Poster Presentation Number 58, Session 3, Friday 2:00-3:00 pm

The long life of Mesolithic bone/antler projectile points from the North Sea
Alessandro Aleo'?, Annelou van Gijn?, Geeske Langejans'?

1 - Faculty of Mechanical, Maritime and Materials Engineering, Delft University of Technology, 2628 CD Delft, the Netherlands - 2 -
Faculty of Archaeology, Leiden University, 2333 CC Leiden, the Netherlands - 3 - Palaco-Research Institute, University of Johannesburg,
Auckland Park 2006, South Africa

In the past decades, hundreds of bone/antler points were recovered on the Dutch North Sea coast. These finds, related to
the Mesolithic occupation of the now submerged Doggerland, are interpreted as arrowheads and spearheads for hunting
activities based on their shape and size [1,2]. As pointed out in previous morphometric and traceology studies [3,4], some
points provided evidence, such as binding impressions and adhesive remains that may be related to hafting. To further explore
this issue, a sample of 17 bone/antler points with potential hafting traces were selected for a detailed examination at Delft
University of Technology and Leiden University.

The tools were analysed with light microscopy to detect macro and microscopic traces of production, use and post-
deposition wear. Potential hafting residues were first morphologically characterized and described through microscopy and
then inspected with non-destructive and destructive chemical techniques (micro-FTIR, Raman, SEM-EDX, XRD, GC-MS).
Before the points were subjected to destructive sampling, 3D models were generated to create permanent records of the
objects. In addition, to create a reference collection of relevant hafting traces an experimental program was carried out on bone
points.

The functional analysis of the points provided evidence of the long use-life of these tools. Reshaping, reuse, and repair
attempts were documented on most of the artefacts. The fractures observed on tools’ tips and bases are comparable with
impact fractures generated from use as projectiles. The examination of the proximal area of the points revealed a combination
of macro and microscopic traces and residues connected to different hafting designs. Based on these data, it is therefore likely
that these tools were hafted with the aid of bindings and adhesives with various hafting arrangements.

The results of our comprehensive analysis that integrates examination of use-wear traces and residues — encompassing
morphological and chemical identification of residues — and experiments allow us to write a complete biography of these tools
and gain insights into their use-life cycle. During their long life, these points were used, reuse, curated, and rehafted many times
before being discarded or lost. Their long use-life may be connected to their changing use from spear/atlatl to arrow points.
In addition, material selection, e.g., human and brown bear bones [5], may also underline that these points embedded specific
cultural and symbolic meaning and therefore used for a very long time by their Mesolithic owners.

References: [1] Amkreutz, L., Spithoven, M., 2020. Hunting beneath the waves. Bone and antler points from North Sea Doggerland off the Dutch coast. Untersuchungen und Materialien zur Steinzeit in
Schleswig-Holstein und im Ostseeraum 10, 383-404. [2] Verhart, L.B.M., 2000. The Function of Mesolithic Bone and Antler Points. Anthropologie et Préhistoire 111, 114-123. [3] Spithoven, M., 2018.
Mesolithic Doggerland, where the points are small: A functional analysis of the small barbed bone points. Unpublished MSc-thesis. [4] Verhart, L.B.M., 1988. Mesolithic barbed points and other implements
from Europoort, the Netherlands. Oudheid-kundige Mededelingen uit het Rijkmsueum van Oudehden 68, 145-194. [5] Dekker, J., et al. 2021. Human and cervid osseous materials used for barbed point
manufacture in Mesolithic Doggerland. J of Arch. Science: Reports 35, 102678.
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Galerfa de las Estatuas (GE) is a cave site located within the karst system of Sierra de Atapuerca (Burgos). It is a sub-
horizontal gallery placed on the upper level of the Cueva Mayor-Cueva del Silo complex, close to one of the ancient entrances.
It covers a 4 km long extension and it is currently sealed on the outside by sediments and speleothems silting [1]. The excavation
of two pits has revealed five lithostratigraphic units which yielded evidence of Mousterian occupations with sporadic carnivore
activity [2]. OSL dating has provided a chronological frame of 70-112 ka BP, placing GE sequence within marine isotope stage
(MIS) 5 and the beginning of MIS 4 [3]. In 2017, a foot phalanx belonging to Homzo neanderthalensis was recovered in the interface
between lithostratigraphic units 3 and 4 (107-112 ka BP) [4]. Finally, nuclear and mitochondrial DNA from the cave sediments
has been recovered, further confirming the presence of Homo neanderthalensis at the site [5].

To date, the lithic assemblage is composed of 558 pieces with a clear Mousterian affinity. The raw materials are mainly
chert (n=4064) and quartzite (n=74) but there is also presence of sandstone (n=8), limestone (n=8) and quartz (n=4). Knapping
products as simple flakes (n=103), broken flakes (n=28) and flakes fragments (n=22) are the most common elements.
Retouched items (n=77) are also mainly represented by several typologies as sidescrapers (n=34) with mostly Quina-type
retouching, and denticulates (n= 31). There are also some notches (n=06), endscrapers (n=4) and points (n=1). Furthermore,
pieces as hammerstones (n=11) and cores (n=9) have been also recovered. Cores are mainly centripetal (n=7) although
Levallois knapping is quite present as well. Analysis conducted on the flakes reveals principally non-cortical striking platforms
(n=117) and non-cortical dorsal surfaces (n=120) in contrast to cortical platforms and cortical surfaces. This data combined
with the high exploitation of cores, suggests that early stages of knapping activity were barely present on the site.

Among the lithic assemblage, 80 tools were chosen for the functional analysis. The selection criteria considered elements
as the state of preservation of the pieces or the existence of useable or retouched edges. Accordingly, both simple and retouched
flakes are included on the sample. This study presents preliminary results from a small sample analysed in order to understand
the use-wear features of the assemblage and determinate the feasibility of a wider study. All the lithostratigraphic units have
been examined, except for unit 5, which is currently under excavation and it has not provided any lithic materials yet. The
sample is composed of chert and quartzite. Some chert artefacts present a patina which complicates the use-wear identification
but fortunately does not prevent it. On the other hand, some quartzites show also surface modifications on their crystals,
probably linked with post-depositional alterations. The data obtained from microwear analysis suggest different movements,
both longitudinal and transversal related to cutting and scraping actions, and differences on the hardness of worked material.
In some artifacts clear use-wear has been documented but their weak development and the lack of association between traces
have not provided detailed information about the type of use. We expect that a broader analysis will yield more accurate data
about the activities developed by Howzo neanderthalensis at the site.

Ana Alvarez-Fernandez is being supported by a PhD grant from Reale Foundation by Fundacién Atapuerca. The authors received funding from the Ministerio de Economia y Competitividad, Spain:
Projects CG1.2015-65387-C3-2-P, PGC2018-093925-B-C33 (MCIU/AEI/FEDER, UE) and PGC2018-094125-B-100 (MCIU/AEI/FEDER, UE); and from the Comunidad de Madrid, Spain: Project
H2019/HUM-5840 (CM, Fondo Social Europeo, UE). We would like to acknowledge GE excavation and research team for their support.
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Over the last years we have come to the realization that the deep past of our species is complex and multi-faceted [1]. A
fragmented fossil record and multiple admixture events with extinct human species highlight the necessity of drawing from
different sources to establish a chronology of events in human evolution, and while the emergence of human ancient DNA
allows for the possibility of exploring the biological foundations of Homo sapiens, we can now complement the fossil record
with variant dating methods. Temporally-aware genomic analyses are key to not only uncover what changed in the Howzo sapiens
lineage, but also to solve the crucial questions of when and in what order.

Making use of a large-scale variant dating database, GEVA [2] and a catalog of Hoo sapiens-specific variation [3], we present
a time-sensitive approach to the study of derived variants, as well as positively selected genomic windows and introgressed
alleles from Neanderthals and Denisovans. GEVA is non-parametric coalescence-based method that provides publicly
available age estimates for over 45 million human variants. We show that genetic variants that are almost-fixed across human
populations are distributed in two modes over time, peaking at times approximately coinciding with i) the expansion of our
population after the Out-of-Africa event, and ii) the emergence of our species. We then derive trends from genetic variation
time windows corresponding with milestones of evolution, such as the split with the Neanderthals and Denisovans branch.
Chronologically-aware enrichments of gene ontology categories bring into prominence facial and behavioural terms in the 300-
500 thousand years window, a time coinciding with the retraction of the face in early humans. Additionally, we applied a
machine-learning gene expression predictor [4] to highlight which genes accumulate predicted directional expression variability
in each time window. Our analysis captures variability in genes associated with dopamine and glutamate regulation at distinct
times. We also propose that one of the potential strengths of this kind of temporally-aware analysis is the integration of genetic
data derived from ancient DNA and verified functional associations tested in vitro studies. We offer the example of BAZ1B,
a gene known to affect facial development in Homo sapiens [5]. Using data validated in neural crest stem cells, we show that
genetic variants linked to BAZ1B validated targets span a wide temporal window, suggesting that the molecular changes that
make the Homo sapiens face characteristic relative to extinct human species are dependent on variation that likely predates the
split event.

Orverall, our work highlights the mosaic-like nature of our species history and explores a temporal dimension in genotype-
phenotype that is usually overlooked, yet one that is key to start facing the challenges that our current understanding of human
evolution brings.

For more details about the work, you can consult the preprint: https://www.biorxiv.org/content/10.1101/2021.01.22.427608v1. For reproducibility purposes, the code is also available in this

repository: https://github.com/AGMAndirko/Temporal-mapping
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& McVean, G., 2020. Dating genomic variants and shared ancestry in population-scale sequencing data. PLOS Biol. 18, €3000586. [3] Kuhlwilm, M. & Boeckx, C., 2019. A catalog of single nucleotide
changes distinguishing modern humans from archaic hominins. Sci. Reports9, 8463 [4] Zhou, J. et al., 2018. Deep learning sequence-based ab initio prediction of variant effects on expression and disease
risk. Nat. Genet. 50, 1171-1179. [5] Zanella, M. et al., 2019. Dosage analysis of the 7q11.23 Williams region identifies BAZ1B as a major human gene patterning the modern human face and underlying
self-domestication. Sci. Adv.5, eaaw7908.
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The foot is one of the skeletal structures that is composed of meristic elements. Primates display a large variety of modes
of locomotion, which is also reflected in their foot morphology. Modern humans are the only obligate bipedal extant primate,
and the feet have evolved to cope with both body balance and terrestrial propulsion during walking and running accurately [1].
The conversion from a prehensile foot to a stiffer propulsion lever commendable for bipedal locomotion was possible due to
a series of apomorphies in the human feet. For example, the medial longitudinal and tarsal transverse arches provide the
necessary stiffness for the exertion during locomotion against the ground, the fully adducted and non-opposable robust hallux
enhance propulsion during the push-off phase, and the short and strait pedal phalanges offer better performance for bipedal
gait, especially during running [2].

Looking at the fossil record, most of the modern human pedal apomorphies were already present at the origin of the genus
Homo, whereas earlier hominins displayed a mosaic of human-like feet with primitive features. These derived morphological
pedal adaptations for bipedalism did not appear all at once; the general trend indicates that first early hominins (i.e., Ar. ramzidus)
had stiff lateral column of the foot for bipedal locomotion. Then, with Awutralopithecus, the hallux became relatively adducted
losing the climbing ability and utilizing the medial column for bipedal propulsion. Finally, selection for long-distance walking
and endurance running in early Homo favored short and strait pedal phalanges morphologies, losing their last primitive foot
grasping abilities [2-3].

Beyond the fossil record, in the last decades other evolutionary methods such as morphological integration and the
estimation of different indexes of response to selection, have been applied in palacontological studies to better understand the
evolution of organisms. Integration reflects how variability between traits is organized due to developmental and functional
factors, affecting also how characters evolve [4]. Broadly, integration is seen as a factor that biases the production of new
phenotypes, either by selecting negatively to the fitness or by constraining the variation exposed to selection in a determined
direction. On the other hand, the indexes of response to selection evaluate the ability of a population to evolve under different
scenarios, like directional and stabilizing selection, or the degree of internal constraints to evolve in the direction of selection
(5). Thus, the analysis of integration, and the indexes of selection at individual foot bone level, can partially explain the
differential selection process of each element, which might be mainly due to functional factors.

Here, to better understand the evolution of the human foot, we evaluate the ability of the 26 skeletal elements of the
modern human's foot to evolve by analyzing both the magnitudes of integration and different index of response to selection.
To do so, we collected between six and 13 linear measurements on each foot skeletal element of 247 adult male and female
individuals belonging to Euroamerican, Afroamerican, European, and Amerindian populations, producing a total of more than
50,500 measurements. The results revealed that distal phalanges are less integrated, more evolvable, and more flexible than
proximal elements (i.e., proximal phalanges and metatarsals). Also, bones from the medial ray (e.g., hallux) show stronger
integration and weaker evolvability than their counterparts from the lateral column (e.g., fifth ray), following this trend from
medial to lateral positions. Among the tarsals, the talus and calcaneus, are most integrated, least evolvable, and flexible elements
from that module.

