated rocks at Neumark-Nord 2,
making them (to our knowledge) the oldest unambiguously heated stones at a Palaeolithic site. Despite the variety of rock types
tested, the low sample size per rock type, and some methodological constraints, this preliminary study demonstrates the potential
of luminescence analyses in the identification of heated rocks–and their prehistoric applications like hot-stone cooking.The study
also warns against the use of macroscopic assessment and the use of inferred diagnostic criteria without further confirmation by
independent, quantitative methods.

This research was generously supported by a Centre for Archaeology, Art history and Science (CAAS) student research grant, a Stichting Nederlands Museum voor Anthropologie en Praehistorie
(SNMAP) innovative research grant, the Koninklijke Nederlandse Akademie van deWetenschappen (KNAW) Academy-assistant program, and funds from the NCL and the KNAW Professorship prize
awarded toW. Roebroeks.

159

Poster Presentation Number 69, Session 1,Th. 12:15-14:00

Testing the utility of different ASUDAS dental trait combinations for biodistance analysis

Hannes Rathmann1, Hugo Reyes-Centeno1

1 - DFGCenter for Advanced Studies “Words, Bones, Genes, Tools”, University of Tübingen, Tübingen, Germany

In archaeological and paleontological contexts, dental morphology is widely used for biodistance analysis in order to reconstruct
modern human population history [1] and hominin phylogenies [2]. Dental variation is routinely characterized using non-metric
traits with reference to the Arizona State University Dental Anthropology System (ASUDAS) [3]. This system catalogues a large
number of standardized crown and root shape variants that are thought to evolve in a neutral genetic manner. However, there is
disagreement on whether certain traits preserve neutral genetic signatures to a greater degree than other traits [4]. For this reason,
identifying traits and trait combinations that are most useful for reconstructing neutral genetic affinities is of upmost importance
for future dental biodistance research. Here, we systematically test the utility of different dental trait combinations by quantifying
the correlation between neutral genomic markers and dental morphological variation in modern human populations. Specifically,
we assess theutility of a particular trait combinationby estimatingdental distance values (Euclidean squared) between20worldwide
populations, and by comparing them to neutral genetic distance values (Delta-mu squared) among the same, or closely matched,
populations. Our analysis, based on 27 ASUDAS dental traits for more than 30,000 individuals and 645 microsatellite loci for
4,391 individuals, tests the differential correlation of 134,217,727 possible dental trait combinations. Our results show that dif-
ferent traits and trait combinations are differentially correlated with neutral genomic variation (with a range from r = -0.11 to r
= 0.79). In general, increasing the number of traits leads to a logarithmic increase in the correlation between genomic and dental
distances until it reaches a plateau at approximately r = 0.5. At the same time, increasing the number of traits reduces the variance
of dental distance estimates.These findings support the claim that dental distances based onmany traits are, in general, more robust
than those based on only a few traits [5].Nevertheless, we found that the highest correlations between genomic and dental variation
were achieved by using a rather limited number of specific and highly diagnostic traits (from 7 to 14). We argue that these traits
should be prioritized in future dental biodistance analyses, when possible. Our results serve to develop accurate inferences about
neutral genetic relationships among modern human populations with the use of dental non-metric traits. They have implications
for drawing interpretations from the archaeological and fossil records, as well as for the evolutionary mechanisms responsible for
human dental morphological diversity.

This work is funded by the German Research Foundation (DFG FOR 2237: Project “Words, Bones, Genes, Tools: Tracking Linguistic, Cultural, and Biological Trajectories of the Human Past”). We thank
Patrícia Santos for assistance with data preparation.

References:[1] Matsumura, H., Oxenham, M.F., 2014. Demographic transitions and migration in prehistoric East/Southeast Asia through the lens of nonmetric dental traits. Am. J. Phys. Anthropol. 155
(1), 45–65.[2] Irish, J.D., Guatelli-Steinberg, D., Legge, S.S., Ruiter, D.J. de, Berger, L.R., 2013. Dental morphology and the phylogenetic “place” of Australopithecus sediba. Science 340 (6129),
1233062.[3] Turner, C., Nichol, C., Scott GR., 1991. Scoring procedures for key morphological traits of the permanent dentition:The Arizona State University dental anthropology system, In: Kelley, M.,
Larsen, C. (Eds.), Advances in dental anthropology. Wiley-Liss: New York, 13–32.[4] Park, J.-H., Yamaguchi, T., Watanabe, C., Kawaguchi, A., Haneji, K., Takeda, M., Kim, Y.-I., Tomoyasu, Y.,
Watanabe, M., Oota, H., Hanihara, T., Ishida, H., Maki, K., Park, S.-B., Kimura, R., 2012. Effects of an Asian-specific nonsynonymous EDAR variant on multiple dental traits. J. Hum. Genet. 57 (8),
508–514.[5] Scott, G.R., Turner II, C.G., Townsend, G.C., Martinón-Torres, M., 2018.The Anthropology of Modern Human Teeth, 2nd edition ed. Cambridge University Press, 242.

158



Poster Presentation Number 97, Session 1,Th. 12:15-14:00

First observations on some traits of the oral cavity in the Neanderthal fromAltamura

Alessandro Riga1,2, Marco Boggioni3, Andrea Papini3, Costantino Buzi4, Antonio Profico4, Fabio Di Vincenzo4, Jacopo
Moggi-Cecchi1, GiorgioManzi4

1 Department of Biology, University of Florence, Florence, Italy · 2 Laboratory of Archaeoanthropology, SABAP - FI, Scandicci
(FI), Italy · 3 School of Paleoanthropology, Perugia, Italy · 4 Dipartimento di Biologia Ambientale, Sapienza Università di Roma,
Roma, Italy

TheMurgia plateau (Apulia, southern Italy) is a geographic area rich of karstic formations such as dolines, blind valleys and caves.
One of these formation is the Lamalunga cave, part of a wider karstic complex. During a speleological survey in 1993, in a small
chamber, delimited by speleothemes, speleologists found a hominin specimen with the skull stuck in the walls of the chamber and
other bones laying on the ground and covered by calcareous concretions. Anthropologists visited the cave in the following years and
revealed that the specimen,most likely in primary deposition, preservesmost of the bones in excellent state and probably represents
one of the most complete fossil hominins in Europe. Observations of the skeletal features suggested the presence of mixed archaic
and Neanderthal derived traits, placing the specimen in the variability of the European Late-Middle Pleistocene. A few years ago,
the extraction of a scapula fragment, allowed the conduction on new analysis that on the one hand confirmed the attribution to
the Neanderthal hypodigm (morphometric analyisis and ancient DNA), and on the other, dated the specimen between 130.1 ±
1.9 ka and 172 ± 15 ka. Recently, in the context of a broader project financed by the PRIN program of the Italian government, it
has been possible taking more precise observations on several features of the specimen. In this work, we present preliminary obser-
vations on the dentition and the oral cavity of the Neanderthal fromAltamura, made possible also by the use of a fiberscope, which
allowed observing some hidden parts of the mandible and of the palate. The dentition of the specimen is almost complete, except
for two teeth (upper right P3 and upper left M1) lost in vitam and four teeth (lower right I1 and P3 and lower left I1 and I2) lost
post-mortem. Dental wear is marked.The inversion of the compensation curve ofWilson inM1s andM2s is clear, supporting the
hypothesis that the individual is an adult.The general state of the periodontal bone is difficult to assess because it is covered by a cal-
cite layer; however, no periodontal pockets are visible, except in correspondence of one of the lost teeth.Therefore, the high extent
of root exposure might be related to bone resorption and/or compensative eruption linked to the marked dental wear. A frontal
x-ray image on the skull revealed the presence of a periapical lesion in the upper right central incisor. Some features we observed, i.e.
taurodontism and the presence of a retromolar space confirm, along with the cranial general morphology and the morphometric
analysis of the scapula, the attribution to theNeanderthal hypodigm. Also, a well-developed palatine torus is documented, a feature
whose occurrence in Neanderthals, to the best of our knowledge, has not been described so far.
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A major problem in the archaeology of early hominins is the inference of foraging and dietary patterns from faunal remains. For
example, the shift in early hominin diets from one largely based on fruits, nuts, and various forms of vegetation to one that included
a significant component of animal resources has been inferred from the characteristics of archaeological bone assemblages: skeletal
element representation, bone surface modification, animal tooth marks, stone-tool cut marks, etc. But the problem of equifinality
– with different processes leading to similar patterns – makes these inferences problematic [1]. Here we present the first results
obtained from the application of a novel set of methodologies that combines ethological and taphonomic data to study predation
events on the floodplains of Gorongosa National Park, Mozambique. The geographic location of Gorongosa in the East African
Rift System and its complex vegetation mosaic offer a unique environmental and ecological analogue for the context of the earliest
Plio-Pleistocene archaeological sites in eastern Africa. The lead author collected data over 18 days directly documenting 7 preda-
tion events and following the fates of 11 mammal carcasses. Our results show that carrion was available from cranial contents and
metapodials of fresh carcasses shortly after carnivore feeding, and that bone marrow remained relatively unexploited. Our analy-
sis of bone surface modification highlights the ambiguity of attributing some types of bone surface marks exclusively to hominin
tool use. We remark on the importance of studying overlooked species in the context of carcass modification and consumption,
emphasizing the role vultures, marabou storks, and crocodiles. Furthermore, ethological data in the form of systematic scans of
the Gorongosa floodplain revealed patterns of primate behaviour in relation to predators and carcasses. Baboons tended to avoid
“zones of risk”, i.e. areas where carcasses or predators were in close proximity.The baboon avoidance of carcasses points to an aware-
ness of the dangers in terms of possible predator confrontation, but also of the risk of disease. We suggest, as others have done [2],
that bone marrow was a resource likely to have been exploited by hominins as a relatively hygienic and reliable source of fat and
energy. To test this conclusion, we encourage the collection of experimental data over longer time scales, and the use of microscopic
analysis of marks made by vultures, marabou storks, and crocodiles. This study shows that the combination of direct ethological
observations and taphonomic methods in the analysis of modern bone assemblages may provide fresh insights into the behaviour
of early hominins and other vertebrates in the consumption of animal resources.
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Theory of mind (ToM) is one’s ability to imagine another’s thoughts. It is an ability that modern humans rely on continually like
even driving an automobile in traffic. ToM is a recursive ability; one’s thoughts could include an understanding of what others know
about one’s thoughts. This recursiveness yields increasingly inclusive ‘orders of intentionality.’ First order intentionality is Mary’s
own mental state: “I am angry”; in second order intentionality, John knows that Mary is angry; in third order, Mary knows that
John knows thatMary is angry, and so on.Modern adults regularly handle four orders of intentionality and sometimes five. Unique
among primates,most humans are conscious of possessing a full theory ofmind; even at their best, great apes are “just able to achieve
second order intentionality” in some circumstances [1, 2]. In the present paper, we propose to use features of the archaeological
record to trace the evolution of this important ability. Oldowan stone tools may provide the earliest ToM clues. These hominin
stone knappers struck sharp flakes from stone cores and used the flakes to butcher scavenged carcasses. The intentional manufac-
ture of these flakes via percussion indicates an egocentric, goal directed activity that may have required some concept of self [3].
A model [4] was proposed for the evolution of teaching in which orders of intentionality played a key role. It was suggested that
novice knappers learned through demonstration, a form of teaching that requires advanced ToM because the demonstrator must
understand the novice’s ignorance and desire to learn.Others [5] suggest that veridical copying, in which the novice attended to the
motor procedures of a knowledgeable individual and duplicates those procedures, would be sufficient. This would have required
only chimpanzee-level perspective taking, i.e., an ability to imagine what another sees. This is not full ToM, let alone the 3rd or-
der intentionality that [4] envision.The teardrop-shaped Acheulean handaxe, with its large geographic and temporal distribution,
may suggest a standardization of conceptualization, that in turn, required that Acheulean knappers to have had a collective un-
derstanding of both the handaxe’s purpose and the manufacturing process. Such a shared intention would implicate second order
intentionality. Further, the pervasiveness of Acheuleanmaterial culture indicates a kind of group or social knowledge – widespread
replication of teardrop-shaped tools necessitates transmission of knowledge across time and space. Indeed, social learning must
have been present, likely in the form of imitation. Other work [2, 3] focuses not on social learning, but on identity development.
This model incorporates the perspective of embodied/extended cognition, in particular the role that material culture plays in com-
municating information about identity. When evidence suggests that a stone knapper attempted to manipulate how he or she was
seen (and the tools assessed) by others, then 3rd order intentionality was likely in play. In particular, gigantic handaxes may have
gone beyond the purely functional andmay indicate social signaling.The neuroaesthetic implications of ‘overdetermined’ handaxes
also corroborates this assessment. Overdetermination occurs when handaxe makers paid more attention to appearance (including
bilateral symmetry or even intentional asymmetry like S-twists) than was necessary for function. This was almost certainly done
to impress others. To produce a display object, the maker clearly knew that others would not only see it, but would judge it, and
took this external perspective into account whenmaking the artifact. And it was not just ‘others see me,’ it must have included what
others knew about what the maker knew, something similar to: “I alter what I do because you know the prototype against which I
must conformmy efforts”, and we are proposing that it serves as good evidence for 3rd order intentionality.

References:[1] Dunbar, R., 2007.The social brain and the cultural explosion of the human revolution. In: P. Mellars, K. Boyle, O. Bar Yosef, & C. B. Stringer (Eds.), Rethinking the human revolution.
Cambridge: Cambridge University Press, 91-99.[2] Cole, J., 2017. Accessing hominin cognition: Language and social signalling in the Lower to Middle Palaeolithic. In: T. Wynn & F. L. Coolidge (Eds.),
Cognitive Models in Palaeolithic Archaeology. Oxford: Oxford University Press, 157-196.[3] Cole, J., 2014.The identity model: A theory to access visual display and hominin cognition within the
Palaeolithic. In: R. Dunbar, C. Gamble, & J. Gowlett (Eds.), Lucy to Language:The Benchmark Papers. Oxford: Oxford University Press, 90-107.[4] Gärdenfors , P., Högberg, A., 2017.The archaeology of
teaching and the evolution ofHomo docens. Current Anthropology, 58(2), 188-208.[5] Tennie, C., Premo, L. S., Braun, D., McPherron, A., 2017. Early stone tools and cultural transmission: Resetting the
null hypothesis. Current Anthropology, 58(5), 652-672.
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Themetabolic rate of modern humans is larger than that from great apes, and it has been hypothesized that this metabolic increase
would be related to the expensive growth of our larger brain, and to the features of ourmodern life history, with new growth stages,
high reproductive success and longevity [1].We propose that an increase in the metabolic rate of the organism would be related to
an increase in its total blood supply. In evolutionary biology, the distal blood supply of specific organs like the brain or limbs has
been studied in different species in relation to growth, maintenance or locomotion. We propose to turn this perspective around
and study the total proximal blood supply within human evolution. This supply is the cardiac output, the product of the amount
of blood pumped from a ventricle in a single heartbeat and the number of heart beats per minute. There are several techniques for
its measurement, and the determination of the diameter of the aorta is considered one of them.The impression left by the aorta on
the vertebral bodies (aortic impression or AI) was measured through surface area bilateral asymmetry on processed photographs
(Adobe Photoshop CS6, ImageJ) of vertebrae of modern humans (N=48), chimpanzees (N=10), gorillas (N=5) and orangutan
(N=3) specimens, including one Neandertal and one H. erectus individuals. Body weight and aortic root diameter (sinus of Val-
salva) data from living samples of humans (N=1132) and great apes (chimpanzees, N= 87, gorillas, N=51) were also gathered and
compared. Significant asymmetry towards a smaller left area of the vertebral surface was observed in modern human females and
males (segments T7-L2 and T5-T11, respectively), while in the great ape sample no significant asymmetry was observed, although
due to the limited sample size our results are preliminary. Asymmetry values were significantly larger in modern humans in com-
parison with great apes for the segment T6-T11.The pattern of asymmetry observed in modern humans fits the known trajectory
of the descending aorta (DAo), confirming that the vertebral asymmetry is caused by this artery.The presence of the AI in modern
humans and its absence in great apes could be explained by different factors, including a closer spatial association between theDAo
and the vertebral bodies inmodern humans due to differences resulting from thorax size and shape in great apes, and/or an increase
in the blood flow or diameter of the DAo in modern humans.With regard to the latter explanation, it has been assumed that mea-
surements of external arterial dimensions can indicate the rate of blood flowwithin them [2], and data from livingmodern humans
and great apes indicate that inmodern humans the aortic root is larger than in chimpanzees and similar to gorillas, with significantly
larger body weights.The relation of body weight and aortic root is similar to the relation between total energy expenditure and fat
freemass, and to the relation between basal metabolic rate and bodymass in humans and great apes that reflect the raisedmetabolic
activity of modern humans [1]. In this proposed scenario, large brained hominins with a growth pattern and a life history pattern
similar to modern humans, such as Neandertals [3], would also present an AI. The T6-T7 thoracic vertebra from a young adult
Neandertal from El Sidrón site [4] presents a clear AI, while a preliminary study of published photographs of the thoraco-lumbar
spine of KNMWT15000 [5] would indicate that noAI is present in this youngH. erectus. Our results support the hypothesis that
the appearance of the modern human life history and our larger brains would be linked to a change in the cardiovascular system
that would have allowed for an increase in the cardiac output of the organism.

The authors would like to thank Judit Alves Cardoso and Susana Garcia, who granted access to the documented modern human collection curated at the Museo Nacional de Historia Natural, Lisbon,
Portugal; to Javier Quesada, who granted access to the great ape skeletons curated at the Natural Sciences Museum of Barcelona; and to the curators of the mammals collection at the Estación Biológica de
Doñana (CSIC), who granted access to the great ape skeletons.
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M., Dean, C. 2017.The growth pattern of Neandertals, reconstructed from a juvenile skeleton from El Sidrón (Spain). Science 357, 1282-1287.[4] Bastir, M., García-Martínez, D., Ríos, L., Higuero, A.,
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to impress others. To produce a display object, the maker clearly knew that others would not only see it, but would judge it, and
took this external perspective into account whenmaking the artifact. And it was not just ‘others see me,’ it must have included what
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Themetabolic rate of modern humans is larger than that from great apes, and it has been hypothesized that this metabolic increase
would be related to the expensive growth of our larger brain, and to the features of ourmodern life history, with new growth stages,
high reproductive success and longevity [1].We propose that an increase in the metabolic rate of the organism would be related to
an increase in its total blood supply. In evolutionary biology, the distal blood supply of specific organs like the brain or limbs has
been studied in different species in relation to growth, maintenance or locomotion. We propose to turn this perspective around
and study the total proximal blood supply within human evolution. This supply is the cardiac output, the product of the amount
of blood pumped from a ventricle in a single heartbeat and the number of heart beats per minute. There are several techniques for
its measurement, and the determination of the diameter of the aorta is considered one of them.The impression left by the aorta on
the vertebral bodies (aortic impression or AI) was measured through surface area bilateral asymmetry on processed photographs
(Adobe Photoshop CS6, ImageJ) of vertebrae of modern humans (N=48), chimpanzees (N=10), gorillas (N=5) and orangutan
(N=3) specimens, including one Neandertal and one H. erectus individuals. Body weight and aortic root diameter (sinus of Val-
salva) data from living samples of humans (N=1132) and great apes (chimpanzees, N= 87, gorillas, N=51) were also gathered and
compared. Significant asymmetry towards a smaller left area of the vertebral surface was observed in modern human females and
males (segments T7-L2 and T5-T11, respectively), while in the great ape sample no significant asymmetry was observed, although
due to the limited sample size our results are preliminary. Asymmetry values were significantly larger in modern humans in com-
parison with great apes for the segment T6-T11.The pattern of asymmetry observed in modern humans fits the known trajectory
of the descending aorta (DAo), confirming that the vertebral asymmetry is caused by this artery.The presence of the AI in modern
humans and its absence in great apes could be explained by different factors, including a closer spatial association between theDAo
and the vertebral bodies inmodern humans due to differences resulting from thorax size and shape in great apes, and/or an increase
in the blood flow or diameter of the DAo in modern humans.With regard to the latter explanation, it has been assumed that mea-
surements of external arterial dimensions can indicate the rate of blood flowwithin them [2], and data from livingmodern humans
and great apes indicate that inmodern humans the aortic root is larger than in chimpanzees and similar to gorillas, with significantly
larger body weights.The relation of body weight and aortic root is similar to the relation between total energy expenditure and fat
freemass, and to the relation between basal metabolic rate and bodymass in humans and great apes that reflect the raisedmetabolic
activity of modern humans [1]. In this proposed scenario, large brained hominins with a growth pattern and a life history pattern
similar to modern humans, such as Neandertals [3], would also present an AI. The T6-T7 thoracic vertebra from a young adult
Neandertal from El Sidrón site [4] presents a clear AI, while a preliminary study of published photographs of the thoraco-lumbar
spine of KNMWT15000 [5] would indicate that noAI is present in this youngH. erectus. Our results support the hypothesis that
the appearance of the modern human life history and our larger brains would be linked to a change in the cardiovascular system
that would have allowed for an increase in the cardiac output of the organism.

The authors would like to thank Judit Alves Cardoso and Susana Garcia, who granted access to the documented modern human collection curated at the Museo Nacional de Historia Natural, Lisbon,
Portugal; to Javier Quesada, who granted access to the great ape skeletons curated at the Natural Sciences Museum of Barcelona; and to the curators of the mammals collection at the Estación Biológica de
Doñana (CSIC), who granted access to the great ape skeletons.

References:[1] Pontzer, H., Brown, M. H., Raichlen, D. A., Dunsworth, H., Hare, B., Walker, K., Luke, A., Dugas, L.R., Durazo-Arvizu, R., Schoeller, D., Plange-Rhule, J., Bovet, P., Forrester, T.E.,
Lambert, E.V., Thompson, M.E., Shumaker, R.W., Ross, S.R. 2016. Metabolic acceleration and the evolution of human brain size and life history. Nature 533, 390-392.[2] Wu, C., Honarmand, A.R.,
Schnell, S., Kuhn, R., Schoeneman, S.E., Ansari, S.A., Carr, J., Markl, M., Shaibain, A. 2016. Age-Related Changes of Normal Cerebral and Cardiac Blood Flow in Children and Adults Aged 7Months to 61
Years. Journal of the American Heart Association 5, e002657.[3] Rosas, A., Ríos, L., Estalrrich, A., Liversidge, H., García-Tabernero, A., Huguet, R., Cardoso, H., Bastir, M., Lalueza-Fox, C., de la Rasilla,
M., Dean, C. 2017.The growth pattern of Neandertals, reconstructed from a juvenile skeleton from El Sidrón (Spain). Science 357, 1282-1287.[4] Bastir, M., García-Martínez, D., Ríos, L., Higuero, A.,
Barash, A., Martelli, S., García Tabernero, A., Estalrrich, A., Huguet, R., de la Rasilla, M., Rosas, A. 2017.Three-dimensional morphometrics of thoracic vertebrae in Neandertals and the fossil evidence
from El Sidron (Asturias, Northern Spain). Journal of Human Evolution 108,47-61.[5] Meyer, M.R., Haeusler, M. 2015. Spinal cord evolution in early Homo. Journal of Human Evolution 88, 43-53.
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It is well known the dearth of paleoanthropological record in Central andWest Africa, being the fossils of Iwo Eleru (Nigeria, 16-
11 Ka) and those of Ishango (Democratic Republic of the Congo, 20 Ka) the most outstanding. In order to try to complete this
gap in the human fossil record in Africa, a project of archaeo-paleontological surveys has been undertaken in Equatorial Guinea
territories (latitudes 4 ° N and 2 ° S, and longitudes 5 ° and 12 ° E), an ideal place to this aim by its geographical position and its
ecological context [1, 2]. There are two main objectives pursued. On the one hand, the search for fossils of hominids that help us
to understand the divergence and evolution in the lineage of the great African apes: gorillas, chimpanzees and hominins. On the
other hand, the investigation of the conservation patterns of early human occupations of the African rainforests. We present here
the results of the year 2017 campaign, carried out in the estuary of the Muni River (continental region of Equatorial Guinea), and
composed by the concurrence of several rivers: Mandyani and Congüe by the North, and the Mitong and Utanboni by the East.
Previously, as the result of the 2014 campaign, 8 new surface sites in the Niefang region were found with diagnostic archaeological
materials from the Middle Stone Age (MSA), characterized by polyhedral quartzite and flint cores, flakes from core preparation
and bifacial reduction [4]. These sites are located in the surroundings of Mosumu, an area previously studied [5], which confirms
the presence of archaeological deposits of theMSA. Subsequent works by Alejandro Terrazas and his team from theUNAMverify
these findings. The fieldwork methodology includes the location on a geological map of places and areas with sediments of age
and sedimentary conditions that seem favourable a priori for the conservation of fossils. Once in situ, an exhaustive and systemic
examination of clearings and slopes, as a result of roads and forest tracks, is carried out the systematic monitoring of clearings and
slopes of roads and forest tracks. A total of 50 outcrops were detected with GPS geolocation, which were sampled, photographed
and annotated asMuni Point, with successive numbering.The 8 routes followed were subsequently projected ontomaps.Themost
outstanding places in relation to Quaternary sediments correspond to the location Muni 19, where the contact of the Cretaceous
with Pleistocene detrital sediments is appreciated. Besides, in Muni 14, we found lithic tools next to charcoal remains. A clear ex-
ample of the so-called stone lines was seen inMuni 24, wherematerials corresponding to very crude stonemanufacturing industries
were collected. Those tools are similar to those previously referenced by Claretian scholars in the colonial period. In Muni 28 we
find clear terrace sediments that contrast with the surrounding lateritic soils. Finally, in Muni 39 flint flakes of clear human man-
ufacture were collected. In the vicinity fragments of ceramics were also found, although their synchronic association of both types
of elements is uncertain. As for Miocene sediments, these emerge in the form of terraces at points Muni 18, 43 and 44, on road
slopes, located on the edge of the granitic craton that connects to Monte Mitra andMonte Allén natural reserves. Those Miocene
sediments, despite being favourable paleontologically facies, no presence of macrofossils was detected [2]. Surveys carried out in
the Rio Muni estuary in 2017 confirm the abundance of lateritic soils, with little stratigraphic development. However, prehistoric
occupations of low intensity, possibly of theMSA, were detected although their attribution is still uncertain.The presence of lithic
instruments on fluvial terraces, including large-scale elements on flakes and almond-shaped bifacial tools expands the technical
repertoire of the continental region of Equatorial Guinea previously described [3, 4].

We want to thank EcoGuinea and BBPP, Ricardo Domínguez Llosa (FAOGQ) and the Spanish Cultural Center in Malabo for their support in many aspects. These expeditions have been founded by the
project CGL2016-75109-P of the Ministry of Science, Innovation and Universities of Spain.

References:[1] Rosas, A., 2015. Primera expedición paleoantropológica a Guinea Ecuatorial. Naturalmente 3, 30-36.[2] Rosas, A., Fero, M., García-Tabernero, A., 2019. Segunda expedición
paleoantropológica a Guinea Ecuatorial. El estuario del Río Muni. Naturalmente 21, 26-32.[3] Roberts, P., Petraglia, M., 2015. Pleistocene rainforests: barriers or attractive environments for early human
foragers? World Archaeology 47, 718-739.[4] Terrazas, A., Rosas, A., 2016. A New Approach to the Middle Stone Age from Continental Equatorial Guinea: A Preliminary Fielwork Report. Nyame
Akuma 85, 129-139.[5] Mercader, J., Martí, R., 1999. Middle Stone Age Sites in the tropical forests of Equatorial Guinea Nyame Akuma 51, 14-24.
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Some modern human higher cognitive functions, e.g. language, have recently been attributed to the cerebellum. However, it is un-
clear when during hominin evolution these higher cognitive functions were acquired. Inferences about the evolution of hominin
cognitive function can only be based on indirect evidence, such as fossil endocasts, which represent the imprint of the brain and
surrounding meninges on the endocranium, and the comparison of extant species. Therefore, there is considerable debate about
whether the morphology of brain components evolved according to natural selection for functional optimization, or whether de-
velopmental constraints of conserved neurogenetic scheduling cause a predictable external morphology, with changes in function
being achieved purely by internal reorganization [1,2]. Here, we aim to test whether the endocranial morphology of the modern
human cerebellar area is the result of developmental constraints on evolution or whether, alternatively, it has been affected by natu-
ral selection for functional optimization. If cerebellar shape is ontogenetically constrained, adult shape can be predicted by its size.
An allometric relationship in adults would suggest evolution along developmental constraints, whereas the lack of an allometric re-
lationship would point to natural selection for functional optimization. Furthermore, shared ontogenetic shape trajectories among
modern humans and chimpanzees, as well as ontogenetic shape changes mirroring adult interspecific shape differences, would also
be consistent with ontogenetic constraints on cerebellar evolution. In contrast, no shared ontogenetic trajectories or differences in
the ontogenetic shape changes compared to the adult interspecific shape differences would suggest evolution affected by natural
selection for functional optimization.We tested these hypotheses using geometric morphometrics based on a sample of virtual en-
docasts from 61 modern humans and 94 chimpanzees. A set of 109 landmarks and semi-landmarks was digitized on the posterior
cranial fossa of each individual. Individuals were assigned to four dental age groups based on the development of their maxillary
dentition, ranging from complete deciduous dentition, erupted first molar, erupted second molar to erupted third molar. First,
results show that adult size is significantly associated with adult shape which is consistent with ontogenetic constraints on cerebel-
lar evolution. However, size only predicts a small percentage of adult cerebellar shape (4.99 % and 7.69 % of variance explained
in modern humans and chimpanzees, respectively). Second, the late ontogenetic shape trajectories between modern humans and
chimpanzees differ and thereby suggest evolution affected by natural selection for functional optimization. Nevertheless, chim-
panzee development appears to mirror evolutionary shape changes, reflecting a shift in proportions between the anterior part of
the posterior cranial fossa relative to the posterior expansion of the lateral cerebellar hemispheres. This pattern is also seen in the
interspecific, as well as intraspecific, shape differences between modern human and chimpanzee adults. In hominin evolution, the
posterior expansion of the lateral cerebellar hemispheres is proposed to be associated with higher cognitive functions, especially
language [3,4] and a larger capacity for cognitive information processing [5]. As neither hypothesis could be completely rejected,
the observed shift in proportions could indicate an evolutionarily conserved developmental pattern enhanced by natural selection
for functional optimization.

We would like to thank all institutions that provided CT scans for this research: the Smithsonian’s Division of Mammals and Human Origins Program for the scans of USNM specimens, the Primate
Research Institute at the Kyoto University (KUPRI), and the Senckenberg Research Institute in Frankfurt amMain. In addition, we would like to acknowledge the assistance of the Paleoanthropology
High Resolution Computing Tomography Laboratory at the Eberhard-Karls-Universität Tübingen in scanning the modern human sample.

References:[1] Pélabon, C., Firmat, C., Bolstad, G.H., Voje, K.L., Houle, D., Cassara, J., Le Rouzic, A., Hansen, T.F., 2014. Evolution of morphological allometry. Annals of the New York Academy of
Sciences 1320: 58-75.[2] Wagner, G.P., 1988.The Significance of Developmental Constraints for Phenotypic Evolution by Natural Selection. Springer Berlin Heidelberg, Berlin, Heidelberg, 222-229.[3]
Weaver, A.H., 2001.The Cerebellum and Cognitive Evolution in Pliocene and Pleistocene Hominids. Ph.D. Dissertation, University of NewMexico.[4] White, D.D., 2005. Size and Shape of the
Cerebellum in Catarrhine Primates and Plio-Pleistocene Fossil Hominins: A Paleoneurological Analysis of Endocranial Casts. Ph.D. Dissertation, University at Albany.[5] Kochiyama, T., Ogihara, N.,
Tanabe, H.C., Kondo, O., Amano, H., Hasegawa, K., Suzuki, H., Ponce De León, M.S., Zollikofer, C. P.E., Bastir, M., 2018. Reconstructing the Neanderthal Brain Using Computational Anatomy.
Scientific Reports 8: 6296.
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It is well known the dearth of paleoanthropological record in Central andWest Africa, being the fossils of Iwo Eleru (Nigeria, 16-
11 Ka) and those of Ishango (Democratic Republic of the Congo, 20 Ka) the most outstanding. In order to try to complete this
gap in the human fossil record in Africa, a project of archaeo-paleontological surveys has been undertaken in Equatorial Guinea
territories (latitudes 4 ° N and 2 ° S, and longitudes 5 ° and 12 ° E), an ideal place to this aim by its geographical position and its
ecological context [1, 2]. There are two main objectives pursued. On the one hand, the search for fossils of hominids that help us
to understand the divergence and evolution in the lineage of the great African apes: gorillas, chimpanzees and hominins. On the
other hand, the investigation of the conservation patterns of early human occupations of the African rainforests. We present here
the results of the year 2017 campaign, carried out in the estuary of the Muni River (continental region of Equatorial Guinea), and
composed by the concurrence of several rivers: Mandyani and Congüe by the North, and the Mitong and Utanboni by the East.
Previously, as the result of the 2014 campaign, 8 new surface sites in the Niefang region were found with diagnostic archaeological
materials from the Middle Stone Age (MSA), characterized by polyhedral quartzite and flint cores, flakes from core preparation
and bifacial reduction [4]. These sites are located in the surroundings of Mosumu, an area previously studied [5], which confirms
the presence of archaeological deposits of theMSA. Subsequent works by Alejandro Terrazas and his team from theUNAMverify
these findings. The fieldwork methodology includes the location on a geological map of places and areas with sediments of age
and sedimentary conditions that seem favourable a priori for the conservation of fossils. Once in situ, an exhaustive and systemic
examination of clearings and slopes, as a result of roads and forest tracks, is carried out the systematic monitoring of clearings and
slopes of roads and forest tracks. A total of 50 outcrops were detected with GPS geolocation, which were sampled, photographed
and annotated asMuni Point, with successive numbering.The 8 routes followed were subsequently projected ontomaps.Themost
outstanding places in relation to Quaternary sediments correspond to the location Muni 19, where the contact of the Cretaceous
with Pleistocene detrital sediments is appreciated. Besides, in Muni 14, we found lithic tools next to charcoal remains. A clear ex-
ample of the so-called stone lines was seen inMuni 24, wherematerials corresponding to very crude stonemanufacturing industries
were collected. Those tools are similar to those previously referenced by Claretian scholars in the colonial period. In Muni 28 we
find clear terrace sediments that contrast with the surrounding lateritic soils. Finally, in Muni 39 flint flakes of clear human man-
ufacture were collected. In the vicinity fragments of ceramics were also found, although their synchronic association of both types
of elements is uncertain. As for Miocene sediments, these emerge in the form of terraces at points Muni 18, 43 and 44, on road
slopes, located on the edge of the granitic craton that connects to Monte Mitra andMonte Allén natural reserves. Those Miocene
sediments, despite being favourable paleontologically facies, no presence of macrofossils was detected [2]. Surveys carried out in
the Rio Muni estuary in 2017 confirm the abundance of lateritic soils, with little stratigraphic development. However, prehistoric
occupations of low intensity, possibly of theMSA, were detected although their attribution is still uncertain.The presence of lithic
instruments on fluvial terraces, including large-scale elements on flakes and almond-shaped bifacial tools expands the technical
repertoire of the continental region of Equatorial Guinea previously described [3, 4].

We want to thank EcoGuinea and BBPP, Ricardo Domínguez Llosa (FAOGQ) and the Spanish Cultural Center in Malabo for their support in many aspects. These expeditions have been founded by the
project CGL2016-75109-P of the Ministry of Science, Innovation and Universities of Spain.
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paleoantropológica a Guinea Ecuatorial. El estuario del Río Muni. Naturalmente 21, 26-32.[3] Roberts, P., Petraglia, M., 2015. Pleistocene rainforests: barriers or attractive environments for early human
foragers? World Archaeology 47, 718-739.[4] Terrazas, A., Rosas, A., 2016. A New Approach to the Middle Stone Age from Continental Equatorial Guinea: A Preliminary Fielwork Report. Nyame
Akuma 85, 129-139.[5] Mercader, J., Martí, R., 1999. Middle Stone Age Sites in the tropical forests of Equatorial Guinea Nyame Akuma 51, 14-24.
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Some modern human higher cognitive functions, e.g. language, have recently been attributed to the cerebellum. However, it is un-
clear when during hominin evolution these higher cognitive functions were acquired. Inferences about the evolution of hominin
cognitive function can only be based on indirect evidence, such as fossil endocasts, which represent the imprint of the brain and
surrounding meninges on the endocranium, and the comparison of extant species. Therefore, there is considerable debate about
whether the morphology of brain components evolved according to natural selection for functional optimization, or whether de-
velopmental constraints of conserved neurogenetic scheduling cause a predictable external morphology, with changes in function
being achieved purely by internal reorganization [1,2]. Here, we aim to test whether the endocranial morphology of the modern
human cerebellar area is the result of developmental constraints on evolution or whether, alternatively, it has been affected by natu-
ral selection for functional optimization. If cerebellar shape is ontogenetically constrained, adult shape can be predicted by its size.
An allometric relationship in adults would suggest evolution along developmental constraints, whereas the lack of an allometric re-
lationship would point to natural selection for functional optimization. Furthermore, shared ontogenetic shape trajectories among
modern humans and chimpanzees, as well as ontogenetic shape changes mirroring adult interspecific shape differences, would also
be consistent with ontogenetic constraints on cerebellar evolution. In contrast, no shared ontogenetic trajectories or differences in
the ontogenetic shape changes compared to the adult interspecific shape differences would suggest evolution affected by natural
selection for functional optimization.We tested these hypotheses using geometric morphometrics based on a sample of virtual en-
docasts from 61 modern humans and 94 chimpanzees. A set of 109 landmarks and semi-landmarks was digitized on the posterior
cranial fossa of each individual. Individuals were assigned to four dental age groups based on the development of their maxillary
dentition, ranging from complete deciduous dentition, erupted first molar, erupted second molar to erupted third molar. First,
results show that adult size is significantly associated with adult shape which is consistent with ontogenetic constraints on cerebel-
lar evolution. However, size only predicts a small percentage of adult cerebellar shape (4.99 % and 7.69 % of variance explained
in modern humans and chimpanzees, respectively). Second, the late ontogenetic shape trajectories between modern humans and
chimpanzees differ and thereby suggest evolution affected by natural selection for functional optimization. Nevertheless, chim-
panzee development appears to mirror evolutionary shape changes, reflecting a shift in proportions between the anterior part of
the posterior cranial fossa relative to the posterior expansion of the lateral cerebellar hemispheres. This pattern is also seen in the
interspecific, as well as intraspecific, shape differences between modern human and chimpanzee adults. In hominin evolution, the
posterior expansion of the lateral cerebellar hemispheres is proposed to be associated with higher cognitive functions, especially
language [3,4] and a larger capacity for cognitive information processing [5]. As neither hypothesis could be completely rejected,
the observed shift in proportions could indicate an evolutionarily conserved developmental pattern enhanced by natural selection
for functional optimization.

We would like to thank all institutions that provided CT scans for this research: the Smithsonian’s Division of Mammals and Human Origins Program for the scans of USNM specimens, the Primate
Research Institute at the Kyoto University (KUPRI), and the Senckenberg Research Institute in Frankfurt amMain. In addition, we would like to acknowledge the assistance of the Paleoanthropology
High Resolution Computing Tomography Laboratory at the Eberhard-Karls-Universität Tübingen in scanning the modern human sample.

References:[1] Pélabon, C., Firmat, C., Bolstad, G.H., Voje, K.L., Houle, D., Cassara, J., Le Rouzic, A., Hansen, T.F., 2014. Evolution of morphological allometry. Annals of the New York Academy of
Sciences 1320: 58-75.[2] Wagner, G.P., 1988.The Significance of Developmental Constraints for Phenotypic Evolution by Natural Selection. Springer Berlin Heidelberg, Berlin, Heidelberg, 222-229.[3]
Weaver, A.H., 2001.The Cerebellum and Cognitive Evolution in Pliocene and Pleistocene Hominids. Ph.D. Dissertation, University of NewMexico.[4] White, D.D., 2005. Size and Shape of the
Cerebellum in Catarrhine Primates and Plio-Pleistocene Fossil Hominins: A Paleoneurological Analysis of Endocranial Casts. Ph.D. Dissertation, University at Albany.[5] Kochiyama, T., Ogihara, N.,
Tanabe, H.C., Kondo, O., Amano, H., Hasegawa, K., Suzuki, H., Ponce De León, M.S., Zollikofer, C. P.E., Bastir, M., 2018. Reconstructing the Neanderthal Brain Using Computational Anatomy.
Scientific Reports 8: 6296.
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Les Cottés cave located in the Center-West part of France (Vienne), is one of the rare Palaeolithic sites which contains a strati-
graphical and chronological sequence from theMiddle to Upper Paleolithic transition [1, 2]. Seven layers attributed to three main
cultural units, withwell preserved lithics and faunal remains, are identified through the sequence located in front of the cave:Mous-
terian (US 08), Châtelperronian (US 06), Protoaurignacian (US 04lower), Early Aurignacian (US 04upper and US 03), Middle
Aurignacian (US 02) and indeterminateUpper Palaeolithic (US 01) [3].TheLesCottés chrono-cultural sequence allows a detailed
analysis of technical behaviors for each unit as sterile layers often separate them, which limits taphonomical issues.

Here, we will focus on US 02, which sealed the entire sequence. US 01, above, revealed less than one hundred lithics and is
spatially restricted to 2 square meters. An updated typo-technological analysis, based on the study of 3 129 lithics allows us to
classify US 02 as a Middle Aurignacian. Only known in a handful of sites from South-West France [e.g. 4], the Middle Aurigna-
cian, considered as a short event, is chronologically situated between the Early Aurignacian and Recent/Evolved Aurignacian. Its
technical features are as follows: abundance of end-nosed scrapers, rare retouched bladelets, few Aurignacian retouched blades as
well as absence of busqued burins or carinated burins. The technology for blade production is similar to what is known for the
Early Aurignacian.The US 02, not only Middle Aurignacian, shows evidence for different savoir-faire in the process for blade and
bladelet production: experienced and inexperienced knappers did contribute to the lithic assemblage fromUS 02.These evidences
(mainly coreswith obvious technicalmistakes) are associated in a dumping area, where broken blades, discarded cores and discarded
stone-tools are found.The last stratigraphical Aurignacian layer, US 02, fromLesCottés cave provides: 1. evidence for a short event
attributed to theMiddle Aurignacian techno-complex, 2. evidence for use of the site by individuals of different age classes and their
equal contribution to the lithic assemblage and 3. evidence for the use of Les Cottés cave entrance as a dumping area.

Fieldworks at Les Cottés are funded by the French Ministère de la Culture, DRAC-SRA Poitou-Charentes and the Max Planck Society (Germany). Fieldworks are supervised by Prof. Marie Soressi
(Leiden University).

References:[1] Talamo, S., Soressi, M., Roussel, M., Richards, M., Hublin, J.-J., 2012. A radiocarbon chronology for the complete Middle to Upper Palaeolithic transitional sequence of Les Cottés
(France). Journal of Archaeological Science 39, 175-183.[2] Jacobs, Z., Li, B., Jankowski, N., Soressi, M., 2015. Testing of a single grain OSL chronology across the Middle to Uppper Palaeolithic transition
at Les Cottés (France). Journal of Archaeological Science 54, 110-122.[3] Roussel, M., Soressi, M., 2014. Une nouvelle séquence du Paléolithique supérieur ancien aux marges sud-ouest du Bassin parisien:
Les Cottés dans la Vienne. In: P. Bodu et al. (Eds), Le Paléolithique supérieur ancien de l’Europe du Nord-ouest. Réflexions et synthèses à partir d’un projet collectif de recherche sur le centre et le sud du
Bassin parisien. Société préhistorique française, Paris, 283-298.[4] Delporte H., 1984. L’Aurignacien de La Ferrassie. In: Delporte H. (Ed.), Le grand abri de La Ferrassie, fouilles 1968-1973. Editions du
laboratoire de Paléontologie humaine et de Préhistoire, études quaternaires 7, Université de Provence, Paris, 145-234.
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Trou Magrite is a cave site located at Pont-à-Lesse in the Lesse Valley, commune of Dinant, Belgium. It has been known since E.
Dupont conducted excavations at the site in 1867 [1]. The most recent fieldwork was done by L. Straus and M. Otte in 1991-92
[2]. TrouMagrite yielded rich lithic assemblages, osseous artifacts, mobiliary art, and numerous faunal remains. Several human re-
mains were also recovered and identified as Palaeolithic humans by E. Dupont but have been only partially published thus far.The
archaeological record covers a broad time range spanning from theMiddle andUpper Palaeolithic to theMesolithic,Neolithic, and
Iron Age. An importantMiddle Palaeolithic collection is present, probably representing several occupation phases during the Late
Pleistocene [2]. Unfortunately, although E. Dupont conducted excavations that can be characterized as modern for that time, the
materials from the different so-called “fauna-bearing levels” that he defined in the field were mixed post-excavation [3]. In 2015,
we initiated amultidisciplinary re-assessment of the human and faunal collections fromTrouMagrite in order to update the inven-
tory of human remains already identified, check for the presence of human remains that may have been previously overlooked, and
verify their chronocultural context. We revised the already known human collection, conducted a systematic sorting of the faunal
material, and combined the use of morphometrics, taphonomy, stable isotopes, dating, and genetic analyses to perform taxonomic
and chronocultural identifications. Here we present two previously unidentified Neandertal fossils that we isolated from the Trou
Magrite faunal material excavated by E. Dupont in the 19th century.They represent two different individuals: an adult/adolescent,
represented by an upper right permanent canine, and a neonate, represented by the diaphysis of a left femur. Whereas no endoge-
nous DNA was recovered from the tooth, the palaeogenetic analyses of the neonate femur confirmed its Neandertal status and
indicate its sex to bemale.Wewill present the biological characteristics andmitochondrial DNAphylogenetic position of the Trou
Magrite Neandertals, in particular with regard to the other Northern EuropeanNeandertals. Our project adds TrouMagrite to the
list of Belgian sites that have yielded Neandertal fossils and helps to emphasize the importance of the Mosan Basin in Neandertal
studies.

We thank the curators who gave us access to the collections in their care (A. Folie and I. Jadin at the Royal Belgian Institute of Natural Sciences, N. Cauwe at the Royal Museums of Art and History, P.
Noiret at the University of Liège, and C. Jungels at the Préhistomuseum). This research was funded by the College of Social and Behavioral Sciences of CSUN and the CSUN Competition for Research,
Scholarship and Creative Activity Awards.

References:[1] Dupont, E., 1867. Découverte d’objets gravés et sculptés dans le Trou Magrite à Pont-à-Lesse. Bulletins de l’Académie royale des Sciences, des Lettres et des Beaux-Arts de Belgique 24,
129-132.[2] Otte, M., Straus, L.G. (Dir.), 1995. Le Trou Magrite : Fouilles 1991-92. Résurrection d’un Site Classique en Wallonie. ERAUL 69, Liège.[3] Jimenez, E.-L., Smolderen, A., Jadin, I., Germonpré,
M., 2016. Exhumation de la collection faunique d’Edouard Dupont provenant du Trou Magrite (Pont-à-Lesse). Quelles données et quelles perspectives pour une collection du XIXe siècle ? Notae
Praehistoricae 36/2016, 167-190.
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Les Cottés cave located in the Center-West part of France (Vienne), is one of the rare Palaeolithic sites which contains a strati-
graphical and chronological sequence from theMiddle to Upper Paleolithic transition [1, 2]. Seven layers attributed to three main
cultural units, withwell preserved lithics and faunal remains, are identified through the sequence located in front of the cave:Mous-
terian (US 08), Châtelperronian (US 06), Protoaurignacian (US 04lower), Early Aurignacian (US 04upper and US 03), Middle
Aurignacian (US 02) and indeterminateUpper Palaeolithic (US 01) [3].TheLesCottés chrono-cultural sequence allows a detailed
analysis of technical behaviors for each unit as sterile layers often separate them, which limits taphonomical issues.

Here, we will focus on US 02, which sealed the entire sequence. US 01, above, revealed less than one hundred lithics and is
spatially restricted to 2 square meters. An updated typo-technological analysis, based on the study of 3 129 lithics allows us to
classify US 02 as a Middle Aurignacian. Only known in a handful of sites from South-West France [e.g. 4], the Middle Aurigna-
cian, considered as a short event, is chronologically situated between the Early Aurignacian and Recent/Evolved Aurignacian. Its
technical features are as follows: abundance of end-nosed scrapers, rare retouched bladelets, few Aurignacian retouched blades as
well as absence of busqued burins or carinated burins. The technology for blade production is similar to what is known for the
Early Aurignacian.The US 02, not only Middle Aurignacian, shows evidence for different savoir-faire in the process for blade and
bladelet production: experienced and inexperienced knappers did contribute to the lithic assemblage fromUS 02.These evidences
(mainly coreswith obvious technicalmistakes) are associated in a dumping area, where broken blades, discarded cores and discarded
stone-tools are found.The last stratigraphical Aurignacian layer, US 02, fromLesCottés cave provides: 1. evidence for a short event
attributed to theMiddle Aurignacian techno-complex, 2. evidence for use of the site by individuals of different age classes and their
equal contribution to the lithic assemblage and 3. evidence for the use of Les Cottés cave entrance as a dumping area.

Fieldworks at Les Cottés are funded by the French Ministère de la Culture, DRAC-SRA Poitou-Charentes and the Max Planck Society (Germany). Fieldworks are supervised by Prof. Marie Soressi
(Leiden University).

References:[1] Talamo, S., Soressi, M., Roussel, M., Richards, M., Hublin, J.-J., 2012. A radiocarbon chronology for the complete Middle to Upper Palaeolithic transitional sequence of Les Cottés
(France). Journal of Archaeological Science 39, 175-183.[2] Jacobs, Z., Li, B., Jankowski, N., Soressi, M., 2015. Testing of a single grain OSL chronology across the Middle to Uppper Palaeolithic transition
at Les Cottés (France). Journal of Archaeological Science 54, 110-122.[3] Roussel, M., Soressi, M., 2014. Une nouvelle séquence du Paléolithique supérieur ancien aux marges sud-ouest du Bassin parisien:
Les Cottés dans la Vienne. In: P. Bodu et al. (Eds), Le Paléolithique supérieur ancien de l’Europe du Nord-ouest. Réflexions et synthèses à partir d’un projet collectif de recherche sur le centre et le sud du
Bassin parisien. Société préhistorique française, Paris, 283-298.[4] Delporte H., 1984. L’Aurignacien de La Ferrassie. In: Delporte H. (Ed.), Le grand abri de La Ferrassie, fouilles 1968-1973. Editions du
laboratoire de Paléontologie humaine et de Préhistoire, études quaternaires 7, Université de Provence, Paris, 145-234.
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Trou Magrite is a cave site located at Pont-à-Lesse in the Lesse Valley, commune of Dinant, Belgium. It has been known since E.
Dupont conducted excavations at the site in 1867 [1]. The most recent fieldwork was done by L. Straus and M. Otte in 1991-92
[2]. TrouMagrite yielded rich lithic assemblages, osseous artifacts, mobiliary art, and numerous faunal remains. Several human re-
mains were also recovered and identified as Palaeolithic humans by E. Dupont but have been only partially published thus far.The
archaeological record covers a broad time range spanning from theMiddle andUpper Palaeolithic to theMesolithic,Neolithic, and
Iron Age. An importantMiddle Palaeolithic collection is present, probably representing several occupation phases during the Late
Pleistocene [2]. Unfortunately, although E. Dupont conducted excavations that can be characterized as modern for that time, the
materials from the different so-called “fauna-bearing levels” that he defined in the field were mixed post-excavation [3]. In 2015,
we initiated amultidisciplinary re-assessment of the human and faunal collections fromTrouMagrite in order to update the inven-
tory of human remains already identified, check for the presence of human remains that may have been previously overlooked, and
verify their chronocultural context. We revised the already known human collection, conducted a systematic sorting of the faunal
material, and combined the use of morphometrics, taphonomy, stable isotopes, dating, and genetic analyses to perform taxonomic
and chronocultural identifications. Here we present two previously unidentified Neandertal fossils that we isolated from the Trou
Magrite faunal material excavated by E. Dupont in the 19th century.They represent two different individuals: an adult/adolescent,
represented by an upper right permanent canine, and a neonate, represented by the diaphysis of a left femur. Whereas no endoge-
nous DNA was recovered from the tooth, the palaeogenetic analyses of the neonate femur confirmed its Neandertal status and
indicate its sex to bemale.Wewill present the biological characteristics andmitochondrial DNAphylogenetic position of the Trou
Magrite Neandertals, in particular with regard to the other Northern EuropeanNeandertals. Our project adds TrouMagrite to the
list of Belgian sites that have yielded Neandertal fossils and helps to emphasize the importance of the Mosan Basin in Neandertal
studies.

We thank the curators who gave us access to the collections in their care (A. Folie and I. Jadin at the Royal Belgian Institute of Natural Sciences, N. Cauwe at the Royal Museums of Art and History, P.
Noiret at the University of Liège, and C. Jungels at the Préhistomuseum). This research was funded by the College of Social and Behavioral Sciences of CSUN and the CSUN Competition for Research,
Scholarship and Creative Activity Awards.

References:[1] Dupont, E., 1867. Découverte d’objets gravés et sculptés dans le Trou Magrite à Pont-à-Lesse. Bulletins de l’Académie royale des Sciences, des Lettres et des Beaux-Arts de Belgique 24,
129-132.[2] Otte, M., Straus, L.G. (Dir.), 1995. Le Trou Magrite : Fouilles 1991-92. Résurrection d’un Site Classique en Wallonie. ERAUL 69, Liège.[3] Jimenez, E.-L., Smolderen, A., Jadin, I., Germonpré,
M., 2016. Exhumation de la collection faunique d’Edouard Dupont provenant du Trou Magrite (Pont-à-Lesse). Quelles données et quelles perspectives pour une collection du XIXe siècle ? Notae
Praehistoricae 36/2016, 167-190.
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The environmental conditions that existed during the period between 45 and 30 ka are of vital importance for addressing the tran-
sition between theMiddle andUpper Paleolithic.The current archaeological evidence points to a hiatus of Paleolithic populations
in Central Iberia coinciding with the mid part of Marine Isotope Stage 3 (MIS 3), between 42 and 28 cal kyr BP [1]. This break
in the archaeological record makes the paleoecological approach to this critical period difficult in this region. Here we present a
new cave site, Portalón del Tejadilla (PT), which is located in Segovia, central Iberia on the southern edge of the northernCastilian
Plateau.Themain objective of this work is to provide new information about the paleoecology of Central Iberia during the coldest
episodes of the Late Pleistocene. To that end, in this paper we present a description of the PT site including: i) the stratigraphy
and geochronology of the fossiliferous deposits; ii) the analysis of the systematic paleontology of the micro and macromammals;
iii) the description of the lithic artifacts; and iv) the taphonomic study of the faunal association.The detailed analysis of the faunal
assemblages allowed us to document an association dominated by equids (Equus ferus andEquus hydruntinus) and hyenas (Crocuta
crocuta) in addition with cold-adapted species such as woolly rhinoceros (Coelodonta antiquitatis) and giant deer (Megaloceros gi-
ganteus) in a hyena den site context.The radiocarbon ages obtained through ultrafiltration indicate an age between∼34.2 and 40.4
ka for the deposit, which corresponds to the MIS 3 and includes the extremely cold Heinrich 4 event (H4). Some lithic remains
compatible with theMiddle Palaeolithic techno-complex have been recovered.The paleoecological inference derived from the fau-
nal assemblage suggest extreme dry and cold climatic conditions and an open environment, compatible with the steppe-dominated
environment of the Eurasian steppe-tundra ecosystems further south than previously expected in the Iberian Peninsula. This site
togetherwith our previous research in the area [2] document a climatic deterioration (colder and dryer) during themid-part ofMIS
3 in Central Iberia which could have had significant repercussions on the Neandertal and anatomically modern human (AMH)
populations. Portalón del Tejadilla fills the temporal gap of the transition from the Middle to the Upper Paleolithic and provides
valuable paleoecological information about this crucial period. Further excavations in this area could broaden our understanding
of the Paleolithic human presence in this barren region in the interior of the Iberian Peninsula during this crucial period for the
human past.

The authors wish to thank to everyone who collaborated during the excavations at the Valle del Tejadilla sites. Field work was financed by the Junta de Castilla y León.This research received support from
the project PGC2018-093925-B-C33. N-S was supported by a Juan de la Cierva-Incorporación postdoctoral contract (IJCI-2017-32804).

References:[1] Wolf, D., Kolb, T., Alcaraz-Castaño, M., Heinrich, S., Baumgart, P., Calvo, R., Sánchez, J., Ryborz, K., Schäfer, I., Bliedtner, M., Zech, R., Zöller, L., Faust, D., 2018. Climate deteriorations
and Neanderthal demise in interior Iberia. Scientific Reports 8, 7048.[2] Sala, N., Arsuaga, J.L., Laplana, C., Ruiz-Zapata, B., Gil-García, M.J., García, N., Aranburu, A., Algaba, M., 2011. Un paisaje de la
meseta durante el Pleistoceno Superior. Aspectos paleontológicos de la Cueva de la Zarzamora (Segovia, España). Boletín de la Real Sociedad Española de Historia Natural 105, 67-85.

169

Pecha Kucha Presentation Session 6, Friday 11:50

Trabecular and cortical bone structure correlate differently with terrestrial mobility in the human first
metatarsal. Implications for behavioural inferences in the fossil record

Jaap P.P. Saers1, TimothyM. Ryan2, Jay T. Stock3

1 - PAVE Research Group, Department of Archaeology and Anthropology, University of Cambridge, UK · 2 - Department of
Anthropology, Pennsylvania State University, USA · 3 - Department of Anthropology, Western University, London, Canada

Numerous studies have demonstrated the plasticity of both cortical and trabecular bone structure in response tomechanical loading
throughout life. We examined variation in cortical and trabecular bone structure in the first metatarsal of four modern human
populations to assess how both tissues correlate with terrestrial mobility level. We compare two mobile populations (Black Earth
n=13, Jebel Moya n=10) to two sedentary populations (Kerma n=9, St. Johns n=16). First metatarsals were µCT-scanned and
we calculated the ratio of maximum to minimum second moment of area (Ix/Iy), cross-sectional area (CSA), and polar section
modulus (Zpol) at 5% increments along the cortical shaft. Trabecular bone volume fraction (BV/TV), trabecular thickness, and
degree of anisotropy (DA) were calculated in two volumes of interest (VOIs) in the head and two in the base. Biomechanical
properties were standardized for variation in body mass where necessary. Trabecular bone volume fraction strongly correlates to
terrestrial mobility with mobile populations possessing significantly greater BV/TV throughout the four VOIs with no effect on
thedegree of anisotropy.Cortical boneproperties donot strongly correspond to inferred terrestrialmobility in the fourpopulations.
The only significant difference is that the Jebel Moya sample has significantly greater cross-sectional area of the shaft between 40
and 60 percent bone length than Kerma. The only significant correlations between cortical and trabecular bone properties were
betweenmean trabecular thickness andCSA andZpol.No significant correlationswere found between cortical properties between
40 and 60 percent bone length and trabecular structure in pooled and individual populations. Several mechanisms potentially
underlie the absence of significant correlations between both tissues. Trabecular and cortical bone remodel in response to different
magnitudes/frequencies of loading, with trabecular bone responsive to substantially lower strains at high frequencies. Cortical
bone remodeling dramatically reduces after the adolescent growth spurt whereas trabecular structure remodels at a higher rate
throughout adulthood. As such, it is possible that cortical bone represents loading during adolescence whereas trabecular bonemay
indicate activity levels closer to death. Sex differences in the norms of reaction to loading in cortical bone may also contribute, as
males show greater variation than females in cortical but not trabecular bone. These results suggest that first metatarsal trabecular
structure may be a strong proxy for population-wide mobility levels in past populations. Surprisingly, no significant correlations
were foundbetween trabecular and cortical boneproperties, despite both tissues being experimentally shown to adapt tomechanical
loading.Tightly controlled experimentalwork is required to investigate potential differences in cortical and trabecular bonebiology
and their responsiveness to loading. Further investigations on the patterns of covariation between cortical and trabecular bone
biomechanical properties in living individuals may provide further insights.

The research leading to these results has received funding from the European Research Council under the European Union’s Seventh Framework Programme (FP-2007e2013)-ERC Grant Agreement
n.617627 (to JTS), the Arts and Humanities Research Council Doctoral Training Programme, 1503975 (to JPPS), and National Science Foundation Grant BCS-0617097 (to TMR).
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The environmental conditions that existed during the period between 45 and 30 ka are of vital importance for addressing the tran-
sition between theMiddle andUpper Paleolithic.The current archaeological evidence points to a hiatus of Paleolithic populations
in Central Iberia coinciding with the mid part of Marine Isotope Stage 3 (MIS 3), between 42 and 28 cal kyr BP [1]. This break
in the archaeological record makes the paleoecological approach to this critical period difficult in this region. Here we present a
new cave site, Portalón del Tejadilla (PT), which is located in Segovia, central Iberia on the southern edge of the northernCastilian
Plateau.Themain objective of this work is to provide new information about the paleoecology of Central Iberia during the coldest
episodes of the Late Pleistocene. To that end, in this paper we present a description of the PT site including: i) the stratigraphy
and geochronology of the fossiliferous deposits; ii) the analysis of the systematic paleontology of the micro and macromammals;
iii) the description of the lithic artifacts; and iv) the taphonomic study of the faunal association.The detailed analysis of the faunal
assemblages allowed us to document an association dominated by equids (Equus ferus andEquus hydruntinus) and hyenas (Crocuta
crocuta) in addition with cold-adapted species such as woolly rhinoceros (Coelodonta antiquitatis) and giant deer (Megaloceros gi-
ganteus) in a hyena den site context.The radiocarbon ages obtained through ultrafiltration indicate an age between∼34.2 and 40.4
ka for the deposit, which corresponds to the MIS 3 and includes the extremely cold Heinrich 4 event (H4). Some lithic remains
compatible with theMiddle Palaeolithic techno-complex have been recovered.The paleoecological inference derived from the fau-
nal assemblage suggest extreme dry and cold climatic conditions and an open environment, compatible with the steppe-dominated
environment of the Eurasian steppe-tundra ecosystems further south than previously expected in the Iberian Peninsula. This site
togetherwith our previous research in the area [2] document a climatic deterioration (colder and dryer) during themid-part ofMIS
3 in Central Iberia which could have had significant repercussions on the Neandertal and anatomically modern human (AMH)
populations. Portalón del Tejadilla fills the temporal gap of the transition from the Middle to the Upper Paleolithic and provides
valuable paleoecological information about this crucial period. Further excavations in this area could broaden our understanding
of the Paleolithic human presence in this barren region in the interior of the Iberian Peninsula during this crucial period for the
human past.

The authors wish to thank to everyone who collaborated during the excavations at the Valle del Tejadilla sites. Field work was financed by the Junta de Castilla y León.This research received support from
the project PGC2018-093925-B-C33. N-S was supported by a Juan de la Cierva-Incorporación postdoctoral contract (IJCI-2017-32804).
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Numerous studies have demonstrated the plasticity of both cortical and trabecular bone structure in response tomechanical loading
throughout life. We examined variation in cortical and trabecular bone structure in the first metatarsal of four modern human
populations to assess how both tissues correlate with terrestrial mobility level. We compare two mobile populations (Black Earth
n=13, Jebel Moya n=10) to two sedentary populations (Kerma n=9, St. Johns n=16). First metatarsals were µCT-scanned and
we calculated the ratio of maximum to minimum second moment of area (Ix/Iy), cross-sectional area (CSA), and polar section
modulus (Zpol) at 5% increments along the cortical shaft. Trabecular bone volume fraction (BV/TV), trabecular thickness, and
degree of anisotropy (DA) were calculated in two volumes of interest (VOIs) in the head and two in the base. Biomechanical
properties were standardized for variation in body mass where necessary. Trabecular bone volume fraction strongly correlates to
terrestrial mobility with mobile populations possessing significantly greater BV/TV throughout the four VOIs with no effect on
thedegree of anisotropy.Cortical boneproperties donot strongly correspond to inferred terrestrialmobility in the fourpopulations.
The only significant difference is that the Jebel Moya sample has significantly greater cross-sectional area of the shaft between 40
and 60 percent bone length than Kerma. The only significant correlations between cortical and trabecular bone properties were
betweenmean trabecular thickness andCSA andZpol.No significant correlationswere found between cortical properties between
40 and 60 percent bone length and trabecular structure in pooled and individual populations. Several mechanisms potentially
underlie the absence of significant correlations between both tissues. Trabecular and cortical bone remodel in response to different
magnitudes/frequencies of loading, with trabecular bone responsive to substantially lower strains at high frequencies. Cortical
bone remodeling dramatically reduces after the adolescent growth spurt whereas trabecular structure remodels at a higher rate
throughout adulthood. As such, it is possible that cortical bone represents loading during adolescence whereas trabecular bonemay
indicate activity levels closer to death. Sex differences in the norms of reaction to loading in cortical bone may also contribute, as
males show greater variation than females in cortical but not trabecular bone. These results suggest that first metatarsal trabecular
structure may be a strong proxy for population-wide mobility levels in past populations. Surprisingly, no significant correlations
were foundbetween trabecular and cortical boneproperties, despite both tissues being experimentally shown to adapt tomechanical
loading.Tightly controlled experimentalwork is required to investigate potential differences in cortical and trabecular bonebiology
and their responsiveness to loading. Further investigations on the patterns of covariation between cortical and trabecular bone
biomechanical properties in living individuals may provide further insights.

The research leading to these results has received funding from the European Research Council under the European Union’s Seventh Framework Programme (FP-2007e2013)-ERC Grant Agreement
n.617627 (to JTS), the Arts and Humanities Research Council Doctoral Training Programme, 1503975 (to JPPS), and National Science Foundation Grant BCS-0617097 (to TMR).
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Who were the Levantine Aurignacians? The considerable resemblance between the Levantine and European Aurignacian cultures
led to the hypothesis that its presence in the former is due to migration of people from Europe [1]. Until very recently, the scanty
human remains from this time period from the Levant limited the investigation of this matter. The current study is based on the
dental remains discovered at Manot Cave (MC), Western Galilee, Israel. The cave contains evidence for human occupation during
the Early Upper Paleolithic period (46-33 ka) in the form of Early Ahmarian (∼46-42 ka) and Levantine Aurignacian (∼39-34
ka) [2]. Six teeth (three deciduous and three permanent) were found in the cave, four of which could be thoroughly analyzed qual-
itatively and quantitatively. Traditional and geometric morphometric methods were used to compare the Manot teeth to a large
Homo dental sample, including Early andMiddle PleistoceneHomo, Neanderthals and recentmodern humans.The landmark con-
figurations represented the occlusal aspect of the dentinal crown, and the cervical and crown outlines [3,4] additionally the dental
diameters were considered along with dental features such as discrete traits and taurodontism. For two of the teeth the occlusal
aspect could not be considered because of the advanced degree of wear. Interestingly, the Manot dental remains variously displayed
modern human and Neanderthal traits. In particular, the results showed that the upper first premolar (MC-9 P³) is very probably
modern human, but the attribution of the upper deciduous second molar (MC-10 dm²) and the upper second permanent molar
(MC-8 M²) to modern humans is more uncertain. The lower second deciduous molar (MC-7 dm²) might represent a Neanderthal
individual. Based on these outcomes, the Levantine Aurignacian culture could be associated with either modern humans, or some
kind of local or foreign hybrid population ofNeanderthals andmodern humans.Whether theAurignacian evidence atManotCave
represented a local Levantine population or a human group descendant from outside the Levant, remains a matter of debate.