We would like to express our gratitude for access and technical help with the collections to Y. Haile-Selassie and L. Jellema (Cleveland Museum of Natural History, Cleveland), J. M. Carretero
(University of Burgos, Burgos), and to E. Trinkaus for the permission to use his data. Also, thanks to C. Villamil for her helpful comments. This research has also received support from the PGC2018-
093925-B-C33 (MCI/AEI/FEDER, UE), AGAUR (Ref. 2017SGR1040), and URV (Ref. 2019PFR-URV-91).
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the evolution of the human foot: insights from experimental research. ] of exp. biology 221(17). [3] Fernandez, P.J., Mongle, C.S., Leakey, L. et al., 2018. Evolution and function of the hominin forefoot.
Proceedings of the National Academy of Sciences 115(35), 8746-8751. [4] Olson, E.C., Miller, R.L., 1958. Morphological integration. The University of Chicago Press, Chicago. [5] Hansen, T F., Houle,
D., 2008. Measuring and comparing evolvability and constraint in multivariate characters. J of evol. biology 21(5), 1201-1219.
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Cercopithecoids are particularly abundant in the Plio-Pleistocene African fossil record and they are often found in
association with early hominins. As such, cercopithecoids are studied as a “control group” for contextualizing hominin
adaptations [1]. In particular, their ecological sensitivity is useful for reconstructing the palacoenvironments of African
hominin-bearing sites and modelling environmental changes. The loads experienced during locomotor activity are relevant
factors in shaping the form and structure of the skeleton [2]. Following the concept of ecomorphology, we predict that variation
in the trabecular bone properties at selected skeletal sites that are sensitive to locomotor activities in fossil cercopithecoids
would be useful for reconstructing locomotor behaviour and therefore infer the paleohabitats. The focal point of this study is
the proximal femur (i.e., femoral head) as it represents a key-anatomical region in assessing locomotor-related functional
adaptations in primate bony organisation [3]. The study sample consists of three extant Papio femora curated at the
Evolutionary Studies Institutes of the University of Witwatersrand (Johannesburg) and seven fossil femora from the southern
African hominin-bearing sites of Swartkrans (Member 1) and Sterkfontein (Member 4) housed at the Ditsong National
Museum of Natural History (Pretoria) and attributed to fossil cercopithecoid taxa. The sample was scanned at the micro-focus
X-ray tomography facility (MIXRAD) at NECSA (Pelindaba) where spatial resolution ranged from 18 to 28 microns.
Trabecular textural and structural properties (e.g., bone volume fraction, trabecular thickness, degree of anisotropy) were
assessed on standardized volumes of interest placed at the centre of the femoral head, excluding the cortical shell. Degree of
anisotropy (0.5) and trabecular thickness (0.3-0.5 mm) of fossil specimens fall within the range of extant specimens (0.3-0.6
and 0.4-0.5 mm respectively). However, trabecular density is lower in fossil specimens (32-45%) as compared to extant
specimens (50-57%). Collectively, these results indicate that trabecular bone textural and structural properties in the femoral
head of fossil cercopithecoids reflect loading associated with terrestrial quadrupedal locomotion, suggesting an open savannah
type of environment. This project offers a unique opportunity to provide further insight into the fossil cercopithecoid
locomotor behaviour and the palacoenvironmental context that Plio-Pleistocene monkeys shared with contemporaneous
hominins in South Africa.

We are indebted to F. De Beer and J. Hoffman (NECSA) for data acquisition. MB is funded by Government of Botswana. AB and KJ received funding from the DSI-NRF Centre of Excellence in
Palacosciences and the National Research Foundation of South Africa. We thank DSI-NRF for sponsoting the Micro-XCT facility at NECSA.
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E., 2006. Who’s afraid of the big bad Wolff? “Wolff’s law” and bone functional adaptation. AJPA 129, 484-498. [3] Ryan, T.M., Walker, A., 2010. Trabecular bone structure in the humeral and femoral
heads of anthropoid primates. Anat. Rec. 293, 719-729.
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“Ubeidiya, Israel, dated to 1.6-1.2 million years ago, is one of a few sites with evidence for the early Pleistocene dispersal
out of Africa [1]. The site contains rich lithic and faunal assemblages deriving from a clear stratigraphic context. Hominin
remains are scarce and limited to adult cranial fragments and three worn isolated teeth, all assigned, by default, to Homzo (cf.)
erectus/ ergaster. Here we report a juvenile vertebra (UB-10749) from stratum II 23 uncovered in 1966, rediscovered among the
faunal remains.

UB-10749 is a complete vertebral body with no arch. There are no apparent signs of taphonomic or post-mortem
modifications. Vertebral superior length to dorsal height index, which separates Homo from Pan and Australopiths, places UB-
10749 well within the genus Homo. Linear measurements and geometric morphometrics analysis identify UB-10749 as pre-
sacral 2 or 3 vertebra (I.3-1.4). A pronounced lordotic wedging, a concavity of the inferior vertebral plate, and a lateral widening
towards the inferior part of the vertebra leads us to assign UB-10749 to early Homzo sp.

Linear measurements estimate the age at death as 11-15 years, while geometric morphometric shape analysis estimates the
age as 6-10 years. In contrast, the ossification of UB-10749 visible under the microscope and a nCT scan reveals that the
vertebral arch did not ossify, and that there are no signs of endplate ossification, comparable only to a 3-6 year-old modern
human. It is important to note that the vertebral arch in chimpanzee ossifies at an even younger age. Thus, while the size
suggests an age equivalent to a modern human adolescent, the ossification pattern corresponds to a modern human child. The
discrepancy between the size and developmental age suggests that the ‘Ubeidiya Homo displayed a different developmental
pattern than modern humans. Different growth pattern for extinct hominins species was previously suggested by several
studies [2-4].

We estimate that UB-10749 was 6—10 years old at death, and predict an adult size for UB-10749 upward of 180cm and
65kg. Based on these estimations, UB-10749 does not belong to small-bodied hominins such as H. habilis or H. georgicus and
instead exhibits biological affinities to east African large-bodied eatly Pleistocene hominins, such as penecontemporaneous
KNM-WT 15000.

The difference between the putative larger size of the UB-10749 with the more diminutive stature of the Dmanisi
paleodeme may be reflected in the difference in lithic traditions between the two sites (Oldowan vs. Acheulean) and indicative
of two distinct out-of-Africa dispersal events [5].

This research was funded by NSF proposal 1851613 to M.B.
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Bones on the radial side of the wrist have dominated research on the evolution and functional anatomy of the hominoid
carpus. However, soft and hard tissue structures at the ulnar side of the wrist, such as reduced ulna-triquetrum articulation and
the Triangular Fibrocartilage Complex (TFCC), are some of the most conspicuous synapomorphies among hominoids linked
to high degrees of ulna-deviation and forearm supination [1,2]. However, there is also notable variation in the bony and soft
tissue anatomy of the ulnar wrist among hominoids that affects how loads are transferred from the hand to the forearm but
are not clearly understood, in part because the functional morphology of the triquetrum is understudied. Here we investigate
for the first time the internal trabecular bone structure of the triquetrum and test the null hypothesis that great apes will exhibit
similar distributions of relative trabecular bone volume to total volume (BV/TV) and degree of anisotropy (DA).

Using a whole-bone methodology (http://www.dr-pahr.at/medtool/) this study quantifies BV/TV and DA in the
triquetrum in Pongo (n=12), Gorilla (n=10), Pan (n= 10) and a temporogeographically diverse sample of modern humans (n=21),
in comparison to three Homzwo neanderthalensis individuals (El Sidron SD-1227, Tabun C1_1-154, and Amud 1). The distribution
of BV/TV and DA values are visualised across the entire bone using Paraview (3.89.0). Low DA was identified as values equal
to or less than 0.20. High BV/TV was identified as the top 20% of values for that individual’s range. In line with presumed
force transfer at the ulna-side wrist in hominoids [2], it is predicted that the low DA values will be present at the TFCC insertion
site, with the high BV/TV at the lunate and hamate articulations.

Low DA was observed at the TFCC insertion site in 41% of Pongo, 100% of Gorilla, 90% of Pan, 100% of Homo
neanderthalensis, and 76% of Homo sapiens. High BV /'TV was obsetved at the hamate articulation site in 75% of Pongo, 90% of
Gorilla, 70% of Pan, 100% of Homo neanderthalensis and 61% of Homo sapiens. High BV /TV was observed at the lunate articulation
site in 91% of Pongo, 20% of Gorilla, 0% of Pan, 33% of Homo neanderthalensis, and 0.04% of Homwo sapiens.

Overall, these results suggest relatively consistent interspecific patterns in the trabecular structure of the triquetrum which
contrasts the interspecific variation reported in some previous studies, including the capitate [3]. DA predictions were
supported for all species except Pongo, where there was only partial support. Predictions for high BV/TV at the triquetrohamate
joint were broadly supported while predictions for high BV/TV at the triquetrolunate had mixed support. This pattern suggests
that force transfer between the lunate and triquetrum is lower than that between the hamate and triquetrum. Pongo is the
exception to this pattern with 91% exhibiting high BV/TV at the triquetrolunate joint, which, when combined with the DA
results, may reflect a less-developed TFCC [2] and a greater reliance on the (relatively large) lunate to support ulna-side force
transfer compared with other great apes. Although the Neanderthal triquetrum morphology is primitive relative to H. sapiens
[4], all three show a BV/TV and DA pattern most similar to that of modern humans. This suggests a similar force transfer
pattern at the ulna-side wrist in Neanderthals despite this primitive morphology. There is considerable debate as to whether
Neanderthals utilised the same grip patterns as modern H. sapiens and the ulna-side wrist may shed light on the importance of
carpal morphology in predicting force transfer and grip types among hominins.

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. 819960), the
Spanish government MICINN (PID2020-115062GB-100), and the 50th Anniversary Research Scholarship, University of Kent. For providing access to the specimens we would like to acknowledge: G.
Haszprunar, Bavarian State Collection of Zoology; F. Mayer and C. Funk, Berlin Museum fiir Naturkunde; T. Biers and M. Mirazon Lahr, the Duckworth Collection, University of Cambridge; V.
Volpato and K. Krohmann, Frankfurt Senckenberg Museum; B. GroBkopf, Georg-August-University Goettingen, Anthropology Collection; C. Boesch, Max Planck Institute for Evolutionary
Anthropology; I. Livne, Powell-Cotton Museum; E. Gilissen and W. Wendelen, Royal Museum for Central Africa; J. Moggi-Cecchi and S. Bortoluzzi, University of Florence; M. Teschler-Nicola and R.
Muchl, Vienna Natural History Museum. For microCT scanning, we thank R. Freeney, P. Schoenfeld, A. Silvester, K. Smithson, N. Stephens, H. Temming, Z. Tsegai, and A. Winzer.

References: [1] Lewis, O. J., 1989. Functional morphology of the evolving hand and foot, New York, Oxford University Press, USA. [2] Sarmiento, E.E., 1988. Anatomy of the hominoid wrist joint: its
evolutionary and functional implications. Int. ] of Primatology, 9, 281-345. [3] Bird, E.E., Kivell, T.L., Skinner, M.M. 2021 Cortical and trabecular bone structure of the hominoid capitate. J. Anat., 2,
239[4] Kivell, T.L., Barros, A.P., Smaers, ].B., 2013. Different evolutionary pathways underlie the morphology of wrist bones in hominoids. BMC evolutionary biology, 13, 229.
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The Megalopolis Basin (central Peloponnese, southern Greece) comprises complex cycles of fossil-rich detrital and lignite
seams, deposited during the Middle Pleistocene. The current working hypothesis is that the sediments reflect the glacial-
interglacial cycles, with the cold and dry conditions of the glacial leading to the deposition of the detrital seams and the warm
and moist conditions of the interglacial resulting in the formation of the lignite seams [1,2]. Excavations at the site Marathousa
1 (MAR-1) exposed a 6-m thick profile between the two upper lignite seams, containing lithic artifacts and faunal remains
(including elephant bones) with cut-marks, indicating hominin activity occurring along a paleo-shoreline ca. 444 ka ago [3, and
references therein]. However, the local environmental and climatic background conditions of human presence in the area
during the MIS12 glacial remain largely unknown. For a better temporal constraint on the archaeological site MAR-1 and the
sedimentary units, a Bayesian age model was constructed, placing them at ~463—427 ka [4]. In order to reconstruct the paleo-
environment, including paleo-lake levels and governing paleo-climatic factors, the MAR-1 sedimentary sequence was analyzed
in high resolution with a multiproxy approach covering ostracods, sponge spicules, diatoms, grain sizes, total organic carbon,
total inorganic carbon and conventional X-ray fluorescence analysis. Results reveal MAR-1 as a protected intermontane region,
which was constantly influenced by water: at times a shallow, partly anoxic water body surrounded by reed belts; a riverine-
lake deltaic system; a floodplain; or a seasonal freshwater pond. The local environment appears to react to large trends and
rhythms of regional Mediterranean records, as well as directly to sea surface temperature changes in the North Atlantic.
Specifically, when the sea surface temperature was high, more moisture reached the study area, and vice versa. Another source
of water are the surrounding glaciers, which melted after brief warming periods in the Mediterranean during MIS12, leading to
the formation of small freshwater ponds, in which the hotizon containing the excavated remains was deposited. Such ponds,
rich in ostracods and other microorganisms, provided mammals and hominins valuable resources, such as potable water, a
wide range of plant species and hunting opportunities. Consequently, these kinds of deposits contain a high archaeological
potential. The results from our study suggest that the Megalopolis Basin served as a refuge for hominins and other organisms
due to its capacity to retain freshwater bodies during glacial and interglacial periods.