References:[1] Alex, B., Barzilai, O., Hershkovitz, I., Marder, O., Berna, F., Caracuta, V., Abulafia, T., Davis, L., Goder-Goldberger, M., Lavi, R., 2017. Radiocarbon chronology of Manot Cave, Israel and
Upper Paleolithic dispersals. Science Advances. 3, e1701450. [2]Marder, O., Barzilai, O., Abulafia, T., Hershkovitz, I., & Goder-Goldberger, M. 2018. Chrono-cultural Considerations of Middle
Paleolithic Occurrences at Manot Cave (Western Galilee), Israel. InTheMiddle and Upper Paleolithic Archeology of the Levant and Beyond (pp. 49-63). Springer, Singapore. [3] Weber, G. W., Fornai, C.,
Gopher, A., Barkai, R., Sarig, R., & Hershkovitz, I. 2016.The Qesem Cave hominin material (part 1): A morphometric analysis of the mandibular premolars and molar. Quaternary international, 398,
159-174. [4] Fornai, C., Benazzi, S., Gopher, A., Barkai, R., Sarig, R., Bookstein, F.L., Hershkovitz, I., Weber, G.W., 2016.The Qesem Cave hominin material (part 2): A morphometric analysis of
dm2-QC2 deciduous lower second molar. Quaternary International. 398, 175–189.
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A long-held consensus view among archaeologist is that the Acheulean emerged abruptly in East Africa after a temporally rapid
transition from the Oldowan [1].The inter-assemblage variability documented during the Oldowan-Acheulean transition has tra-
ditionally beenordered according to the absence/presence and frequencyof handaxes andotherLCTs [2].TheBed II archaeological
record at Olduvai has become the referential frame to explain cultural change and variation during this period. The emergence of
the Acheulean at the Gorge was dated∼1.5 Ma and placed within Upper-Middle Bed II for many decades, being coincident with
the absence ofH. habilis remains andOldowan assemblages which could suggest an abrupt bio-cultural replacement. However, the
current discovery of FLKWest has provided a new and more complex picture for the Oldowan-Acheulean transition.This∼1.68
Mya site located within Lower-Middle Bed II has become the earliest Acheulean evidence at Olduvai [3]. Equally important is the
fact that FLKWest is the earliest site in the archaeological record where lithic assemblages with differences in the absence/presence
and frequency of LCTs are interstratified in the same sequence. Therefore, it constitutes an exceptional opportunity to assess the
main factors that drived inter-assemblage variability during the Oldowan-Acheulean transition. With this objective, we have car-
ried out a detailed techno-economic analysis in order to identify the most significant similarities and differences among the six
lithic assemblages unearthed in the FLK West fluvial sequence [4]. Similarities noted in terms of raw material selection, flaking
reduction and flake retouching behaviour evidence homogeneous technical decisions and cognitive skills. Differences registered in
the absence/presence and frequency of LCTs likely respond to occupation differences (e.g. short-term stay vs longer-term stay; low
impact vs higher impact occupation) and, in turn, the type and number of subsistence activities carried out on-site. Consequently,
the most parsimonious hypothesis is that a same hominin group or taxon (i.e. H. erectus) knapped all assemblages. However, it
is necessary to bear in mind that other hominin taxa with different cognitive skills and potentially stone tool-makers (H. habilis
and P. boisei) inhabited the Olduvai basin during Lower-Middle Bed II. Accordingly, two different and complementary scenarios
may explain the inter-assemblage variability documented during the Oldowan-Acheulean transition in Middle Bed II: (i) han-
daxe and non-handaxe bearing assemblages could be performed by the same group or taxon; (ii) non-handaxe bearing assemblages
could be performed by different hominin groups or taxa.Themain consequence resulted from this newpicture is that theOldowan-
Acheulean transition is a complex, additive and accumulative process rather than a simple and abrupt bio-cultural replacement one.

We wish to thank Tanzanian COSTECH and the Antiquities Unit for permits to conduct research in Olduvai Gorge. We also thank the Spanish Ministry of Economy and Competitiveness for funding
this research through the HAR2013.45246-C3-3-P project and the Ministry of Culture for funding our research through their Archaeology Program Abroad program.
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20150245. http://dx.doi.org/10.1098/ rstb.2015.0245.[2] Leakey M. D., 1971. Olduvai Gorge. Excavations in Beds I and II, 1960–1963, Vol 3. Cambridge University Press, Cambridge.[3] Diez-Martín F.,
Sánchez-Yustos P., Uribelarrea D., Mark D.F., Baquedano E., Mabulla A. et al., 2015. The Origin of the Acheulean: The 1.7 Million-Year-Old Site of FLK West, Olduvai Gorge (Tanzania). Science Reports,
5: DOI: 10.1038/srep17839.[4] Sánchez-Yustos P., Diez-Martín F., Domínguez-Rodrigo M., Fraile C., Duque J., Díaz I., de Francisco S., et al. 2018. Acheulean without handaxes? Assemblage variability at
FLK West (Lowermost Bed II, Olduvai, Tanzania). Journal of Anthropological Science, 18, 1-22.
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Who were the Levantine Aurignacians? The considerable resemblance between the Levantine and European Aurignacian cultures
led to the hypothesis that its presence in the former is due to migration of people from Europe [1]. Until very recently, the scanty
human remains from this time period from the Levant limited the investigation of this matter. The current study is based on the
dental remains discovered at Manot Cave (MC), Western Galilee, Israel. The cave contains evidence for human occupation during
the Early Upper Paleolithic period (46-33 ka) in the form of Early Ahmarian (∼46-42 ka) and Levantine Aurignacian (∼39-34
ka) [2]. Six teeth (three deciduous and three permanent) were found in the cave, four of which could be thoroughly analyzed qual-
itatively and quantitatively. Traditional and geometric morphometric methods were used to compare the Manot teeth to a large
Homo dental sample, including Early andMiddle PleistoceneHomo, Neanderthals and recentmodern humans.The landmark con-
figurations represented the occlusal aspect of the dentinal crown, and the cervical and crown outlines [3,4] additionally the dental
diameters were considered along with dental features such as discrete traits and taurodontism. For two of the teeth the occlusal
aspect could not be considered because of the advanced degree of wear. Interestingly, the Manot dental remains variously displayed
modern human and Neanderthal traits. In particular, the results showed that the upper first premolar (MC-9 P³) is very probably
modern human, but the attribution of the upper deciduous second molar (MC-10 dm²) and the upper second permanent molar
(MC-8 M²) to modern humans is more uncertain. The lower second deciduous molar (MC-7 dm²) might represent a Neanderthal
individual. Based on these outcomes, the Levantine Aurignacian culture could be associated with either modern humans, or some
kind of local or foreign hybrid population ofNeanderthals andmodern humans.Whether theAurignacian evidence atManotCave
represented a local Levantine population or a human group descendant from outside the Levant, remains a matter of debate.

References:[1] Alex, B., Barzilai, O., Hershkovitz, I., Marder, O., Berna, F., Caracuta, V., Abulafia, T., Davis, L., Goder-Goldberger, M., Lavi, R., 2017. Radiocarbon chronology of Manot Cave, Israel and
Upper Paleolithic dispersals. Science Advances. 3, e1701450. [2]Marder, O., Barzilai, O., Abulafia, T., Hershkovitz, I., & Goder-Goldberger, M. 2018. Chrono-cultural Considerations of Middle
Paleolithic Occurrences at Manot Cave (Western Galilee), Israel. InTheMiddle and Upper Paleolithic Archeology of the Levant and Beyond (pp. 49-63). Springer, Singapore. [3] Weber, G. W., Fornai, C.,
Gopher, A., Barkai, R., Sarig, R., & Hershkovitz, I. 2016.The Qesem Cave hominin material (part 1): A morphometric analysis of the mandibular premolars and molar. Quaternary international, 398,
159-174. [4] Fornai, C., Benazzi, S., Gopher, A., Barkai, R., Sarig, R., Bookstein, F.L., Hershkovitz, I., Weber, G.W., 2016.The Qesem Cave hominin material (part 2): A morphometric analysis of
dm2-QC2 deciduous lower second molar. Quaternary International. 398, 175–189.
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A long-held consensus view among archaeologist is that the Acheulean emerged abruptly in East Africa after a temporally rapid
transition from the Oldowan [1].The inter-assemblage variability documented during the Oldowan-Acheulean transition has tra-
ditionally beenordered according to the absence/presence and frequencyof handaxes andotherLCTs [2].TheBed II archaeological
record at Olduvai has become the referential frame to explain cultural change and variation during this period. The emergence of
the Acheulean at the Gorge was dated∼1.5 Ma and placed within Upper-Middle Bed II for many decades, being coincident with
the absence ofH. habilis remains andOldowan assemblages which could suggest an abrupt bio-cultural replacement. However, the
current discovery of FLKWest has provided a new and more complex picture for the Oldowan-Acheulean transition.This∼1.68
Mya site located within Lower-Middle Bed II has become the earliest Acheulean evidence at Olduvai [3]. Equally important is the
fact that FLKWest is the earliest site in the archaeological record where lithic assemblages with differences in the absence/presence
and frequency of LCTs are interstratified in the same sequence. Therefore, it constitutes an exceptional opportunity to assess the
main factors that drived inter-assemblage variability during the Oldowan-Acheulean transition. With this objective, we have car-
ried out a detailed techno-economic analysis in order to identify the most significant similarities and differences among the six
lithic assemblages unearthed in the FLK West fluvial sequence [4]. Similarities noted in terms of raw material selection, flaking
reduction and flake retouching behaviour evidence homogeneous technical decisions and cognitive skills. Differences registered in
the absence/presence and frequency of LCTs likely respond to occupation differences (e.g. short-term stay vs longer-term stay; low
impact vs higher impact occupation) and, in turn, the type and number of subsistence activities carried out on-site. Consequently,
the most parsimonious hypothesis is that a same hominin group or taxon (i.e. H. erectus) knapped all assemblages. However, it
is necessary to bear in mind that other hominin taxa with different cognitive skills and potentially stone tool-makers (H. habilis
and P. boisei) inhabited the Olduvai basin during Lower-Middle Bed II. Accordingly, two different and complementary scenarios
may explain the inter-assemblage variability documented during the Oldowan-Acheulean transition in Middle Bed II: (i) han-
daxe and non-handaxe bearing assemblages could be performed by the same group or taxon; (ii) non-handaxe bearing assemblages
could be performed by different hominin groups or taxa.Themain consequence resulted from this newpicture is that theOldowan-
Acheulean transition is a complex, additive and accumulative process rather than a simple and abrupt bio-cultural replacement one.

We wish to thank Tanzanian COSTECH and the Antiquities Unit for permits to conduct research in Olduvai Gorge. We also thank the Spanish Ministry of Economy and Competitiveness for funding
this research through the HAR2013.45246-C3-3-P project and the Ministry of Culture for funding our research through their Archaeology Program Abroad program.
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FLK West (Lowermost Bed II, Olduvai, Tanzania). Journal of Anthropological Science, 18, 1-22.
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Experiments are indispensable to address the relationship between the morphological design of stone tools and their use. In the
case of the Central and Eastern European Late Middle Palaeolithic bifacial backed knives (hereafterKeilmesser), tool morphology
seems to play a key role [1]. The asymmetric Keilmesser is produced in a highly standardised mode, displaying a single active edge
located opposite to a blunt back, resulting in the tool’s wedge-shaped section.The active edge itself is often composed of sections of
significantly varying edge angles. Keilmesser function, however, remains entirely speculative but has been inferred from tool mor-
phology and their well-documented production sequences, assuming repeated phases of re-sharpening and re-use. Only morpho-
technological analyses combined with controlled experiments and use-wear analyses can lead to a substantial understanding of
the function(s) of Keilmesser. Therefore, two of the largest and most prominentKeilmesser-assemblages in Central Europe, Balver
Höhle [2],[3] and Buhlen [4], both located in Germany, serve as case studies. The study presented here is a sequential, controlled
experiment with the aim to test ‘cutting’ as one potential function for Keilmesser. In this first experiment, we address functional
aspects such as performance, efficiency and durability. To test this, we producedmorphologically standardised samples made of the
lithic rawmaterials encountered in the archaeological context of both sites – silicified schist and flint.These standard samples were
cut bifacially and were produced with different edge angles.The choice of edge angles was based on all the measurements obtained
from the archaeological material. To do so, we applied a new quantitative approach to characterise the active edge: an algorithm-
based, semi-automatedmethod to calculate angles along the edge at predefined steps from3Dmodels. Experimentswere conducted
with an industrial material teststand (Inotec-AP SmartTester) to mimic cutting movements under controlled conditions, includ-
ing contact angles, cutting length, force, velocity, acceleration and the number of strokes in combination with selected contact
materials. This experimental setup provides us with quantitative data about e.g. penetration depth, friction, loss of material from
the tool as well as the contact material and edge angle changes. The obtained data reflect tool performance and efficiency for each
combination of rawmaterial and edge angle for a defined cutting movement. Furthermore, it is also possible to quantify edge dura-
bility. This will allow an improved understanding why Neanderthals chose this specific tool morphology including the edge angle
and at what stage in the chaîne opératoire further reduction and/or resharpening became necessary. In the next step, these results
will be combined with qualitative and quantitative use-wear analyses. Our approach will bring the functional inferences from the
experimental setup together with data independently obtained from the archaeological material. Given this, we aim for a holistic
understanding of the underlying tool concept and manufacturing strategy ofKeilmesser.

References:[1] Jöris, O., 2006. Bifacially Backed Knifes (Keilmesser) in the Central European Middle Palaeolithic., in: Goren-Inbar, N., Sharon, G. (Eds.), Axe Age - Acheulian Toolmaking, from Quarry
to Discard. Approaches to Anthropological Archaeology. Equinox: London, 287–310.[2] Günther, K., 1964. Die altsteinzeitlichen Funde der Balver Höhle. BodenaltertümerWestfalens VIII, Münster.[3]
Jöris, O., 1992. Pradniktechnik imMicoquien der Balver Höhle. Archäologisches Korrespondenzblatt 22, 1–22.[4] Bosinski, G., 1969. Eine Variante der Micoque-Technik am Fundplatz Buhlen, Kreis
Waldeck. Jahresschrift für Mitteldeutsche Vorgeschichte 53.
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Many facial features that distinguishNeanderthals from anatomically modern humans are located on themaxilla. InNeanderthals,
the maxillary body is inflated and the nasal aperture is more projecting, resulting in their unique mid-facial prognathism. Previous
studies have shown that Neanderthal facial morphology differs fromH. sapiens already at birth and throughout ontogeny [1, 2].
However, little is known about themicroscopic processes underlying the development of these facial features and how they relate to
large-scale morphological shape changes during ontogeny. Bone modeling is the microscopic process by which bones grow in size
and model their shape [3] by simultaneously forming and resorbing bone surfaces at different locations. Unlike inH. sapiens, the
Neanderthal maxillary surface has been shown to be mainly bone forming during ontogeny, possibly explaining their prognathic
midfaces compared to modern humans [4]. Here we present new bone modeling data on four additional Neanderthal maxillae:
Le Moustier 2 (neonate), Roc de Marsal (∼3 years), Engis 2 (3 years) and Scladina (8 years). We also analyzed the bone modeling
patterns in a large ontogenetic sample ofH. sapiensmaxillae (n = 128) from diverse ethnic origins (European, Inuit and KhoiSan)
in order to better understand intraspecific variability and interpret theNeanderthal bonemodeling pattern in a broad, comparative
context. We applied a new, integrative approach combining surface histology and semilandmark geometric morphometrics [5]. In
doing so, bone modeling patterns were analyzed using confocal microscopy, resorption was quantified and digital maps were made
to visualize bone modeling patterns. Additionally, landmarks and semilandmarks were applied to three-dimensional surface mod-
els of the same individuals in order to quantify and visualize maxillary growth. InH. sapiens the overall pattern of bone resorption
is similar in all ethnic groups, however subtle differences are present already in the youngest individuals. In particular, the Inuit
bone modeling pattern consistently shows more resorption in the anterior maxilla throughout ontogeny, suggesting that the bone
modeling pattern is constant throughout life in a given group. Consistent with previous findings [4], we show that theNeanderthal
maxilla is largely bone forming. However, we find bone resorption located around the canine root, a pattern never observed before.
At the macroscopic level, this corresponds to a forward growth in the anterior maxilla, a backward displacement in the postcanine
region and an elongation of the maxillary root.This pattern differs fromH. sapiens in which forward growth is concentrated in the
superior maxilla, backward displacement largely occurs in the canine fossa and the maxillary root curvature becomes more accen-
tuated. With the addition of new specimens from early ontogenetic stages, we are able to bring new insights into the complexity
of maxillary ontogeny in Neanderthals by giving detailed information on both micro- and macroscopic developmental patterns.
Our holistic approach gives complementary results betweenmorphological changes and bone modeling patterns during ontogeny.
We show that both species-specific morphology and bone modeling patterns are established in the maxilla in early ontogeny and
maintained into adulthood.These findings suggest that robust predictions about facial growth can be made in fossil species whose
sample size is limited. Applying this integrative approach to other facial components as well as other extant and extinct species will
improve our knowledge of hominin facial ontogeny.

We would like to thank Pr. Kahn from the University of Strasbourg (France), Pr. Lynnerup and Dr. Villa from the Department of Forensic Medicine of the University of Copenhagen (Danemark),
Wilhelmina Seconna from the Iziko Museum as well as Dr. Gibbon from the University of Cape Town (South Africa), Ana Luisa Santos from the Department of Life Sciences, University of Coimbra
(Portugal), Jean-Jacques Cleyet-Merle from the Musée National de Préhistoire (France), as well as Valentin Fisher from the University of Liège (Belgium) for letting us access the collections.
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Hublin, J. J., 2012. Middle Pleistocene human facial morphology in an evolutionary and developmental context. Journal of Human Evolution 63, 723-740.[3] Enlow, D. H., Bang, D. D. S., 1965. Growth
and remodeling of the human maxilla. American Journal of Orthodontics 51, 446-464.[4] Lacruz, R. S., Bromage, T. G., O’Higgins, P., Arsuaga, J. L., Stringer, C., Godinho, R. M., Warshaw, J., Martinez,
I., Gracia-Tellez, A., de Castro, J. M., Carbonell, E., 2015. Ontogeny of the maxilla in Neanderthals and their ancestors. Nature Communication 6, 8996.[5] Schuh, A., Kupczik, K., Gunz, P., Hublin, J-J.,
Freidline, S.E., In press. Ontogeny of the human maxilla: a study of intra-population variability combining surface bone histology and geometric morphometrics. Journal of Anatomy.
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Experiments are indispensable to address the relationship between the morphological design of stone tools and their use. In the
case of the Central and Eastern European Late Middle Palaeolithic bifacial backed knives (hereafterKeilmesser), tool morphology
seems to play a key role [1]. The asymmetric Keilmesser is produced in a highly standardised mode, displaying a single active edge
located opposite to a blunt back, resulting in the tool’s wedge-shaped section.The active edge itself is often composed of sections of
significantly varying edge angles. Keilmesser function, however, remains entirely speculative but has been inferred from tool mor-
phology and their well-documented production sequences, assuming repeated phases of re-sharpening and re-use. Only morpho-
technological analyses combined with controlled experiments and use-wear analyses can lead to a substantial understanding of
the function(s) of Keilmesser. Therefore, two of the largest and most prominentKeilmesser-assemblages in Central Europe, Balver
Höhle [2],[3] and Buhlen [4], both located in Germany, serve as case studies. The study presented here is a sequential, controlled
experiment with the aim to test ‘cutting’ as one potential function for Keilmesser. In this first experiment, we address functional
aspects such as performance, efficiency and durability. To test this, we producedmorphologically standardised samples made of the
lithic rawmaterials encountered in the archaeological context of both sites – silicified schist and flint.These standard samples were
cut bifacially and were produced with different edge angles.The choice of edge angles was based on all the measurements obtained
from the archaeological material. To do so, we applied a new quantitative approach to characterise the active edge: an algorithm-
based, semi-automatedmethod to calculate angles along the edge at predefined steps from3Dmodels. Experimentswere conducted
with an industrial material teststand (Inotec-AP SmartTester) to mimic cutting movements under controlled conditions, includ-
ing contact angles, cutting length, force, velocity, acceleration and the number of strokes in combination with selected contact
materials. This experimental setup provides us with quantitative data about e.g. penetration depth, friction, loss of material from
the tool as well as the contact material and edge angle changes. The obtained data reflect tool performance and efficiency for each
combination of rawmaterial and edge angle for a defined cutting movement. Furthermore, it is also possible to quantify edge dura-
bility. This will allow an improved understanding why Neanderthals chose this specific tool morphology including the edge angle
and at what stage in the chaîne opératoire further reduction and/or resharpening became necessary. In the next step, these results
will be combined with qualitative and quantitative use-wear analyses. Our approach will bring the functional inferences from the
experimental setup together with data independently obtained from the archaeological material. Given this, we aim for a holistic
understanding of the underlying tool concept and manufacturing strategy ofKeilmesser.

References:[1] Jöris, O., 2006. Bifacially Backed Knifes (Keilmesser) in the Central European Middle Palaeolithic., in: Goren-Inbar, N., Sharon, G. (Eds.), Axe Age - Acheulian Toolmaking, from Quarry
to Discard. Approaches to Anthropological Archaeology. Equinox: London, 287–310.[2] Günther, K., 1964. Die altsteinzeitlichen Funde der Balver Höhle. BodenaltertümerWestfalens VIII, Münster.[3]
Jöris, O., 1992. Pradniktechnik imMicoquien der Balver Höhle. Archäologisches Korrespondenzblatt 22, 1–22.[4] Bosinski, G., 1969. Eine Variante der Micoque-Technik am Fundplatz Buhlen, Kreis
Waldeck. Jahresschrift für Mitteldeutsche Vorgeschichte 53.
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Many facial features that distinguishNeanderthals from anatomically modern humans are located on themaxilla. InNeanderthals,
the maxillary body is inflated and the nasal aperture is more projecting, resulting in their unique mid-facial prognathism. Previous
studies have shown that Neanderthal facial morphology differs fromH. sapiens already at birth and throughout ontogeny [1, 2].
However, little is known about themicroscopic processes underlying the development of these facial features and how they relate to
large-scale morphological shape changes during ontogeny. Bone modeling is the microscopic process by which bones grow in size
and model their shape [3] by simultaneously forming and resorbing bone surfaces at different locations. Unlike inH. sapiens, the
Neanderthal maxillary surface has been shown to be mainly bone forming during ontogeny, possibly explaining their prognathic
midfaces compared to modern humans [4]. Here we present new bone modeling data on four additional Neanderthal maxillae:
Le Moustier 2 (neonate), Roc de Marsal (∼3 years), Engis 2 (3 years) and Scladina (8 years). We also analyzed the bone modeling
patterns in a large ontogenetic sample ofH. sapiensmaxillae (n = 128) from diverse ethnic origins (European, Inuit and KhoiSan)
in order to better understand intraspecific variability and interpret theNeanderthal bonemodeling pattern in a broad, comparative
context. We applied a new, integrative approach combining surface histology and semilandmark geometric morphometrics [5]. In
doing so, bone modeling patterns were analyzed using confocal microscopy, resorption was quantified and digital maps were made
to visualize bone modeling patterns. Additionally, landmarks and semilandmarks were applied to three-dimensional surface mod-
els of the same individuals in order to quantify and visualize maxillary growth. InH. sapiens the overall pattern of bone resorption
is similar in all ethnic groups, however subtle differences are present already in the youngest individuals. In particular, the Inuit
bone modeling pattern consistently shows more resorption in the anterior maxilla throughout ontogeny, suggesting that the bone
modeling pattern is constant throughout life in a given group. Consistent with previous findings [4], we show that theNeanderthal
maxilla is largely bone forming. However, we find bone resorption located around the canine root, a pattern never observed before.
At the macroscopic level, this corresponds to a forward growth in the anterior maxilla, a backward displacement in the postcanine
region and an elongation of the maxillary root.This pattern differs fromH. sapiens in which forward growth is concentrated in the
superior maxilla, backward displacement largely occurs in the canine fossa and the maxillary root curvature becomes more accen-
tuated. With the addition of new specimens from early ontogenetic stages, we are able to bring new insights into the complexity
of maxillary ontogeny in Neanderthals by giving detailed information on both micro- and macroscopic developmental patterns.
Our holistic approach gives complementary results betweenmorphological changes and bone modeling patterns during ontogeny.
We show that both species-specific morphology and bone modeling patterns are established in the maxilla in early ontogeny and
maintained into adulthood.These findings suggest that robust predictions about facial growth can be made in fossil species whose
sample size is limited. Applying this integrative approach to other facial components as well as other extant and extinct species will
improve our knowledge of hominin facial ontogeny.

We would like to thank Pr. Kahn from the University of Strasbourg (France), Pr. Lynnerup and Dr. Villa from the Department of Forensic Medicine of the University of Copenhagen (Danemark),
Wilhelmina Seconna from the Iziko Museum as well as Dr. Gibbon from the University of Cape Town (South Africa), Ana Luisa Santos from the Department of Life Sciences, University of Coimbra
(Portugal), Jean-Jacques Cleyet-Merle from the Musée National de Préhistoire (France), as well as Valentin Fisher from the University of Liège (Belgium) for letting us access the collections.

References:[1] Ponce de Leon, M. S., Zollikofer, C. P. E., 2001. Neanderthal cranial ontogeny and its implications for late hominid diversity. Nature 412, 534-538.[2] Freidline, S. E., Gunz, P., Harvati, K.,
Hublin, J. J., 2012. Middle Pleistocene human facial morphology in an evolutionary and developmental context. Journal of Human Evolution 63, 723-740.[3] Enlow, D. H., Bang, D. D. S., 1965. Growth
and remodeling of the human maxilla. American Journal of Orthodontics 51, 446-464.[4] Lacruz, R. S., Bromage, T. G., O’Higgins, P., Arsuaga, J. L., Stringer, C., Godinho, R. M., Warshaw, J., Martinez,
I., Gracia-Tellez, A., de Castro, J. M., Carbonell, E., 2015. Ontogeny of the maxilla in Neanderthals and their ancestors. Nature Communication 6, 8996.[5] Schuh, A., Kupczik, K., Gunz, P., Hublin, J-J.,
Freidline, S.E., In press. Ontogeny of the human maxilla: a study of intra-population variability combining surface bone histology and geometric morphometrics. Journal of Anatomy.
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Umhlatuzana is one of the few sites with deposits spanning the Middle to Later Stone Age transition (∼40–30 ka). It is thus cru-
cial that this site is considered when documenting the development of modern human behaviour in southern Africa duringMarine
Isotope Stages 3 and 2. The site was excavated in the 1980s by Jonathan Kaplan. The stratigraphy of the Pleistocene part of the
sequence proved difficult to discern, and the deposits showed poor preservation of organic remains, including charcoal. Kaplan
[1] suggested that sediment movement may have impacted the integrity of the Middle and early Later Stone Age assemblage. Due
to the questionable stratigraphic integrity of Umhlatuzana, the scientific community has been sceptical about incorporating the
site’s archaeological material into the general discussion on theMiddle to Later Stone Age transition. In 2018, we initiated a high-
resolution geoarchaeological study of the site to clarify the site formation processes of the stratigraphic sequence, aiming at the
Pleistocene deposits. We excavated a small (0.75 m2) area, piece-plotting all finds in excess of 2 cm. We excavated following the
natural stratigraphy and used artificial spits of 1–2 cm in thicker layers. We also took samples for OSL dating, micromorphology,
phytolith analysis, and bulk sediment samples for sedimentological, geochemical, and mineralogical analyses. We present our field
observations of the stratigraphy, complemented with the results of the sedimentological (particle size analysis) and geochemical
(pH, loss on ignition) analyses of the sediments. We also present the analysis of the vertical distribution of piece-plotted finds.
The granulometry results indicate a similar sediment texture is present throughout the sequence, confirming field observations of a
consistent sedimentological environment characterised by in-situweathering and aeolian sediment input.The results of loss on igni-
tion analysis reveal a paucity of organic content in the sediments presumed to be of Pleistocene age. pH analysis demonstrate lateral
changes in the Pleistocene deposits, as well asmuch higher values inHolocene combustion features.More fine-grained analyses will
be performed to determine if acidity/alkalinity can explain patterns in the preservation of organic materials across the sequence.
Analysis of the piece plotted finds demonstrates semi-horizontal layering of archaeologically denser and more sterile zones. This
contradicts the initial suggestions of large scale post-depositional sediment movement. Additional geoarchaeological analyses are
underway to address outstanding questions on the stratigraphic integrity of the site. With a clearer stratigraphic understanding of
the site, we will be able to study the archaeological materials, assess the representativeness of the existing collections, and shed light
onto the reasons behind the Middle to Later Stone Age transition.

Research funded by NWOVidi grant 276-60-004. We thank Femke Reidsma for assistance with the pH analysis, and Victor Klinkenberg for providing insights in the find distribution analysis. Grain size
and loss on ignition analyses were conducted at the Free University, Amsterdam.

References:[1] Kaplan, J., 1990.The Umhlatuzana Rock Shelter sequence: 100 000 years of Stone Age history. Natal Museum Journal of Humanities 2, 1-94.
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During the NW European Lower Palaeolithic (c. 1 ma - 300 ka BP), archaeological evidence for hominin fire use is sparse, with
just a handful of sites providing evidence for the control of fire occurring towards the end of the period (c. 400-300 ka BP). Re-
gardless of the many benefits of controlled fire use (e.g. warmth, light, cooking, protection from predators, communication, niche
construction), it has also been suggested that even Neanderthals were not obligate fire users, with varying interpretations of the
Middle Palaeolithic evidence for fire use pre-60 ka BP. A lack of evidence for fire use can be considered from a number of perspec-
tives: a genuine absence; a reflection of past methodological limitations; location bias; and/or preservation bias.The investigation
of potential evidence for hominin fire use at individual sites has been a recent focus for experimental work, providing a more de-
tailed understanding of fire use at particular locations [1][2][3]. However, the nature of fire visibility in the wider archaeological
record, including an improved understanding of the effects of small controlled fires built on different types of substrates, and the
factors controlling the preservation of fire residues is essential for our knowledge of the earliest hominins in this region. The aim
of this research is, therefore, to investigate how differences in sediment type affect the visibility of fire features, and discuss what
short-term field experiments can tell us about the preservation and visibility of these features in the archaeological record. Results
from ongoing experimental work utilising both macro-and microscopic analyses (micromorphology, magnetic susceptibility and
anhysteretic remanence magnetisation, observations of changes in lithic debitage buried at different depths and lateral extents)
from small (50-70 cm) controlled fires of around 2 hours duration indicate clear differences in the visibility of fires depending on
a) underlying sediment type, and b) fuel load.The results of these ongoing experiments will be discussed in the context of the lack
of evidence for fire-related behaviours in the Lower andMiddle Palaeolithic of NorthWest Europe.

I would like to thank Dr Robert Davis (Queen Mary, University of London) and Dr Joshua Hogue.This research is funded by the Arts and Humanities Research Council South, West andWales Doctoral
Training Partnership (AHRC SWWDTP).

References:[1] Miller, C. E., Conard, N. J., Goldberg, P. & Berna, F., 2010. Dumping, sweeping and trampling: Experimental micromorphological analysis of anthropogenically modified combustion
features, Palethnologie, 2, 25–37.[2] Bentsen, S. E., 2012. Size matters: Preliminary results from an experimental approach to interpret Middle Stone Age hearths. Quaternary International, 270,
95–102.[3] Mallol, C., Hernández, C.M., Cabanes, D., Sistiaga, A., Machado, J., Rodríguez, Á., Pérez, L. and Galván, B., 2013.The black layer of Middle Palaeolithic combustion structures. Interpretation
and archaeostratigraphic implications. Journal of Archaeological Science, 40(5), 2515-2537.
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Umhlatuzana is one of the few sites with deposits spanning the Middle to Later Stone Age transition (∼40–30 ka). It is thus cru-
cial that this site is considered when documenting the development of modern human behaviour in southern Africa duringMarine
Isotope Stages 3 and 2. The site was excavated in the 1980s by Jonathan Kaplan. The stratigraphy of the Pleistocene part of the
sequence proved difficult to discern, and the deposits showed poor preservation of organic remains, including charcoal. Kaplan
[1] suggested that sediment movement may have impacted the integrity of the Middle and early Later Stone Age assemblage. Due
to the questionable stratigraphic integrity of Umhlatuzana, the scientific community has been sceptical about incorporating the
site’s archaeological material into the general discussion on theMiddle to Later Stone Age transition. In 2018, we initiated a high-
resolution geoarchaeological study of the site to clarify the site formation processes of the stratigraphic sequence, aiming at the
Pleistocene deposits. We excavated a small (0.75 m2) area, piece-plotting all finds in excess of 2 cm. We excavated following the
natural stratigraphy and used artificial spits of 1–2 cm in thicker layers. We also took samples for OSL dating, micromorphology,
phytolith analysis, and bulk sediment samples for sedimentological, geochemical, and mineralogical analyses. We present our field
observations of the stratigraphy, complemented with the results of the sedimentological (particle size analysis) and geochemical
(pH, loss on ignition) analyses of the sediments. We also present the analysis of the vertical distribution of piece-plotted finds.
The granulometry results indicate a similar sediment texture is present throughout the sequence, confirming field observations of a
consistent sedimentological environment characterised by in-situweathering and aeolian sediment input.The results of loss on igni-
tion analysis reveal a paucity of organic content in the sediments presumed to be of Pleistocene age. pH analysis demonstrate lateral
changes in the Pleistocene deposits, as well asmuch higher values inHolocene combustion features.More fine-grained analyses will
be performed to determine if acidity/alkalinity can explain patterns in the preservation of organic materials across the sequence.
Analysis of the piece plotted finds demonstrates semi-horizontal layering of archaeologically denser and more sterile zones. This
contradicts the initial suggestions of large scale post-depositional sediment movement. Additional geoarchaeological analyses are
underway to address outstanding questions on the stratigraphic integrity of the site. With a clearer stratigraphic understanding of
the site, we will be able to study the archaeological materials, assess the representativeness of the existing collections, and shed light
onto the reasons behind the Middle to Later Stone Age transition.

Research funded by NWOVidi grant 276-60-004. We thank Femke Reidsma for assistance with the pH analysis, and Victor Klinkenberg for providing insights in the find distribution analysis. Grain size
and loss on ignition analyses were conducted at the Free University, Amsterdam.
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175

Poster Presentation Number 127, Session 1,Th. 12:15-14:00

Where are the hearths? Experimental geoarchaeological investigations of fire visibility in the Lower
Palaeolithic of NW Europe

Rebecca V. Scott1

1 - Department of Archaeology, University of Reading, UK and the Department of Archaeology, University of Exeter, UK

During the NW European Lower Palaeolithic (c. 1 ma - 300 ka BP), archaeological evidence for hominin fire use is sparse, with
just a handful of sites providing evidence for the control of fire occurring towards the end of the period (c. 400-300 ka BP). Re-
gardless of the many benefits of controlled fire use (e.g. warmth, light, cooking, protection from predators, communication, niche
construction), it has also been suggested that even Neanderthals were not obligate fire users, with varying interpretations of the
Middle Palaeolithic evidence for fire use pre-60 ka BP. A lack of evidence for fire use can be considered from a number of perspec-
tives: a genuine absence; a reflection of past methodological limitations; location bias; and/or preservation bias.The investigation
of potential evidence for hominin fire use at individual sites has been a recent focus for experimental work, providing a more de-
tailed understanding of fire use at particular locations [1][2][3]. However, the nature of fire visibility in the wider archaeological
record, including an improved understanding of the effects of small controlled fires built on different types of substrates, and the
factors controlling the preservation of fire residues is essential for our knowledge of the earliest hominins in this region. The aim
of this research is, therefore, to investigate how differences in sediment type affect the visibility of fire features, and discuss what
short-term field experiments can tell us about the preservation and visibility of these features in the archaeological record. Results
from ongoing experimental work utilising both macro-and microscopic analyses (micromorphology, magnetic susceptibility and
anhysteretic remanence magnetisation, observations of changes in lithic debitage buried at different depths and lateral extents)
from small (50-70 cm) controlled fires of around 2 hours duration indicate clear differences in the visibility of fires depending on
a) underlying sediment type, and b) fuel load.The results of these ongoing experiments will be discussed in the context of the lack
of evidence for fire-related behaviours in the Lower andMiddle Palaeolithic of NorthWest Europe.