This research was supported by the European Research Council (PaGE, CROSSROADS) and the Senckenberg Centre for Human Evolution and Paleoenvironment. Excavation at Marathousa 1 was
conducted under the auspices of the Ephoreia of Paleoanthropology and Speleology, Greek Ministry of Culture and Sports.

References: [1] Van Vugt, N., de Bruijn, H., van Kolfschoten, T. et al., 2000. Magneto- and cyclostratigraphy and mammal-fauna’s of the Pleistocene lacustrine Megalopolis Basin, Peloponnesos, Greece.
Geologica Ultrajectina 2000, volume 189, pp. 69-92. [2] Siavalas, G., Linou, M., Chatziapostolou, A. et al., 2009. Palacoenvironment of Seam I in the Marathousa Lignite Mine, Megalopolis Basin (Southern
Greece). Int. J of Coal Geology 2009, volume 78, no. 4, pp. 233-248. [3] Harvati, K., Konidaris, G., Tourloukis, V. (Eds.), 2018. Special Issue Human Evolution at the Gates of Europe. Quat. International
Special Issue Volume 497 Part A, pp. 1-240 [4] Bludau, 1J.E., Papadopoulou, P., Iliopoulos, G. et al., 2021. Lake-Level Changes and Their Paleo-Climatic Implications at the MIS12 Lower Paleolithic
(Middle Pleistocene) Site Marathousa 1, Greece. Frontiers in Earth Science. 9:668445.



Poster Presentation Number 31, Session 2, Thursday 2:15-3:15 pm

Bone breakage experiments under the microscope: modelling an archeological situation in bone
fragmentation at Upper Paleolithic Pavlov I site, Czech Republic

ofia Borioval, Sandra Sazelova2, Zuzana Pokorna arti ova
Sotia Borioval, Sandra Sazelova?, Zuzana Pokorna3, Martin Novak?

1 - University of Hradec Kralové, Faculty of Arts, Department of Archeology, Rokitanského 62, CZ - 500 03, Hradec Kralové, Czech
Republic - 2 - Czech Academy of Sciences, Institute of Archeology, Brno, Centre for Paleolithic and Paleoanthropology Dolni Véstonice,
(Vjechyflska' 363/19, CZ - 602 00, Brno, Czech Republic - 3 - Institute of Scientific Instruments of the Czech Academy of Sciences,
Kralovopolska 147, Brno 612 64, Czech Republic

Bone fragmentation represents a direct evidence of deliberate human activity connected to the exploitation of animal
resources in the Upper Paleolithic. Specific diagnostic traces enable us to distinguish between different fragmentation agents
of the biotic and abiotic origin. However, they are oriented mainly on macroscopic features (e.g., angle, outline, or surface of
fracture). Every single fracture begins at a micro-level and the final differential charactetistics on the macroscale result from
various mechanic forces spreading in bone structure. In this contribution we used several methods of microscopy. (A) Through
scanning electron microscopy (SEM) we observed irregularities in bone fracture surface. These changes tend to be noticeable
especially for the helical type of fracture, of course within direct dependence on the force type causing the cortical bone failure
[1]. B) The traces after micro-cracking were documented in detail by transmitted light microscopy. Naturally, microfractures
are typical diagnostic markers for other taphonomic bone alternations (e.g., burning), thus precise description of their
characteristics helps to reveal the primary agent of the observed modification. Both selected methods were applied on
experimental material with known fragmentation history. The first experimental set consists of bones with different stages of
preservation (dried, frozen, fresh, with or without tissues) broken by the rockfall [2]. Individual specimens were chosen based
on the fragmentation freshness index (FFI) [3]. The precisely selected samples with fracture surfaces (squares 1X1 cm) were
studied under SEM and then subjected to histological thin section preparation and analysis. Another experimental set, which
consists of fresh bones with and without periosteum intentionally broken by humans, was subjected to macroscopic evaluation,
and expected outcomes with respect to acquired knowledge were considered. Finally, we discuss obtained results and potential
application of used methods in relation to the archeozoological assemblage from the Upper Paleolithic site Pavlov I (Czech
Republic).

This contribution results from the specific research project “Experimental study of different fragmentation agents and their distinction in the archeological context of Pleistocene site Pavlov I
supported by the Faculty of Arts of the University of Hradec Kralové in 2021.

References: [1] Shipman, P., 1981. Applications of scanning electron microscopy to taphonomic problems. In The research potential of anthropological museum collections, edited by Anne-Marie E.
Cantwell, James B. Griffin, and Nan A. Rothschild. Ann. N.'Y. Acad. Sci. 376, 357-386. [2] Karr, L.P., 2012. The Analysis and Interpretation of Fragmented Mammoth Bone Assemblages: Experiments
in Bone Fracture with Archaeological Applications. Unpublished dissertation thesis, University of Exeter. [3] Outram, A.K., 2001. A New Approach to Identifying Bone Marrow and Grease Exploitation:
Why the “Indeterminate” Fragments Should Not be Ignored. J. Archaeol. Sci. 28, 401-410.



Poster Presentation Number 1, Session 1, Wednesday 2:45-3:45 pm

Paleoenvironmental insights by stable isotopes and phytoliths at Simbiro IIT Monumental Section
(~1.2-1.3 Ma) (Melka Kunture, Upper Awash, Ethiopia)

Giuseppe Briaticol?3, Doris Barbonit, Hervé Bocherens?5, Raymonde Bonnefille’, Rita Teresa Melis?>’, Eduardo
Méndez-Quintas?3?, Joaquin Panera?%!, Susana Rubio-Jara?!, Andrea Serodio Dominguez?8, Margherita Mussil?

1 - Dipartimento di Scienze dell’Antichita, Sapienza University of Rome, Italy - 2 - Italo-Spanish Archaeological Mission at Melka
Kunture and Balchit, Ethiopia * 3 - Department of Geosciences, Eberhard Karls University of Ttubingen, Germany - 4 - CEREGE, Aix
Marseille Université, CNRS, IRD, INRAE, Aix en Provence, France - 5 - Senckenberg Centre for Human Evolution and
Palacoenvironment, Tiibingen, Germany - 6 - CNRS, Université Aix-Marseille, Aix-en-Provence, France - 7 - Dipartimento di Scienze
Chimiche e Geologiche, University of Cagliari, Italy - 8 - Grupo de Estudos de Arqueoloxia, Antigtiidade e Territorio, University of Vigo,
Spain + 9 - Instituto de Evolucién en Affica, Calle Covarrubias, Madrid, Spain - 10 - Centro Nacional de Investigacién sobre la Evolucién

Humana, Burgos, Spain

Stable isotopes and phytoliths analysis have been widely used in archaeological research, providing key information in the
study of paleoclimate and paleoecology, and allowing to test hypotheses on adaptation and habitat changes in Africa during
human evolution.

Here, we report on both stable isotopes (13C, 80) (14 fossil teeth samples) and phytoliths (12 sediment samples) from
Simbiro III Monumental Section, investigating the plants’ signal and the dietary patterns of herbivores.

The so-called Monumental Section (MS) of Simbiro III is part of the Melka Kunture cluster archaeological sites on the
Ethiopian highland, at ~2000 m a.s.1. The MS looks like a ~5 meters-high cliff. It includes the impressive remnant of multiple
layers deposited before ~0.9 Ma and currently dated at ~1.2-1.3 Ma, and which were cut by natural erosion and left in full view.
The archaeological levels investigated here are from top to bottom Levels A, B, C, and C’ from MS, and Level D adjacent to
MS.

Isotopic results on bulk enamel samples from the archaeological levels (except levels C and C’, due to the lack of fossil
faunal remains) indicate that hippopotamids, bovids, and equids were mainly grazers, consuming Cy4 plants all through their
lifetime. Isotopic carbon data, accordingly, point to C4 grassland developing in the area. Intra-tooth analysis carried out on a
hippo tusk indicates stable C4 diet and water conditions during the growth of the tusk. Pleistocene hippopotamids, however,
were more opportunistic than the other analyzed mammals, and also include an amount of Cs plants in their diet. Fossil
phytolith assemblages from levels B and C' are rich in grass and sedge phytoliths (60% on average). Forest indicators including
conifers and woody dicots phytoliths do not exceed 20% and are particularly abundant in level B. Especially in samples from
level C', diatoms of the pennate type, sponge remains, and/or Chrysophyte cysts were also present suggesting open or marsh
wetland. In the time interval sampled here, around the MS graminoids were dominant, growing in an area seasonally
underwater. Forests or woodlands including broadleaved trees and shrubs, and conifers, likely developed at some distance.
The grass phytolith assemblages indicate that dominant grasses were likely mesophytic Panicoideae (which include many C,
species but also species using the C; photosynthetic pathway), and Cs high-elevation Pooideae, while xerophytic C4 grasses were
rare at Simbiro III MS.

Our results show how stable isotopes results from mammal teeth indicate a C4 diet which is the outcome of ecological
factors and behavior, including the selection of preferred plant species. Instead, phytoliths analysis allows characterizing the
distribution of local plants at the time of deposit formation. Accordingly, the data are complementary to each other, allowing
to reconstruct both the environment “on spot”, and the vegetation landscape at a slightly larger distance.

10
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The morphological study of fossil specimens must take into consideration the effects of taphonomic processes, that may
severely distort or worse remove important shape information [1]. One of the strategies used to address this issue is the
restoration of the specimen to conditions approximating a state prior to the taphonomic modifications. Nowadays this can be
done by applying digital tools, in a safe virtual environment [2]. Most of such software works by restoring the symmetry of the
object, through mirroring or retrodeformation. The former is useful to reconstruct missing or damaged parts of specimens,
however, it is prone to the generation of artefacts or morphological biases due to possible deformations present on the
preserved counterpart. The retrodeformation is calculated by sampling bilateral landmarks and semi-landmarks (e.g., curves
and/or surface patches). Differently from mitroring, the power of retrodeformation is limited by the preservation of portions
carrying bilateral homologous points.

An interesting case-study is the cranium from Steinheim, found in 1933 near the town of Steinheim an der Murr, in Baden-
Wiirttemberg (Germany) and tentatively dated between 300 and 250 ka [3]. In addition to missing almost the entire left side of
the face, Stenheim is also affected by a complex pattern of taphonomic deformations. Simple mirroring of the right side of the
specimen, therefore, would lead to a biased morphology. On the other hand, retrodeformation is limited by the lack of bilateral
reference points. A recent protocol [1] overcomes the latter issue by maximising the use of curves and patches of semi-
landmarks during the retrodeformation. We applied this protocol to a 3D mesh of the Steinheim cranium. We sampled 52
bilateral landmarks and 8 curves of evenly spaced points on its preserved portions. The curves were computed by the function
equidistantCurve of the R package Morpho [4]. We used the Arothron [5] and Morpho R packages to also generate a patch of
500 bilateral semi-landmarks on preserved portions of the neurocranium, the face and the palate. The retrodeformation
protocol was then applied, following Schlager and colleagues [1]. The local displacement registered on the resulting
reconstruction was then calculated and visualized by the function bcalmeshdiff of the Arothron R package, to assess the local
taphonomic deformations on the specimen. We performed a principal component analysis on a landmark configuration built
on the preserved and symmetrized portions of Steinheim and including both modern and fossil human comparative samples.
Results placed the restored model of Steinheim closer to the Neanderthal cluster. The retrodeformed reconstruction, therefore,
allows the assessment of several important anatomical regions, including the parietals, occipital and nasal region, helping to
place Steinheim more firmly in the Neanderthal evolutionary lineage.

We are extremely grateful to Prof. Dr. Christoph P.E. Zollikofer (Department of Anthropology, University of Zurich) for kindly providing the CT data for the Steinheim cranium. We thank the
Museum of Anthropology “G. Sergi” (Sapienza University of Rome) for granting access to the comparative sample.