I would like to thank Dr Robert Davis (Queen Mary, University of London) and Dr Joshua Hogue.This research is funded by the Arts and Humanities Research Council South, West andWales Doctoral
Training Partnership (AHRC SWWDTP).
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Pleistocene faunal assemblages are often highly fragmented, either due to taphonomic or to anthropological processes, preventing
any taxonomic identification based onmorphology through traditional methods [1].This creates a potential bias in the analysis of
hominin behaviour. It results in the inevitable exclusion of a vast quantity of archaeologically valuable data, but also a problematic
assignment to body size classes subject to highly variable categorization. However, bone fragmentation can still be very informa-
tive, especially regarding subsistence patterns and butchery practices. Collagen type 1 (COL1) peptidemass fingerprinting through
ZooMS (Zooarchaeology by Mass Spectrometry) [2] has previously focused on ecological purposes with the improvement of the
faunal spectrum or the identification of additional hominin specimens in Pleistocene contexts. However, its potential to investigate
hominin subsistence behaviour and faunal carcass processing based on unidentifiable bone fragments has been, largely, unexplored.
In this study, we integrate complementary data sets from zooarchaeology and ZooMS to analyse bone assemblages from the final
Mousterian (layer A4) andUluzzian (layer A3) contexts at Fumane cave (Italy) [3, 4].Thus, we investigate the relationship between
faunal composition and bone fragmentation by using untargeted ZooMS analysis correlated with traditional zooarchaeology. At
Fumane, we have identified a large frequency difference between themorphologically identified assemblage and the ZooMS assem-
blage for a particular species within the same archaeological unit. This significant difference in species abundance is marked by a
six fold-increase in the quantity of Bos/Bison remains in the molecularly-identified component. Comparisons of different classes of
surface modifications demonstrate that such fragmentation relates specifically to hominin carcass processing behaviour [5]. High
frequencies of percussion marks suggest that these bone specimens have been intentionally more fragmented by human activity
than other taxa in order to extract marrow from long bones.Thus, the application of ZooMS to these taxonomically unidentifiable
bone specimens gives a more informative picture about carcass processing at Fumane but also allows for a clearer picture of species
composition and a more secure assignment to body size class.

The authors thank the Max Planck Society for making this research possible. Research at Fumane is coordinated by the Ferrara University (MP) in the framework of a project supported by the Ministry of
Culture – Veneto Archaeological Superintendence, public institutions (Lessinia Mountain Community - Regional Natural Park, Fumane Municipality), Foundations (Leakey Foundation, Spring 2015
Grant), and private associations and companies. V.S.M and G.M.S are funded by the Max Planck Society. F.W. is supported by a Marie Sklowdoska-Curie Action postdoctoral Fellowship awarded by the
European Union (#795569).

References:[1] Morin, E., Ready, E., Boileau, A., Beauval, C., Coumont, M.-P., 2017. Problems of Identification and Quantification in Archaeozoological Analysis, Part I: Insights from a Blind Test.
Journal of Archaeological Method andTheory. 24, 886–937.[2] Buckley, M., Collins, M.,Thomas-Oates, J., Wilson, J.C., 2009. Species identification by analysis of bone collagen using matrix-assisted laser
desorption/ionisation time-of-flight mass spectrometry. Rapid communications in mass spectrometry: RCM. 23, 3843–3854.[3] Tagliacozzo, A., Romandini, M., Fiore, I., Gala, M., Peresani, M., 2013.
Animal Exploitation Strategies during the Uluzzian at Grotta di Fumane (Verona, Italy). In: Clark, J.L., Speth, J.D. (Eds.), Zooarchaeology and Modern Human Origins: Human Hunting Behavior during
the Later Pleistocene. Springer Netherlands, Dordrecht, pp. 129–150.[4] Peresani, M., Cristiani, E., Romandini, M., 2016.The Uluzzian technology of Grotta di Fumane and its implication for
reconstructing cultural dynamics in the Middle-Upper Palaeolithic transition of Western Eurasia. Journal of human evolution. 91, 36–56.[5] Fisher, J.W., 1995. Bone surface modifications in
zooarchaeology. Journal of Archaeological Method andTheory. 2, 7–68.
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Humans evolved a particular cognitive relationship with objects and technology, through specialized parietal areas which are asso-
ciatedwith tool use and body-tool integration [1].When an object is positionedwithin the visual range and enters the peri-personal
personal space, it represents a potential tool, being further integrated into the body scheme when handled [2]. Handling involves
somatosensory perception through the skin surface and a dynamic touch based on the propriocetive response of thewhole body [3].
In this sense, tools participate to the cognitive process altering the perception of the body and activating special neural functions.
Recent analysis demonstrated that handling Paleolithic stone tools does influence the emotional and attentional engagement as
measured through electrodermal activity, with differences associated with tool typology [4, 5]. In this survey, we tested the correla-
tion between electrodermal activity (electrodermal level: EDL; electrodermal response: EDR), manipulation time, and stone tool
geometry. Tool form was quantified by geometric morphometrics, through 30 equally-spaced landmarks in 2 dimensions, using an
experimental sample of choppers, handaxes and flakes. Coordinates were registered through Procrustes superimposition, although
size was not normalized, as to evaluate the overall geometry of the tool (size and shape). The first shape component (78%) is asso-
ciated with size and elongation, separating the tool types although with an area of morphological overlap.The second component
(15%) is common to all tool typologies, and it is associated with the degree of elongation without size changes. PC1 is correlated
withEDL andTMT(p<0.05, R= -0. 8 and 0.8 respectively), while PC2 is relatedwithEDR (p<0.05, R=0.6).Namely, attention
andmanipulation time does increase with large and elongated tools, while arousal is specifically related to elongation.We conclude
that size and widening cause higher attentional and arousal engagement in contrast to small and elongated tools. It remains to be
evaluated whether such physiological reaction is due to grasping difficulties, and to what extent it may depend on the different
grasping modalities (power vs precision grip).

We are grateful to all the volunteers who participated in this survey.This study is funded by Junta de Castilla y León, cofinanced by the European Social Funds (EDU/574/2018) and the Spanish
Government (Atapuerca Project;PGC2018-093925-B-C31).

References:[1] Goldring, A., Krubitzer, L., 2017. Evolution of parietal cortex in mammals: Frommanipulation to tool use. In: Krubitzer, L., Kaas, J.H. (Eds.), The Evolution of Nervous Systems, Elsevier,
London, 259-286.[2] Maravita, A., Iriki. A., 2004. Tools for the body (schema), Trends in Cognitive Sciences, 8, 2, 79-86.[3] Turvey, M. T., Carello, C., 2011. Obtaining information by dynamic (effortful)
touching. Philosophical Transactions of the Royal Society of London B: Biological Sciences, 366, 3123-3132.[4] Bruner, E., Fedato, A.P., Silva-Gago, M., Alonso-Alcalde, R., Terradillos-Bernal, M.,
Fernández-Durantes, M.A., Martín-Guerra E., 2018. Cognitive archeology, body cognition, and hand–tool interaction. Progress in Brain Research, 238, 325-345.[5] Bruner, E., Fedato, A.P., Silva-Gago,
M., Alonso-Alcalde, R., Terradillos-Bernal, M., Fernández-Durantes, M.A., Martín-Guerra E., 2018. Visuospatial attention and hand-tool interaction in cognitive archaeology. Current Topics in
Behavioural Neuroscience, 1-24.
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Pleistocene faunal assemblages are often highly fragmented, either due to taphonomic or to anthropological processes, preventing
any taxonomic identification based onmorphology through traditional methods [1].This creates a potential bias in the analysis of
hominin behaviour. It results in the inevitable exclusion of a vast quantity of archaeologically valuable data, but also a problematic
assignment to body size classes subject to highly variable categorization. However, bone fragmentation can still be very informa-
tive, especially regarding subsistence patterns and butchery practices. Collagen type 1 (COL1) peptidemass fingerprinting through
ZooMS (Zooarchaeology by Mass Spectrometry) [2] has previously focused on ecological purposes with the improvement of the
faunal spectrum or the identification of additional hominin specimens in Pleistocene contexts. However, its potential to investigate
hominin subsistence behaviour and faunal carcass processing based on unidentifiable bone fragments has been, largely, unexplored.
In this study, we integrate complementary data sets from zooarchaeology and ZooMS to analyse bone assemblages from the final
Mousterian (layer A4) andUluzzian (layer A3) contexts at Fumane cave (Italy) [3, 4].Thus, we investigate the relationship between
faunal composition and bone fragmentation by using untargeted ZooMS analysis correlated with traditional zooarchaeology. At
Fumane, we have identified a large frequency difference between themorphologically identified assemblage and the ZooMS assem-
blage for a particular species within the same archaeological unit. This significant difference in species abundance is marked by a
six fold-increase in the quantity of Bos/Bison remains in the molecularly-identified component. Comparisons of different classes of
surface modifications demonstrate that such fragmentation relates specifically to hominin carcass processing behaviour [5]. High
frequencies of percussion marks suggest that these bone specimens have been intentionally more fragmented by human activity
than other taxa in order to extract marrow from long bones.Thus, the application of ZooMS to these taxonomically unidentifiable
bone specimens gives a more informative picture about carcass processing at Fumane but also allows for a clearer picture of species
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The authors thank the Max Planck Society for making this research possible. Research at Fumane is coordinated by the Ferrara University (MP) in the framework of a project supported by the Ministry of
Culture – Veneto Archaeological Superintendence, public institutions (Lessinia Mountain Community - Regional Natural Park, Fumane Municipality), Foundations (Leakey Foundation, Spring 2015
Grant), and private associations and companies. V.S.M and G.M.S are funded by the Max Planck Society. F.W. is supported by a Marie Sklowdoska-Curie Action postdoctoral Fellowship awarded by the
European Union (#795569).
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Humans evolved a particular cognitive relationship with objects and technology, through specialized parietal areas which are asso-
ciatedwith tool use and body-tool integration [1].When an object is positionedwithin the visual range and enters the peri-personal
personal space, it represents a potential tool, being further integrated into the body scheme when handled [2]. Handling involves
somatosensory perception through the skin surface and a dynamic touch based on the propriocetive response of thewhole body [3].
In this sense, tools participate to the cognitive process altering the perception of the body and activating special neural functions.
Recent analysis demonstrated that handling Paleolithic stone tools does influence the emotional and attentional engagement as
measured through electrodermal activity, with differences associated with tool typology [4, 5]. In this survey, we tested the correla-
tion between electrodermal activity (electrodermal level: EDL; electrodermal response: EDR), manipulation time, and stone tool
geometry. Tool form was quantified by geometric morphometrics, through 30 equally-spaced landmarks in 2 dimensions, using an
experimental sample of choppers, handaxes and flakes. Coordinates were registered through Procrustes superimposition, although
size was not normalized, as to evaluate the overall geometry of the tool (size and shape). The first shape component (78%) is asso-
ciated with size and elongation, separating the tool types although with an area of morphological overlap.The second component
(15%) is common to all tool typologies, and it is associated with the degree of elongation without size changes. PC1 is correlated
withEDL andTMT(p<0.05, R= -0. 8 and 0.8 respectively), while PC2 is relatedwithEDR (p<0.05, R=0.6).Namely, attention
andmanipulation time does increase with large and elongated tools, while arousal is specifically related to elongation.We conclude
that size and widening cause higher attentional and arousal engagement in contrast to small and elongated tools. It remains to be
evaluated whether such physiological reaction is due to grasping difficulties, and to what extent it may depend on the different
grasping modalities (power vs precision grip).

We are grateful to all the volunteers who participated in this survey.This study is funded by Junta de Castilla y León, cofinanced by the European Social Funds (EDU/574/2018) and the Spanish
Government (Atapuerca Project;PGC2018-093925-B-C31).
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Fernández-Durantes, M.A., Martín-Guerra E., 2018. Cognitive archeology, body cognition, and hand–tool interaction. Progress in Brain Research, 238, 325-345.[5] Bruner, E., Fedato, A.P., Silva-Gago,
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The utility of manganese dioxide as a Palaeolithic tinder enhancer supported by actualistic fire-making
experiments
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The collection of the black minerals comprised primarily of manganese dioxide (MnO₂) by Neandertals during the late Middle
Palaeolithic inFrance is a knownarchaeological phenomenon,with someof these blocks exhibiting evidence of havingbeen abraded
to produce powder [1,2].This has generally been interpreted as resulting from the production of black pigment that may have been
applied to the body as a form of symbolic expression [3]. However, Heyes and colleagues [4] demonstrate that MnO₂ can reduce
the auto-ignition temperature of wood by upwards of 100°C and suggest that this special pyrotechnic property of powderedMnO₂
may have been appreciated by Neandertals. Specifically, they suggest that the addition ofMnO₂ to tinder materials may have aided
in fire-making. Recent findings suggesting that late Neandertals were producing fire by artificial means as early as 50,000 years ago
lend credence to this hypothesis [4]. The purpose of the study described here is to test the utility of MnO₂ as a tinder enhancer
during actualistic fire-making experiments.The flint-and-pyrite fire-making method was employed to produce sparks that were di-
rected onto different types of tinder, both with and without added MnO₂, to determine if and the degree to which this material
improves the ability of the tinders to capture sparks, allowing them to propagate into a glowing ember. The initial results of this
study lend support to the hypothesis of Heyes and colleagues by demonstrating thatMnO₂ improves the spark capturing efficiency
of tinder material over untreated tinder, thereby reducing the time and energy required to produce fire using the percussive fire-
making method. However, it was also observed that the incorporation of pyrite dust into the untreated tinder over the course of
the experiments appeared to improve its ability to capture sparks, lending to the idea that pyrite powder added to tinder prior to
making fire could also expedite the process and largely negate the need for collecting MnO₂ for this purpose.

References:[1] Pitarch Martí, A., d’Errico, F., 2018. Seeking black. Geochemical characterization by PIXE of Palaeolithic manganese-rich lumps and their potential sources. Journal of Anthropological
Archaeology 50, 54-68.[2] Dayet, L., Faivre, J.-P., Le Bourdonnec, F.-X., Discamps, E., Royer, A., Claud, E., Lahaye, C., Cantin, N., Tartar, E., Queffelec, A., Gravina, B., Turq, A., d’Errico, F., 2019.
Manganese and iron oxide use at Combe-Grenal (Dordogne, France): A proxy for cultural change in Neanderthal communities. Journal of Archaeological Science: Reports 25, 239-256.[3] Soressi, M.,
d’Errico, F., 2007. Pigments, gravures, parures: les comportements symboliques controversés des Néandertaliens, in: Vandermeersch, B., Maureille, B. (Eds.), Les Néandertaliens. Biologie et cultures.
Comité des Travaux Historiques et Scientifiques (Documents Préhistoriques 23), Paris, pp. 297-309.[4] Heyes, P., Anastasakis, K., Jong, W.d., Hoesel, A.v., Roebroeks, W., Soressi, M., 2016. Selection and
Use of Manganese Dioxide by Neanderthals. Scientific reports 6, 22159.[5] Sorensen, A.C., Claud, E., Soressi, M., 2018. Neandertal fire-making technology inferred frommicrowear analysis. Scientific
reports 8, 10065.
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The re-dating of sites and re-examination of artifact collections provide a basis for new reflections of the pattern of the earliest
Upper Paleolithic (EUP) and related dispersal of Anatomically Modern Humans (AMH) in Eastern Europe.

Pre-Aurignacian assemblages of theEastEuropeanEUP include six cultural units: (1) Streletskian, traditionally distinguished as
a local transitional cultural unity [1]; (2) Levallois-derived entity or Emiro-Bohunician technocomplex [2]; (3) Zaozerian as a local
cultural unit with curved backed pieces [3]. (4) Spitsynean as a regional East European culture or a local variety of Protoaurignacian
[4]; (5) Cultural layer IVb at Kostenki 14 [5]; (6) cultural layer C at Buran Kaya 3.

The first two traditionally considered as transitional cultures containing a Middle Paleolithic component.The Spitsynean and
cultural layer IVb of Kostenki 14 are fully developed Upper Paleolithic, associated with the skeletal remains (teeth) of modern
humans.

Nowhere else in Europe pre-Aurignacian assemblages exhibit such diverse cultural traditions. Their chronology, classification,
and role in the spread of the EUP and AMH remain open for discussion and are the subject of this review. The earliest Upper
Paleolithic complexes at Kostenki are the most representative, most reliably dated, and yield the most archaeological material. The
earliest Aurignacian is dated to 40 ka (cal) based on samples from the cultural layer in volcanic ash (LVA) at Kostenki 14. Others
cultural units considered here are older, possibly overlapping with the Aurignacian at the younger end of their (uncertain) temporal
boundaries.

Only the Streletskian is represented at numerous sites: five at Kostenki (K1-V, K6, K11-V, K12-III, Borshchevo 5-IV), and
Sungir, Garchi 1, Nepriakhino, Vys outside the Kostenki group. The dating of the Streletskian falls between 45 ka (cal) for the
cultural layerVofKostenki 1 and34ka (cal) at Sungir, Vys andGarchi 1with the likelihood that the latterwill be revised downward.
The Streletskian traditionally has been considered the most ancient UP and new dates confirm it with the unresolved problem of
its upper temporal boundary.

All other cultural unities are represented by single sites.The bases for its cultural affiliation are the single features: microblades
with rectilinear profile for the proto-Aurignacian identification; curved backed pieces for the separation of the Zaozerian as par-
ticular cultural unity; bifacial leaf-points for the attributions of the cultural layer C at Buran Kaya 3, etc. Along with well-defined
cultural diagnostics, all cultural units of the East European EUP exhibit a number of similar cross-cultural indicators.

Twopatterns of adaptation canbe reconstructedon the basis of the rawmaterial procurement for the pre-Aurignacian traditions
at Kostenki. The Streletskian and IVb cultural layer of Kostenki 14 are characterized by the use of all available varieties of raw
materialwith the predominance of localmaterials.TheSpitsynean, by contrast, reflects predominance of importedblackCretaceous
flint, the nearest outcrops of which are at least 150 km from Kostenki.

The current situation in classification the East European pre-Aurignacian assemblages leads to the problem: in what extent
criteria for the cultural identification of theWestern European Paleolithic can be used for the cultural differentiation of the Eastern
European ones.

Two general models for the pre-Aurignacian EUP of Eastern Europe remain under consideration: (1) within the context of the
Out-of-Africa dispersal, as a pioneer waves of the populations with unformed cultural traditions and different patterns of adapta-
tions, and/or (2) outside of migrations concept as a consequence of the trial-and-error method in the process of search the optimal
models of adaptation to local conditions and environments.

Acknowledgements. I am grateful to J.F. Hoffecker for correction of my English.This paper is a contribution to RFBR projects 17-06-00319, 18-39-20009 and to state assignment 0184-2019-0001.
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and Volyn. Lviv, 15-25.[3] Kozłowski, J.K., 2010.TheMiddle to Upper Palaeolithic Transition north of the continental divide: between England and the Russian Plain. In:The Upper Palaeolithic
revolution in global perspective. Papers in honor of Sir Paul Mellars /eds. K.V.Boyle, C.Gamble, O.Bar-Yosef/. Cambridge. McDonald Institute for Archaeologicak Research, 123-135.[4] Boriskovsky, P.I.,
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Néandertal/Cro-Magnon. La rencontre (dir. M.Otte). Errance. Arles, 189-220.
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Ancient DNA (aDNA) is a rich source of information for archaeological and anthropological research with paleogenetic studies
retrieving their information mainly from animal and human bones. Recent research has explored further paleogenetic archives,
such as archaeological sediments [1] and speleothems [2, 3]. Speleothems have several potential benefits as a paleogenetic archive.
First, speleothems can form closed systems, limiting the effect of leaching through layers, and may be securely dated with U-series.
Secondly, preservation conditions for DNA are ideal inside the stalagmites and especially for those located deeper inside caves,
where temperatures are relatively stable and no light enters the cave. Thirdly, ancient DNA in speleothems can provide informa-
tion on plants and animals including humans in caves where no other material evidence is left due to taphonomy or anthropogenic
removal processes. Lastly, aDNA in speleothems presents a direct link between the archaeological record and paleoenvironmental
data retrieved from the speleothems. Two recent studies reported on the recovery of aDNA from stalagmites [2] and ‘popcorn’
calcite [3]. Zepeda Mendoza et al retrieved aDNA of marine, terrestrial and cave taxa from Holocene ‘popcorn’ calcite from an
unusual dolerite granite gneiss cave in Sweden. Our study [2] focused on the analysis of stalagmites from a limestone hosted cave,
which are commonly used for paleoclimatic reconstructions.We sampled two stalagmites from a cave inWestern Georgia, Solkota
Cave, and almost all samples gave aDNA reads, with typical deamination of cytosine at the terminal ends. The samples yielded
aDNA from mammals (bear, roe deer, horseshoe bat) as well as plants (chestnut, hazelnut, flax) and we were able to date some of
the aDNA bearing stalagmite layers to between∼ 84 ka and∼ 56 ka BP with the U-series dating method. The formation history
of aDNA preserved inside speleothems - DNA source, DNA adsorption, transport (agent), deposition, speleothem formation as
well as preservation conditions – is, however, still an open question and greatly impacts the interpretation of these new data. We
propose three different formation models for DNA preserved in speleothems: 1) Transport of DNA from the soil cover above the
epikarst dissolved in water travelling through the epikarst into the cave; 2) Adsorption of DNA to sediments and their incorpora-
tion into the speleothem; 3)Direct contact of the organismwith the speleothemand transfer of theirDNA.A combination of these
models is also possible and the effects of speleothem formation onDNA preservation must also be considered. Reconstructing the
formation history of aDNA embedded in speleothems will provide us with the contextual information necessary for interpreting
the archaeological and paleoenvironmental meaning of this aDNA data.

The research presented here was supported by a New Interdisciplinary Initiatives Fund grant (SF1362) to MCS by the University College Dublin. We are grateful to the excavation team of Satsurblia, the
people of Kumistavi and the Georgian State Museum.
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sediments. Science 356, 605–608.[2] Stahlschmidt, M.C., Collin, T.C., Fernandes, D.M., Bar-Oz, G., Belfer-Cohen, A., Gao, Z., Jakeli, N., Matskevich, Z., Meshveliani, T., Pritchard, J.K., McDermott, F.,
Pinhasi, R., 2019. Ancient Mammalian and Plant DNA from Late Quaternary Stalagmite Layers at Solkota Cave, Georgia. Scientific Reports 9, 6628. https://doi.org/10.1038/s41598-019-43147-0.[3]
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Ancient DNA studies have shown interbreeding in between fossil hominin populations – something that material culture studies
and studies of ancient human anatomy failed to do in a convincing manner for decades. However, beyond tracking fingerprints of
interbreeding, genetic studies do not help us understand how interactions between ancient hominins unfolded. The nature of the
interactions remains unknown. Genes can be acquired via peaceful as well as non-peaceful ways, are transmitted via biological pro-
cesses that were not under human control until very recently and they don’t have to be transmitted across generations — they can
be selected against and lost. Genes are only rarely entering the fossil record and likely enter in a different location than where they
were originally acquired. On the other hand, artefacts are created in a cultural context that was socially mediated and susceptible to
influences from outside. Manufacturing processes are controlled by humans. Technological analysis as well as recent developments
in 3D geometric morphometric methodologies enable researchers to reconstruct manufacturing processes and end-products in
much higher detail. Artefacts are usually found in abundance at excavated sites and are often discovered in the location where
they have been abandoned by ancient humans. Yet, material culture studies are not often used to reconstruct interactions during
the Pleistocene. Studying cultural exchanges processes has always been a challenge in prehistoric archaeology. How to distinguish
changes due to contact from changes arising independently, in other words: how do we set aside influence from convergence? It
is traditionally thought that the archaeological record lacks chronological resolution to discuss influence. When two objects are
found in an archaeological layer, how can we tell if they were deposited on the same day, same month, or even the same year? In
this paper, building especially upon G. Tostevin’s work [1] and other’s, we will argue that we can overcome what is seen as a lack of
chronological resolution by checking how many design options are available and contrast what option was taken with the number
of available options. If they were 20 different options available to obtain the same product, and the same optionwas used by broadly
contemporaneous people at places that can be geographically connected, influence will be much more likely than convergence. We
will argue that a detailed reconstruction of the manufacturing processes and the shape of the end-product combined with an ex-
ploration of the options available via modelling and experimental archaeology will be a powerful instrument to identify influences.
With this, we hope to work toward a better understanding of the nature of hominin interactions in the Pleistocene archaeological
record.

References:[1] Tostevin, G.B., 2013. Seeing lithics: a middle-range theory for testing for cultural transmission in the Pleistocene. Oxbow Books, Oakville.
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Ancient DNA (aDNA) is a rich source of information for archaeological and anthropological research with paleogenetic studies
retrieving their information mainly from animal and human bones. Recent research has explored further paleogenetic archives,
such as archaeological sediments [1] and speleothems [2, 3]. Speleothems have several potential benefits as a paleogenetic archive.
First, speleothems can form closed systems, limiting the effect of leaching through layers, and may be securely dated with U-series.
Secondly, preservation conditions for DNA are ideal inside the stalagmites and especially for those located deeper inside caves,
where temperatures are relatively stable and no light enters the cave. Thirdly, ancient DNA in speleothems can provide informa-
tion on plants and animals including humans in caves where no other material evidence is left due to taphonomy or anthropogenic
removal processes. Lastly, aDNA in speleothems presents a direct link between the archaeological record and paleoenvironmental
data retrieved from the speleothems. Two recent studies reported on the recovery of aDNA from stalagmites [2] and ‘popcorn’
calcite [3]. Zepeda Mendoza et al retrieved aDNA of marine, terrestrial and cave taxa from Holocene ‘popcorn’ calcite from an
unusual dolerite granite gneiss cave in Sweden. Our study [2] focused on the analysis of stalagmites from a limestone hosted cave,
which are commonly used for paleoclimatic reconstructions.We sampled two stalagmites from a cave inWestern Georgia, Solkota
Cave, and almost all samples gave aDNA reads, with typical deamination of cytosine at the terminal ends. The samples yielded
aDNA from mammals (bear, roe deer, horseshoe bat) as well as plants (chestnut, hazelnut, flax) and we were able to date some of
the aDNA bearing stalagmite layers to between∼ 84 ka and∼ 56 ka BP with the U-series dating method. The formation history
of aDNA preserved inside speleothems - DNA source, DNA adsorption, transport (agent), deposition, speleothem formation as
well as preservation conditions – is, however, still an open question and greatly impacts the interpretation of these new data. We
propose three different formation models for DNA preserved in speleothems: 1) Transport of DNA from the soil cover above the
epikarst dissolved in water travelling through the epikarst into the cave; 2) Adsorption of DNA to sediments and their incorpora-
tion into the speleothem; 3)Direct contact of the organismwith the speleothemand transfer of theirDNA.A combination of these
models is also possible and the effects of speleothem formation onDNA preservation must also be considered. Reconstructing the
formation history of aDNA embedded in speleothems will provide us with the contextual information necessary for interpreting
the archaeological and paleoenvironmental meaning of this aDNA data.

The research presented here was supported by a New Interdisciplinary Initiatives Fund grant (SF1362) to MCS by the University College Dublin. We are grateful to the excavation team of Satsurblia, the
people of Kumistavi and the Georgian State Museum.

References:[1] Slon, V., Hopfe, C., Weiss, C.L., Mafessoni, F., de la Rasilla, M., Lalueza-Fox, C., Rosas, A., Soressi, M., Knul, M.V., Miller, R., 2017. Neandertal and Denisovan DNA from Pleistocene
sediments. Science 356, 605–608.[2] Stahlschmidt, M.C., Collin, T.C., Fernandes, D.M., Bar-Oz, G., Belfer-Cohen, A., Gao, Z., Jakeli, N., Matskevich, Z., Meshveliani, T., Pritchard, J.K., McDermott, F.,
Pinhasi, R., 2019. Ancient Mammalian and Plant DNA from Late Quaternary Stalagmite Layers at Solkota Cave, Georgia. Scientific Reports 9, 6628. https://doi.org/10.1038/s41598-019-43147-0.[3]
Zepeda Mendoza, M.L., Lundberg, J., Ivarsson, M., Campos, P., Nylander, J.A., Sallstedt, T., Dalen, L., 2016. Metagenomic analysis from the interior of a speleothem in Tjuv-Ante’s Cave, Northern
Sweden. PloS one 11, e0151577.
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Ancient DNA studies have shown interbreeding in between fossil hominin populations – something that material culture studies
and studies of ancient human anatomy failed to do in a convincing manner for decades. However, beyond tracking fingerprints of
interbreeding, genetic studies do not help us understand how interactions between ancient hominins unfolded. The nature of the
interactions remains unknown. Genes can be acquired via peaceful as well as non-peaceful ways, are transmitted via biological pro-
cesses that were not under human control until very recently and they don’t have to be transmitted across generations — they can
be selected against and lost. Genes are only rarely entering the fossil record and likely enter in a different location than where they
were originally acquired. On the other hand, artefacts are created in a cultural context that was socially mediated and susceptible to
influences from outside. Manufacturing processes are controlled by humans. Technological analysis as well as recent developments
in 3D geometric morphometric methodologies enable researchers to reconstruct manufacturing processes and end-products in
much higher detail. Artefacts are usually found in abundance at excavated sites and are often discovered in the location where
they have been abandoned by ancient humans. Yet, material culture studies are not often used to reconstruct interactions during
the Pleistocene. Studying cultural exchanges processes has always been a challenge in prehistoric archaeology. How to distinguish
changes due to contact from changes arising independently, in other words: how do we set aside influence from convergence? It
is traditionally thought that the archaeological record lacks chronological resolution to discuss influence. When two objects are
found in an archaeological layer, how can we tell if they were deposited on the same day, same month, or even the same year? In
this paper, building especially upon G. Tostevin’s work [1] and other’s, we will argue that we can overcome what is seen as a lack of
chronological resolution by checking how many design options are available and contrast what option was taken with the number
of available options. If they were 20 different options available to obtain the same product, and the same optionwas used by broadly
contemporaneous people at places that can be geographically connected, influence will be much more likely than convergence. We
will argue that a detailed reconstruction of the manufacturing processes and the shape of the end-product combined with an ex-
ploration of the options available via modelling and experimental archaeology will be a powerful instrument to identify influences.
With this, we hope to work toward a better understanding of the nature of hominin interactions in the Pleistocene archaeological
record.

References:[1] Tostevin, G.B., 2013. Seeing lithics: a middle-range theory for testing for cultural transmission in the Pleistocene. Oxbow Books, Oakville.
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The femur is a weight bearing bone which undergoes major shape transformations in early childhood. Using an engineering beam
model, previous work has demonstrated that the femoral midshaft shifts from a mediolateral to anteroposterior reinforcement
throughout ontogeny indicating a transition between toddling and mature bipedal gait [1]. Albeit partial and more variable, the
femur is also loaded prior to the onset of independent walking during pre-ambulatory behaviours such as crawling [2]. This study
aims to further explore these locomotory transitions in terms of timing and how such behaviours may manifest differently along
the length of the developing diaphysis. Cross-sectional geometric properties were calculated from the femur of 110 documented
subadults from 18th and 19th century London [3,4]. Age at death was determined from coffin plates and death certificates and
ranged from neonate to 8.5 years old. Each femur was micro CT scanned and orientated to the same anatomical reference system
and 2D TIFF images were extracted at 35%, 50% and 65% from the distal end based on the total intermetaphyseal length. The
2D cross-sections were imported into FIJI where EPmacroJ [5] was used to define endosteal and periosteal contours and extract a
range of cross-sectional metrics including cortical and medullary area, second moment of area and orientation of maximum bend-
ing rigidity. The results indicate clear biomechanical differences between the distal, middle and proximal aspects of the femoral
diaphysis in response to varying locomotor stages. Most striking of these is the ratio of cortical area to medullary area, which at
the 35% cross-section location demonstrates a sharp decline from birth where the femur is unloaded, followed by a steady increase
from mid-infancy. Segmented regression analysis indicates an inflection point at 7 months, which coincides with the time frame
during which modern children display crawling, standing and cruising behaviours [2]. Coupled with an increase in both cortical
and medullary areas, the results suggest that existing and newly deposited bone is distributed away from the centroid therefore
providing a mechanically advantageous structure for weight bearing activities. This research has important implications for the re-
construction of infant locomotory behaviour in past populations, including in the fossil record.

We are grateful to the Centre for Human Bioarchaeology, Museum of London, for allowing us to CT-scan Bethnal Green and we thank Jelena Bekvalac for her involvement in this project. We thank the
Calleva Foundation for funding the Child Health Project through the Natural History Museum. We also acknowledge St John’s Church of England School for funding the Bethnal Green excavation
through AOC Archaeology.

References:[1] Cowgill, L. W., Warrener, A., Pontzer, H., Ocobock, C., 2010. Waddling and toddling:The biomechanical effects of an immature gait. American Journal of Physical Anthropology, 143,
52-61.[2] Adolph, K. E., Rachwani, J., Hoch, J. E., 2018. Motor and physical development: Locomotion. Neuroscience and Biobehavioral Psychology. Elsevier.[3] Molleson, T. I., Cox, M., 1993.The
Spitalfields Project. Volume 2:The Anthropology -TheMiddling Sort. Council for British Archaeology Research Report 86.[4] Ives R., 2015. Insights into health, life and death in Victorian London’s East
End. London Archaeologist, 14, 150-154.[5] Sládek, V., Sabolová, V., Šebesta, O., Zikmund, T., Kaiser, J., Čerevková, S., 2018. Effect of deriving periosteal and endosteal contours frommicroCT scans on
computation of cross-sectional properties in non-adults: the femur. Journal of Anatomy, 233, 381-393.
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In 2005, an Upper Palaeolithic double infant burial was discovered at the Gravettian site of Krems-Wachtberg, Krems/Danube,
Lower Austria [1]. Interred with ivory beads and embedded in red ochre, the infants, identified as neonates, were covered and pro-
tected by a mammoth scapula accounting for the remarkable preservation state of the find. Originally, the burial was recovered as
a block and initially stored at a climate-controlled storage facility at the Natural History Museum Vienna. In 2015, the skeletal re-
mains were carefully excavated from the block.During this excavation, we continuously generated structured-light 3D surface scans
to document each step of the bones’ exposure. Here, we share the first results of an interdisciplinary effort to digitize the bones,
and to archive and share the data that were assembled during the excavations, as well as the data that are produced throughout this
work. To digitize the individual bones after excavation, we use a SkyScan microCT-scanner at the Division of Biomechanics of the
Core Facility Campus Krems, Austria. Using the surface scans made during the excavation of the bones, we are able to reconstruct
the position the remains were found in. Here, we concentrate on one of the infants (individual 2) and restore the find position
of sixteen preserved carpals, metacarpals, and phalanges of its left hand as well as the cranium. Since the latter is fragmented and
collapsed in part we reconstruct its anatomical shape using geometric morphometrics. The resulting data will be made available in
an open-source database that will be structured for different target groups ranging from interested non-specialists to experts in the
fields of archaeology and palaeoanthropology. The Krems-Wachtberg double infant burial provides the rare occasion for studying
both neonate anatomy and cultural behavior of early modern humans. Moreover, since it allows for ontogenetic and phylogenetic
comparisons with other subadult early modern humans or Neandertal infants, digitization and reconstruction of the skeletons will
set the basis for future research.

References:[1] Einwögerer, T., Friesinger, H., Händel, M., Neugebauer-Maresch, C., Simon, U., Teschler-Nicola, M., 2006. Upper Palaeolithic infant burials. Nature 444(7117), 285.
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set the basis for future research.

References:[1] Einwögerer, T., Friesinger, H., Händel, M., Neugebauer-Maresch, C., Simon, U., Teschler-Nicola, M., 2006. Upper Palaeolithic infant burials. Nature 444(7117), 285.

182



Podium Presentation Session 9, Saturday 10:20

How to improve the radiocarbon calibration in theMiddle to Upper Paleolithic - RESOLUTION for
the study of human evolution

Sahra Talamo1,2

1 - Department of Chemistry “G. Ciamician”, University of Bologna, Bologna, Italy · 2 - Max Planck Institute for Evolutionary
Anthropology, Department of Human Evolution, Leipzig, Germany

It is proven thatNeandertals lived in Europe formore than 200,000 years and that they disappeared around 37,000 cal BP (calendar
years Before Present) [1]. It is proven thatHomo sapiens invaded Europe, met our closest relatives (Neandertals) and shared with
them the same territories, part of their time (usually referred to as the transitional period), and genes [2]. What remains unknown
to a substantial degree is: to what extent late Neandertal innovations were influenced by incomingHomo sapiens, how frequently
one group encountered the other, and the region by region timing of the spread of Homo sapiens and the demise of Neandertals.
Solving this conundrum is a crucial issue in Human Evolution [3-5] and chronology plays a pivotal role, with radiocarbon repre-
senting the backbone of chronological reconstructions for the time up to 50,000 years ago (50 ka BP). So far these topics are still
highly debated due to two important factors: 1) The resolution of the calibration curve is still not accurate enough in the Middle
toUpper Palaeolithic period. 2)The error range, which always occurs with the 14C date, for this time period has a wide confidence
interval. The calibration of radiocarbon ages for the Middle to Upper Palaeolithic events is based on the IntCal13 curve, which is
the best dataset so far. Although IntCal13 allows us to calibrate back to 50,000 years BP the underlying low-resolution datasets,
between 15,000 to 50,000 years ago, differ up to 2000 years depending on the archive used (terrestrial or marine). Such a wide
confidence interval leaves substantial room for inaccuracies in absolute age estimates and ambiguities in chronological interpreta-
tion, creating competing scenarios and different hypotheses in human evolution. Here I will present the latest news in the field of
radiocarbon, the RESOLUTION project. The results of this work will be of pivotal importance to improve European prehistory
and will be crucial for interpreting the relationship between the different unique human species in Eurasia.

References:[1] Zilhão, J., Anesin, D., Aubry, T., Badal, E., Cabanes, D., Kehl, M., Klasen, N., Lucena, A., Martín-Lerma, I., Martínez, S., Matias, H., Susini, D., Steier, P., Wild, E.M., Angelucci, D.E.,
Villaverde, V., Zapata, J., 2017. Precise dating of the Middle-to-Upper Paleolithic transition in Murcia (Spain) supports late Neandertal persistence in Iberia. Heliyon 3, e00435.[2] Fu, Q., Hajdinjak, M.,
Moldovan, O.T., Constantin, S., Mallick, S., Skoglund, P., Patterson, N., Rohland, N., Lazaridis, I., Nickel, B., Viola, B., Prufer, K., Meyer, M., Kelso, J., Reich, D., Paabo, S., 2015. An early modern human
from Romania with a recent Neanderthal ancestor. Nature 524, 216-219.[3] Hublin, J.-J., 2015. The modern human colonization of western Eurasia: when and where? Quaternary Science Reviews 118,
194-210.[4] Mellars, P., 2006. A new radiocarbon revolution and the dispersal of modern humans in Eurasia. Nature 439.[5] Benazzi, S., Slon, V., Talamo, S., Negrino, F., Peresani, M., Bailey, S.E., Sawyer,
S., Panetta, D., Vicino, G., Starnini, E., Mannino, M.A., Salvadori, P.A., Meyer, M., Pääbo, S., Hublin, J.-J., 2015. The makers of the Protoaurignacian and implications for Neandertal extinction. Science
348, 793-796.
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Human technologies have traditionally been assumed to become more and more complex over time. In the recent years, this fun-
damental assumption has been called into question because of the absence of sufficient supportive data and straightforward ways
of measuring complexity, and other concepts, such as diversity or adaptivity, have been proposed as alternatives for approaching
technology and its evolution [1]. While the theoretical and conceptual debate is ongoing, it is evident that we lack concrete and
detailed data on the design and use of various types of tools in the past. For the Palaeolithic, a wealth of research has been devoted
to the development of stone tool knapping. Yet, our knowledge of tool hafting and overall tool design remains limited, especially
for the Upper Palaeolithic.This means that it is difficult to estimate howmuch skill or time the manufacturing of a given tool took
in its entirety, or how varied the strategies of coping with a particular task were. It also means that linking technological change to
twists and turns in human biological evolution and examining potential causalities between the two is, in many cases, impossible.
In this contribution, we provide a set of such missing data on technology, focusing on the younger part of the European Upper
Palaeolithic. We build on earlier work on Middle Palaeolithic assemblages, which bear evidence that stone tool hafting developed
early, at latest by c. 250 kya, and was quickly applied also to tools for which hafting is not a prerequisite of use (e.g., butchering
knives vs projectiles) [2]. If hafting was an innovation that gradually spread and became more frequent over time, we could assume
that by the time period under study here (beginning c. 30 kya), it would have been a dominant practice for various tool categories.
Our dataset, which includes c. 580 scrapers and burins from the Gravettian and Magdalenian occupations of three Upper Palae-
olithic sites, Hohle Fels (Germany), Abri Pataud (France), and Maisières-Canal (Belgium), shows that this is not the case. While
hafting of domestic tools, particularly scrapers, was a well-established and wide-spread practice at latest by the time of the oldest
occupations examined here, nothing in our dataset suggests that the frequency of hafted domestic tools would have systematically
increased over time even though the necessary know-how was clearly available. The assemblages include considerable numbers of
hand-held tools. Whereas hafting of scrapers is frequent, hafting of burins is an anomaly that, interestingly enough, occurs in our
study only in an assemblage that is among the oldest ones analysed. The whole dataset witnesses the use of hand-held and hafted
domestic tools side by side. On the basis of these observations, we argue that in the Upper Palaeolithic, hafting was a choice that
was made flexibly and depending on the situation, and the variability within and between the assemblages is best explained by a
combination of factors, including raw material economy and task-specific requirements. Our results imply that to be understood
in meaningful evolutionary terms, stone tool hafting needs to be considered in the context of other technological strategies, site
use, environmental factors, and social organisation, including the division of labour.The variability we observe calls for studies that
build on solid functional results and avoid oversimplifications in understanding the evolution of tool design and technology. To
fully understand the diversity and flexibility our dataset suggests, future studies should preferably aim at collaborations between
different specialists so that tool manufacture and use can be examined in relation to patterns in biological and cultural evolution as
well as changing environmental and social settings.

This research was supported by the European Research Council under the European Union’s Seventh Framework Programme (FP/2007-2013) / ERC Grant Agreement n. 312283. NT’s work was also
supported by the Kone Foundation (grant number 088817), and VR is indebted to the Fund for Scientific Research (FNRS-FRS). We are grateful to Ivan Jadin at Royal Belgian Institute of Natural
Sciences for giving us access to the Maisières-Canal collection, and to Maria Malina and Andreas Taller for their contributions to the excavations at Hohle Fels. We would also like to thank all the
members of TraceoLab for their continuous help and support.

References:[1] Vaesen, K., Houkes, W., 2017. Complexity and technological evolution: What everybody knows? Biology and Philosophy 32, 1245–1268. https://doi.org/10.1007/s10539-017-9603-1.[2]
Rots, V., 2015. Hafting and Site Function in the European Middle Paleolithic. In: Conard, N.J., Delagnes, A. (Eds.), Settlement Dynamics of the Middle Paleolithic and Middle Stone Age. Kerns Verlag,
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It is proven thatNeandertals lived in Europe formore than 200,000 years and that they disappeared around 37,000 cal BP (calendar
years Before Present) [1]. It is proven thatHomo sapiens invaded Europe, met our closest relatives (Neandertals) and shared with
them the same territories, part of their time (usually referred to as the transitional period), and genes [2]. What remains unknown
to a substantial degree is: to what extent late Neandertal innovations were influenced by incomingHomo sapiens, how frequently
one group encountered the other, and the region by region timing of the spread of Homo sapiens and the demise of Neandertals.
Solving this conundrum is a crucial issue in Human Evolution [3-5] and chronology plays a pivotal role, with radiocarbon repre-
senting the backbone of chronological reconstructions for the time up to 50,000 years ago (50 ka BP). So far these topics are still
highly debated due to two important factors: 1) The resolution of the calibration curve is still not accurate enough in the Middle
toUpper Palaeolithic period. 2)The error range, which always occurs with the 14C date, for this time period has a wide confidence
interval. The calibration of radiocarbon ages for the Middle to Upper Palaeolithic events is based on the IntCal13 curve, which is
the best dataset so far. Although IntCal13 allows us to calibrate back to 50,000 years BP the underlying low-resolution datasets,
between 15,000 to 50,000 years ago, differ up to 2000 years depending on the archive used (terrestrial or marine). Such a wide
confidence interval leaves substantial room for inaccuracies in absolute age estimates and ambiguities in chronological interpreta-
tion, creating competing scenarios and different hypotheses in human evolution. Here I will present the latest news in the field of
radiocarbon, the RESOLUTION project. The results of this work will be of pivotal importance to improve European prehistory
and will be crucial for interpreting the relationship between the different unique human species in Eurasia.

References:[1] Zilhão, J., Anesin, D., Aubry, T., Badal, E., Cabanes, D., Kehl, M., Klasen, N., Lucena, A., Martín-Lerma, I., Martínez, S., Matias, H., Susini, D., Steier, P., Wild, E.M., Angelucci, D.E.,
Villaverde, V., Zapata, J., 2017. Precise dating of the Middle-to-Upper Paleolithic transition in Murcia (Spain) supports late Neandertal persistence in Iberia. Heliyon 3, e00435.[2] Fu, Q., Hajdinjak, M.,
Moldovan, O.T., Constantin, S., Mallick, S., Skoglund, P., Patterson, N., Rohland, N., Lazaridis, I., Nickel, B., Viola, B., Prufer, K., Meyer, M., Kelso, J., Reich, D., Paabo, S., 2015. An early modern human
from Romania with a recent Neanderthal ancestor. Nature 524, 216-219.[3] Hublin, J.-J., 2015. The modern human colonization of western Eurasia: when and where? Quaternary Science Reviews 118,
194-210.[4] Mellars, P., 2006. A new radiocarbon revolution and the dispersal of modern humans in Eurasia. Nature 439.[5] Benazzi, S., Slon, V., Talamo, S., Negrino, F., Peresani, M., Bailey, S.E., Sawyer,
S., Panetta, D., Vicino, G., Starnini, E., Mannino, M.A., Salvadori, P.A., Meyer, M., Pääbo, S., Hublin, J.-J., 2015. The makers of the Protoaurignacian and implications for Neandertal extinction. Science
348, 793-796.
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Human technologies have traditionally been assumed to become more and more complex over time. In the recent years, this fun-
damental assumption has been called into question because of the absence of sufficient supportive data and straightforward ways
of measuring complexity, and other concepts, such as diversity or adaptivity, have been proposed as alternatives for approaching
technology and its evolution [1]. While the theoretical and conceptual debate is ongoing, it is evident that we lack concrete and
detailed data on the design and use of various types of tools in the past. For the Palaeolithic, a wealth of research has been devoted
to the development of stone tool knapping. Yet, our knowledge of tool hafting and overall tool design remains limited, especially
for the Upper Palaeolithic.This means that it is difficult to estimate howmuch skill or time the manufacturing of a given tool took
in its entirety, or how varied the strategies of coping with a particular task were. It also means that linking technological change to
twists and turns in human biological evolution and examining potential causalities between the two is, in many cases, impossible.
In this contribution, we provide a set of such missing data on technology, focusing on the younger part of the European Upper
Palaeolithic. We build on earlier work on Middle Palaeolithic assemblages, which bear evidence that stone tool hafting developed
early, at latest by c. 250 kya, and was quickly applied also to tools for which hafting is not a prerequisite of use (e.g., butchering
knives vs projectiles) [2]. If hafting was an innovation that gradually spread and became more frequent over time, we could assume
that by the time period under study here (beginning c. 30 kya), it would have been a dominant practice for various tool categories.
Our dataset, which includes c. 580 scrapers and burins from the Gravettian and Magdalenian occupations of three Upper Palae-
olithic sites, Hohle Fels (Germany), Abri Pataud (France), and Maisières-Canal (Belgium), shows that this is not the case. While
hafting of domestic tools, particularly scrapers, was a well-established and wide-spread practice at latest by the time of the oldest
occupations examined here, nothing in our dataset suggests that the frequency of hafted domestic tools would have systematically
increased over time even though the necessary know-how was clearly available. The assemblages include considerable numbers of
hand-held tools. Whereas hafting of scrapers is frequent, hafting of burins is an anomaly that, interestingly enough, occurs in our
study only in an assemblage that is among the oldest ones analysed. The whole dataset witnesses the use of hand-held and hafted
domestic tools side by side. On the basis of these observations, we argue that in the Upper Palaeolithic, hafting was a choice that
was made flexibly and depending on the situation, and the variability within and between the assemblages is best explained by a
combination of factors, including raw material economy and task-specific requirements. Our results imply that to be understood
in meaningful evolutionary terms, stone tool hafting needs to be considered in the context of other technological strategies, site
use, environmental factors, and social organisation, including the division of labour.The variability we observe calls for studies that
build on solid functional results and avoid oversimplifications in understanding the evolution of tool design and technology. To
fully understand the diversity and flexibility our dataset suggests, future studies should preferably aim at collaborations between
different specialists so that tool manufacture and use can be examined in relation to patterns in biological and cultural evolution as
well as changing environmental and social settings.

This research was supported by the European Research Council under the European Union’s Seventh Framework Programme (FP/2007-2013) / ERC Grant Agreement n. 312283. NT’s work was also
supported by the Kone Foundation (grant number 088817), and VR is indebted to the Fund for Scientific Research (FNRS-FRS). We are grateful to Ivan Jadin at Royal Belgian Institute of Natural
Sciences for giving us access to the Maisières-Canal collection, and to Maria Malina and Andreas Taller for their contributions to the excavations at Hohle Fels. We would also like to thank all the
members of TraceoLab for their continuous help and support.
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The human lumbar spine is composed of five lumbar vertebrae each being separated by an intervertebral disc. The articulation
of these structures composes the lumbar lordosis, a ventrally convex sagittal spinal curvature that is developed secondarily to an
orthograde posture of the trunk. The lumbar lordosis is thus involved in the evolution of locomotion, with a crucial role in the
emergence of bipedalism in hominins. The lumbar lordosis has been assessed following different methods, e.g. by quantifying the
lumbar vertebrae body wedging, the orientation of the inferior articular processes in relation to the orientation of the superior end-
plate of each vertebra, the correlation between the lumbar lordosis angle (LA) and the pelvic incidence [1], and the correlation
between the LA and the segmental lordosis angle L4-S1 [2]. Some of these methods are dependent on the presence of anatomical
structures such as the intervertebral disc or intact pelvic materials that are not usually well-preserved in the fossil record, which
makes the reconstruction of the lumbar lordosis in hominins difficult. Here we assessed themorphological covariation between in-
dividual lumbar vertebrae and the entire lumbar spine [3,4], and we utilized this covariation to reconstruct the fossil lumbar spine
of the Early Pleistocene juvenileH. ergaster KNM-WT 15000 and of the Late Pleistocene Neanderthal adult specimens Kebara 2,
Shanidar 3 and LaChapelle-aux-Saints 1. For this purpose, we segmented Computed Tomography data of N=44 adults andN=32
juveniles (7-12 years old) and wemeasured 730 (semi-)landmarks on the resulting 3D virtual models.This allowed us to collect the
3Dmorphology of key anatomical features that have been proposed as related to the lumbar lordosis, i.e. the anterior pillar with the
vertebral bodies and the intervertebral discs, and the posterior pillar with the processes, laminae and pedicles. The configurations
were translated and rotated, but not scaled, in order to keep all the information of shape predictions influenced by size. We used
the Partial Least Squares (PLS)method to calculate covariationmodels between each isolated vertebra and the whole lumbar spine
within adults (for the Neanderthals lumbar spine predictions) and juveniles (for the KNM-WT 15000 lumbar spine prediction).
The PLS predictions were performed from the isolated vertebrae that yielded the highest percentage of covariation with the whole
lumbar spine (best predictive model). These predictions were cross-validated for the quantification of the prediction error. We
measured the LA of the lumbar spine predictions following [1]. Results showed that covariation decreases as the lumbar vertebral
level increases in both adults and juveniles, with L1 being the best predictor vertebra. We therefore used this vertebra to predict
the lumbar spine morphology of the Neanderthal specimens. However, since L1 is incomplete in KNM-WT 15000, we used L4
as predictor for this specimen. When we projected our predictions onto a shape space principal component analysis, Neanderthal
fossils fell within the adult human variability both in 3D morphology and LA, but below the human mean (LA in human adults
ranges from 30 to 79 degrees, mean 51.5 degrees ±11 [1]).The Kebara 2 and Shanidar 3 specimens showed the least lordotic lum-
bar spine predictions (LA=∼42 degrees) and La Chapelle-aux-Saints 1 has the most lordotic lumbar spine prediction (LA=∼48
degrees) among Neanderthals. KNM-WT 15000 falls within the human range variability but shows a lordotic angle (LA=∼52-
54 degrees) above the juvenile human mean (LA 8-10 years old= 37 degrees ±7, LA 11-13 years old= 39 degrees ±9 [5]). This is
the first comprehensive study that assesses the quantitative 3D reconstruction of fossil lumbar spines using 3D geometric morpho-
metric techniques.Our results reveal the potential of this predictivemethod to reconstruct the lumbar lordosis in extinct hominins.

This project is funded by the Spanish Ministry of Economy and Competitivity: CGL2015-63648-P.

References:[1] Been, E., Gómez-Olivencia, A., Kramer, P. A., 2014. Brief Communication: Lumbar lordosis in extinct hominins: Implications of the pelvic incidence. American Journal of Physical
Anthropology, 154(2), 307-314.[2] Haeusler, M., Trinkaus, E., Fornai, C., Müller, J., Bonneau, N., Boeni, T., Frater, N. 2019. Morphology, pathology, and the vertebral posture of the La
Chapelle-aux-Saints Neandertal. Proceedings of the National Academy of Sciences, 116(11), 4923-4927.[3] Lois-Zlolniski, S., García-Martínez, D., Blanco-Pérez, E., Sanchis-Gimeno, J. A., Barash, A.,
Martelli, S., Bastir, M. et al., 2017. 3D geometric morphometrics of lumbar vertebral curvatures in H. sapiens. American Journal of Physical Anthropology 162, 265-265).[4] Bastir, M., Torres-Tamayo, N.,
Palancar, C.A., Lois-Zlolniski, S., García-Martínez, D., Riesco-López, A., Vidal, D., García-Blanco, E., Barash, A., Nalla, S., Martelli, S., Sanchis-Gimeno, J.A., Schlager, S. (in press). Geometric
Morphometric studies in the human spine. In: Been, E., Gómez-Olivencia, A., Kramer, P. (Eds.), The human spine. Springer Verlag.[5] Shefi, S., Soudack, M., Konen, E., Been, E., 2013. Development of
the lumbar lordotic curvature in children from age 2 to 20 years. Spine, 38(10), E602-E608.
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The Aurignacian has been considered generally the techno-complex that reflects the spread of Anatomically Modern Humans
through western Eurasia. Therefore, determining the timing of its appearance is a key topic in the current debates of the demise
of Neandertal populations and their replacement by AMHs. Recently, several chronological data have been published for the ap-
pearance of this early Upper Palaeolithic culture in the Iberian Peninsula [1, 2]. Apart from radiocarbon dating, other archaeo-
logical approaches such as the study of subsistence strategies allow to analyse both populations’ behaviour during the Middle to
Upper Palaeolithic transition. In Cantabrian Spain, recent synthesis about the palaeconomic behaviour during Aurignacian [3, 4]
established a continuity of human subsistence during the MP-UP transition based on the exploitation of red deer, with a smaller
representation of equids and bovines. Nevertheless, the chronological reassessment of this transitional period in Cantabrian Re-
gion [1] might challenge some of the previous subsistence interpretations [4] and reveals the necessity to re-evaluate some of the
archaeozoological studies, as well as to include new sites with stable and well-dated stratigraphic sequences. Here the archaeozoo-
logical and taphonomic analysis of themacromammal remains fromwestern sector-Level XIII (Early Aurignacian) of La Viña rock
shelter (Asturias, Spain) are presented. The animal remains were anatomically and taxonomically identified and different tapho-
nomic (biostratinomic and diagenetic) alterations were determined on the bones surface. The high fragmentation of the sample
along with other bone surface modifications (cut marks, marrow extraction breakage, impact notches and traces of burning) indi-
cate clearly the anthropogenic origin of the assemblage. A prey ranking dominated by red deer and chamois, followed by limited
horse and Spanish ibex is visible. Moreover, the assemblage has been intensely modified by taphonomic processes characteristic of
a rock shelter such as a high level of weathering and mineral manganese coatings. The high relevance of chamois shows that La
Viña rock shelter does not follow strictly the general subsistence patterns stablished for this period, although the identified taxa is
coherent with the site location in a valley close to a mountainous area.These results correlate with the other subsistence data from
the Aurignacian andMousterian levels [5] reflecting similar strategies by the hunter-gatherer groups that inhabited the site during
the MP-UP transition. This study also contributes to increase the palaeconomic information about Cantabrian Aurignacian that
is relatively scarce, in comparison to the large amount of information for the Solutrean andMagdalenian.

L. Torres-Iglesias is the beneficiary of a predoctoral research fellowship (Concepción Arenal) from the University of Cantabria and the Government of Cantabria.
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Morales-Muñiz, A., 2019. An early Aurignacian arrival in southwestern Europe. Nature Ecology & Evolution, 3, 207-212.[3] Straus, L.G., 2013. Iberian Archaeofaunas and Hominin Subsistence during
Marine Isotope Stages 4 and 3. In: Clark, J.L., Speth, J.D. (Eds.), Zooarchaeology and Modern Human Origins: Human Hunting Behaviour during the Later Pleistocene. Springer, New York, pp.
97-128.[4] Yravedra, J., 2013. New Contributions on Subsistence Practices during the Middle-Upper Paleolithic in Northern Spain. In: Clark, J.L., Speth, J.D. (Eds.), Zooarchaeology and Modern Human
Origins: Human Hunting Behaviour during the Later Pleistocene. Springer, New York, pp. 77-95.[5] Rasilla, M. de la, Duarte, E., Cañaveras, J.C., Santos, G., Carrión, Y., Tormo, C., Sánchez Moral, S.,
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The human lumbar spine is composed of five lumbar vertebrae each being separated by an intervertebral disc. The articulation
of these structures composes the lumbar lordosis, a ventrally convex sagittal spinal curvature that is developed secondarily to an
orthograde posture of the trunk. The lumbar lordosis is thus involved in the evolution of locomotion, with a crucial role in the
emergence of bipedalism in hominins. The lumbar lordosis has been assessed following different methods, e.g. by quantifying the
lumbar vertebrae body wedging, the orientation of the inferior articular processes in relation to the orientation of the superior end-
plate of each vertebra, the correlation between the lumbar lordosis angle (LA) and the pelvic incidence [1], and the correlation
between the LA and the segmental lordosis angle L4-S1 [2]. Some of these methods are dependent on the presence of anatomical
structures such as the intervertebral disc or intact pelvic materials that are not usually well-preserved in the fossil record, which
makes the reconstruction of the lumbar lordosis in hominins difficult. Here we assessed themorphological covariation between in-
dividual lumbar vertebrae and the entire lumbar spine [3,4], and we utilized this covariation to reconstruct the fossil lumbar spine
of the Early Pleistocene juvenileH. ergaster KNM-WT 15000 and of the Late Pleistocene Neanderthal adult specimens Kebara 2,
Shanidar 3 and LaChapelle-aux-Saints 1. For this purpose, we segmented Computed Tomography data of N=44 adults andN=32
juveniles (7-12 years old) and wemeasured 730 (semi-)landmarks on the resulting 3D virtual models.This allowed us to collect the
3Dmorphology of key anatomical features that have been proposed as related to the lumbar lordosis, i.e. the anterior pillar with the
vertebral bodies and the intervertebral discs, and the posterior pillar with the processes, laminae and pedicles. The configurations
were translated and rotated, but not scaled, in order to keep all the information of shape predictions influenced by size. We used
the Partial Least Squares (PLS)method to calculate covariationmodels between each isolated vertebra and the whole lumbar spine
within adults (for the Neanderthals lumbar spine predictions) and juveniles (for the KNM-WT 15000 lumbar spine prediction).
The PLS predictions were performed from the isolated vertebrae that yielded the highest percentage of covariation with the whole
lumbar spine (best predictive model). These predictions were cross-validated for the quantification of the prediction error. We
measured the LA of the lumbar spine predictions following [1]. Results showed that covariation decreases as the lumbar vertebral
level increases in both adults and juveniles, with L1 being the best predictor vertebra. We therefore used this vertebra to predict
the lumbar spine morphology of the Neanderthal specimens. However, since L1 is incomplete in KNM-WT 15000, we used L4
as predictor for this specimen. When we projected our predictions onto a shape space principal component analysis, Neanderthal
fossils fell within the adult human variability both in 3D morphology and LA, but below the human mean (LA in human adults
ranges from 30 to 79 degrees, mean 51.5 degrees ±11 [1]).The Kebara 2 and Shanidar 3 specimens showed the least lordotic lum-
bar spine predictions (LA=∼42 degrees) and La Chapelle-aux-Saints 1 has the most lordotic lumbar spine prediction (LA=∼48
degrees) among Neanderthals. KNM-WT 15000 falls within the human range variability but shows a lordotic angle (LA=∼52-
54 degrees) above the juvenile human mean (LA 8-10 years old= 37 degrees ±7, LA 11-13 years old= 39 degrees ±9 [5]). This is
the first comprehensive study that assesses the quantitative 3D reconstruction of fossil lumbar spines using 3D geometric morpho-
metric techniques.Our results reveal the potential of this predictivemethod to reconstruct the lumbar lordosis in extinct hominins.

This project is funded by the Spanish Ministry of Economy and Competitivity: CGL2015-63648-P.
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The Aurignacian has been considered generally the techno-complex that reflects the spread of Anatomically Modern Humans
through western Eurasia. Therefore, determining the timing of its appearance is a key topic in the current debates of the demise
of Neandertal populations and their replacement by AMHs. Recently, several chronological data have been published for the ap-
pearance of this early Upper Palaeolithic culture in the Iberian Peninsula [1, 2]. Apart from radiocarbon dating, other archaeo-
logical approaches such as the study of subsistence strategies allow to analyse both populations’ behaviour during the Middle to
Upper Palaeolithic transition. In Cantabrian Spain, recent synthesis about the palaeconomic behaviour during Aurignacian [3, 4]
established a continuity of human subsistence during the MP-UP transition based on the exploitation of red deer, with a smaller
representation of equids and bovines. Nevertheless, the chronological reassessment of this transitional period in Cantabrian Re-
gion [1] might challenge some of the previous subsistence interpretations [4] and reveals the necessity to re-evaluate some of the
archaeozoological studies, as well as to include new sites with stable and well-dated stratigraphic sequences. Here the archaeozoo-
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shelter (Asturias, Spain) are presented. The animal remains were anatomically and taxonomically identified and different tapho-
nomic (biostratinomic and diagenetic) alterations were determined on the bones surface. The high fragmentation of the sample
along with other bone surface modifications (cut marks, marrow extraction breakage, impact notches and traces of burning) indi-
cate clearly the anthropogenic origin of the assemblage. A prey ranking dominated by red deer and chamois, followed by limited
horse and Spanish ibex is visible. Moreover, the assemblage has been intensely modified by taphonomic processes characteristic of
a rock shelter such as a high level of weathering and mineral manganese coatings. The high relevance of chamois shows that La
Viña rock shelter does not follow strictly the general subsistence patterns stablished for this period, although the identified taxa is
coherent with the site location in a valley close to a mountainous area.These results correlate with the other subsistence data from
the Aurignacian andMousterian levels [5] reflecting similar strategies by the hunter-gatherer groups that inhabited the site during
the MP-UP transition. This study also contributes to increase the palaeconomic information about Cantabrian Aurignacian that
is relatively scarce, in comparison to the large amount of information for the Solutrean andMagdalenian.

L. Torres-Iglesias is the beneficiary of a predoctoral research fellowship (Concepción Arenal) from the University of Cantabria and the Government of Cantabria.
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We report on thefirst ancient sedimentaryDNAanalysis from theFAY-NE1 rock shelter at Jebel Faya, Sharjah,UAE.The Jebel Faya
rock-shelter (FAY-NE1) is the oldest stratified site in Southern Arabia (1).The site contains a 5m deep sequence of archaeological
levels from the Palaeolithic to the IronAge.Thework of Armitage et al (1) and Bretzke et al (2) indicate that FAY-NE1 occupation
was linked to periods of increased freshwater availability punctuated by lack of occupation during dry periods. The application of
sedimentary DNA analysis promises to dramatically increase our understanding of human occupation of FAY-NE1 and Southern
Arabia.TheNeolithic levels comprise approximately 1m of sediment and are sealed off from the Palaeolithic layers by a dense sand
layer. The layer has been dated to 9,500 BP and contains a rich archaeological assemblage (3). The Neolithic occupation of Jebel
Faya is the first reoccupation of the site since the ‘Assemblage A’ Palaeolithic layers dated to 40 Kyr. In 2018 sediment samples were
taken from the Neolithic levels of FAY-NE1. Sediments can yield ancient DNA from eukaryotes, prokaryotes and viruses and as
such can provide awide range of data about human ecology and promise to greatly enhance our understanding human-environment
interaction. Two sets of samples were collected for analysis: set one were taken from the Eastern section of Trench 4 and set two
were taken from the Southern section of Trench 37. Samples were collected horizontally across the sections and control samples
from the exposed surface of the shelter and additional controls derived from the archaeological layers directly above and below
the targeted Neolithic levels. To minimise the risk of contamination by modern DNA a custom developed sample contamination
prevention protocol was followed during sampling activities. Sediments were processed in the dedicated ancient DNA laboratory
at the Institute of Genomics at the University of Tartu following published protocols (5 & 6).

References:[1] Armitage, S. J. et al., 2011.The southern route “out of Africa”: evidence for an early expansion of modern humans into Arabia. Science 331, 453–456.[2] Bretzke, K. et al., 2013.The
environmental context of Paleolithic settlement at Jebel Faya, Emirate Sharjah, UAE. Quaternary International 300, 83–93.[3] Uerpmann, H. et al, 2013.The Neolithic period in the Central Region of the
Emirate of Sharjah (UAE). Arabian Archaeology and Epigraphy, 24 (1), 102–108.[4] Slon, V. et al., 2017. Neandertal and Denisovan DNA from Pleistocene sediments. Science 356, 605–608.[5] Rohland,
N. et al., 2018. Extraction of highly degraded DNA from ancient bones, teeth and sediments for high-throughput sequencing. Nature Protocols 13, 2447–2461.
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The human foot is unique compared to that of other extant apes in its adaptations for bipedal locomotion. At the metatarsopha-
langeal joint, bipedal locomotion in humans is associated with a high degree of dorsiflexion at toe-off and this more extreme joint
position is reflected in the external morphology of the metatarsal head and base of the proximal pedal phalanx.These morpholog-
ical features related to dorsiflexion of the toes have been used to determine human-like foot loading in fossil hominins, including
dorsal doming of the metatarsal head and the presence of an associated sulcus, and dorsal canting of the proximal pedal phalangeal
base [1]. However, the loading regime of themetatarsophalangeal joint in fossil hominins remains uncertain, due to the presence of
more primitive traits, for example relatively long, highly curved proximal phalanges [2], morphologies that are also present among
more recent hominins belonging to the genus Homo [3]. Phalanges with such a morphology indicate the potential importance
of arboreal locomotion, using the foot to grasp branches for stability when navigating unstable arboreal supports. As the internal
structure of bone adapts during an individual’s lifetime, it can provide additional information about loading of the metatarsopha-
langeal joints [4]. As such, trabecular structure of the third metatarsal head may provide signals of human-like toe off and of an
ape-like grasping foot. To explore the relationship between locomotor behaviour and internal bone structure, we quantified tra-
becular bone of the third metatarsal head of Homo sapiens (n = 7), Pan troglodytes (n = 7) and Pongo pygmaeus (n = 4). Using
medtool software (www.dr-pahr.at/medtool), 3Dmorphometric maps of the distribution of bone volume fraction (BV/TV) were
generated, andBV/TV and degree of anisotropy (DA)were quantified. Results reveal that the trabecular bone structure of the third
metatarsal head discriminates among bipedal humans, arboreal/terrestrial chimpanzees and arboreal orangutans. The distribution
of BV/TV reflects loading of the humanmetatarsal head in dorsiflexion during toe-off and does not indicate loading of the plantar
surface. In chimpanzees, in contrast to humans, a localisation of BV/TV across the entire surface of the metatarsal head suggests
loading throughout the range of dorso-to-plantar flexion, likely due to a combination of terrestrial and arboreal locomotor modes.
In orangutans, the region of highest BV/TV is located on the plantar surface, reflecting frequent use of the foot to grasp arboreal
substrates.The humanmetatarsal head is characterised by a highDA reflecting the stereotypical loading regime of this joint during
bipedal locomotion. As is characteristic of trabecular architecture across the skeleton of sedentary human populations, the human
metatarsal head has a low BV/TV [5]. This human-typical signal may be due to lower overall activity levels. As the internal bone
structure of the third metatarsal head reflects locomotor behaviour among these three extant taxa, it may further inform interpre-
tations of foot use, both during toe-off and grasping, among early hominins.