References: [1] Schlager, S., Profico, A., Di Vincenzo, F. et al.,, 2018. Retrodeformation of fossil specimens based on 3D bilateral semi-landmarks: Implementation in the R package “Morpho”. Plos One,
13(3), €0194073. [2] Weber, G.W., 2015. Virtual anthropology. AJPA, 156, 22-42. [3] Wahl, J., Konig, H., Ziegler, R., 2009. Die Defekt-und Verformungsspuren am Schidel des Urmenschen von Steinheim
an der Murr. Fundberichte aus Baden-Wiirttemberg, 30, 7-28. [4] Schlager, S., 2017. Morpho and Rvcg. Shape Analysis in R: R-Packages for geometric morphometrics, shape analysis and surface
manipulations. In: Statistical shape and deformation analysis. Academic Press: London, UK; pp. 217-256. [5] Profico, A., Buzi, C., Castiglione, S. et al., 2021. Arothron: an R package for geometric
morphometric methods and virtual anthropology applications. AJPA, 1-8.
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No consensus exists in human evolution research regarding the definition of the genus Homo and its mode of evolution.
Using a database of 391 craniodental characters scored on 22 hominin species from Late Miocene to Holocene, we address
these two questions with a quantitative and innovative taxonomic approach that combines a tree-like Maximum Parsimony
(MP) phylogenetic reconstruction protocol, and a web-like Phylogenetic Networks (PN) method [1]. Our methodological
approach follows three logical steps as follows:

1. Implementation of a tree-based MP protocol with the complete dataset to select the most parsimonious tree scenario
out of 16 numerical runs based on various algorithmic constraints. This scenario highlights hypothetical ancestor-descendant
relationships among the 22 hominin species that serve to suggest phylogenetic definitions of the genus Homo.

2. Intermediate step to establish a methodological link between the MP and PN analyses. We execute an MP run based on
apomorphies identified from the most parsimonious tree obtained in step 1 and generate multiple most parsimonious trees
(MMPT) as input for the PN analysis. This run allows one to verify the phylogenetic signal of the most coherent scenatio from
step 1.

3. PN analysis based on input of MMPT ' from step 2 that produces a consensus tree, a consensus network and a reticulate
network. From the reticulate network we infer whether or not the phylogenetic relationships among the hominin species of
the dataset are of a reticulate nature or not.

Based on our MP protocol, we identify three most parsimonious Hozzo definitions based on cumulative distinguishing
feature changes (apomorphies) in support of the respective hypothetical last common ancestors (LCAs). These definitions are
illustrated by a novel graphical elliptic representation. We analyze the complexity of hominin evolutionary processes by means
of the PN method and propose the following inferences: 1) for the late Miocene-Pliocene taxa from Sabelanthropus tehadensis up
to Australopithecus africanus, the reading of the reticulate network shows no evidence of diffuse ancestral radiations but rather
directional adaptive anagenetic changes with uncertain cladogeneses during this chronological interval, and 2) more
importantly, we show the probable web-like reticulate mode of evolution of the genus Homo since it emerged 2.8 Ma ago with
the survival of only one paleospecies, Homo sapiens. Our coherent results confirm a paradigm shift in the study of human
evolution in favor of reticulation, in accord with numerous recent paleogenomic findings.

References: [1] Caparros, M. and Prat, S., 2021. A Phylogenetic Networks perspective on reticulate human evolution. iScience.
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The cave of Escoural (Alentejo, southern Portugal) was accidentally discovered in 1963 as a result of quarry blasts that
opened an artificial entrance to the cave. Since then, the site has been mostly known for its rich set of rock art, stylistically
attributed to the Solutrean and the Aurignacian techno-complexes [1]. In the top levels of the cave, an impressively well-
preserved Neolithic burial ground was almost completely excavated during the late 1960s. Between 1988 and 1992 the last
series of archaeological testing occurred at the southern end of the site, revealing a different set of occupations attributed to
the Middle Paleolithic, spanning close to 1.5 meters of the stratigraphy, and generically dated by U-Series to 48.900£5.500 BP
[2]. The excavators hypothesized that the Middle Paleolithic artifacts were deposited by colluvial processes, which originated
from outside the cave. However, limited information was published about the site lithology, its archaeological assemblages and
dating.

To achieve a better understanding of the formation and archaeological contents of the Middle Paleolithic deposits of
Escoural, we re-investigated the southeastern chambers and the area outside its entrances. We identified and expanded previous
test pits and collected new archaeological, faunal, anthracological, and micromorphological materials. This poster presents the
preliminary results of the analysis of these materials.

From a geoarchaeological point of view, we were able to confirm that the sediments were accumulated by erosional
processes, likely originating from upslope areas within the karst system and the above plateau, although the orientation and
tilting of the piece plotted materials do not show any specific pattern. The reworking of these materials was not a continuous
process, but it alternated with periods of stability, during which carbonate crusts formed, particularly in the inner part of the
cave. This seems to indicate that the possibility to isolate separate Neanderthal occupations at Escoural and reconstruct their
relationship with past environments is not entirely precluded. Fauna remains, composed mostly of red deer, horse, wild boar,
and carnivores, are abundant, but only in the upper part of the deposit. The quartz-dominated lithic assemblages are marked
by the presence of very few typical Mousterian implements, and the presence of laminar blanks. In combination with pending
absolute dating results, these new data will allow to significantly advance the state of the art regarding Neanderthal occupations
in a region (southern Portugal) for which there is currently little data available [3].

Fieldwork at Escoural was supported by Wenner-Gren Foundation (Grant number 9729).

References: [1] Aradjo, A.C., Lejeume, M., Santos, A.L, 1995. Gruta do Escoural: necrépole neolitica e arte rupestre paleolitica. Instituto Portugués do Patriménio Arquitectonico e Arqueoldgico,
Departamento de Arqueologia. [2] Otte, M., Silva, A.C. (Eds.), 1996. Recherches prehistoriques a la grotte d’Escoural, Portugal: sous la direction de Marcel otte et Antonio Carlos da Silva, ERAUL.
Sérvice de prehistoire, Université de Liege, Liege. [2] Cascalheira, J., Gongalves, C., Maio, D., 2021. The spatial patterning of Middle Palacolithic human settlement in westernmost Iberia. J of Quat.
Science. 1-9.
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The calcar femorale (CF) is an internal bony structure of the proximal femur that has been considered as functionally linked
to bipedal locomotion and has recently received revived attention due to its purported presence in the early fossil hominin
Orrorin tugenensis [1]. It is a spur of thickened bone that variably extends deep to the lesser trochanter and projects laterally and
distally towards the greater trochanter [2]. Beyond its identification in recent humans [2], the potential presence of a CF among
non-human primates has only been investigated in Pax [1] and a reportedly “strong calcar” in a Pliocene hominin identified as
habitually bipedal [3].

To address this gap, we investigated the occurrence, 3D morphology and size variation of the CF using microtomography
in a comparative mixed sex, adult sample of humans (n=10, including left and right femora for 5 individuals to check for
bilateral asymmetry), Pan troglodytes (n=10), Gorilla gorilla (n=10), Pongo sp. n=9), and Papio ursinus (n=>5). We also investigated
the development of the CF in four immature human femora (4, 6, 7 and 10 years-old). We first automatically segmented the
cortex from the trabecular bone, and manually extracted the CF for 3D rendering. We measured the following variables:
Periosteal-to-tip maximum length (PT MaxLength) - distance between the periosteal surface and the farthest-most point of
internal extension of the CF (the tip); CF maximum length (CF MaxLength) - distance from the root to its tip (not taking into
account cortical thickness); CF maximum width (CF MaxWidth) - distance between the most anterior and posterior limits of
the CF root; and CF maximum vertical extension (CF MaxHeight) - distance between the lowest and the uppermost extracted
slices bearing evidence of a CF. To allow for intergeneric comparisons, the body size-related superoinferior diameter of the
femoral head was used to standardise all measurements.

Our results indicate that all extant adult and subadult humans, apart from one 30-49 year-old male, had a well-developed
CF, with no evidence of appreciable bilateral asymmetry. Among the great apes, 6/10 Pan (4M, 2F) and 6/10 (4M, 2F) Gorilla,
the latter all wild individuals, showed a distinct CF. In Pozngo, a fully-developed CF was found only in one captive male individual
and none of the Papio specimens showed any trace of a CF. Compared to Pazn, extant humans had a significantly higher absolute
and relative CF length, while intermediate values associated to a wide range of variation were found in Gorilla. When scaled to
femoral head diameter, CF width did not discriminate across taxa. In the non-human great apes, the CF distal portion was
commonly confined to the proximal half of the lesser trochanter compartment, while in humans it systematically extended into
its lower part and was associated with significantly higher CF MaxHeight values. However, a human-like distally extended CF
was also present in a female Gorilla.

In humans, the CF is considered to be related to the iliopsoas tendon insertion on the lesser trochanter and to weight
transmission through the hip joint by providing bone stiffness and resistance to torsion in the femoral neck [4,5]. The
identification of a CF in great apes, including in Pongo, and its morphological and dimensional variation across all taxa, including
humans, provides an important new comparative context from which the functional significance of this feature is unclear.
Among the investigated features, only a more vertically extended CF appears as a human autapomorphy. This comparative
context of the CF should be taken into consideration when reconstructing locomotor behaviour in the hominin and primate
fossil record.

L. Bam (Necsa), F. de Beer (Necsa), M. Bellato (MNHN), C. Boesch (MPI-EVA), A. van Heteren (Zoologische Staatssammlung Miinchen), J. Hoffman (Necsa), J.-]. Hublin (MPI-EVA), L. Hutten
(UCT), K. Jakata (Univ. Wits), E. L'Abbé (Univ. Pretoria), I. Livne (Powell-Cotton Museum), R. Macchiarelli (Univ. Poitiers & MNHN), D. Morris (McG museum), A. Oettlé (SMU), D. Plotzki (MPI-
EVA), K. Smithson (Univ. Cambridge), F. Thackeray (Univ. Wits), B. Zipfel (Univ. Wits) for access and pCT scanning the extant and fossil materials ; for discussion D. Begun (Univ. Toronto), R.
Macchiarelli (Univ. Poitiers & MNHN), M. Pina (Univ. Manchester); MC is funded by the Fyssen Foundation. This project has received funding from the European Research Council (grant agreement
No. 819960).

References: [1] Kuperavage, A., Pokrajac, D., Chavanaves, S. et al., 2018. Earliest known hominin calcar femorale in Ororin tugenensis provides further internal anatomical evidence for origin of human
bipedal locomotion. Anat. Rec. 301, 1834-1839. [2] Hammer, A., 2019. The calcar femorale: A new perspective. J. Orthop. Surg. Res. 27, 1-9. [3] White, T.D., 1984. Pliocene hominids from Middle Awash.
Ethiopia Cour Forsch. Inst. Senckenberg 69, 57-68. [4] Wroblewski, B.M., Siney, P.D., Fleming, P.A. et al., 2000. The calcar femorale in cemented stem fixation in total hip arthroplasty. J. Bone Jt. Surg.
82, 842-845. [5] Zhang, Q., Chen, W., Liu, H.J. et al., 2009. The role of the calcar femorale in stress distribution in the proximal femur. Ortho. Surg. 1, 311-316.
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The Tho Elééra (here named Tho Eleru in its anglicised rendition, and erroneously known as “Iwo Eleru”) rock shelter
(7°26'28.83"N, 5°7'29.16"E) is located within the hilly ancient igneous landscapes near Akure, Nigeria. It is widely known for
the discovery of the only West African Pleistocene hominin fossil remains, identified as Homo sapiens associated with Later
Stone Age (LSA) technology [1-2]. While the modern regional vegetation has been extensively modified by human activity, the
environmental context of these fossils as associated with tropical rainforest has been debated [3]. Between 1964 and 1965, T.
Shaw and S.G.H. Daniels conducted a series of excavations at the rock shelter [4], revealing a terminal Pleistocene to middle
Holocene sequence documenting a history of recurring human occupations ranging from the LSA into the Holocene. Here,
we present new findings following an expedition to the Tho Eleru rock shelter, and an inspection of the storage rooms of the
Department of Archaeology and Anthropology at the University of Ibadan which took place in November 2019. During the
re-analysis of the remaining assemblages excavated at Tho Eleru, J.N. Cerasoni and authors found: (1) the entirety of the
excavated charcoal collection (65 bags), with samples ranging from the uppermost to the lowest excavated levels, and (2) the
entirety of the vertebrate faunal assemblage (59 bags) which was originally thought to be lost and has never previously been
described. The original context identification tags were intact for each bag of charcoal and faunal remains. We present new
data from the analyses of these unique assemblages. Firstly, fourteen new #C dates from charcoal and faunal bone samples
were obtained, originating from consecutive archaeological layers spanning two adjacent trenches and the entire depth of the
stratigraphic section where the Tho Eleru human fossil was discovered. Secondly, we present anthracological identifications
from the charcoal collection, and taxonomic identification and taphonomic analysis of the Tho Eleru vertebrate faunal
assemblage, making it the first West African Pleistocene faunal assemblage ever discovered and described. Finally, isotopic
analyses were carried out on the faunal assemblage. We synthesise these results with climate reconstructions spanning the last
22,000 years [5] for the area surrounding Tho Eleru to reveal the consistent human habitation of a mosaic forest-savannah
ecotone.