This research was supported by the Max Planck Society (ZJT, TLK, MMS) and European Research Council Starting Grant #336301 (TLK andMMS). For access to specimens we thank Jean-Jacques
Hublin, Christophe Boesch and RomanWittig (Max Planck Institute for Evolutionary Anthropology), Birgit Großkopf (Georg-August-Universität Göttingen), and Frieder Mayer and Christiane Funk
(Museum für Naturkunde - Leibniz Institute for Evolution and Biodiversity Science).
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hominins. Journal of Human Evolution 131, 1-21.[5] Ryan, T.M., Shaw, C.N., 2015. Gracility of the modernHomo sapiens skeleton is the result of decreased biomechanical loading. Proceedings of the
National Academy of Sciences of the United States of America 112, 372-377.
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The factors underlying the rate of lineage diversification are a topic of interest across evolutionary biology. In addition to the ob-
vious extrinsic factors, a number of intrinsic ones that predispose lineages to diversify regardless of extrinsic context have been
identified in mammals, including small body size, faster life histories, and ecological specialisation [1, 2, 3]. However, what is not
known is whether these factors are scale-free: that is, whether the same or different factors influence the rate of formation of sub-
species as they do species. Here, we address this question by comparing the number of subspecies across pairs of sister clades, for
Primates and three other mammalian orders. Since subspecies represent genetically and spatially distinct intraspecific populations,
the approach we take here is to compare numbers of subspecies (‘subspecies richness’) between 386 primate, carnivore, cetacean,
and artiodactyl species, each of which is one of a pair of sister species. We examined whether, within the 193 pairs, asymmetries
between species’ body mass, age at female maturity, dietary diversity and time since divergence (TSD) correlate with asymmetri-
cal subspecies richness. If such correlated asymmetries are evident, this implies a relationship between the trait of interest and the
likelihood of a species to fragment into distinct, isolated populations. Comparisons between sister species, as opposed to whole-
phylogeny approaches, do not suffer from the confounding effects of phylogenetic nonindependence.Moreover, they will yield the
clearest signals of relationships and trends in the factors that shape sub-species richness andwhether these are the same as for species
richness. In all four orders, subspecies richness differs between sister species in a large proportion of total pairs. In the Primate order
as a whole, per-pair differences in subspecies richness are independent of TSD.This implies many sister species do not share a com-
mon rate of subspecies formation and extinction ‘inherited’ from their last common ancestor, and further, that differences in their
intrinsic characteristics might account for these asymmetries. This pattern is mirrored in artiodactyl and cetacean species, but not
in carnivores, where longer TSD correlates weakly with increased differences in subspecies richness between sister species. Within
the Primate order, however, there is heterogeneity: the data suggest a weakly negative relationship between TSD and pairwise dif-
ference in subspecies richness in theAtelidae and Indriidae, contrasted by a weakly positive relationship betweenTSD and pairwise
difference in subspecies richness in the Hylobatidae, Cebidae, Pithecidae, and Lemuridae. Correlations between the intrinsic traits
(body size, female life history and dietary diversity) and subspecies richness show a mosaic pattern across the four orders. In Pri-
mates, subspecies richness does not correlate with body mass or dietary diversity, but is significantly higher in species with slower
life histories relative to their sister species. This relationship is especially pronounced in pairs where age at female maturity differs
by more than 30% between the sister species. This pattern is surprising given previously documented associations between “fast”
life histories and high species richness in other mammals [4]. In contrast, artiodactyl subspecies richness follows the species-level
pattern, implying a scale free evolutionary process operates for that order. In carnivores, none of the three intrinsic traits of interest
correlate with subspecies richness. In cetaceans, higher subspecies richness is associated with faster life histories in half of the pairs,
with the other half showing the opposite pattern. We discuss the implications of this approach and these results in terms of how
macro- and microevolutionary processes are related, and how and why primates may differ from the other orders.

References:[1] Gittleman, J.L., Purvis, A., 1998. Body size and species-richness in carnivores and primates. Proceedings of the Royal Society B: Biological Sciences 265, 113–119.[2] Purvis, A., Orme,
C.D.L., Dolphin, K., 2003. Why are most species small-bodied? a phylogenetic view. In: Gaston, K.J., Blackburn, T.M. (Eds.), Macroecology: Concepts and Consequences. Blackwell Scientific, Oxford,
pp. 155–173.[3] Price, S.A., Hopkins, S.S.B., Smith, K.K., Roth, V.L., 2012. Tempo of trophic evolution and its impact on mammalian diversification. Proceedings of the National Academy of Sciences of
the United States of America. 109, 7008–12.[4] Isaac, N.J.B., Jones, K.E., Gittleman, J.L., Purvis, A., 2005. Correlates of Species Richness in Mammals: Body Size, Life History, and Ecology.

191

Poster Presentation Number 131, Session 1,Th. 12:15-14:00

Fundamental Fats – Experimental research into the use of molecular biomarkers for investigating
(prehistoric) combustion features

Thomas van Cruchten1

1 - Leiden University, Netherlands

The controlled use of fire is arguably one of the greatest achievements of humankind. Fire provides warmth, light, the ability to
cook and protection from predators and insects. However, the research into the evolutionary history of fire is far from clear and
has seen a lot of debate over recent years. To gain a proper understanding of the ways in which Palaeolithic hunter-gatherers used
fire, the evidence that is left behind has to be carefully investigated. Lenses of heat-altered sediments, associated with combustion
features, offer a rare opportunity to investigate the function of specific fireplaces by applying residue analysis, as known for the study
of ceramics. Residue analysis uses molecular biomarkers to identify the organic substances preserved either as amorphous residues
or as absorbedmolecules [1]. Unfortunately, the (post-)depositional processes affecting this residual organicmatter in fireplaces are
poorly understood [2] [3]. Previous attempts have been undertaken to experimentally investigate the deposition of organic matter
in combustion features [4], but these were never performed under controlled conditions that properly assess themolecules released
from the combustion (i.e. heating under oxygen-rich conditions) of organic materials in a fireplace.

This study is the first controlled, laboratory-based investigation of the deposition of organic matter in the sediment below
fireplaces with the goals of 1. identifyingmolecular compounds that can be used to reconstruct heated organic materials; 2. investi-
gating the penetration depth of the identified compounds; and 3. devising a sampling strategy that can be applied in the excavation
of combustion features at (Palaeolithic) archaeological sites. To investigate the molecular signatures of several suggested fuels, four
materials were heated above a layer of sand in aCarbolite tube oven to 200, 300 and 500 °C in aerobic (i.e. oxygen-rich) conditions.
These materials were bone (bovine femur), birch wood (Betula pendula, as representative of deciduous wood), pine wood (Pinus
sylvestris, as representative of coniferous wood), and bone marrow (bovine femur, sans bone). Marrow was included as a separated
category to identify what the organic signature of bone looks like when marrow had been extracted from bone for consumption
prior to heating. Sediment samples of these experiments were analysed for their organic content using gas chromatography (GC),
gas chromatography-mass spectrometry (GC-MS) and pyrolysis-GC-MS. Subsamples were taken for each centimetre of depth, of
which the C/N levels were determined to investigate the penetration depth of the deposited organic matter.

Initial results of these experiments indicate that molecular biomarkers can be used to distinguish between animal (bone) and
plant (birch and pinewood) resources used as fuel. However, these distinctions can only be made at low temperatures (200 °C). At
higher temperatures, these materials combust completely and leave no recognisable traces in the sediments below the combustion
features.This suggests that organicmatterwill only be recognisablewith the abovementionedmethods in areas of thefireplacewhere
temperatures remained low (e.g. on the peripheries or at larger depths). Future studies should focus on extending the knowledge
of depositional patterns of different organic materials by performing additional experiments. This will enable the identification of
different materials. Furthermore, the effects of post-depositional processes should also be investigated to create an understanding
of which biomarkers can be expected after extended periods of time. For now, this initial study supports the notion that the use of
molecular biomarkers in the investigation of fire use has great potential and can possibly help resolve long-held debates in Palae-
olithic archaeology by identifying organic materials that are otherwise invisible to archaeologists.

This research was funded by the Stichting Nederlands Museum Anthropologie en Praehistorie (SNMAP) and the Human Origins Group at Leiden University. I would like to thank several people for their
supervision and help during the project: Wil Roebroeks, Femke Reidsma, Klaas Nierop and Joeri Kaal.

References:[1] Evershed, R.P., 2008. Organic residue analysis in archaeology:The archaeological biomarker revolution. Archaeometry 50, 895-924.[2] Mallol, C., Hernández, C.M., Cabanes, D., Sistiaga,
A., Machado, J., Rodriguez, Á., Pérez, L., Gálvan, B., 2013.The black layer of Middle Palaeolithic combustion structures. Interpretation and archaeostratigraphic implication. Journal of Archaeological
Science 40, 2515-2537.[3] March, R.J., Lucquin, A., Joly, D., Ferreri, J.C., Muhieddine, M., 2014. Processes of Formation and Alteration of Archaeological Fire Structures: Complexity Viewed in the Light
of Experimental Approaches. Journal of Archaeological Method andTheory 21, 1-45.[4] Lejay, M., Alexis, M., Quénéa, K., Sellami, F., Bon, F., 2016. Organic signatures of fireplaces: Experimental
references for archaeological interpretations. Organic Geochemistry 99, 67-77.
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richness. In all four orders, subspecies richness differs between sister species in a large proportion of total pairs. In the Primate order
as a whole, per-pair differences in subspecies richness are independent of TSD.This implies many sister species do not share a com-
mon rate of subspecies formation and extinction ‘inherited’ from their last common ancestor, and further, that differences in their
intrinsic characteristics might account for these asymmetries. This pattern is mirrored in artiodactyl and cetacean species, but not
in carnivores, where longer TSD correlates weakly with increased differences in subspecies richness between sister species. Within
the Primate order, however, there is heterogeneity: the data suggest a weakly negative relationship between TSD and pairwise dif-
ference in subspecies richness in theAtelidae and Indriidae, contrasted by a weakly positive relationship betweenTSD and pairwise
difference in subspecies richness in the Hylobatidae, Cebidae, Pithecidae, and Lemuridae. Correlations between the intrinsic traits
(body size, female life history and dietary diversity) and subspecies richness show a mosaic pattern across the four orders. In Pri-
mates, subspecies richness does not correlate with body mass or dietary diversity, but is significantly higher in species with slower
life histories relative to their sister species. This relationship is especially pronounced in pairs where age at female maturity differs
by more than 30% between the sister species. This pattern is surprising given previously documented associations between “fast”
life histories and high species richness in other mammals [4]. In contrast, artiodactyl subspecies richness follows the species-level
pattern, implying a scale free evolutionary process operates for that order. In carnivores, none of the three intrinsic traits of interest
correlate with subspecies richness. In cetaceans, higher subspecies richness is associated with faster life histories in half of the pairs,
with the other half showing the opposite pattern. We discuss the implications of this approach and these results in terms of how
macro- and microevolutionary processes are related, and how and why primates may differ from the other orders.

References:[1] Gittleman, J.L., Purvis, A., 1998. Body size and species-richness in carnivores and primates. Proceedings of the Royal Society B: Biological Sciences 265, 113–119.[2] Purvis, A., Orme,
C.D.L., Dolphin, K., 2003. Why are most species small-bodied? a phylogenetic view. In: Gaston, K.J., Blackburn, T.M. (Eds.), Macroecology: Concepts and Consequences. Blackwell Scientific, Oxford,
pp. 155–173.[3] Price, S.A., Hopkins, S.S.B., Smith, K.K., Roth, V.L., 2012. Tempo of trophic evolution and its impact on mammalian diversification. Proceedings of the National Academy of Sciences of
the United States of America. 109, 7008–12.[4] Isaac, N.J.B., Jones, K.E., Gittleman, J.L., Purvis, A., 2005. Correlates of Species Richness in Mammals: Body Size, Life History, and Ecology.
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The controlled use of fire is arguably one of the greatest achievements of humankind. Fire provides warmth, light, the ability to
cook and protection from predators and insects. However, the research into the evolutionary history of fire is far from clear and
has seen a lot of debate over recent years. To gain a proper understanding of the ways in which Palaeolithic hunter-gatherers used
fire, the evidence that is left behind has to be carefully investigated. Lenses of heat-altered sediments, associated with combustion
features, offer a rare opportunity to investigate the function of specific fireplaces by applying residue analysis, as known for the study
of ceramics. Residue analysis uses molecular biomarkers to identify the organic substances preserved either as amorphous residues
or as absorbedmolecules [1]. Unfortunately, the (post-)depositional processes affecting this residual organicmatter in fireplaces are
poorly understood [2] [3]. Previous attempts have been undertaken to experimentally investigate the deposition of organic matter
in combustion features [4], but these were never performed under controlled conditions that properly assess themolecules released
from the combustion (i.e. heating under oxygen-rich conditions) of organic materials in a fireplace.

This study is the first controlled, laboratory-based investigation of the deposition of organic matter in the sediment below
fireplaces with the goals of 1. identifyingmolecular compounds that can be used to reconstruct heated organic materials; 2. investi-
gating the penetration depth of the identified compounds; and 3. devising a sampling strategy that can be applied in the excavation
of combustion features at (Palaeolithic) archaeological sites. To investigate the molecular signatures of several suggested fuels, four
materials were heated above a layer of sand in aCarbolite tube oven to 200, 300 and 500 °C in aerobic (i.e. oxygen-rich) conditions.
These materials were bone (bovine femur), birch wood (Betula pendula, as representative of deciduous wood), pine wood (Pinus
sylvestris, as representative of coniferous wood), and bone marrow (bovine femur, sans bone). Marrow was included as a separated
category to identify what the organic signature of bone looks like when marrow had been extracted from bone for consumption
prior to heating. Sediment samples of these experiments were analysed for their organic content using gas chromatography (GC),
gas chromatography-mass spectrometry (GC-MS) and pyrolysis-GC-MS. Subsamples were taken for each centimetre of depth, of
which the C/N levels were determined to investigate the penetration depth of the deposited organic matter.

Initial results of these experiments indicate that molecular biomarkers can be used to distinguish between animal (bone) and
plant (birch and pinewood) resources used as fuel. However, these distinctions can only be made at low temperatures (200 °C). At
higher temperatures, these materials combust completely and leave no recognisable traces in the sediments below the combustion
features.This suggests that organicmatterwill only be recognisablewith the abovementionedmethods in areas of thefireplacewhere
temperatures remained low (e.g. on the peripheries or at larger depths). Future studies should focus on extending the knowledge
of depositional patterns of different organic materials by performing additional experiments. This will enable the identification of
different materials. Furthermore, the effects of post-depositional processes should also be investigated to create an understanding
of which biomarkers can be expected after extended periods of time. For now, this initial study supports the notion that the use of
molecular biomarkers in the investigation of fire use has great potential and can possibly help resolve long-held debates in Palae-
olithic archaeology by identifying organic materials that are otherwise invisible to archaeologists.

This research was funded by the Stichting Nederlands Museum Anthropologie en Praehistorie (SNMAP) and the Human Origins Group at Leiden University. I would like to thank several people for their
supervision and help during the project: Wil Roebroeks, Femke Reidsma, Klaas Nierop and Joeri Kaal.

References:[1] Evershed, R.P., 2008. Organic residue analysis in archaeology:The archaeological biomarker revolution. Archaeometry 50, 895-924.[2] Mallol, C., Hernández, C.M., Cabanes, D., Sistiaga,
A., Machado, J., Rodriguez, Á., Pérez, L., Gálvan, B., 2013.The black layer of Middle Palaeolithic combustion structures. Interpretation and archaeostratigraphic implication. Journal of Archaeological
Science 40, 2515-2537.[3] March, R.J., Lucquin, A., Joly, D., Ferreri, J.C., Muhieddine, M., 2014. Processes of Formation and Alteration of Archaeological Fire Structures: Complexity Viewed in the Light
of Experimental Approaches. Journal of Archaeological Method andTheory 21, 1-45.[4] Lejay, M., Alexis, M., Quénéa, K., Sellami, F., Bon, F., 2016. Organic signatures of fireplaces: Experimental
references for archaeological interpretations. Organic Geochemistry 99, 67-77.

190



Poster Presentation Number 42, Session 2, Sa. 12:15-14:00

Novel strategies for the morphological analysis of cancellous bone: implications for human evolutionary
studies

Alessio Veneziano1, Marine Cazenave2

1 - Elettra-Sincrotrone Trieste S.C.P.A., Basovizza, Trieste, Italy · 2 - Department of Anatomy and Histology, SefakoMakgatho
Health Sciences University, Pretoria, South Africa

The morphological design of cancellous bone helps dissipating forces transmitted by the overlaying cortical bone. In addition, tra-
becular tissue is responsive to variations in nature, direction, frequency, andmagnitude of load throughout life and therefore reflects
directly how a joint or bone was used [1]. Such plasticity has been considered by physical anthropologists. Studies of extant pri-
mates have attempted to identify behavioural signals in trabecular structure and revealed variations in accordance with habitual
mechanical loading during locomotion in humans and other anthropoid primates [2]. Trabecular bone has also been considered
for reconstructing the behaviour of fossil and extant hominoids [2]. Other studies focused on the biomechanical role of cancel-
lous bone in responding to masticatory stress [3]. Another interesting point is the remodelling of cancellous bone in response to
stressful conditions. Trabecular morphology in the mandible and long bones has been observed to vary considerably in response
to circumstances altering hormone balance [4] or nutrient intake [5].Therefore, cancellous bone is of great interest in the study of
human evolution for addressing functional andbiological questions.Although the advent ofmicro-ComputedTomography (μCT)
and digitalmanipulation software increased the research opportunities, themorphological characterisation of cancellous structures
remains to be expanded. Because of its inherent complexity, cancellous bone sets serious obstacles to morphological analysis. As of
today, studies relied mostly on bone volume fraction, trabecular thickness and orientation, and large amount of information is po-
tentially hiding behind such apparently inextricable complexity. In addition, as most studies rely on the traditional approach based
on the analysis of small subsamples of the cancellous area of interest, there exist intrinsic ambiguities in defining homology between
trabecular regions in intra- and inter-specific studies. In addition, these subsamples bear only local information and do not account
for three-dimensional variations of the trabecular properties across the bone. Summarising, the study of cancellous bone is limited
by (I) the lack of viable proxies for morphological characterisation and (II) the difficulties encountered in choosing the regions to
be analysed. Here we describe methodological strategies conceived to overcome these limitations. First, we introduce a protocol
for the semi-automatic isolation of cancellous bone in μCT data. This procedure relies on the combination of image processing
operators (“Dilation” and “Erosion”) into a sequential workflow.The protocol results in the separation of cortical, cancellous bone
and the intermingled voids, each as a three-dimensional volume encompassing the whole skeletal element under study. Following,
we present a set of variables calculated on the “morphological skeleton” of the trabecular structure. Morphological skeletons are
thinned, simplified structures representing the minimal descriptor of complex shapes and are obtained through a process usually
referred to as “skeletonisation”. The nodes and branches of the skeleton are used to calculate a set of descriptors characterising the
morphological complexity of the structure: trabecular spatial density, connectivity, length, thickness, tortuosity and fractal dimen-
sion.The biological meaning of the descriptors was tested on a sample of cancellous bone of themandibular condyle in hominoids.
The results show that the descriptors behave as good proxies of morphological complexity of trabecular structures. In addition, the
measures are consistent within each species, therefore demonstrating the feasibility of using these descriptors for addressing func-
tional and biological questions in human evolution.

F. de Beer & J. Hoffman (Pelindaba) for X-ray micro-tomographies at Necsa; R. Macchiarelli for scientific collaboration and discussions; Funding: Bakeng se Afrika program (to M.C.), DST-NRF
(Necsa)..

References:[1] Ruff, C.B., Holt, B., Trinkaus, E., 2006. Who’s afraid of the big bad Wolff? “Wolff ’s law” and bone functional adaptation. American .Journal of Physical Anthropology 129, 484-498.[2]
Kivell, T.L., 2016. A review of trabecular bone functional adaptation: What have we learned from trabecular analyses in extant hominoids and what can we apply to fossils? Journal of Anatomy 228,
569-594.[3] Van Ruijven, L.J., Giesen, E.B.W., Van Eijden, T.M.G.J., 2002. Mechanical significance of the trabecular microstructure of the human mandibular condyle. Journal of Dental Research 81,
706-710.[4] Ejiri, S., Tanaka, M., Watanabe, N., Anwar, R.B., Yamashita, E., Yamada, K., Ikegame, M., 2008. Estrogen deficiency and its effect on the jaw bones. Journal of Bone and Mineral Metabolism
26, 409.[5] Junge, R.E., Gannon, F.H., Porton, I., McAlister, W.H., Whyte, M.P., 2000. Management and prevention of vitamin D deficiency rickets in captive-born juvenile chimpanzees (Pan troglodytes).
Journal of Zoo and Wildlife Medicine 31, 361-370.
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Mongolia lies in a critical place for understanding the relationship of climate variability and its connection to hominin dispersals
and interactions in northern latitudes. Previous fieldwork has demonstrated the occurrence of plentiful surface sites of Palaeolithic
age. However, there is a dearth of stratified archaeological sites, particularly in the southern regions of theMongolia, including the
Gobi Desert. Though it lacks stratigraphic context, the Salkhit fossil has recently been dated to ∼34.4 ka cal BP, and it has been
identified asHomo sapiens on the basis of mtDNA [1].This demonstrates a potential for fossil preservation in the region.The rela-
tively few stratified archaeological sites inMongolia are mostly located in northern major river valleys [2] and in caves in the south
in the Gobi-Altai [3].Though surface sites have indicated that Palaeolithic hominins were once widespread across the region, little
information is available about their depositional and environmental contexts. Yet, climate reconstructions and palaeolake investi-
gations indicate frequent wet and warm periods during Marine Isotope Stages 5, 3, 1 [4], and favourable conditions for mammals
and hominins. Because Mongolia plays a critical role in understanding dispersal processes and hominin adaptations to northern
zones, a new interdisciplinary archaeological field project has been launched in the Gobi-Altai region, with the aim to investigate
caves and palaeolakes. At the outset of the project, aGIS studywas initiated, with the aim to investigate potential routes of hominin
movements across northern Asia in the Late Pleistocene [5]. Satellite imagery and digital palaeolake level reconstructions provided
targeted survey areas for both environmental and archaeological investigations. Ground-truthing fieldwork has demonstrated the
presence of caves throughout the Gobi-Altai Mountains and a multitude of palaeolake features throughout the basin-range topog-
raphy.The survey indicated thatmany of the caves were small, with little sedimentation.One speleothemwas found and some caves
contained Holocene artefacts with associated environmental information. Survey of targeted palaeolakes revealed the presence of
lithic artefacts withMiddle Palaeolithic toHolocene typologies, in association with relict palaeolake landforms. One of these con-
tained human remains and associated palaeoenvironmental data.The project has revealed a long record of human occupation in the
region beside palaeolakes, which suggest that warmer and wetter periods provided favourable environmental settings for hunter-
gatherers. Future fieldwork aims to hone in on locating and dating these palaeolakes and archaeology in tandem, allowing us to
assess dispersals and human adaptations to fluctuating environmental conditions in northern latitudes.

Fieldwork was conducted with the permission of the Ministry of Education, Culture, and Science for Mongolia. Funding was provided by the Max Planck Society. Many thanks to all those who assisted
with fieldwork and to our collaborator, the National Museum of Mongolia.

References:[1] Devièse, T., Massilani, D., Yi, S., Comeskey, D., Nagel, S., Nickel, B., Ribechini, E., Lee, J., Tseveendorj, D., Gunchinsuren, B., Meyer, M., Pääbo, S., Higham, T., 2019. Compound-specific
radiocarbon dating and mitochondrial DNA analysis of the Pleistocene hominin from Salkhit Mongolia. Nature Communications 10, 274.[2] Zwyns, N., Gladyshev, S.A., Gunchinsuren, B., Bolorbat, T.,
Flas, D., Dogandžić, T., Tabarev, A. V., Gillam, J.C., Khatsenovich, A.M., McPherron, S., Odsuren, D., Paine, C.H., Purevjal, K.-E., Stewart, J.R., 2014.The open-air site of Tolbor 16 (NorthernMongolia):
Preliminary results and perspectives. Quaternary International, 347, 53–65.[3] Derevianko, A.P., Olsen, J.W., Tseveendorzh, D., Krivoshapkin, A.I., Petrin, V.T., Brantingham, P.J., 2000.The Stratified
cave site of Tsagaan Agui in the Gobi Altai (Mongolia). Archaeology, Ethnology and Anthropology of Eurasia 1, 23–36.[4] Lehmkuhl, F., Grunert, J., Hülle, D., Batkhishig, O., Stauch, G., 2018. Paleolakes
in the Gobi region of southern Mongolia. Quaternary Science Reviews 179, 1–23.[5] Li, F., Vanwezer, N., Boivin, N., Gao, X., Ott, F., Petraglia, M., Roberts, P., 2019. Heading north: Late Pleistocene
environments and human dispersals in central and eastern Asia. PLOS ONE. 14, e0216433.
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The morphological design of cancellous bone helps dissipating forces transmitted by the overlaying cortical bone. In addition, tra-
becular tissue is responsive to variations in nature, direction, frequency, andmagnitude of load throughout life and therefore reflects
directly how a joint or bone was used [1]. Such plasticity has been considered by physical anthropologists. Studies of extant pri-
mates have attempted to identify behavioural signals in trabecular structure and revealed variations in accordance with habitual
mechanical loading during locomotion in humans and other anthropoid primates [2]. Trabecular bone has also been considered
for reconstructing the behaviour of fossil and extant hominoids [2]. Other studies focused on the biomechanical role of cancel-
lous bone in responding to masticatory stress [3]. Another interesting point is the remodelling of cancellous bone in response to
stressful conditions. Trabecular morphology in the mandible and long bones has been observed to vary considerably in response
to circumstances altering hormone balance [4] or nutrient intake [5].Therefore, cancellous bone is of great interest in the study of
human evolution for addressing functional andbiological questions.Although the advent ofmicro-ComputedTomography (μCT)
and digitalmanipulation software increased the research opportunities, themorphological characterisation of cancellous structures
remains to be expanded. Because of its inherent complexity, cancellous bone sets serious obstacles to morphological analysis. As of
today, studies relied mostly on bone volume fraction, trabecular thickness and orientation, and large amount of information is po-
tentially hiding behind such apparently inextricable complexity. In addition, as most studies rely on the traditional approach based
on the analysis of small subsamples of the cancellous area of interest, there exist intrinsic ambiguities in defining homology between
trabecular regions in intra- and inter-specific studies. In addition, these subsamples bear only local information and do not account
for three-dimensional variations of the trabecular properties across the bone. Summarising, the study of cancellous bone is limited
by (I) the lack of viable proxies for morphological characterisation and (II) the difficulties encountered in choosing the regions to
be analysed. Here we describe methodological strategies conceived to overcome these limitations. First, we introduce a protocol
for the semi-automatic isolation of cancellous bone in μCT data. This procedure relies on the combination of image processing
operators (“Dilation” and “Erosion”) into a sequential workflow.The protocol results in the separation of cortical, cancellous bone
and the intermingled voids, each as a three-dimensional volume encompassing the whole skeletal element under study. Following,
we present a set of variables calculated on the “morphological skeleton” of the trabecular structure. Morphological skeletons are
thinned, simplified structures representing the minimal descriptor of complex shapes and are obtained through a process usually
referred to as “skeletonisation”. The nodes and branches of the skeleton are used to calculate a set of descriptors characterising the
morphological complexity of the structure: trabecular spatial density, connectivity, length, thickness, tortuosity and fractal dimen-
sion.The biological meaning of the descriptors was tested on a sample of cancellous bone of themandibular condyle in hominoids.
The results show that the descriptors behave as good proxies of morphological complexity of trabecular structures. In addition, the
measures are consistent within each species, therefore demonstrating the feasibility of using these descriptors for addressing func-
tional and biological questions in human evolution.
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(Necsa)..

References:[1] Ruff, C.B., Holt, B., Trinkaus, E., 2006. Who’s afraid of the big bad Wolff? “Wolff ’s law” and bone functional adaptation. American .Journal of Physical Anthropology 129, 484-498.[2]
Kivell, T.L., 2016. A review of trabecular bone functional adaptation: What have we learned from trabecular analyses in extant hominoids and what can we apply to fossils? Journal of Anatomy 228,
569-594.[3] Van Ruijven, L.J., Giesen, E.B.W., Van Eijden, T.M.G.J., 2002. Mechanical significance of the trabecular microstructure of the human mandibular condyle. Journal of Dental Research 81,
706-710.[4] Ejiri, S., Tanaka, M., Watanabe, N., Anwar, R.B., Yamashita, E., Yamada, K., Ikegame, M., 2008. Estrogen deficiency and its effect on the jaw bones. Journal of Bone and Mineral Metabolism
26, 409.[5] Junge, R.E., Gannon, F.H., Porton, I., McAlister, W.H., Whyte, M.P., 2000. Management and prevention of vitamin D deficiency rickets in captive-born juvenile chimpanzees (Pan troglodytes).
Journal of Zoo and Wildlife Medicine 31, 361-370.

193

Pecha Kucha Presentation Session 2,Thursday 11:00

10,000 km and 21 flat tires: New interdisciplinary archaeological investigations of the palaeolakes and
caves in the Gobi-Altai, Mongolia

Nils Vanwezer1, Julien Louys2, Sebastian F.M. Breitenbach3, Andrea Picin1,4, Paul Breeze5, Arturo Cueva-Temprana1,6,
Aitor Burguet-Coca6, Javier Sánchez-Martínez7, Anja Zander8, Ian Candy9, Bayarsaikhan Jamsranjav10, Nicole Boivin1,
Michael Petraglia1

1 - Max Planck Institute for the Science of HumanHistory, Jena, Germany · 2 - Griffith University, Brisbane, Australia · 3 -
Ruhr-Universität Bochum, Germany · 4 - Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany · 5 - King’s
College London, UK · 6 - Institut Català de Paleoecologia Humana i Evolució Social, Tarragona, Spain · 7 - Centre d’estudis del
Patrimoni Arqueològic de la Prehistoria, Barcelona, Spain · 8 - Universität zu Köln, Cologne, Germany · 9 - Royal Holloway,
University of London, UK · 10 - National Museum of Mongolia, Ulaanbaatar, Mongolia

Mongolia lies in a critical place for understanding the relationship of climate variability and its connection to hominin dispersals
and interactions in northern latitudes. Previous fieldwork has demonstrated the occurrence of plentiful surface sites of Palaeolithic
age. However, there is a dearth of stratified archaeological sites, particularly in the southern regions of theMongolia, including the
Gobi Desert. Though it lacks stratigraphic context, the Salkhit fossil has recently been dated to ∼34.4 ka cal BP, and it has been
identified asHomo sapiens on the basis of mtDNA [1].This demonstrates a potential for fossil preservation in the region.The rela-
tively few stratified archaeological sites inMongolia are mostly located in northern major river valleys [2] and in caves in the south
in the Gobi-Altai [3].Though surface sites have indicated that Palaeolithic hominins were once widespread across the region, little
information is available about their depositional and environmental contexts. Yet, climate reconstructions and palaeolake investi-
gations indicate frequent wet and warm periods during Marine Isotope Stages 5, 3, 1 [4], and favourable conditions for mammals
and hominins. Because Mongolia plays a critical role in understanding dispersal processes and hominin adaptations to northern
zones, a new interdisciplinary archaeological field project has been launched in the Gobi-Altai region, with the aim to investigate
caves and palaeolakes. At the outset of the project, aGIS studywas initiated, with the aim to investigate potential routes of hominin
movements across northern Asia in the Late Pleistocene [5]. Satellite imagery and digital palaeolake level reconstructions provided
targeted survey areas for both environmental and archaeological investigations. Ground-truthing fieldwork has demonstrated the
presence of caves throughout the Gobi-Altai Mountains and a multitude of palaeolake features throughout the basin-range topog-
raphy.The survey indicated thatmany of the caves were small, with little sedimentation.One speleothemwas found and some caves
contained Holocene artefacts with associated environmental information. Survey of targeted palaeolakes revealed the presence of
lithic artefacts withMiddle Palaeolithic toHolocene typologies, in association with relict palaeolake landforms. One of these con-
tained human remains and associated palaeoenvironmental data.The project has revealed a long record of human occupation in the
region beside palaeolakes, which suggest that warmer and wetter periods provided favourable environmental settings for hunter-
gatherers. Future fieldwork aims to hone in on locating and dating these palaeolakes and archaeology in tandem, allowing us to
assess dispersals and human adaptations to fluctuating environmental conditions in northern latitudes.

Fieldwork was conducted with the permission of the Ministry of Education, Culture, and Science for Mongolia. Funding was provided by the Max Planck Society. Many thanks to all those who assisted
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The study of hominin history has progressed through both archaeological and genetic insights. In recent years, ancient DNA se-
quencing from fossils has allowed the association of genetic populations with specific places in time and space. However, many
archaeological sites lack associated hominin fossils, frustrating genetic analyses. Even when fossils are found, they often do not
cover the full time-span of a site, or sampling them forDNAmay not be possible. Recent work has demonstrated the sequencing of
mammalian and homininmitochondrial DNA (mtDNA) from sediment samples [1]. However, mtDNAprovides limited data for
the resolution of population relationships. Here we present targeted enrichment and sequencing of hominin nuclear DNA from
sediments.Of particular concern is themixture of hominin andnon-hominin (faunal)DNApresent in themajority of sedimentary
deposits.With this inmind, we produced a set of probes targeting 1.7million informative SNPs in the nuclear genome - specifically
at loci with high genomic divergence in a set of 15 eutherian mammals. We then developed an approach to evaluate the extent of
microbial and faunal DNA in our data, along with statistical methods to account for such non-hominin DNA. We applied these
methods to sediment samples fromGaleria de las Estatuas [2], a site in northern Spain, andDenisova [3] andChagyrskaya [4] caves,
in the Altai Mountains in southern Siberia. In total, we identified and sequencedNeandertal nuclear DNA from approximately 30
sediment samples, in stratigraphic layers spanning 55kya - 130kya.We then placed each sample on a Neandertal phylogenetic tree,
as defined by three high-coverageNeandertal genomes, and for each sample inferred themost likelyNeandertal lineage, and a diver-
gence date from that lineage. In some instances we are able to demonstrate population transitions within a single cave, and associate
these changes with specific layers. In others, all layers are associatedwith a singleNeandertal lineage, suggesting amore homogenous
occupation. This work demonstrates that detailed genetic analyses may be possible from many more archaeological sites than was
previously thought, and is particularly encouraging for time-series studies of single sites, or for sites with a sparse fossil record.

This study was funded by the Russian Science Foundation (projects 14-50-00036 and 19-48-04107), the Max Planck Society, the European Research Council (grant agreement number 694707), and the
Australian Research Council (fellowships FT150100138, FT140100384 and FL130100116).