References: [1] Harvati, K., Stringer, C., Griin, R. et al., 2011. The later stone age calvaria from Iwo Eleru, Nigeria: Morphology and chronology. PLoS ONE, 6(9). [2] Stojanowski, C.M., 2014. Iwo Eleru’s
place among Late Pleistocene and Early Holocene populations of North and East Africa. J. of Human Evo, 75, 80-89.[3] Allsworth-Jones, P., Harvati, K., & Stringer, C., 2010. The archacological context
of the Iwo Eleru cranium from Nigeria and preliminaty results of new morphometric studies. In P. Allsworth-Jones (Ed.), West African Archacology New developments, new perspectives. BAR
international Series S2164 (pp. 29-42). Oxford: BAR Publishing. [4] Shaw, T., & Daniels, S.G.H., 1984. Excavations at Iwo Eleru, Ondo State, Nigeria. W African | of Archaeology, 14, 1-269. [5] Beyer,
R.M., Krapp, M. & Manica, A., 2020. High-resolution terrestrial climate, bioclimate and vegetation for the last 120,000 years. Scientific Data 7, 236.
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The valleys of the Manzanares and Jarama rivers preserve one of the largest concentrations of Pleistocene sites in Europe,
and feature plenty of discoveries of lithic industry and faunal remains that have taken place since 1862 [1]. The sites Oxigeno
and Santa Elena are located in what is known as the Complex Terrace of Butarque (CTB) downstream from Madrid, to the
last stretch of the Manzanares river, where it flows into the river Jarama. In this area the stepped terraces system disappears
and gives way to the CTB, thanks to the dissolution of an underlying karst subject to a synsedimentary subsidence process,
which gives rise to the thickening of the alluvial deposits, which can reach several tens of meters [2]. Different numerical dates
obtained in several spots of the CTB visible base suggest that the bottom of the CTB was deposited during MIS 6 or even
MIS 7 [1].

The lithic series of Oxigeno (9,440 pieces) and Santa Elena (2,556 pieces), although fairly unpublished [3], have been
described as Large Flake Acheulean on flint, and possible Middle Palacolithic industries [4]. The presence of handaxes with
broad bilateral and bifacial configuration, which occasionally show retouch and edges conformed with soft hammer, and
among which amygdaloidal silhouettes predominate, is outstanding both in Oxigeno (4%) and in Santa Elena (6%0). Trihedrals
and cleavers are also present in both series. Retouched elements are more common in Oxigeno (13%) than in Santa Flena
(8%0), with scrapers the best represented (37% of the retouched pieces of Oxigeno and 24% of Santa Elena).

This taphonomic study, the first complete one for both collections [5], brings to light a complex taphonomic history when
trying to understand these faunal accumulations. 445 fossil elements have been recorded at Oxigeno, consisting of remains of
Bison priscus, Bos cf. primigenius, Bos/Bison sp., Cervus elaphus, Equus caballus, Equus hydruntinus, Elephas antiquus, Elephas sp.,
Manmnthus sp., Megaloceros matritensis and Stephanorbinus sp. The most commonly represented element are cranial fragments of
Elephas sp. (24,71%); as well as teeth and mandibular fragments of Bos cf. primigenins (12,58%0). With regard to Santa Elena, 130
fossil elements have been recorded, which have been identified as those of Bos cf. primigenius, Bos/ Bison sp., Cervus sp., Equus
caballus, Equus sp., Elephas antiguus, Mammmuthus sp., Megaloceros sp., Stephanorhinus hemitoechus and Stephanorbinus sp. Here, the best
represented elements are fragments of Bos/ Bison sp. (25,38%) horns and of Elphas sp. (23,84%) tusks, although taking into
consideration the number of molars and premolars, the most abundant taxon (NISP) is Eguus caballus. Taphonomic processes
of weathering, abrasion, rounding, concretion and trampling, among others, have been identified in both assemblages. The
incidence of processes related to fluvial transport is higher in Oxigeno than in Santa Elena, where abrasion and rounding are
virtually absent. In both sites post-cranial bones are better represented than cranial bones, and their preservation is better.
Dismemberment cut marks have been identified on a humerus of Bos cf. primigenins in Santa Elena. No cut marks have been
preserved in Oxigeno. However, the preservation of the bone surfaces is not good, and therefore the lack of human action
cannot just be assumed. Additionally, despite carnivore remains not being identified among the fossil elements, several tooth
marks of that type of animals have been recorded: small pits and scores at Oxigeno; as well as pits and furrowing on Bos cf.
primigenins and Megaloceros sp. bones at Santa Elena. The presence of human and carnivore activity makes it even more
complicated to interpret the origin of the accumulation of these faunal assemblages associated with Acheulean industries.

This work has been carried out in the framework of the Project (PGC2018-093612-B-100), funded by FEDER/Ministerio de Ciencia e Innovacion — Agencia Estatal de Investigacion. We would like to
thank Museo Arqueolégico Nacional (MAN) for providing us the facilities and the technical equipment necessary for our study.

References: [1] Rubio-Jara, S., Panera, J., 2019. Unravelling an essential archive for the European Pleistocene. The human occupation in the Manzanares valley (Madrid, Spain) throughout nearly 800,000
years. Quat. International 520, pp. 5-22. [2] Urribelarrea, D., 2008. Dindmicay evolucion de las llanuras aluviales de los rios Manzanares, Jarama y Tajo, entre las ciudades de Madrid y Toledo. Universidad
Complutense de Madrid. Facultad de Ciencias Geoldgicas. Departamento de Geodinamica, p. 396 (Tesis Doctoral). [3] Rus, 1., Querol, M. A., 1981. El arenero de Oxigeno: bifaces, hendedores y triedros
conservados en el Museo Arqueoldgico Nacional. Trabajos de Prehistoria 38, pp. 39-67. [4] Rubio-Jara, S., Panera, ]., Rodriguez de Tembleque, J., Santonja, M. et al., 2016. Large flake Acheulean in the
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S., Panera, J. et al., 2019. Hominis and Proboscideans in the Lower and Middle Palacolithic in the Central Iberian Peninsula. Quat. International 520, pp. 140-156.
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Brain differences between Homo sapiens and Neandertals and their potential cognitive

consequences
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Despite the ‘perceived wisdom’ that the only differences between Homo sapiens and Neandertals which resulted in the latter’s
extinction was demographics [1], brain differences and their potential cognitive consequences between the two human types
have either been ignored or considered inconsequential. Interestingly, demographic factors such as population density and
geographical location may still be a partial function of biological factors, because as E. O. Wilson has insightfully noted, biology
places a tight leash on culture. The purpose of the present paper is to summarize three major brain differences between these
two groups. Bruner [2] may have been the first paleoneurologist to determine that Homzo sapiens skulls had a clear expansion of
their parietal lobes compared to Neandertals. Coolidge [3] explicated the modern cognitive functions of the parietals that
included visuospatial imagining, representations of self and others, and a sense of numbers which included differentiation of
1, 2, and 3 things and small and large set discrimination. Bastir et al. [4] noted that the olfactory bulbs of Homwo sapiens were
approximately 11% larger than those of Neandertals based on the size of the cribriform plate. The cribriform plate is a sieve-
like structure located in the anterior nasal cranial fossa that allows input from the olfactory epithelium in the nasal cavity directly
into the olfactory bulbs. Olfaction has been shown to be critical in mate selection and immunity responses. Thus, the possibility
that larger olfactory bulbs may result in finer olfactory discriminations cannot be easily dismissed, as there is some empirical
evidence with modern humans that the latter is the case. Kochiyama et al. [5] and others have shown that the cerebellum to
cortex ratio is larger in Homo sapiens than in Neandertals, and the cerebellum has been shown to have a variety of cognitive
functions including insight, creative thinking, and novel problem solving in addition to its well-known role in the refinement
of motor movements. Thus, although the overall brain volume of Neandertals may have been equal to or exceeded the volume
of modern Homw sapiens, there were demonstrable brain shape and brain region differences with potential significant cognitive
consequences that may have played a role in evolutionary success of Homzwo sapiens and the extinction of Neandertals.

References: [1] Vaesen, K., Dusseldorp, G. L., & Brandt, M. J., 2021. An emerging consensus in palacoanthropology: Demography was the main factor responsible for the disappearance of Neanderthals.
Scientific Reports, 11(1), 1-9. [2] Bruner, E., 2004. Geometric morphometrics and paleoneurology: Brain shape evolution in the genus Homo. J. Hum. Evol., 47(5), 279-303. [3] Coolidge, F. L., 2014. The
exaptation of the parietal lobes in Homo sapiens. ] of Anthr. Scie, 92, 295-298. [4] Bastir, M., Rosas, A., Gunz, P. et al., 2011. Evolution of the base of the brain in highly encephalized human species.
Nature Communications, 2(1), 1-8. [5] Kochiyama, T., Ogihara, N., Tanabe, H. C. et al., 2018. Reconstructing the Neanderthal brain using computational anatomy. Scientific Reports, 8(1), 1-9.
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Morphological differences are a common line of evidence in studies of evolutionary processes, but it is difficult to
distinguish evolutionarily significant traits among the measurable morphological features. Quantitative genetics, which focuses
on the evolution of continuous traits, provides mathematical frameworks for estimating the evolutionary pressures on lineages
and individual traits. The application of quantitative genetics methods to phenotypic data can therefore help researchers identify
potential directional selection in morphological evolution [1,2]. Lande’s generalized genetic distance (GGD) is one method
that can provide insight into the strength and direction of selection over evolutionary transitions and allow us to estimate
whether observed morphological change is the result of directional selection on the observed trait or an indirect change
influenced by selection on other traits [1,2]. These applications are especially useful in the study of evolution in the Homo
lineage where change is often assumed to be adaptive [3,4].

This study tests for directional selection in the morphological evolution of the hominid lower limb using 45 interlandmark
distances (traits) on the os coxa, femur, tibia, and fibula of Homzo sapiens (n=35), Pan troglodytes (n=34), Gorilla gorilla (n=35), and
Pongo pygmaens (n=30) using Lande’s GGD. Estimates of ancestral traits were calculated for three ancestral nodes: the last
common ancestor (LCA) of Pan and Homo, the LCA of African apes, and the LCA of hominids, using a rapid maximum
likelihood algorithm [5]. Mean estimated ancestral traits and mean traits of extant taxa were then used to calculate Lande’s
GGD for each evolutionary transition. Genetic drift cannot be rejected as the primary evolutionary force in the branch from
the LCA of African apes to G. gorilla. Strong directional selection was identified in two transitions: the branch from the LCA
of Homo and Pan to H. sapiens, and in the branch from the LCA of Homo and Pan to P. troglodytes. Strong stabilizing selection
was identified in all other branches.

Selection gradients (representing estimated magnitude and direction of selection pressure on each trait) and selection
responses (representing estimated magnitude and direction of real morphological change in trait size from ancestor to
descendant) were calculated for the two branches under strong directional selection. Large selection gradients were indicated
in the os coxa, tibia, and femur in the branch leading to H. sapéens. Decreased height of the os coxa, increased diameter of the
femoral head, and elongation of the tibia were under the strongest directional selection. Large selection gradients also were
indicated in all four elements on the branch leading to P. #roglodytes. Here, increased height of the os coxa, decreased
anteroposterior breadth of the acetabulum, and decreased diameter of the femoral head were under the strongest selection.

The pattern and magnitude of selection gradients were different among the lineages, indicating that they experienced unique
evolutionary pressures resulting in directional selection on different morphological traits. Both lineages also showed large
estimated selection responses in traits that were not estimated to be under strong directional selection, or responses to selection
opposing the selective pressures on the trait. This indicates that, for these traits, the morphology of the descendant branch was
not the result of direct selection. These traits included morphological features that are often assumed to be adaptive, such as
the relative size of the tibial plateau in H. sapzens. Overall, results indicate the morphology of lower limb elements is derived in
both P. #roglodytes and H. sapiens, and emphasize the need to separate observed morphological change from evolutionarily
significant morphological change when investigating evolutionary morphology, particularly in the Homo lineage.

This material is based upon word supported by the National Science Foundation under grant number BCS-1830745. This research was funded by a grant from the Leakey Foundation
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selection on correlated characters. Evolution. 37, 1210-1226. [3] Schroeder, L., Ackermann, R.R., 2017. Evolutionary processes shaping diversity across the Homo lineage. J. Hum. Evol.. 111, 1-17. [4]
Schroeder, L., von Cramon-Taubadel, N., 2017. The evolution of hominoid cranial diversity: A quantitative genetic approach. Evolution. 71, 2634-2649. [5] Goolsby, E.W., Bruggeman, J., Ané, C., 2017.
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The positional repertoire of primates changes with age, from a diversified form combining several modes in infancy to a
more stereotyped form in adults. It is assumed that mechanical stresses imposed by locomotion influence the cortical structure
of limb bones [1]. Biomechanical properties of the bones through age should thus change in parallel with the positional
repertoire [2]. In olive baboon (Papio anubis) the repertoire is initially dominated by grasping during the first months of life while
infants are not fully independent from their mother. Around 5 months old, the locomotor autonomy is established; the
repertoire becomes quickly dominated by terrestrial quadrupedalism (60.2% of locomotion), associated with other modes in
variable proportions (for example climbing, leaping and bipedalism represent 27.5%, 5.4% and 1.9% of the locomotor
repertoire respectively). In adults, the repertoire is much more stereotyped with an extreme predominance of terrestrial
quadrupedalism, with 98.7% of the locomotor repertoire [3]. One can expect an early and quick shift in the biomechanical
properties of the femur toward the adult pattern with a transitionary period from the acquirement of the locomotor autonomy
in infancy. Here we evaluate this possible link through development by studying the biomechanical properties of the femur in
an ontogenetic sample of olive baboons for which behavioral data are available [4].

We studied femoral cross-section geometry parameters and cortical thickness maps [5] of an osteological ontogenetic
sample of 65 olive baboons from newborn to 28 years old individuals; they originate from the Primatology Station of the
CNRS (Rousset-sur-Arc, France) and belonged to a single social group living in a controlled environment. We then confront
the results by age classes to the available behavioral knowledge for this colony [4].

Cross-section parameters in newborns highlights a sub-symmetric longitudinal distribution of the cortical, an amount of
cortical area that is higher than in later stages and associated with an antero-posteriorly oriented bending and tension rigidity.
In later stages, from infancy to adulthood, the longitudinal distribution of cortical is asymmetric with a thick proximal part and
a thinner distal part. The distal half of the diaphysis shows mediolateral orientation of bending and torsion rigidity, and balanced
orientation in proximal half. Concerning the consensus thickness maps, newborns show a central and posterior thickness
hotspot. In infants this area elongates posteriorly and the distal shaft becomes thinner. Juveniles and adults show a common
cortical distribution with thin distal part and two longitudinally extended areas of high thickness in proximal posteromedial
and posterolateral locations.

Our results highlight an early and rapid transition from the newborn condition to an adult-like pattern as soon as the
locomotor autonomy is established. At this period, although combined with other modes such as leaping, vertical climbing
and bipedalism, terrestrial quadrupedalism already represents an important component of the repertoire. Even if it is not as
predominant as it is in adults, the evolution of the femoral cortical distribution reveals that the impact of quadrupedalism is
already preponderant when compared to other locomotor modes from the onset of locomotor autonomy in olive baboons.

This highlights the difficulty of accounting for the diversity of the locomotor repertoire from femoral biomechanical

properties and invite to caution when inferring from morphology complex behaviors such as these of primates.

Francois Druelle, UMR 7194, CNRS - MNHN - UPVD, Paris, France. Antonio Profico, PalacoHub, Department of Archaeology - University of York, York, UK

References: [1] Ruff, C.B., 2002. Long bone articular and diaphyseal structure in old world monkeys and apes. I: Locomotor effects. AJPA. 119, 305-342. [2] Canington, S.L., Sylvester, A.D., Burgess,
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A large portion of the Homzwo habilis hypodigm consists of dental remains, including the key specimens from Olduvai Gorge
in Tanzania. The type specimen of the species, OH 7, includes the mandible with a nearly complete tooth row, and specimens
such as OH 13 and OH 16 preserve mandibular and maxillary tooth rows. Teeth are useful in studying hominin systematics,
and the outer enamel surface (OES) morphology of the H. habilis dentition has been studied extensively. Relatively few features
of the postcanine dentition are considered distinctive in H. habilis, but the mandibular premolars and molars are frequently
described as being buccolingually narrow [1]. Based on new microCT scans we investigate the enamel-dentine junction (ED]J)
morphology of H. habilis postcanine teeth from Olduvai Gorge, early Homo specimens from Koobi Fora (Kenya),
Australopithecus afarensis, A. africanus, Homo erectus s.1., and later Homo (modern humans, Neanderthals, and middle-Pleistocene
Homo). We use geometric morphometrics to quantify EDJ shape of every postcanine tooth position for these taxa.

We find that for a number of H. habilis specimens, the postcanine dental morphology is very primitive. Type specimen OH
7, as well as OH 24 and several Koobi Fora specimens (KNM-ER 1802, KNM-ER 1813), show an ED] morphology that is
largely within the range of variation for Australopithecus and retain several primitive features. However, there are a number of
features of the postcanine ED] morphology that reliably distinguish later Homo from Australopithecus, including an increase in
the height of the dentine body (defined as the distance between the cervix and marginal ridges) in all tooth positions, reduction
of the talon or talonid in the premolars, and reduction in the distal aspect of the crown of the upper molars. Our findings are
consistent with previous work emphasizing the generalized postcanine dentition of H. habilis [1]. Contrary to previous work
[1,2], our ED]J shape analyses do not suggest that H. habilis is characterized by buccolingually narrow mandibular molars and
premolars, in line with observations on the outer enamel surface [3]. However, there are some aspects of the postcanine
dentition that we find to be more distinctive; for example, the maxillary third molars of H. babilis are distinguished from those
of Australopithecus by the presence of a further mesially placed metacone and a mesiodistally shorter crown.

We also find variation within the H. babilis hypodigm. While Bed I Olduvai specimens such as OH 7 and OH 24 show a
largely primitive morphology, some Bed II specimens show a more derived morphology. This is most notable in OH 16, which
displays a suite of derived features, particularly in the mandibular and maxillary premolars, which show a tall dentine body and
a reduced talon/talonid region; in these respects the specimen is more derived than the eatly African H. erectus sample. OH 13
is the youngest specimen assigned to H. habilis, and although it shows some derived aspects of postcanine morphology, other
key features are more similar to Bed I specimens such as OH 7, which is consistent with the mandibular dental arcade shape

(4]-

For access to specimens and microCT scans, we would like to thank Emma Mbua and Job Kibii (National Museums of Kenya), Audax Mabulla (National Museum of Tanzania), the Tanzania
Commission for Science and Technology, Metasebia Endalemaw, Yared Assefa (Ethiopian Authority for Research and Conservation of Cultural heritage), Bernhard Zipfel, Sifelani Jira (Evolutionary
Studies Institute, University of the Witwatersrand), Miriam Tawane (Ditsong Museum), Jakov Radov¢i¢ (Croatian Natural History Museum), Michel Toussaint (ASBL Archéologie Andennaise, Royal
Belgian Institute of Natural Sciences), Jean-Jacques Cleyet-Merle (Musée National de Préhistoire des Eyzies-de-Tayac), Véronique Merlin-Langlade (Musée d’Art et d’Archéologie du Périgord), Christine
Feja (Institut fiir Anatomie der Universitit Leipzig), Antonio Rosas (Museo Nacional de Ciencias Naturales), Flora Groening (Institute of Medical Sciences, University o f Aberdeen), Dejana Brajkovié
(Croatian Academy of Sciences and Arts), Jean-Francois Tournepiche (Musée d'Angouléme), Patrick Périn (Musée d’Archéologie nationale de Saint-Germain-en-Laye), Paul Tafforeau (ESRF), David
Hunt (National Museum of Natural History), Ullrich Glasmacher (Institut fiir Geowissenschaften, Universitit Heidelberg), Mirjana Roksandic ,Dusan Mihailovi¢, Bojana Mihailovi¢ (Department of
Archaeology, Belgrade University and the National Museum), Eleni Panagopoulou, Katarina Harvati (Ephorate of Palacoanthropolo gy & Speleology of Southern Greece), and the Senckenberg,
Forschungsstation fiir Quartirpaliontologie. For scanning and technical assistance, we thank Kudakwashe Jakata, David Plotzki and Heiko Temming. For segmentation assistance, we thank Lia
Schurtenberger. This project has received funding from the Max Planck Society and the European Research Council (grant agreement No. 819960).
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Owing to the central role of the brain in the emergence of modern human biology and behaviour, the question of how to
‘feed’” an evolving brain, and thus how the hominin brain vascular and metabolic system changed through time, is of particular
interest [1]. In addition to the internal carotid arteries, vertebral arteries contribute significantly to the cerebral and cerebellar
blood flow and, consequently, provide the brain with oxygen and glucose. Since soft tissues do not fossilize, the total encephalic
arterial canal area (i.e., the areas of the carotid canal and of the transverse foramina in the cervical vertebrae) has been suggested
to represent the most reliable proxy for estimating brain perfusion and metabolism in fossils [2,3]. Given the rising interest in
the study of vertebral arteries in fossil hominins (e.g., [4]), here we statistically explore spatial relationships between the
transverse foramina and the vertebral arteries in the cervical segment of the extant human vertebral column. Contrast computed
tomography (CT) scans of the cervical regions of 11 living human individuals were collected from a South African hospital
with a slice thickness varying from 0.5 to 1 mm. Cross-sectional areas of the right and left transverse foramina and the
corresponding vertebral arteries were measured on each cervical vertebra from C1 to C6 within the same individuals. The
cross-sectional areas of the right and left foramina and the left and right arteries range between 13.4 and 71.3 mm? (with a
mean of 33.0 mm?) and between 4.5 and 29.4 mm? (with a mean of 12.1 mm?), respectively. Overall, the cross-sectional areas
of the arteries represent approximately 38% of the cross-sectional areas of the transverse foramina. The two variables are
significantly correlated. There are no significant differences between the cross-sectional areas of the left and right foramina nor
between the cross-sectional areas of left and right arteries. Using regression analysis, we generate equations that can be
subsequently used to estimate the size of the vertebral arteries in fossil specimens. By providing additional evidence of intra-
and inter-individual size variation of the arteries and corresponding foramina in extant humans, our study introduces an
essential database for better understanding the evolutionary story of soft tissues in the fossil record.

Funding support provided by the NRF, Bakeng se Afrika.
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Teeth play a significant role in the study of diversity and evolution of living and extinct hominoids. Their exceptional
preservation in the fossil record has promoted their use in taxonomic assessments. The investigation of the outer enamel
surface (OES) and the enamel-dentin junction (ED]J) through different quantitative approaches, including 2D /3D landmark-
based and 3D surface-based methods, has become a standardized practice in alpha taxonomy and phylogenetic reconstructions.
In this regard, a central question is how efficiently the statistical methods currently available distinguish among hominoid
species on the basis of dental shape data. Given the diversity of methods it is not clear which approach presents methodological
advantages over others. Here we evaluate the performance of four widely used methods: 2D landmarks/semilandmarks; 3D
curve and surface semilandmarks; diffeomorphic surface matching IDSM) and generalized Procrustes surface analysis (GPSA).

The sample investigated consists of 70 OES and EDJ second upper molar surfaces, obtained through micro-computed
tomography, representing seven living and extinct hominoid species including: Pan troglodytes (n=10), Gorilla gorilla (n=10), and
Pongo pygmaens (n=10), modern humans (n=10), Neanderthals (n=10), Australopithecus africanus (n=10) and Paranthropus robustus.
We used PCA as a dimension reduction technique to avoid overfitting and we explored the shape and form spaces. We used
Random Forest (RF), a supervised machine learning algorithm, and size and shape variables to evaluate the pattern of
classification accuracy across the methods. Three metrics were used to evaluate the magnitude of classification accuracy
including average and maximum error (misclassification) rates as well as the classification error derived from the confusion
matrix. We also evaluated the classification accuracy using different numbers of semilandmarks.

The results for the 2D dataset (OES form and shape spaces) showed high average and maximum error rates (lowest error
rate 17%). Neanderthals and A. afiicanus presented high error rates, whereas Gorilla and Pongo presented lower error rates. The
3D semilandmark dataset (EDJ curves) for both shape and form spaces presented lower average and maximum error rates
(lowest error rate 7%) than the 2D approach. A. afiicanus and Neanderthals presented high error rates (0.4-0.6), Pongo presented
mean error rates (0.2-0.3) and Gorilla, H. sapiens and P. robustus were classified with complete accuracy. The total 3D dataset
(EDJ curves + surface semilandmarks) presented similar average and maximum error rates per species than the curves dataset
(lowest error rate 5%0). The use of high numbers of semilandmarks led to similar classification error rates and provided slightly
more separation between species. DSM showed the lowest error rates (4%) and the highest classification accuracy and
discriminatory power, whereas GPSA presented high average and maximum error rates (lowest error rate 17%). The
deformation-based methods presented different patterns of species classifications where Paz and Pongo (IDSM), and
Neanderthals, Pan and P. robustus (GPSA), respectively were the hardest species to be classified correctly. The inclusion of size
improved the performance of most methods and increased the correct species classification rates.

The main conclusions of the present study are: 1) the 2D landmark-based approach performs relatively poorly; 2) the 3D
landmark-based approaches perform well but exhibit problems with data redundancy; 3) increasing the number of landmarks
does not necessarily improve classification accuracy and increases the risk of overfitting; 4) one of the deformation-based
approaches DSM is the best performing method; 5) the pattern and magnitude of species classification accuracy differs between
the landmark-based and deformation-based approaches and 6) with RF the inclusion of size let higher classification accuracy
than shape alone.