References:[1] Slon, V. et al., 2017. Neandertal and Denisovan DNA from Pleistocene Sediments. Science 356, 605-608.[2] Arsuaga, J.L. et al., 2017. Evidence of paleoecological changes and Mousterian
occupations at the Galería de las Estatuas site, Sierra de Atapuerca, northern Iberian plateau, Spain. Quaternary Research 88, 345–367.[3] Jacobs, Z. et al., 2019. Timing of archaic hominin occupation of
Denisova Cave in southern Siberia. Nature 565, 594-599.[4] Rudaya, N. et al., 2017. Palaeoenvironments during the period of the Neanderthals settlement in Chagyrskaya cave (Altai Mountains, Russia).
Palaeogeography, Palaeoclimatology, Palaeoecology 467, 265–276.
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Humans are characterized by a high manual dexterity, which is for a large part due to our relatively long and highly mobile thumb.
This high mobility is linked to the saddle-shaped basal thumb joint which functions as a universal joint with two degrees of free-
dom.Advancedmanipulative capabilities and high thumbmobility are, however, also observed in somenon-humanprimateswith a
different configuration of the basal thumb joint.Members of the genusPan, the closest extant relatives of humans, use complex grip
types, such as power grips and modified precision grips, and are capable of tool use [1]. In our study, we focus on the basal thumb
or trapeziometacarpal (TMC) joint in bonobos (Pan paniscus, n=5), and compare it to the functional anatomy of the TMC joint
of gibbons (Family Hylobatidae, n=7) and humans (Homo sapiens, n=5). We acquired CT-scans of primate cadaveric hands in
different functional positions (thumb ab/adduction, flexion/extension) and grip types (power and precision grips) using a translu-
cent rig. In addition,we obtainedmicroCT-scans of the firstmetacarpal and trapeziumof these specimens. 3D reconstructionswere
made of the thumb in the different positions using dedicated image processing software (Mimics,Materialise, Leuven). A kinematic
analysis of the TMC joint was done using the CT-based reconstructions of the thumb bones using custom-written Python-code.
MicroCT imageswere used to obtain high-resolutionmeshes of the trapezium andfirstmetacarpal, allowing finite-element analysis
of the joint contact forces. Finally, we also performed detailed dissections of themuscles and ligaments surrounding the TMC joint
in all specimens. The kinematic analysis showed that the range of motion at the TMC joint is very similar between bonobos and
humans, yet humans are characterized by a higher degree of thumb extension which could not be explained by differences in joint
curvature[2]. Detailed study of the surrounding ligaments indicated that the volar ligaments are more well-developed in bonobos
compared to humans, which might constrain metacarpal extension. In contrast to bonobos and humans, gibbons have a ball-and-
socket-shaped TMC joint. This, together with the deep digit I-II cleft, gives the short gibbon thumb a higher range of motion in
all three planes compared to bonobos and humans. Remarkably, the ligamentous constraints are very similar to those observed in
bonobos and humans, with a marked pollical oblique ligament which likely restricts axial rotation of the first metacarpal. Studying
how different skeletal configurations relate to thumb, and ultimately hand, function in extant primates can provide an effective
means to establish form-function relationships that can aid the interpretation of fossil primate remains. Importantly, properties of
the surrounding soft-tissue should not be overlooked as joint function cannot explained by bone morphology alone.

Funding for this research was obtained from the KU Leuven. We thank the different zoos and institutes for providing access to the non-human primate specimens. Ethical statement: No animals were
sacrificed for this study. Primate cadavers were collected opportunistically from European zoos and institutes.
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The study of hominin history has progressed through both archaeological and genetic insights. In recent years, ancient DNA se-
quencing from fossils has allowed the association of genetic populations with specific places in time and space. However, many
archaeological sites lack associated hominin fossils, frustrating genetic analyses. Even when fossils are found, they often do not
cover the full time-span of a site, or sampling them forDNAmay not be possible. Recent work has demonstrated the sequencing of
mammalian and homininmitochondrial DNA (mtDNA) from sediment samples [1]. However, mtDNAprovides limited data for
the resolution of population relationships. Here we present targeted enrichment and sequencing of hominin nuclear DNA from
sediments.Of particular concern is themixture of hominin andnon-hominin (faunal)DNApresent in themajority of sedimentary
deposits.With this inmind, we produced a set of probes targeting 1.7million informative SNPs in the nuclear genome - specifically
at loci with high genomic divergence in a set of 15 eutherian mammals. We then developed an approach to evaluate the extent of
microbial and faunal DNA in our data, along with statistical methods to account for such non-hominin DNA. We applied these
methods to sediment samples fromGaleria de las Estatuas [2], a site in northern Spain, andDenisova [3] andChagyrskaya [4] caves,
in the Altai Mountains in southern Siberia. In total, we identified and sequencedNeandertal nuclear DNA from approximately 30
sediment samples, in stratigraphic layers spanning 55kya - 130kya.We then placed each sample on a Neandertal phylogenetic tree,
as defined by three high-coverageNeandertal genomes, and for each sample inferred themost likelyNeandertal lineage, and a diver-
gence date from that lineage. In some instances we are able to demonstrate population transitions within a single cave, and associate
these changes with specific layers. In others, all layers are associatedwith a singleNeandertal lineage, suggesting amore homogenous
occupation. This work demonstrates that detailed genetic analyses may be possible from many more archaeological sites than was
previously thought, and is particularly encouraging for time-series studies of single sites, or for sites with a sparse fossil record.

This study was funded by the Russian Science Foundation (projects 14-50-00036 and 19-48-04107), the Max Planck Society, the European Research Council (grant agreement number 694707), and the
Australian Research Council (fellowships FT150100138, FT140100384 and FL130100116).
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occupations at the Galería de las Estatuas site, Sierra de Atapuerca, northern Iberian plateau, Spain. Quaternary Research 88, 345–367.[3] Jacobs, Z. et al., 2019. Timing of archaic hominin occupation of
Denisova Cave in southern Siberia. Nature 565, 594-599.[4] Rudaya, N. et al., 2017. Palaeoenvironments during the period of the Neanderthals settlement in Chagyrskaya cave (Altai Mountains, Russia).
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Humans are characterized by a high manual dexterity, which is for a large part due to our relatively long and highly mobile thumb.
This high mobility is linked to the saddle-shaped basal thumb joint which functions as a universal joint with two degrees of free-
dom.Advancedmanipulative capabilities and high thumbmobility are, however, also observed in somenon-humanprimateswith a
different configuration of the basal thumb joint.Members of the genusPan, the closest extant relatives of humans, use complex grip
types, such as power grips and modified precision grips, and are capable of tool use [1]. In our study, we focus on the basal thumb
or trapeziometacarpal (TMC) joint in bonobos (Pan paniscus, n=5), and compare it to the functional anatomy of the TMC joint
of gibbons (Family Hylobatidae, n=7) and humans (Homo sapiens, n=5). We acquired CT-scans of primate cadaveric hands in
different functional positions (thumb ab/adduction, flexion/extension) and grip types (power and precision grips) using a translu-
cent rig. In addition,we obtainedmicroCT-scans of the firstmetacarpal and trapeziumof these specimens. 3D reconstructionswere
made of the thumb in the different positions using dedicated image processing software (Mimics,Materialise, Leuven). A kinematic
analysis of the TMC joint was done using the CT-based reconstructions of the thumb bones using custom-written Python-code.
MicroCT imageswere used to obtain high-resolutionmeshes of the trapezium andfirstmetacarpal, allowing finite-element analysis
of the joint contact forces. Finally, we also performed detailed dissections of themuscles and ligaments surrounding the TMC joint
in all specimens. The kinematic analysis showed that the range of motion at the TMC joint is very similar between bonobos and
humans, yet humans are characterized by a higher degree of thumb extension which could not be explained by differences in joint
curvature[2]. Detailed study of the surrounding ligaments indicated that the volar ligaments are more well-developed in bonobos
compared to humans, which might constrain metacarpal extension. In contrast to bonobos and humans, gibbons have a ball-and-
socket-shaped TMC joint. This, together with the deep digit I-II cleft, gives the short gibbon thumb a higher range of motion in
all three planes compared to bonobos and humans. Remarkably, the ligamentous constraints are very similar to those observed in
bonobos and humans, with a marked pollical oblique ligament which likely restricts axial rotation of the first metacarpal. Studying
how different skeletal configurations relate to thumb, and ultimately hand, function in extant primates can provide an effective
means to establish form-function relationships that can aid the interpretation of fossil primate remains. Importantly, properties of
the surrounding soft-tissue should not be overlooked as joint function cannot explained by bone morphology alone.
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Combined uranium-series electron spin resonance dating is being applied currently to a series of fossil herbivore teeth (Equus cf.
altidens and Stephanorhinus sp.) from several stratigraphical units of the final Early Pleistocene 5 m-deep sedimentary sequence at
the Palaeolithic site of Cueva Negra del Estrecho del Río Quípar, which is situated in the Segura drainage basin, in southeastern
Spain.The tooth samples first were pre-screened using high-resolution laser ablation inductively coupled plasmamass spectrometry
(LA-ICP-MS). Interestingly, these uranium-series analyses showed no evidence of uranium leaching from the dental tissues, thus
suggesting the suitability of the samples for ESR dating. A mean apparent U-series age of 300±112 ka was derived from all dental
tissues sampled (n=78).Thismust be regarded as aminimum age constraint for these fossil teeth, as uraniumuptakemay be delayed
significantly after death of an organism. Combined uranium-series and electron spin resonance age results are obtained using both
the US (U-series) and CSUS (Closed system U-series) uptake models [1]. The latter typically provides amaximum age constraint
for a given sample. For instance, a preliminary initial result points to aCSUS-ESR age of 890±136 ka (ca. 0.89Ma) for equid tooth
CN-1511 from Cueva Negra. The chronology of the site is supported by two independent methods [2]. Magnetostratigraphical
findings imply correlation of the entire sedimentary infilling with the Matuyama Chron, and therefore an inferred age >0.78 Ma.
Biochronological considerations are consistent with a final Early Pleistocene age because the palaeontological assemblage includes
both characteristic large fauna (e.g., the cervidsDama cf. vallonnetensis andMegaloceros novocarthaginiensis) and small mammals
(Iberomys huescarensis,Mimomys savini,Pliomys episcopalis,Prolagus calpensis, Stenocranius gregaloides,Terricola arvalidens,Victo-
riamys chalinei).The fossils occur throughout a 5 m-deep undisturbed sedimentary sequence which was deposited by intermittent
fluviolacustrine alluviation, during a short period of geological time [3] (plausibly MIS-21, ca. 0.87-0.81 Ma), and has provided
pollen typical of temperate environmental conditions. Consequently, magnetostratigraphy, biochronology and numerical dating
consistently support a late Early Pleistocene age for Cueva Negra, most likely between ca. 1.03 and 0.78 Ma when considering the
1-sigma upper range of the preliminary CSUS-ESR age available for CN-1511. Ongoing combined U-series/ESR dating of other
fossil teeth will enable further definition of chronological constraints. Excavation at Cueva Negra has uncovered a bifacially-flaked
Acheulian handaxe, a complex industry of small artefacts, including flakes removed by repetitive flaking of small cores and pieces
with retouched edges, as well as evidence of combustion in a deep level [4]. There are no hominin fossils (anterior teeth of a small
Ursus deningeri, perhaps a female, were mistaken for Neanderthal teeth and wrongly appear as such in some publications). Given
contemporaneity of theCuevaNegra sedimentary deposits withHomo antecessor, dated to ca. 0.95-0.78Ma [5] at theGranDolina
in the Sierra de Atapuerca in northern Spain, an intriguing question is whether we owe the Palaeolithic assemblage and combustion
at Cueva Negra to that hominin species.

Drs. J. van der Made of the Museo Nacional de Ciencias Naturales at Madrid and G. Rabeder of the University of Vienna are thanked for palaeontological assistance and advice. Aspects of the ESR dating
study have been funded by the ARC Future Fellowship Grant FT150100215.
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D Nuclear Tracks and Radiation Measurements 14, 237-241; Grün, R., 2000. An alternative model for open system U-series/ESR age calculations: (closed system U-series)-ESR, CSUS-ESR. Ancient TL
18, 1-4.[2] Scott, G., Gibert, L., 2009,The oldest hand-axes in Europe, Nature 461, 82-85; López-Jiménez et al., 2018. Small-mammal indicators of biochronology at Cueva Negra del Estrecho del Río
Quípar (Caravaca de la Cruz, Murcia, SE Spain), Historical Biology, doi: 10.1080/08912963.2018.1462804; Walker et al., 2016. A view from a cave: Cueva Negra del Estrecho del Río Quípar (Caravaca de
la Cruz, Murcia, southeastern Spain), Human Evolution 31, 1-67.[3] Angelucci et al., 2013. Rethinking stratigraphy and site formation of the Pleistocene deposit at Cueva Negra del Estrecho del Río
Quípar (Caravaca de la Cruz, Spain). Quaternary Science Reviews 89, 195-199.[4] Walker et al., 2013, Cueva Negra del Estrecho del Río Quípar (Murcia, Spain): A late Early Pleistocene hominin site with
an “Acheulo-Levalloiso-Mousteroid” Palaeolithic assemblage, Quaternary International 294, 135-159; Walker et al., 2016, Combustion at the late Early Pleistocene site of Cueva Negra del Estrecho del
Río Quípar (Murcia, Spain), Antiquity 90, 571-589.[5] Duval et al., 2018,The first direct ESR dating of a hominin tooth from Atapuerca Gran Dolina TD-6 (Spain) supports the antiquity ofHomo
antecessor, Quaternary Geochronology 47, 120-137.

197

Poster Presentation Number 128, Session 2, Sa. 12:15-14:00

Survival of late Pleistocene hunter-gatherer ancestry in the Iberian Peninsula

Vanessa Villalba-Mouco1,2, Marieke S. van de Loosdrecht1, Cosimo Posth1, Rafael Mora3, JorgeMartínez-Moreno3,
Manuel Rojo-Guerra4, Domingo C. Salazar-García5, Jose I. Royo-Guillen6, Michael Kunst7, Hélène Rougier8, Isabelle
Crevecoeur9, Hector Arcusa-Magallón10, Cristina Tejedor-Rodríguez11, Iñigo García-Martínez de Lagrán12, Rafael
Garrido-Pena13, KurtW. Alt14,15, Choongwon Jeong1, Stephan Schiffels1, Pilar Utrilla2, Johannes Krause1, Wolfgang
Haak1

1 - Department of Archaeogenetics, Max Planck Institute for the Science of HumanHistory, Jena, Germany · 2 - Departamento
de Ciencias de la Antigüedad, Grupo Primeros Pobladores del Valle del Ebro (PPVE), Instituto de Investigación en Ciencias
Ambientales (IUCA), Universidad de Zaragoza, Zaragoza, Spain · 3 - Centre d’Estudis del Patrimoni Arqueològic de la
Prehistòria (CEPAP), Facultat de Lletres, Universitat Autònoma Barcelona, Spain · 4 - Department of Prehistory, University of
Valladolid, Valladolid, Spain · 5 - Grupo de Investigación en Prehistoria IT-622-13 (UPV-EHU)/IKERBASQUE-Basque
Foundation for Science, Euskal Herriko Unibertsitatea, Vitoria, Spain · 6 - Dirección General de Cultura y Patrimonio, Gobierno
de Aragón, Zaragoza, Spain · 7 - Instituto Arqueológico Alemán, Madrid, Spain · 8 - Department of Anthropology, California
State University, Northridge, USA · 9 - UMR 5199-PACEA, CNRS, Université de Bordeaux, Pessac Cedex, France · 10 -
Arcadia-FUNGE, Fundación General de la Universidad de Valladolid, Valladolid, Spain · 11 - Juan de la Cierva-Formación
Program, Institute of Heritage Sciences, Spanish National Research Council (Incipit, CSIC), Santiago de Compostela, Spain · 12
- Juan de la Cierva-Incorporación Program, Department of Prehistory, Valladolid University, Valladolid, Spain · 13 - Department
of Prehistory, Universidad Autónoma deMadrid, Madrid, Spain · 14 - Center of Natural and Cultural HumanHistory, Danube
Private University, Krems, Austria · 15 - Department of Biomedical Engineering, University of Basel, Allschwil, Switzerland

The Iberian Peninsula in Southwestern Europe formed a periglacial refugium for Pleistocene hunter-gatherers (HG) during the
Last Glacial Maximum (LGM) [1], which served as a potential source for the re-peopling of northern latitudes [2]. After 14,000
years ago, following the warming interstadial Bølling/Allerød, the genetic signature present in Europe was dominated by ancestry
associated with the individual from Villabruna, generally called Western HG (WHG). This cluster had largely replaced the ear-
lier El Mirón genetic cluster, comprised of 19,000-15,000-year-old individuals from Central andWestern Europe associated with
the Magdalenian culture [2]. However, little is known about the genetic diversity of the HG in the Southern European refugia.
We aimed to further refine the HG genetic structure in the Iberian Peninsula during the Upper Paleolithic and Mesolithic, and
to characterise the HG ancestry sources that contributed genetically to Neolithic groups. We successfully generated autosomal
genome-wide data andmitochondrial genomes of 10 new individuals from key sites in the Iberian Peninsula ranging from 13,000–
6,000 calibrated years before present (years cal BP) and dating to the Late Upper Paleolithic (n = 2), Mesolithic (n = 1), Early
Neolithic (n = 4), and Middle Neolithic (n = 3). We furthermore improved the sequencing depth of one Upper Paleolithic indi-
vidual from the Troisième caverne of Goyet (Belgium) dated to 15,000 years cal BP and associated with the Magdalenian culture
[2,3]. Our results highlight the late survival of another Paleolithic lineage in Iberia, previously reported in Magdalenian individ-
uals. We show that all Iberian HG, including the oldest individual from El Mirón (∼18,600 yrs cal BP), carry dual ancestry from
both WHG and Magdalenian-associated individuals. Thus, our results suggest a connection between refugia earlier than 14,000
yrs cal BP, resulting in a genetic ancestry that survived in later Iberian HG. Our new genomic data from Iberian Early andMiddle
Neolithic individuals show that the dual Iberian HG genomic legacy pertains in the peninsula, thereby serving as a genetic tracer
and suggesting that expanding farmers mixed with HG locally.

We thank all the members of the Archaeogenetics Department of the Max Planck Institute for the Science of Human History.The genetic research was funded by the Max Planck Society and the
European Research Council ERC-CoG 771234 PALEoRIDER (W.H.). V.V.-M. was funded by a predoctoral scholarship of the Gobierno de Aragón and the Fondo Social Europeo (BOA20150701025)
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Combined uranium-series electron spin resonance dating is being applied currently to a series of fossil herbivore teeth (Equus cf.
altidens and Stephanorhinus sp.) from several stratigraphical units of the final Early Pleistocene 5 m-deep sedimentary sequence at
the Palaeolithic site of Cueva Negra del Estrecho del Río Quípar, which is situated in the Segura drainage basin, in southeastern
Spain.The tooth samples first were pre-screened using high-resolution laser ablation inductively coupled plasmamass spectrometry
(LA-ICP-MS). Interestingly, these uranium-series analyses showed no evidence of uranium leaching from the dental tissues, thus
suggesting the suitability of the samples for ESR dating. A mean apparent U-series age of 300±112 ka was derived from all dental
tissues sampled (n=78).Thismust be regarded as aminimum age constraint for these fossil teeth, as uraniumuptakemay be delayed
significantly after death of an organism. Combined uranium-series and electron spin resonance age results are obtained using both
the US (U-series) and CSUS (Closed system U-series) uptake models [1]. The latter typically provides amaximum age constraint
for a given sample. For instance, a preliminary initial result points to aCSUS-ESR age of 890±136 ka (ca. 0.89Ma) for equid tooth
CN-1511 from Cueva Negra. The chronology of the site is supported by two independent methods [2]. Magnetostratigraphical
findings imply correlation of the entire sedimentary infilling with the Matuyama Chron, and therefore an inferred age >0.78 Ma.
Biochronological considerations are consistent with a final Early Pleistocene age because the palaeontological assemblage includes
both characteristic large fauna (e.g., the cervidsDama cf. vallonnetensis andMegaloceros novocarthaginiensis) and small mammals
(Iberomys huescarensis,Mimomys savini,Pliomys episcopalis,Prolagus calpensis, Stenocranius gregaloides,Terricola arvalidens,Victo-
riamys chalinei).The fossils occur throughout a 5 m-deep undisturbed sedimentary sequence which was deposited by intermittent
fluviolacustrine alluviation, during a short period of geological time [3] (plausibly MIS-21, ca. 0.87-0.81 Ma), and has provided
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The Iberian Peninsula in Southwestern Europe formed a periglacial refugium for Pleistocene hunter-gatherers (HG) during the
Last Glacial Maximum (LGM) [1], which served as a potential source for the re-peopling of northern latitudes [2]. After 14,000
years ago, following the warming interstadial Bølling/Allerød, the genetic signature present in Europe was dominated by ancestry
associated with the individual from Villabruna, generally called Western HG (WHG). This cluster had largely replaced the ear-
lier El Mirón genetic cluster, comprised of 19,000-15,000-year-old individuals from Central andWestern Europe associated with
the Magdalenian culture [2]. However, little is known about the genetic diversity of the HG in the Southern European refugia.
We aimed to further refine the HG genetic structure in the Iberian Peninsula during the Upper Paleolithic and Mesolithic, and
to characterise the HG ancestry sources that contributed genetically to Neolithic groups. We successfully generated autosomal
genome-wide data andmitochondrial genomes of 10 new individuals from key sites in the Iberian Peninsula ranging from 13,000–
6,000 calibrated years before present (years cal BP) and dating to the Late Upper Paleolithic (n = 2), Mesolithic (n = 1), Early
Neolithic (n = 4), and Middle Neolithic (n = 3). We furthermore improved the sequencing depth of one Upper Paleolithic indi-
vidual from the Troisième caverne of Goyet (Belgium) dated to 15,000 years cal BP and associated with the Magdalenian culture
[2,3]. Our results highlight the late survival of another Paleolithic lineage in Iberia, previously reported in Magdalenian individ-
uals. We show that all Iberian HG, including the oldest individual from El Mirón (∼18,600 yrs cal BP), carry dual ancestry from
both WHG and Magdalenian-associated individuals. Thus, our results suggest a connection between refugia earlier than 14,000
yrs cal BP, resulting in a genetic ancestry that survived in later Iberian HG. Our new genomic data from Iberian Early andMiddle
Neolithic individuals show that the dual Iberian HG genomic legacy pertains in the peninsula, thereby serving as a genetic tracer
and suggesting that expanding farmers mixed with HG locally.
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The study of ancient proteins, or palaeoproteomics, has recently seen its first Pleistocene applications to human origin studies.
These range from the identification of faunal complexes associated with hominin occupancy through Zooarchaeology by Mass
Spectrometry screening (ZooMS; [1]) to studying hominin phylogeny based on ancient protein sequence data [2].The latter pro-
vides a second biomolecular method to study the phylogenetic relationships between hominin individuals and populations, in
addition to the now well-established ancient DNAmethods.The success of a phylogenetic study of ancient protein sequence data
relies on two aspects. First, the number of identified ancient proteins. Second, the amino acid sequence coverage obtained for each
of these proteins. It is therefore highly beneficial to maximise these aspects, especially when aiming to assess the phylogenetic rela-
tionship between closely related species, i.e. hominins. Normally, ancient protein workflows utilise only a single protease, trypsin.
It is known from studies on modern samples that the use of alternative or additional proteases significantly increases proteome
recovery and/or sequence coverage [3]. Although a small number of ancient protein studies have utilised non-trypsin proteases [4],
their general performance across different states of preservation has not been explored. We present a direct comparison of several
proteases using Late Pleistocene bone specimens. First, we obtain Equidae bone proteomes in different states of degradation using
six different proteases in parallel.We observe that each of these proteases provides access to different sequence regions, and in some
cases entirely different proteins. Second, we obtain bone proteomes from a Neanderthal specimen identified through ZooMS at
the Neanderthal type site, the Kleine Feldhofer Grotte (Germany [5]). We observe that the use of alternative proteases or multi-
ple parallel digestions using several proteases has a significant impact on the recovery of single amino acid polymorphisms (SAPs)
within Hominidae. Our research therefore indicates that in addition to trypsin, other proteases can be successfully incorporated
into (existing) palaeoproteomic workflows to significantly increase the phylogenetic potential of ancient skeletal proteomes.

We thank generous support provided by: the Leakey Foundation; MSCA; DNRF; Max Planck Society.
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The 3.6 Ma old Australopithecus afarensis skeleton KSD-VP-1/1 known as “Kadanuumuu” from Woranso-Mille, Ethiopia [1], is
pivotal for evaluating morphological variation and sexual dimorphism within the East African australopithecines given its relative
completeness and large body size. Its robustness in combination with a narrow greater sciatic notch suggest that KSD-VP-1/1 was
probably male [1]. The diameter of its hip joint previously generated a body mass estimate of 59.5 kg, which is nearly double that
of the 28.9 kg calculated for the supposed female A. afarensis specimen A.L. 288-1 [2]. Here, we reassess the morphological vari-
ation and sexual dimorphism within A. afarensis based on our novel reconstruction of the KSD-VP-1/1 hipbone. We performed
a 3D geometric morphometric analysis based on 24 homologous landmarks with a sample of pelves from extant humans (n=60),
chimpanzees (Pan troglodytes; n=35), gorillas (Gorilla gorilla,G. beringei; n=45) and orangutans (Pongo pygmaeus; n=30), as well
as restored hipbones of A.L. 288-1 (A. afarensis) [3], Sts 14 [3] and StW 431 (both A. africanus), and MH2 (A. sediba) [4]. Our
reconstruction of the KSD-VP-1/1 hipbone was done by virtually reassembling the individual pieces of the fractured specimen af-
ter removing the adhering matrix. Then, we utilized landmark registration methods coupled with thin-plate spline-based warping
of A.L. 288-1 to estimate themissing regions of the hipbone such as the iliac crest, the ischiopubic ramus and the pubic symphyseal
body. Additionally, least squares best-fit regions were fitted to the undistorted sections of the acetabulum to estimate acetabular
size. Using published regression equations [2], we predicted a femoral head diameter of 40.9 mm, which translated into a body
mass range of 64-68 kg.These values are slightly larger than those previously published [2], thereby confirming the enormous body
size variation within these early hominins. The principal component analysis of the Procrustes shape coordinates for the hipbone
landmark configurations showed that KSD-VP-1/1 was closer to Sts 14 (A. africanus) rather than A.L. 288-1 (A. afarensis). This
trend was maintained even when size-adjusted residuals were plotted to control for allometric influences on the shape data. Hu-
mans and australopithecines had different trajectories when residual shape components were compared to the common allometric
component, suggestive of unique scaling trends for each group, even among different reconstructions of the same specimen (Pro-
crustes ANOVA; P < 0.01). This adds to our previous geometric morphometric analysis of the KSD-VP-1/1 sacrum [5], which
demonstrated the presence of a surprisingly narrow, and likely primitive, shape of the sacroiliac joint that distinguished it from that
of A.L. 288-1 and Sts 14. Procrustes distance-based pairwise permutations confirmed this morphological disparity with differences
between KSD-VP-1/1 and A.L. 288-1 exceeding 98% of pairwise comparisons within modern humans. Thus, our reconstruction
and geometric morphometric analysis of the KSD-VP-1/1 hipbone contextualizes its unique morphological variation and its large
body size relative to other australopithecines. These findings highlight the morphological heterogeneity within the A. afarensis
hypodigm. The peculiar shape of the KSD-VP-1/1 sacroiliac joint in combination with the robustness of the pelvis itself suggest
possible functional and taxonomic diversity within the East African australopithecines that further research will need to elucidate.
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It is known from studies on modern samples that the use of alternative or additional proteases significantly increases proteome
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The Cape south coast of South Africa has yielded the earliest archaeological evidence for behavioural and cognitive modernity in
humans dating back to 100 ka, and this evidence overlaps with the earliest evidence for intertidal foraging of shellfish.One explana-
tion for this overlap involves the high levels of brain-specific nutrients in themarine foods and a foraging environment that selected
for cognitive foragers. Some argue that the lack of Oldowan lithic material, contrasted with the abundant Acheulian presence in
the Cape Floristic Region (CFR), can be attributed to the advanced cognition that hominin foragers would have required to take
advantage of themain sources of carbohydrates, fats and protein in theCFR–namely the underground storage organs of geophytic
plants and marine intertidal foods. To date, we have only been able to speculate on the cognitive requirements for exploiting these
resource bases, as the only return rate data available comes from human foragers. In this study, I identify three levels of cognition
involved in exploiting intertidal and subterranean CFR foods most optimally: sensorimotor intelligence for extractive foraging;
spatio-temporal intelligence for tracking patchily distributed hotspots, complex phenological patterns as well as tidal patterns; and
exploitation intelligence involving collection, processing, preservation and storage strategies. I present data investigating the first
level in a non-human primate model for earlier hominins, the chacma baboon (Papio ursinus).

I compare caloric gains within a given time period for these resources between humans (measured directly) and baboons (mod-
elled). To calculate caloric return from shellfish for baboons, I collected the discarded shells after marine-foraging events, and used
allometric relationships between shell length and caloric content to calculate the total caloric gain at a troop level, which I then
divided by the total number of sub-adult and adult baboons present to estimate individual return. I compare baboon data to pub-
lished human data from the same region. To calculate return rates from underground storage organs (USOs) of geophytic plants,
I analysed footage of digging in baboons, and calculated digging times for successful and unsuccessful digging events. Using this
data, I modelled potential return within a given time frame, incorporating the average mass and caloric content of corms from the
same geophytic species. Along with an assistant, I conducted human digging experiments to allow for comparisons of success and
return in a given time period in the same region between humans and baboons. Under ideal tidal and weather conditions, baboons
met only∼1-2% of daily energy requirements throughmarine foraging. Individual humans, under ideal conditions and in the same
region, could collect 100-126% of their daily energy requirements in an hour [1]. In rocky sandstone fynbos, adult female baboons
and humans exhibited a success rate of 52% and 56% respectively when digging for USOs, and successful digs took on average 4.2
min and 11.7 min respectively to complete. In this habitat, baboons were thus more efficient USO foragers than humans. Since
50% of human foraging bouts for USOs in different habitat types in the same region yielded 100% of human daily energetic re-
quirements within two hours [2], it is likely that this resource base is equally profitable for baboons. These data provide the first
glimpse into the differences in potential profitability of two important resource bases during the cognitive phases associated with
human evolution, and highlight potential reasons for these differences.

References:[1] De Vynck, J.C., Anderson, R., Atwater, C., Cowling, R.M., Fisher, E.C., Marean, C.W., Walker, R.S., Hill, K., 2016. Return rates from intertidal foraging from Blombos Cave to Pinnacle
Point: Understanding early human economies. Journal of Human Evolution 92, 101–115.[2] Singels, E., Potts, A.J., Cowling, R.M., Marean, C.W., De Vynck, J., Esler, K.J., 2016. Foraging potential of
underground storage organ plants in the southern Cape, South Africa. Journal of Human Evolution. 101, 79–89.
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Island Southeast Asia has in more recent decades been viewed by palaeoanthropologists primarily as a destination for migrating
hominins—initiallyHomo erectus and laterHomo sapiens. Traditionally palaeoanthropologists have considered Africa and Europe
as more significant in the evolution of new hominin species. In this paper, we suggest that in light of recent discoveries it is time to
revisit this approach.The results of recent phylogenetic analyses ofHomo floresiensis (1) and the discovery ofHomo luzonensis (2)
raise the possibility that Island South East Asia was a centre of hominin speciation. Genetic data from contemporary H. sapiens
from Sahul (Australia and New Guinea) indicate an unusually high level of hybridization with Denisovans, with suggestions that
two distinct Denisovan lineages were located in Island South East Asia. One of these lineages appears to be situated east of the
Wallace Line and possibly even in Sahul (3). The suggestion that archaic hominins may have reached Sahul is highly significant,
however, it is currrently not supported by any fossil or archaeological evidence. Recent genomic evidence therefore supports the idea
that Island South East Asia may have acted as a hybrid zone for hominins with evidence now being detected for admixture between
two distinct Denisovan lineages as well a smaller admixture signature of∼1% that has tentatively been accredited toHomo erectus
(3). With evidence now suggesting that four archaic archaic hominins may have been contemporaenous in Island South East Asia,
(H. erectus,H. floresiensis,H. luzonensis and the Denisovans) it would appear that the region had greater hominin diversity than
Europe or Africa during the late Pleistocene. Further research is urgently required to refine our understanding of the age of some
of the hominins (for example the age ofH. erectus continues to be contentious, see 4), but by and large evidence for introgression
indicates that these hominins did overlap withH. sapines. Support for the idea that Island South East Asia was a centre of hominin
speciation and hybridization is provided by the many plants and non-hominin animals in the Wallacean region that exhibit high
levels of endemism.This change in perspective in relation to our understanding of hominin evolution in Island South East Asia has
a number of significant implications for our understanding of human evolution inmore general terms, and we will end by outlining
the most important of these implications.

DrMichael Westaway is funded by the Australian Research Council and the University of Queensland.