For access to specimens, we thank the following individuals/institutions: Jean-Jacques Hublin (Department of Human Evolution, MPI-EVA), Mirriam Tawane (Ditsong National Museum of Natural
History), Bernard Zipfel (University of Witwatersrand), Jakov Radov¢i¢ (Croatian Natural History Museum), G. Haszprunar (Bavarian State Collection of Zoology), Frieder Mayer and Christiane Funk
(Berlin Museum fiir Naturkunde). 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. 819960). We tank to the following repositories: NESPOS, MorphoMuseuM and Morphosource for the realization and sharing of microCT data and 3D models.
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Diet is a key driver in human evolution, influencing an organism’s physiology and social behaviour. Plant foods provided
the bulk of early hominin nutrition, but plant nutritional values across savanna landscapes are highly variable, including the C4
vegetation-dominant African savanna landscapes of human evolution [1]. By ~3.5 Ma, hominins began incorporating C4 plant
food resources into their diet. East African Paranthropus became a C4 plant specialist, while other taxa made variable use of
these resources [2].

However, the nutritional profiles of potential hominin plant foods from modern savanna ecosystems, their plant
community composition, and nutritional variability across time and space remain poorly understood, and empirical data on
potential hominin plant food nutritional variation in models/reconstructions of eatly hominin diet are relatively scant. Such
information can provide insights into important questions of early hominin dietary behaviour, such as questions of
paranthropine dietary flexibility, whether foods with the “right” isotopic signature were nutritionally viable, questions regarding
eastern and southern African Paranthropus isotopic differentiation, the distribution of hominin genera due to dietary
constraints, and more.

This project has collected a large assemblage of plant nutritional data from the modern savanna landscape of Kruger
National Park, South Africa. Investigating the nutritional properties of potential hominin plant foods (analysing protein, fibre,
fat, antifeedants, energy content etc.) and the distribution of such nutrition across the South African Lowveld, we quantify
dietary variability, both in terms of plant parts and plant types (forbs, sedges, grasses, leaves, stems, tubers etc.) and model the
spatiotemporal distribution of such properties and plant availability across a proxy hominin landscape. We explore this variation
on a regional scale by comparing to similar work conducted by our group in the Cradle of Humankind Nature Reserve, South
Africa and Amboseli National Park, Kenya. Such proxy analyses allow a unique opportunity to investigate questions of resource
availability and to add to debates on hominin dietary ecology.

Our results so far reveal inter-/intra- habitat and taxon nutritional vatiation in plant food resources across different savanna
habitats. Regionally, South African Lowveld habitats are intermediate in terms of plant food palatability between the Highveld
and East African savanna, with some significant differences observed. Pronounced nutritional differences indicate that C4
grasses and sedges can be highly variable. These differences may have implications for the carbon isotope ratios observed
between eastern and southern African Paranthropus. Among our samples, while tree and forb leaves are generally higher in
protein, some of the grass leaves sampled are comparable, with protein values of ~16%.

Rather than assuming causal links between environmental change and human evolutionary events, we use our collected
nutritional data to build agent-based models, grounded in behavioural ecology frameworks, to understand the influence of
environment more fully on hominin behaviours [3-5]. Using a hypothesized regional African landscape, we test our data, make
predictions, explore hominin interactions within reconstructed environments, and begin to evaluate drivers of hominin
behaviour via agent-based models with empirical data, which are lacking. Results of preliminary modelling will be presented,
and potential hominin wild plant foods considered in terms of the fundamental and realised niches of early hominin species.
This combined approach of collecting nutritional data and agent-based modelling, and incorporation of ecological methods
and frameworks, provides a new means to test hypotheses about the underlying causes of patterns seen in the hominin fossil
record.

Project funded in part by the European Research Council, EU Horizon 2020 research and innovation programme, grant number STG -677576 ("THARVEST?). This is a research project, in whole or in
part, of the Nutritional & Isotopic Ecology Lab (NIEL) at CU Boulder. Our thanks to Dr Daryl Codron & Dr Jacqui Codron for their generous, expert help, & to Jesse & Ethan Codron for their good
humour. Our thanks to SANParks Kruger National Park, Sharon Thompson at Shingwedzi, Samantha Mabuza & Obert Mathebula at Skukuza, our game guards Thomas at Skukuza, & Herman at
Shingwedzi, & all staff who facilitated us & our fieldwork. Many thanks to Jack, Karen & all the staff at Kenjara Lodge, Johannesburg for their hospitality. This project took a significant turn due to
COVID. I want to acknowledge my supervisors Dr Amanda Henry and Dr Matt Sponheimer for their incredible adaptability and support.
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Recent discoveries in Bulgaria and the Czech Republic have suggested that Neanderthals and Homzo sapiens may have co-
existed on the European landmass for as long as four to six thousand years (cal) [1,2]. The widening of their temporal overlap
reignites discussion concerning the potential interaction between Homo sapiens and Neanderthals in Europe preceding the
disappearance of the latter [1]. Yet, despite a) strong evidence for their temporal co-existence at a continental scale [1,2] and b)
indications of at least occasional gene-flow at the gates of Europe [3], evidence for their contemporaneity at a regional scale
within Europe remains exceptionally rare [4]. In France and northern Spain, a region with one of the most well-dated
archaeological records between 45 and 40 kya cal BP, Protoaurignacian assemblages attributed to Homzo sapiens appear to swiftly
‘replace’ Neanderthal-associated Chatelperronian assemblages. However, whether these occupations were at least partly
contemporaneous remains unclear. Recently, optimal linear estimation modelling (OLE) has been introduced to archaeological
research from biological conservation sciences [5]. OLE is a frequentist modelling approach which uses the earliest/latest dates
of an archaeological phenomenon to estimate its true chronological duration — based on the assumption that we rarely, if ever,
identify the “first’ or ‘last’ appearance of a culture in the archaeological record. Here, we use optimal linear estimation modelling
[5] and GIS-based analysis to evaluate the spatio-temporal proximity of Protoaurignacian and Chatelperronian occupations in
France and northern Spain. We use a selection of modern, previously published C14 age determinations (n=56) that we
calibrated using the recently operationalised IntCal20 calibration curve. The results indicate that 1) with or without modelling,
the age ranges for Chatelperronian and Protoaurignacian assemblages in France and northern Spain show a substantial degree
of statistical overlap between 43 and 40 thousand years ago and 2) there appears to be a geographic structuring underlying this
overlap. Additionally, using a dataset of 10 directly-dated Neanderthals from western Europe, we demonstrate that the
calibrated age ranges of both the Chatelperronian and the Protoaurignacian of France and northern Spain overlap significantly
with at least three directly-dated late Neanderthal specimens from the region - preceding their modelled disappearance at
around 40 kya cal BP. Taken together, we suggest that these observations strengthen the proposition that the archaeological
features characterising the onset of the Upper Palaeolithic in western Europe may be driven by some form of interaction
between different human groups.

References: [1] Hublin, J. J., Sirakov, N., Aldeias, V. et al., 2020. Initial Upper Palacolithic Homo sapiens from Bacho Kiro Cave, Bulgaria. Nature. 581(7808), 299-302. [2] Priifer, K., Posth, C., Yu, H. et
al., 2021. A genome sequence from a modern human skull over 45,000 years old from Zlaty ki in Czechia. Nat Ecol Evol. 5, 820-825. [3] Hajdinjak, M., Mafessoni, F., Skov, L. et al., 2021. Initial Upper
Palaeolithic humans in Europe had recent Neanderthal ancestry. Nature. 592(7853), 253-257. [4] Roussel, M., Soressi, M., Hublin, J.J., 2016. The Chatelperronian conundrum: Blade and bladelet lithic
technologies from Quingay, France. J. Hum. Evol.. 95, 13-32. [5] Key, A.J.M., Jari¢, I. & Roberts, D.L., 2021. Modelling the end of the Acheulean at global and continental levels suggests widespread
persistence into the Middle Palaeolithic. Humanit Soc Sci Commun. 8, 55.
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Since the first discoveries of human fossils, the nature of the relationships between hominin biological and cultural
evolutions and dietary habits has been a fundamental subject of debate. The development of accurate analysis of stable isotope
ratios in geochemistry, particularly due to MC-ICP-MS, has now allowed the measurement of calcium (Ca) isotopes on small
samples of bones or teeth.

The Ca isotopic composition of mammals is largely defined by the Ca intake of the diet and represents an important source
of information that has been unexploited. In natural conditions, the §4/42Ca value of bone and teeth vaties according to dietaty
intake with a constant isotopic offset of about -0.57%o [1], resulting in a difference between prey and predator close to -0.30%0
[2]. The 84/42Ca value of bone therefore has the potential to reconstruct the ecology of existing or extinct mammals.

Using a bone-muscle Ca isotopic offset determined on extant animals, we show that the §4/42Ca value of predators cannot
be accounted for by the consumption of meat only, as plants and meat have indistinguishable §44/42Ca values. Mass balance
calculations indicate that the low §4/42Ca values of carnivores are explained by the accidental or intentional ingestion of bone
during prey consumption.

Here, we present Ca isotopes analysis of fossil bone samples of the fauna from the Regourdou (MIS 5, Dordogne, France;
[3]) and La Grotte du Bison (MIS 3-4, Yonne, France; [4]) sites as well as from bone samples of 3 Neandertal individuals.
Comparison between the Neanderthals of Regourdou and that of La Grotte du Bison shows a different feeding behavior. All
the 84/42Ca values of Regourdou 1 Neandertal are low (< -1.6%o), placing this individual among carnivores, contrary to the
Regourdou 2 Neandertal [5] and that of La Grotte du Bison which has values placing them with the variability of herbivores
(> -0.75%o0).

Using the bone-muscle Ca isotopic offset, we further show that the §4/42Ca value of the Regourdou 1 diet are explained
by the ingestion of bone marrow containing as little as 1% trabecular bone. Our results show that the Regourdou 1 Neandertal
consumed a mixture of various herbivorous prey, as well as trabecular bone, which probably occurred when marrow was
ingested, by accident or intentionally. This is not the case for the Neandertal from La Grotte du Bison and Regourdou 2, for
whom we have no indication of any bone consumption. Of course, our results don’t exclude meat consumption by Regourdou
2 and Grotte du Bison Neandertal individuals.

The results of our Ca isotope analyses of long bones of three French Neandertals allow us to suppose the existence of
different and potentially contrasted subsistence strategies between Neandertals from the same site or from different sites related
to MIS 5 to MIS 3.

Acknowledgements: Musée national de Préhistoire, Musée d’Art et d’Archéologie du Périgord, Site museum of Regourdou, Regional Arcaheological Service Région Nouvelle Aquitaine and Région
Bourgogne Franche Comté.
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The evolution of the dexterous modern human thumb has long been of interest to paleoanthropologists and palacolithic
archaeologists alike due to the thumb’s critical role in producing and using stone tools. The range of thumb movements that
facilitate precision grips have traditionally been inferred from first metacarpal shape in fossil hominins [1,2]. As trabecular bone
is thought to (re)model in response to mechanical loading over an individual’s lifetime, this internal morphology can reflect
how a fossil thumb was predominantly used. For example, a recent analysis demonstrated that, compared to great apes, humans
have significantly more trabecular bone directly beneath the radial aspect of both the distal and proximal articulations of the
first metacarpal, consistent with differences in both external morphology and observed manipulative capabilities [3]. However,
without a means to conduct robust statistical comparisons throughout the entire trabecular volume, researchers have been
limited to more qualitative observations regarding differences in deeper epiphyseal trabecular structure and the degree to which
the trabecular network extends into the medullary cavity.

Here we use a novel, canonical holistic morphometric analysis (c(HMA) to test for significant univariate differences in
relative trabecular bone density ({BV/TV) across a sample of living great apes including: modern humans (Hozzo sapiens, n=10),
bonobos (Pan paniscus, n=10), chimpanzees (Pan troglodytes, n=11), gorillas (Gorilla gorilla gorilla, n=10) and orangutans (Pongo sp.,
n=8) as well as fossil hominins including: Australopithecus africanus (StW 418), Homo sp./Paranthropus robustus (SK 84),
Australopithecus sediba (UW 88-119) and Homeo neanderthalensis (IKebara 2). This method uses a statistical deformation model, based
on the whole sample, to create a canonical shape of both the external and internal bone space (delimited by cortical bone). A
regular volumetric mesh of this canonical internal space can then be deformed back to each specimen and trabecular bone
density can be measured throughout this internal space using holistic morphometric analysis (HMA) in Medtool 4.5
(www.medtool.at). Since the same mesh is deformed back to each specimen, each element of this canonical mesh is a
homologous data point. This canonical bone map can be used to visualise and test for significant species differences in
measured trabecular variables, in this case relative BV/TV (tBV/TV) [3-5].