References:[1] Dembo, M., Matzke, N. J., Mooers, A. Ø., Collard, M., 2015. Bayesian analysis of a morphological supermatrix sheds light on controversial fossil hominin relationships. Proceedings of the
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in Papuans. Cell.[4] Westaway, M. C., Groves, C. P., 2009.The mark of ancient Java is on none of them. Archaeology in Oceania, 44(2), 84-95.
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The Cape south coast of South Africa has yielded the earliest archaeological evidence for behavioural and cognitive modernity in
humans dating back to 100 ka, and this evidence overlaps with the earliest evidence for intertidal foraging of shellfish.One explana-
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for cognitive foragers. Some argue that the lack of Oldowan lithic material, contrasted with the abundant Acheulian presence in
the Cape Floristic Region (CFR), can be attributed to the advanced cognition that hominin foragers would have required to take
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resource bases, as the only return rate data available comes from human foragers. In this study, I identify three levels of cognition
involved in exploiting intertidal and subterranean CFR foods most optimally: sensorimotor intelligence for extractive foraging;
spatio-temporal intelligence for tracking patchily distributed hotspots, complex phenological patterns as well as tidal patterns; and
exploitation intelligence involving collection, processing, preservation and storage strategies. I present data investigating the first
level in a non-human primate model for earlier hominins, the chacma baboon (Papio ursinus).
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I analysed footage of digging in baboons, and calculated digging times for successful and unsuccessful digging events. Using this
data, I modelled potential return within a given time frame, incorporating the average mass and caloric content of corms from the
same geophytic species. Along with an assistant, I conducted human digging experiments to allow for comparisons of success and
return in a given time period in the same region between humans and baboons. Under ideal tidal and weather conditions, baboons
met only∼1-2% of daily energy requirements throughmarine foraging. Individual humans, under ideal conditions and in the same
region, could collect 100-126% of their daily energy requirements in an hour [1]. In rocky sandstone fynbos, adult female baboons
and humans exhibited a success rate of 52% and 56% respectively when digging for USOs, and successful digs took on average 4.2
min and 11.7 min respectively to complete. In this habitat, baboons were thus more efficient USO foragers than humans. Since
50% of human foraging bouts for USOs in different habitat types in the same region yielded 100% of human daily energetic re-
quirements within two hours [2], it is likely that this resource base is equally profitable for baboons. These data provide the first
glimpse into the differences in potential profitability of two important resource bases during the cognitive phases associated with
human evolution, and highlight potential reasons for these differences.
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Wallace Line and possibly even in Sahul (3). The suggestion that archaic hominins may have reached Sahul is highly significant,
however, it is currrently not supported by any fossil or archaeological evidence. Recent genomic evidence therefore supports the idea
that Island South East Asia may have acted as a hybrid zone for hominins with evidence now being detected for admixture between
two distinct Denisovan lineages as well a smaller admixture signature of∼1% that has tentatively been accredited toHomo erectus
(3). With evidence now suggesting that four archaic archaic hominins may have been contemporaenous in Island South East Asia,
(H. erectus,H. floresiensis,H. luzonensis and the Denisovans) it would appear that the region had greater hominin diversity than
Europe or Africa during the late Pleistocene. Further research is urgently required to refine our understanding of the age of some
of the hominins (for example the age ofH. erectus continues to be contentious, see 4), but by and large evidence for introgression
indicates that these hominins did overlap withH. sapines. Support for the idea that Island South East Asia was a centre of hominin
speciation and hybridization is provided by the many plants and non-hominin animals in the Wallacean region that exhibit high
levels of endemism.This change in perspective in relation to our understanding of hominin evolution in Island South East Asia has
a number of significant implications for our understanding of human evolution inmore general terms, and we will end by outlining
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Hominin fossil trackways are commonly used to infer the locomotory behaviour of the track-makers [1], yet the relationship be-
tween movement and the foot’s interaction with the underlying substrate remains poorly understood, inhibiting a comprehensive
reconstruction of evolutionary locomotion [2,3]. To determine the relationship between track morphology, limb kinematics and
substrate mechanics, this study employed 3D motion capture systems to characterize movement (hip, knee and ankle) in modern
humans across a range of substrates and limb postures. Forty participants walked across three different substrates of varying com-
pliance with an erect limb (the typical modern human gait) and with bent-hip bent-knee (BHBK) posture. A reflective marker-set
was placed onto the lower limb bony landmarks to capture joint movements across each 12m long trackway. Joint angles were
statistically compared using MANOVAs between each of the substrates and limb postures. Limb movement was compared with
footprint shapes and patterns to identify the influence of kinematics and substrate on the resulting track morphology. Hallucal ab-
duction for all tracks wasmeasured and a generalised linearmodel was used to infermodularmovementwithin the foot. Finally, the
height and volume of the midfoot arches were statistically compared to determine if limb posture can be identified from footprint
shapes. Variable depth distributions and under-represented midfoot shapes were identified when moving with BHBK posture in
comparison to an erect limb posture. Hallucal abduction was determined to be variable within an individual when moving across
substrates of differing compliancy, and was significantly correlated with increasing knee angle.The ability to abduct the hallux has
only been reported in pathological individuals to date [4], and this is the first study whereby it has been demonstrated that modern
humans have the ability to slightly abduct the hallux (3-5º per participant) for efficient substrate navigation. Using an experimental
approach, this study has demonstrated two key variables that affect track morphology: substrate compliance and lower limb pos-
ture. The morphologies from the BHBK experimental trials on the looser sediment were found to be consistent with the Laetoli
footprints, both of which were created on a substrate of similar compliance. This suggests that the Laetoli track-maker may have
employed a slightly more flexed limb thanmodern humans.This finding was supported by the increase in hallucal abduction when
traversing across a looser sediment, which likely promoted stability duringmovement. Importantly, limb posture was reconstructed
from experimental track morphology, offering further insights into the functional morphology of fossil footprints.

This research was funded by Liverpool John Moores University, UK and by the DigiArt Project which is funded by the European Commission under grant number 665066. We would like to thank our
participants for volunteering for this study. Ethical approval was granted by LJMU Ethics Committee.

References:[1] Bennett, M. R., Morse, S. A., 2014. Human Footprints: Fossilised Locomotion? Springer, London.[2] D’Août, K., et al., 2010. Experimentally generated footprints in sand: Analysis and
consequences for the interpretation of fossil and forensic footprints. American Journal of Physical Anthropology, 141(4), 515-525.[3] Hatala, K. G., et al., 2018. A biplanar X-ray approach for studying the
3D dynamics of human track formation. Journal of Human Evolution, 121, 104-118.[4] Geng, X., et al., 2015. Mobility of the first metatarsal-cuneiform joint in patients with and without hallux valgus: in
vivo three-dimensional analysis using computerized tomography scan. Journal of Orthopaedic Surgery and Research, 10, 140.
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Body and brain size are two central determinants of a species’ biology and adaptive strategy. Recent years have seen an increase in
estimates for brain and body size in the genusHomo, with a focus on understanding their temporal, taxonomic and spatial evolution
[1-3]. A key open question concerns the causal mechanisms behind the massive increase in body mass and brain volume within the
human lineage from the Early to Late Pleistocene. Various hypotheses have been put forward, many invoking climatic and ecologi-
cal driving forces, though cultural, technological and demographic factors have also been suggested [4, 5]. Here we provide the first
explicit quantitative testing of climatic hypotheses for the evolution of brain and body size. Previous studies have relied on MIS
stages or global mean temperatures (i.e. from δ18O curves) as ecological proxies [e.g. 4, 5]. Instead, we apply a newly developed
method that uses an emulator of a Global CirculationModel to reconstruct local climatic conditions (on a grid of∼1° latitude by
1° longitude). This approach provides various climatic variables (e.g. temperature, precipitation) based on the specific geographi-
cal coordinates and age of the fossil specimen under consideration. Here we focus on the relationship of body and brain size with
mean annual temperature at the fossil location and contrast this with global mean temperature. Our anthropological data consists
of n=324 estimates of body mass [1] and n=215 brain size estimates across Homo from 2.0 Mya to 10 kya, including taxonomic
assessment. Thinning of data was performed to avoid having too many estimates from the same location/time. We resampled the
dataset 100 times, only taking one measurement for any combination of location and time, with results being minimally affected
by the subset of data used. For brain size, our baseline models find a steady increase through time with a clear association with tax-
onomy, roughly explaining∼75% of variation over the last 2 Myr.This increase is well explained by mean global temperature, but
time is an equally good predictor.Thus, it is not possible to disentangle the effect of climate using global estimates, as the world has
cooled down over the last 2 Myr years. When using mean annual temperature of the location of the fossil, explanatory power goes
down to∼25%.Using local temperatures in combinationwith taxonomydoes not lead to any improvement in our ability to explain
brain size compared to using taxonomy alone. With regard to body size, taxonomy itself explain 40% of the observed variance in
our model whereas global annual mean temperature and time perform worse (∼15-20%). Using local temperature as predictor of
body size again does not yield better results (∼10-15% of explained variance). However, using local temperature within each tax-
onomic unit leads to∼45-50% explained variance, with body size increasing with colder temperatures among all taxa, though the
strength of the effect varies across taxonomic units. Our analyses of a large database ofHomo specimens with detailed quantitative
climate variables find no evidence for a significant effect of local temperature on brain size. Yet, we do find evidence for Bergmann’s
rule operating on body size within taxonomic units (e.g. Neanderthals;Homo sapiens). Yet, the largest changes in body size are still
observed between taxonomic units. This study underlines the necessity to reconstruct quantitative localized climate variables for
individual fossils, with global mean temperature bearing little meaningfulness from a biological point of view, as temperature has
changed in different ways across different locations. Future models will incorporate additional variables (e.g. precipitation) and
measures of the magnitude of climatic change over time (i.e. velocity) and test in how far other ecological aspects and their inter-
action might influence the evolution of body and brain size inHomo.

References:[1]Will, M., Pablos, A., Stock, J. T., 2017. Long-term patterns of body mass and stature evolution within the hominin lineage. Royal Society open science 4, 171339.[2] Grabowski, M., Hatala,
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Renner, E., Baker, J. L., Bianchi, S., Wood, B. A. et al., 2018. Pattern and process in hominin brain size evolution are scale-dependent. Proceedings of the Royal Society B: Biological Sciences 285,
20172738.[4] Ash, J., Gallup, G. G., 2007. Paleoclimatic variation and brain expansion during human evolution. Human Nature 18, 109-124.[5] González-Forero, M., Gardner, A., 2018. Inference of
ecological and social drivers of human brain-size evolution. Nature 557, 554-557.
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Hominin fossil trackways are commonly used to infer the locomotory behaviour of the track-makers [1], yet the relationship be-
tween movement and the foot’s interaction with the underlying substrate remains poorly understood, inhibiting a comprehensive
reconstruction of evolutionary locomotion [2,3]. To determine the relationship between track morphology, limb kinematics and
substrate mechanics, this study employed 3D motion capture systems to characterize movement (hip, knee and ankle) in modern
humans across a range of substrates and limb postures. Forty participants walked across three different substrates of varying com-
pliance with an erect limb (the typical modern human gait) and with bent-hip bent-knee (BHBK) posture. A reflective marker-set
was placed onto the lower limb bony landmarks to capture joint movements across each 12m long trackway. Joint angles were
statistically compared using MANOVAs between each of the substrates and limb postures. Limb movement was compared with
footprint shapes and patterns to identify the influence of kinematics and substrate on the resulting track morphology. Hallucal ab-
duction for all tracks wasmeasured and a generalised linearmodel was used to infermodularmovementwithin the foot. Finally, the
height and volume of the midfoot arches were statistically compared to determine if limb posture can be identified from footprint
shapes. Variable depth distributions and under-represented midfoot shapes were identified when moving with BHBK posture in
comparison to an erect limb posture. Hallucal abduction was determined to be variable within an individual when moving across
substrates of differing compliancy, and was significantly correlated with increasing knee angle.The ability to abduct the hallux has
only been reported in pathological individuals to date [4], and this is the first study whereby it has been demonstrated that modern
humans have the ability to slightly abduct the hallux (3-5º per participant) for efficient substrate navigation. Using an experimental
approach, this study has demonstrated two key variables that affect track morphology: substrate compliance and lower limb pos-
ture. The morphologies from the BHBK experimental trials on the looser sediment were found to be consistent with the Laetoli
footprints, both of which were created on a substrate of similar compliance. This suggests that the Laetoli track-maker may have
employed a slightly more flexed limb thanmodern humans.This finding was supported by the increase in hallucal abduction when
traversing across a looser sediment, which likely promoted stability duringmovement. Importantly, limb posture was reconstructed
from experimental track morphology, offering further insights into the functional morphology of fossil footprints.
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Body and brain size are two central determinants of a species’ biology and adaptive strategy. Recent years have seen an increase in
estimates for brain and body size in the genusHomo, with a focus on understanding their temporal, taxonomic and spatial evolution
[1-3]. A key open question concerns the causal mechanisms behind the massive increase in body mass and brain volume within the
human lineage from the Early to Late Pleistocene. Various hypotheses have been put forward, many invoking climatic and ecologi-
cal driving forces, though cultural, technological and demographic factors have also been suggested [4, 5]. Here we provide the first
explicit quantitative testing of climatic hypotheses for the evolution of brain and body size. Previous studies have relied on MIS
stages or global mean temperatures (i.e. from δ18O curves) as ecological proxies [e.g. 4, 5]. Instead, we apply a newly developed
method that uses an emulator of a Global CirculationModel to reconstruct local climatic conditions (on a grid of∼1° latitude by
1° longitude). This approach provides various climatic variables (e.g. temperature, precipitation) based on the specific geographi-
cal coordinates and age of the fossil specimen under consideration. Here we focus on the relationship of body and brain size with
mean annual temperature at the fossil location and contrast this with global mean temperature. Our anthropological data consists
of n=324 estimates of body mass [1] and n=215 brain size estimates across Homo from 2.0 Mya to 10 kya, including taxonomic
assessment. Thinning of data was performed to avoid having too many estimates from the same location/time. We resampled the
dataset 100 times, only taking one measurement for any combination of location and time, with results being minimally affected
by the subset of data used. For brain size, our baseline models find a steady increase through time with a clear association with tax-
onomy, roughly explaining∼75% of variation over the last 2 Myr.This increase is well explained by mean global temperature, but
time is an equally good predictor.Thus, it is not possible to disentangle the effect of climate using global estimates, as the world has
cooled down over the last 2 Myr years. When using mean annual temperature of the location of the fossil, explanatory power goes
down to∼25%.Using local temperatures in combinationwith taxonomydoes not lead to any improvement in our ability to explain
brain size compared to using taxonomy alone. With regard to body size, taxonomy itself explain 40% of the observed variance in
our model whereas global annual mean temperature and time perform worse (∼15-20%). Using local temperature as predictor of
body size again does not yield better results (∼10-15% of explained variance). However, using local temperature within each tax-
onomic unit leads to∼45-50% explained variance, with body size increasing with colder temperatures among all taxa, though the
strength of the effect varies across taxonomic units. Our analyses of a large database ofHomo specimens with detailed quantitative
climate variables find no evidence for a significant effect of local temperature on brain size. Yet, we do find evidence for Bergmann’s
rule operating on body size within taxonomic units (e.g. Neanderthals;Homo sapiens). Yet, the largest changes in body size are still
observed between taxonomic units. This study underlines the necessity to reconstruct quantitative localized climate variables for
individual fossils, with global mean temperature bearing little meaningfulness from a biological point of view, as temperature has
changed in different ways across different locations. Future models will incorporate additional variables (e.g. precipitation) and
measures of the magnitude of climatic change over time (i.e. velocity) and test in how far other ecological aspects and their inter-
action might influence the evolution of body and brain size inHomo.
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Whatwas the nature of the LastCommonAncestors (LCA) of both theAfrican great apes and humans and of chimpanzees and hu-
mans has been amajor research topic for decades.While many studies have sought to describe these ancestral species with reference
to living apes, few have done so with the aid of formal phylogenetic methods. Additionally, these studies tend to ignore or simplify
the considerable phenotypic variation exhibited by these animals. While some of that variation is within sub-species, much is be-
tween sub-species, and it is that level thatwe exploit and develop for the first time in this paper to reconstruct LCAs. In addition, we
use data from several domains, to maximise the sources of information used, providing a more complete reconstruction. Bayesian
phylogenetic inference techniques and full-genome mtDNA sequences were used to estimate a subspecies level Maximum Clade
Credibility (MCC) tree for the Homininae (African great apes and humans).TheMCC tree was used to implement ASRs for six-
teen continuous traits known to vary between great ape subspecies. Phylogenetic signal was consistently higher for all trait domains
whenmeasured on a subspecies rather than species tree for traits that were found to be phylogenetically significant, suggesting that
much of the observed phenotypic variation is phylogenetically structured at the subspecies level. This finding supports the use of
subspecies level data when applying phylogenetic comparative methods to African great apes. For those traits were phylogenetic
signal was both high and significant, we can be more confident in our interpretations of the estimated ancestral values.These traits
include male body size (χ2 = 10.75, df = 1, p-value < 0.01), female body size (χ2 = 5.92, df = 1, p-value < 0.01), community size
(χ2 = 5.94, df = 1, p-value < 0.01), gestation length (χ2 = 4.64, df = 1, p-value = 0.03), and geographic range (χ2 = 7.42, df =
1, p-value < 0.01).Our reconstruction of these traits predicts an evolutionary scenario inwhich considerable change occurred along
the branch connecting the LCA of humans, chimpanzees, bonobos and gorillas to the LCA of humans, chimpanzees and bonobos.
Thus, while our ancestral state estimates corroborate previous findings that the LCA of humans, chimpanzees and bonobos was a
chimp-like animal, they also suggest that the LCA of the Homininae was an animal unlike any extant African great ape.

Leverhulme Centre for Human Evolutionary Studies Gates Cambridge Trust

205

Podium Presentation Session 11, Saturday 15:00

When diet became diverse: Isotopic tracking of subsistence strategies among Gravettian hunters in
Europe

ChristophWißing1, Hélène Rougier2, Isabelle Crevecoeur3, Christelle Draily4, Mietje Germonpré5, Asier
Gómez-Olivencia6,7,8, Yuichi I. Naito1, Cosimo Posth9,10, Patrick Semal11, Hervé Bocherens1,12

1 - Department of Geosciences, Biogeology, University of Tübingen, Germany · 2 - Department of Anthropology, California
State University Northridge, USA · 3 - UMR 5199 PACEA, CNRS, Université de Bordeaux, France · 4 - Service Public de
Wallonie, AgenceWallonne du Patrimoine, Belgium · 5 - Operational Direction “Earth and History of Life”, Royal Belgian
Institute of Natural Sciences, Belgium · 6 - Departmento de Estratigrafía y Paleontología, Facultad de Ciencia y Tecnología,
Universidad del País Vasco-Euskal Herriko Unibertsitatea (UPV/EHU), Spain · 7 - IKERBASQUE, Basque Foundation for
Science, Spain · 8 - Centro UCM-ISCIII de Investigación sobre Evolución y Comportamiento Humanos, Spain · 9 - Institute for
Archaeological Sciences, University of Tübingen, Germany · 10 - Max-Planck Institute for the Science of HumanHistory,
Germany · 11 - Operational Direction “Scientific Service of Heritage”, Royal Belgian Institute of Natural Sciences, Belgium · 12 -
Senckenberg Centre for Human Evolution and Palaeoenvironment (HEP), University of Tübingen, Germany

Subsistence strategies are key paleoecological features of Paleolithic hunter-gatherers and their deeper understanding provides crit-
ical insights into essential aspects of human evolution. In this study, we discuss new collagen stable isotopic values (C, N, S) rep-
resenting seven Gravettian individuals from the Troisième caverne of Goyet in Belgium. The dietary strategies of the Gravettian
humans from Goyet are in line with the general trends observed among Western European Gravettian populations. These pop-
ulations show both a low intake of mammoth and a high consumption of other terrestrial mammals as well as aquatic resources,
such as at the sites Arene Candide and La Rochette. This is different for more eastern Gravettian hunter-gatherers, for example in
Kostenki, Brno-Francouzska, Mal’ta, Předmostí, and Dolní Věstonice where the dietary contribution of mammoth meat was sig-
nificantly higher. The stable isotopic data of the Gravettian humans from Goyet indicate that their dietary ecology was essentially
based on terrestrial resources like reindeer, horse, and, to a lesser extent, mammoth. However, they yielded δ¹⁵N values that are
substantially lower than those of the earlier modern humans and Neandertals from the same site [1-2]. We hypothesize that the
Gravettian humans hadmuch lessmammoth in their diet than all earlier humans from the same region. It was previously shown that
in northwestern Europe a decline of mammoth, a key prey species, could already be detected at the onset of the Upper Paleolithic
[2]. This trend appears to continue into the Gravettian, despite the persistence of the typical mammoth ecological niche, which
is represented by a grassland with high δ¹⁵N values. Interestingly, through isotopic analysis, we are able to track the spread of the
horse from the local ecosystem (represented by specimens fromWalou Cave, Belgium) into this niche now under-occupied by the
mammoth. Radiocarbon dates obtained from several mammoth skeletal remains from the Troisième caverne of Goyet showed that
this megaherbivore was indeed part of the ecosystem during pre-LGM periods. However, from the Gravettian in Goyet and the
surrounding region we have only one mammoth specimen represented by a long bone, and interestingly, its sulphur isotopic signal
indicates that this individual was not of local origin. We propose that the local mammoth population was under intensive hunting
pressure ormay even have been no longer present in the region. Instead, single individuals from other regionsmay havemade it into
the area and ended up as prey animals. While the δ¹⁵N values of all Goyet Gravettian humans are relatively homogeneous, their
δ¹³C values are variable.This indicates significant dietary differences among the seven individuals, an observation that has not been
described before for hunter-gatherers pre-dating the Gravettian. The human δ³⁴S values also support substantial differences in life
mobility history between different individuals, which were not observed for the Goyet Neandertals.The result that different mem-
bers of the same chrono-group had various individual mobility histories has implications for land use procurement strategies of
those hunter-gatherer groups. In conclusion, our new isotopic results demonstrate a broad ecological flexibility among Gravettian
humans, which can be seen in different human ecosystem interactions across Europe. The Goyet individuals contribute substan-
tially to amore complete understanding of hunter-gatherer’s ecology during this particular phase of the European Late Pleistocene.
Our study shows that the Gravettian cannot be depicted as a uniform entity from an ecological perspective. It instead indicates
that during this period, and not earlier, both inter- and intra-group diversity in subsistence strategies can be tracked through stable
isotopic analysis.

References:[1] Wißing, C., Rougier, H., Crevecoeur, I., Germonpré, M., Naito, Y.I., Semal, P., Bocherens, H., 2016. Isotopic evidence for dietary ecology of late Neandertals in North-Western Europe.
Quaternary International 411, 327-345.[2] Wißing, C., Rougier, H., Baumann, C., Comeyne, A., Crevecoeur, I., Drucker, D.G., Gaudzinski-Windheuser, S., Germonpré, M., Gómez-Olivencia, A., Krause,
J., Matthies, T., Naito, Y.I., Posth, C., Semal, P., Street, M., Bocherens, H., 2019. Stable isotopes reveal patterns of diet and mobility in the last Neandertals and first modern humans in Europe. Scientific
Reports 9, 4433.
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The analysis of ancient DNA sequences has become an important tool for reconstructing the evolutionary history of humans and
other species. It has recently been shown thatDNAfromPleistocene hominins can be retrieved not only from their skeletal remains,
but also from cave sediments [1]. Therefore, through high resolution sediment sampling in the stratigraphy it may be possible to
determine the sequence and timing of hominin occupations at archaeological sites. We explore this possibility at Denisova Cave,
a site in the Altai Mountains in Southern Siberia, where remains of Denisovans, Neandertals and a first-generation offspring of
parents from these two groups have been found. A total of 728 sediment samples were collected from the Pleistocene layers of each
of the three chambers in the cave, spanning a time period of less than 36 thousand years ago to over 287 thousand years ago [2].
Aliquots of 50mg of sediment from each of the collected samples were processed using a fully automated workflow for DNA ex-
traction [3], single-stranded library preparation [4] and hybridization capture [5]. Samples were initially enriched for mammalian
mitochondrial DNA in order to establish the preservation of ancient DNA in different areas of the cave. Ninety-four percent of
the samples were positive for ancient mammalian DNA. A variety of taxa were identified including hyena, bovids, cervids, canids
and ursids. Large scale changes in the fauna observed in the sediment DNA correspond well with zooarcheological records in all
three chambers. Next, the samples were enriched for hominin mitochondrial DNA. Twenty-two percent of the samples were posi-
tive for the preservation of ancient hominin DNA.These positive samples were spread across all three chambers and many parts of
the stratigraphy. A comparison of previously sequenced archaic andmodern hominin mitochondrial genomes was used to identify
diagnostic positions for different hominin groups (modern human, Neandertal, Denisovan and the Sima de los Huesos hominin).
These diagnostic positions allowed hominin mtDNA sequences from sixty-eight percent of the positive samples to be assigned to
a specific hominin group. A comparison between the skeletal and sediment records will be discussed.

The authors would also like to thank Elena Essel, Sarah Nagel, Birgit Nickel, Barbara Schellbach, Anna Schmidt, Julia Richter and Antje Weihmann.This work was funded by the Max Planck Society and
the European Research Council (grant no. 694707 to S.P), the Russian Science Foundation (project No. 14-50-00036 to A.P.D. and M.V.S.), and the Australian Research Council (fellowships
FT150100138 to Z.J., FT140100384 to B.L. and FL130100116 to R.G.R.).
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in southern Siberia. Nature 565, 594-599.[3] Rohland, N. et al., 2018. Extraction of highly degraded DNA from ancient bones, teeth and sediments for high-throughput sequencing. Nature Protocols 13,
2447-2461.[4] Gansauge, M. et al., 2017. Single-stranded DNA library preparation from highly degraded DNA using T4 DNA ligase. Nucleic Acids Research 45, e79.[5] Fu, Q. et al., 2013. DNA analysis of
an early modern human from Tianyuan Cave, China. Proceedings of the National Academy of Sciences of the United States of America 110, 2223-2227.
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The adult hominin mandible HCRP-U18-501 (= UR 501) was found in 1991/92 in the stratigraphic Unit 3A of the Chiwondo
Beds, at the Uraha site (Karonga Basin, NorthernMalawi Rift) [1].This stratigraphic level is biochronologically constrained to an
age of 2.3-2.5Ma [2].The fossil is represented by two joining parts of the corpus broken behind theM2s on both sides and preserves
the left and right P3-M2.The size of themandible, its symphyseal shape, the anteroposteriorly elongated dental arcade, and external
tooth morphology show remarkable similarities with the specimen KNM-ER 1802 from Koobi Fora (Kenya), which is regarded
asHomo cf. habilis, as well as with OH 7, holotype ofH. habilis [3].The recently described specimen KNM-ER 64060, preserving
themandibular dentition of an adult individual, also exhibits toothmorphological traits and dimensions comparable to theMalawi
mandible [4]. In addition, the plate-like premolar roots and somemicroanatomical tooth features of UR 501 recall those of Paran-
thropus, but are also present in some East African specimens commonly referred to H. rudolfensis and H. habilis. At the Malema
and Mwenirondo localities in Malawi, two additional fossil specimens attributed to P. boisei and Homo rudolfensis, respectively,
were also discovered in levels of the Chiwondo Beds penecontemporaneous to the Unit 3A. Recent isotopic analyses of these ho-
minins show that these hominins relied mainly on C3 resources exploited in a wooded savanna environment under relatively cool
and wet conditions [5]. Considering the relevance of UR 501 for the emergence of the genus Homo and by taking into account
the new likely paleoenvironmental scenario, the mosaic signal of its external morphology makes the interpretation of this relevant
fossil more challenging.We analyzed the internal structural organization of UR 501 premolars andmolars (i.e., tissue proportions,
enamel thickness distribution, enamel-dentine junction [EDJ] and root morphology) and compared it with the features displayed
by some Early Pleistocene tooth specimens from Africa and Asia unambiguously representingHomo, as well as with the patterns
respectively expressed by South AfricanAustralopithecus and Paranthropus. While in UR 501 crown tissue proportions show thick
enamel, thus overlapping the ranges of Australopithecus, Paranthropus andHomo, the presence of an extended buccal cingulum at
the EDJ level and overall rootmorphologymore closely resemble the australopith condition. Geometric morphometric analyses of
the molar EDJ discriminate the generaHomo, Australopithecus and Paranthropus. In this context, the Malawi specimen falls close
to or within the variation range expressed byAustralopithecus and clearly sets apart fromHomo andParanthropus. Altogether, these
results suggest that UR 501 may be more closely related to the australopiths than toHomo. The apparent mixture of australopith
andHomo features in this southeastern African specimen highlights the complex phylogenetic and biogeographic history of early
Homo and fuels the discussion about the emergence of our own genus.
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an early modern human from Tianyuan Cave, China. Proceedings of the National Academy of Sciences of the United States of America 110, 2223-2227.
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tooth internal structural perspective
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The adult hominin mandible HCRP-U18-501 (= UR 501) was found in 1991/92 in the stratigraphic Unit 3A of the Chiwondo
Beds, at the Uraha site (Karonga Basin, NorthernMalawi Rift) [1].This stratigraphic level is biochronologically constrained to an
age of 2.3-2.5Ma [2].The fossil is represented by two joining parts of the corpus broken behind theM2s on both sides and preserves
the left and right P3-M2.The size of themandible, its symphyseal shape, the anteroposteriorly elongated dental arcade, and external
tooth morphology show remarkable similarities with the specimen KNM-ER 1802 from Koobi Fora (Kenya), which is regarded
asHomo cf. habilis, as well as with OH 7, holotype ofH. habilis [3].The recently described specimen KNM-ER 64060, preserving
themandibular dentition of an adult individual, also exhibits toothmorphological traits and dimensions comparable to theMalawi
mandible [4]. In addition, the plate-like premolar roots and somemicroanatomical tooth features of UR 501 recall those of Paran-
thropus, but are also present in some East African specimens commonly referred to H. rudolfensis and H. habilis. At the Malema
and Mwenirondo localities in Malawi, two additional fossil specimens attributed to P. boisei and Homo rudolfensis, respectively,
were also discovered in levels of the Chiwondo Beds penecontemporaneous to the Unit 3A. Recent isotopic analyses of these ho-
minins show that these hominins relied mainly on C3 resources exploited in a wooded savanna environment under relatively cool
and wet conditions [5]. Considering the relevance of UR 501 for the emergence of the genus Homo and by taking into account
the new likely paleoenvironmental scenario, the mosaic signal of its external morphology makes the interpretation of this relevant
fossil more challenging.We analyzed the internal structural organization of UR 501 premolars andmolars (i.e., tissue proportions,
enamel thickness distribution, enamel-dentine junction [EDJ] and root morphology) and compared it with the features displayed
by some Early Pleistocene tooth specimens from Africa and Asia unambiguously representingHomo, as well as with the patterns
respectively expressed by South AfricanAustralopithecus and Paranthropus. While in UR 501 crown tissue proportions show thick
enamel, thus overlapping the ranges of Australopithecus, Paranthropus andHomo, the presence of an extended buccal cingulum at
the EDJ level and overall rootmorphologymore closely resemble the australopith condition. Geometric morphometric analyses of
the molar EDJ discriminate the generaHomo, Australopithecus and Paranthropus. In this context, the Malawi specimen falls close
to or within the variation range expressed byAustralopithecus and clearly sets apart fromHomo andParanthropus. Altogether, these
results suggest that UR 501 may be more closely related to the australopiths than toHomo. The apparent mixture of australopith
andHomo features in this southeastern African specimen highlights the complex phylogenetic and biogeographic history of early
Homo and fuels the discussion about the emergence of our own genus.

For their support, we are grateful to: French CNRS; Max Planck Institute [Leipzig]; Centre de Microtomographie Univ. Poitiers; Senckenberg Research Institute [Frankfurt]; Wits Univ. [Johannesburg];
Ditsong Natural History Museum [Pretoria]; Necsa [Pelindaba]; ICTP [Trieste]; Nespos Society.
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suidae from the Plio-Pleistocene Chiwondo Beds of northern Malawi, Africa. Journal of Vertebrate Paleontology 208, 208-216.[3] Spoor, F., Gunz, P., Neubauer, S., Stelzer, S., Scott, N., Kwekason, A.,
Dean, M.C., 2015. ReconstructedHomo habilis type OH 7 suggests deep-rooted species diversity in earlyHomo. Nature 519, 83-86.[4] Grine, F.E., Leakey, M.G., Gathago, P.N., Brown, F.H., Mongle, C.S.,
Yang, D., Jungers, W.L., Leakey, L.N., 2019. Complete permanent mandibular dentition of earlyHomo from the upper Burgi Member of the Koobi Fora Formation, Ileret, Kenya. Journal of Human
Evolution 131, 152-175.[5] Lüdecke, T., Kullmer, O., Wacker, U., Sandrock, O., Fiebig, J., Schrenk, F., Mulch, A., 2018. Dietary versatility of Early Pleistocene hominins. Proceedings of the National
Academy of Sciences U.S.A. 115, 13330-13335.
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With a rich concentration of human and cultural remains, Belgium stands out as a promising region to investigate Neanderthal
lifeways in the northern latitudes. The region, however, is investigated intensively since the onset of our discipline and there are
only a few sequences left that can be excavated withmodern standards. In this context, the cave of TrouAl’Wesse (TAW) (province
of Liège, Belgium, 5.294° E, 50.421°N) is unique in Belgium in possessing a largely unexcavated stratified sequence spanning the
Marine Isotopic Stage 3 to theHolocene, includingMousterian andAurignacian occupations. It offers a rare opportunity to obtain
detailed behavioral, climatic and paleoenvironmental data in a region whereH. sapiens seem to arrive later than inmost other parts
of Europe. Neanderthals seem to have disappeared from Northwestern Europe by ca. 40 ka cal BP [1] and in Belgium, following
an elusive occurrence of transitional assemblages (Spy Cave, Goyet Cave) for which the makers are still unknown [2], full-fledged
Upper Paleolithic occurs only ca. 39 ka cal BP. So while potential H. sapiens settlements start to be documented in Europe at
the beginning of the Greenland Interstadial 12 [3], there might still have been Neanderthal populations left in Belgium and what
happened to them is unclear. TAW provides an unparalleled opportunity to address this question.

Although the TAW Mousterian has been known since the 19th century, only a small sample (N=45) of the lithic material
remains fromwas excavated prior to 1988. Between 1988 and 2001, theUniversity of Liège and the local associationLes chercheurs
de laWallonie excavated theTAW.AMousterian assemblage was collected from a test pit underneath the cave drip line and another
one from a small area on the slope fronting the cave. The former established the stratigraphic position of the material in the sedi-
mentaryUnit 17, latter sub-divided into 3 sub-units, 17a, 17b and 17c.The lithic assemblage (N=730), which includes denticulate
and large side-scrapers, comprises a combination of fairly well preserved artifacts with a material heavily damaged. Differences in
preservation casted doubts on the integrity of the assemblage and thus provides a warning for time averaging [4]. Starting from
2003, Rebecca Miller excavated the site until she passed away, in 2017. She reached the Mousterian layer in 2015 and 2016 and in
2018, an international team under the field direction of D. Flas and N. Zwyns completed her work on the terrace.

With ca. 3,000 artifacts and including the thin fraction, the sample gathered between 2015 and 2018 is currently the best can-
didate to obtain quantitative data on the TAW Mousterian and to address three main questions. How many assemblages are there?
How do depositional and diagenetic processes affect them?What can we say about the human settlements?Here, we distinguish at
least two assemblages based on their position in sedimentaryUnit 17b and 17c and their location on the terrace. Using an attribute
analyses and spatial distribution, we show different impacts of post-depositional processes on the lithic material in the two layers.
While at least part of the assemblage from 17b is significantly affected by mechanical reworking, edge damage and patina, 17c is
much better preserved. This is intriguing since Unit 17b has recently yielded Neanderthal mtDNA preserved in the sediment [5].
After a taphonomic assessment, we look at the structure of the assemblages in an attempt to address issues of assemblage curations.
Considering hunter-gatherers ecological models, the lithics and the available paleoenvironmental data, we discuss issues of site
function, settlement patterns and Neanderthal mobility. In a region where most of Middle Paleolithic data comes from 18th/19th
century excavation, the TAW assemblage offers a rare opportunity for a quantitative examination of Neanderthal lifeways before
their disappearance from the record.

This research is supported by La Direction de l’Archéologie, département du Patrimoine du Service Public Wallonie, the University of Liege, and the Leakey Foundation. We also thanks the Academic
Senate of the University of California-Davis, the Sacramento Archaeological Society, VIVAQUA, and the Modave municipality for their help.
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Problématique du Moustérien et approche préliminaire de l’industrie lithique au Trou Al’Wesse (Petit-Modave, comm. de Modave, prov. de Liège). Notae Praehistoricae, 25, 49-59.[5] Slon, V., Hopfe, C.,
Weiß, C. L., Mafessoni, F., de la Rasilla, M., Lalueza-Fox, C., et al. (2017). Neandertal and Denisovan DNA from Pleistocene sediments. Science, 356(6338), 605 LP-608.
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