Results demonstrate that humans have significantly different trabecular bone distribution than in great apes across both
first metacarpal epiphyses, consistent with previous results using the subarticular method [3,4]. Thus, here we focus on novel
results demonstrating that humans have significantly less trabecular bone tBV/TV) in the medullary cavity compared to all
extant apes. StW 418 and SK 84, have a less-human like trabecular bone distribution, in that it extends distally from the base
into the diaphysis. The trabecular distributions in UW 88-119 and especially Kebara 2, do not extend as far into the medullary
cavity and are more similar to that of modern humans. We hypothesise that variation in the amount trabecular bone within the
medullary cavity may partially reflect a biomechanical ‘trade-off” with cortical bone morphology, at least in later Homo. These
results highlight the need for further work on the potential biomechanical significance of trabeculae that extend into the
medullary cavity and their implications for our understanding of thumb use during hominin evolution.

We thank I. Livne (Powell-Cotton Museum), A. vanHeteren and M. Hiermeier (Zoologische Staatssammlung Miinchen), C. Boesch and U. Schwarz (Max Planck Institute for Evolutionary
Anthropology), A. Ragni (Smithsonian Institution, National Museum of Natural History); M. Teschler-Nicola and R. Muchl (Natural History Museum, Vienna), J. Moggi-Cecchi and S. Bortoluzzi
(University of Florence), F. Mayer (Museum fiir Naturkunde—Ieibniz Institute for Evolution and Biodiversity Science, Berlin), B. GroBkopf (Johann-Friedrich-Blumenbach-Institut fir Zoologie und
Anthropologie der Georg-August-Universitit Gottingen), R. Macchiarelli (Museo Nazionale Preistorico Etnografico ‘Luigi Pigorini’), B. Zipfel and L. Berger (University of the Witwaters rand), E.
Gilissen and W. Wendelen (Musée Royal de I’Afrique Centrale), V. Volpato (Senckenberg Museum of Frankfurt), D. Nadel (University of Haifa) and I. Herskovitz (Tel Aviv University) for access to
specimens in their care. This research was supported by the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme (grant no. 819960).

References: [1] Galletta, L., Stephens, N.B., Bardo, A. et al., 2019. Three-dimensional geometric morphometric analysis of the first metacarpal distal articular surface in humans, great apes and fossil
hominins. ] Hum Evo, 132:119-136. [2] Marchi, D., Proctor, D. J., Huston, E. et al., 2017. Morphological correlates of the first metacarpal proximal articular surface with manipulative capabilities in apes,
humans and South African early hominins. Comp. Rend. Palevol, 16(5-6), 645-654. [3] Dunmore, C. J., Bardo, A., Skinner, M. M. et al., 2020. Trabecular variation in the first metacarpal and manipulation
in hominids. AJPA, 171(2), 219-241. [4] Dunmore, C. J., Skinner, M. M., Bardo, A. et al., 2020. The position of Australopithecus sediba within fossil hominin hand use diversity. Nat. Ecol. & Evol., 4(7),
911-918. [5] Bachman, S., Synek, A., Pahr D.H. (In review) A novel method for quantitative and statistical comparison of local differences in bone morphometry. 17th International Symposium on
Comput. Method. Biomec. Eng., Bonn, Germany.
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Hominin footprints represent a unique vestige giving access to brief moments of life, an unusual time scale in archaeology
or palacoanthropology. They provide information not only on the locomotor behaviour of individuals (locomotor anatomy
including soft tissue, motion capture) but also on the size and composition of the groups that made them, parameters that
have an important impact on the adaptive success of these groups but are unknown within the fossil record. Although
footprints have great potential, their study remains a challenging task. Indeed, their morphology does not only result from the
biological and biomechanical characteristics of the individuals but also from the nature of the substrate (moisture,
granulometry...) in which they are made as well as from the action of taphonomic agents. Furthermore, despite the discovery
of important sites in the last decade, footprints represent a relatively rare material compared to the more common skeletal
remains or archaeological artifacts. This is particulatly the case for footprints attributed to Neandertals known until recently
from only 5 sites.

It is in this context that we report here the discovery and the study of footprints attributed to Neandertals at the Spanish
site of Matalascafias.

This site is located in southwestern Spain in a coastal environment marked by strong acolian dynamics. According to the
ephemeral condition of the deposit, we conducted a fast UAV flight mission over the whole emerged layer in order to map
and locate every track and footprint in the generated orthomosaic. Such aerial view has been proven as an essential document
since the surface faded out just 2 weeks later. Following a field analysis, 87 footprints, mostly isolated, were identified within a
surface composed of fine sand in a silty matrix, having been covered by an aeolian deposit nearly 106,000 years ago. These
footprints are mostly oriented towards an adjacent surface where several animal tracks were discovered.

Particular attention was paid to the 31 longitudinally complete footprints of this ichnological assemblage in order to
estimate the number of individuals that left them and their biological characteristics (stature and age class) from the footprint
lengths. For this purpose, experimental data from a study carried out under the same substrate conditions as in Matalascafas
were used. Statures were estimated for each footprint from linear relationships linking stature to footprint length. The stature
estimates were then used to estimate an age class thanks to a model quantifying the variation of stature with age in Neandertals.
Finally, a minimum number of individuals has been estimated based on the experimental knowledge of the intra-individual
morphometric dispersion of footprints.

The 31 complete footprints were left by a minimum of 3 individuals representing the different age classes: a child (6-8 years
old between 104-115 cm tall), an adolescent or a small adult (126-149 cm) and a tall adult (154-188 cm), probably a male based
on the sexual dimorphism in the stature of Neandertals.

The discovery of the Matalascafias footprints thus completes the Neandertal ichnological record, which was relatively poor.
Moreover, these footprints provide a direct view of the behaviour of a Neandertal group in a coastal plain environment; the
orientation of Neandertal footprints towards animal tracks can for example be explained by a hunting or even fishing behaviour
in which very young individuals took part.

We thank Dolores Cobo Garcia and Ana Mateos Morillo, biologists from the Dofiana Natural Area, for the discovery of the site in June 2020 and the Territorial Delegation in Huelva of the Ministry of
Agriculture, Livestock, Fisheries and Sustainable Development of the Junta de Andalucia for the permission to carry out research work. This work has been financially supported by the Ministry of
Science and Innovation of Spain (grant no. PID2019-104625RB-100), the Andalusian Government to the Research Group RNM276 and Basque Government to the Research Group EJ 1T1418-19. We
also thank Asier Gémez-Olivencia (UPV/EHU) for his comments in the early stage of the study. We are also grateful to ICTS-RBD Long-term Ecological Monitoring Team and Laboratory of Remote
Sensing & GIS (LAST) from Dofana Biological Station (CSIC) for providing support on mapping activity.
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In paleoanthropology, craniovascular traits provide indirect information about the evolution of the endocranial blood flow,
and supply information relevant for functional craniology and cerebral metabolism. Different vascular elements can be
observed in dry skulls in form of imprints and cranial canals — middle meningeal artery, dural venous sinuses, diploic veins and
emissary veins [1,2]. It was shown that craniovascular morphology has changed noticeably during human evolution [3-5]. For
example, extinct human species are characterized by dolichocephalic head proportions, and a co-dominance of the anterior
and posterior branches of the middle meningeal vessels [3], while modern humans display a globular braincase and a frequent
dominance of the anterior branch [2]. The occipito-marginal sinus is more frequently observed in early hominins, and it was
suggested that variations in this sense may be related to the anatomical modifications that accompanied the transition to the
upright posture [5]. Also, the emissary foramina are in general less frequent in extinct human species than in modern humans
[4], although their expression is highly variable also in modern populations [2,4]. However, it remains to be investigated whether
these changes are due to evolutionary adaptations, or else to secondary structural consequence and passive physiological
responses. Here, we present an analysis of the craniovascular morphology in craniosynostotic skulls in order to provide some
clues about the functional and structural factors that influence the prevalence and expression of these macrovascular features.
In contrast to normal skulls, the craniosynostotic skulls present more numerous and often larger foramina. The confluence of
sinuses with persistent enlarged occipito-marginal sinuses varies between modern human populations [2], but its prevalence is
higher in the craniosynostotic skulls. Moreover, the dolichocephalic craniosynostotic skulls display frequent dominance of
posterior branches of middle meningeal artery. The craniovascular morphology is based on the relationship between hard and
soft tissues and is affected by both genetic and epigenetic factors. In the case of middle meningeal artery redistribution, the
vascular differences between long and short crania may be associated with different biomechanical forces that are experienced
during the endocranial morphogenesis. On the other hand, the morphology of both emissary veins and dural venous sinuses
is probably more influenced by their function related to the intracranial pressure maintenance and, possibly, heat management.

This study was funded by the Ministry of Culture of the Czech Republic (grant number DKRVO 2019-2023/71.c, 00023272, National Museum) and by the Charles University Grant Agency (grant
number 288120). EB is funded by the Spanish Government (grant number PGC2018-093925-B-C31).
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H., Velemis , P. et al,, 2019. Normal craniovascular variation in two modern European adult populations. J. Anat. 235, 765-782. [3] Bruner, E., Sherkat, S., 2008. The middle meningeal artery: From
clinics to fc . Childs. Nerv. Syst. 24, 1289-1298. [4] Boyd, G.I., 1930. The Emissary Foramina of the Cranium in Man and the Anthropoids. J. Anat. 65, 108-21. [5] Falk, D., 1986. Evolution of cranial
blood drainage in hominids: Enlarged occipital/marginal sinuses and emissary foramina. AJPA. 70, 311-324.
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The analysis of ancient human DNA sequences from skeletal remains and sediments has made important contributions to
our understanding of hominin history. Human-made artefacts, such as bone tools and perforated animal teeth, are another
potential source of ancient DNA and may help to establish cultural context. In addition to identifying the source material used
for artefact production, it is conceivable that DNA from the makers or users of osseous artefacts may be adsorbed to the
artefact matrix. However, exploring this possibility by destructive sampling is highly problematic in most cases as it
compromises the structure and surface topography of the material. To make artefacts accessible to genetic analysis we
developed a non-destructive DNA extraction technique and characterized the DNA that can be recovered from artefacts.

To establish the non-destructive DNA extraction protocol, ten Pleistocene bone and tooth samples, which were similar in
size and shape to material typically used for artifact production at Paleolithic sites, were submerged in reagents that have
previously been used in ancient DNA extraction protocols. These included ethylenediaminetetraacetate (EDTA) [1],
guanidinium thiocyanate (GTC) [2], sodium phosphate [3] and sodium hypochlorite (bleach), a reagent often used for
decontamination of surfaces [3]. Quantitative 3D surface texture measurements [4] were performed before and after the
treatments to monitor possible surface alterations. The results of these measurements showed that EDTA and GTC led to
substantial surface alterations, whereas incubation in water, sodium phosphate and bleach did not.

Based on these results we developed a non-destructive DNA extraction method that is based on temperature-controlled
release of DNA from the bone/tooth matrix using sodium phosphate buffer [5]. We then applied the method to a set of 17
bone artifacts excavated more than 30 years ago: six samples from the Magdalenian site Arudy Espalunge (France) [6] and
eleven samples from the Quingay (France) Chatelperronian layers [7]. Unfortunately, we did not recover ancient DNA in the
samples from Arudy Espalunge, possibly due to unfavorable conditions for DNA preservation at the site. From two of the
samples from Quingay we were able to recover ancient mammalian DNA, which could be assigned to Cervidae and
Elephantidae, consistent with the morphological identification of the source material. However, on average 92.6 % of the
retrieved sequences originated from modern human contamination, hampering our ability to detect traces of ancient hominin
DNA that may point to the makers/users of the artefacts.

In summary, we show that ancient DNA can be recovered from bone artefacts using a non-destructive DNA extraction
protocol. Nevertheless, excavation under cleaner conditions (e.g., using gloves), and limited sub-sequent handling of the
specimens during storage, are required to minimize the introduction of present-day human DNA contamination. It is
conceivable that the implementation of such clean excavation and storage protocols may make it possible to isolate ancient
hominin DNA from bone artefacts without causing damage to the precious material.

We want to thank Antje Weihmann and Barbara Schellbach for sequencing. We are grateful for funding of this work by the Max-Planck society.
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One of the proxies used for the study of past human behavior is the analysis of the non-masticatory, cultural or activity-
related dental wear, characteristic of the genus Homo since its appearance [1-2; and references therein]. The use of “teeth as
tools” has principally been studied in permanent dentitions from adult individuals. Here, we present the results of the analysis
of the non-masticatory dental wear modifications on the deciduous dentition assigned to eight Neandertal and anatomically
modern human subadult individuals, from MIS 3 to late MIS 1, along the Cantabrian region (Northern Spain)[3]. The sample
includes the deciduous teeth from the Mousterian levels of Axlor cave (Basque Country), the Transitional Aurignacian and
Gravettian from El Castillo cave (Cantabria), and Magdalenian levels from Las Caldas and Tito Bustillo (both in Asturias) and
Santa Catalina (Basque Country). Although preliminary, we tentatively suggest that these eight subadults present activity-related
dental wear, including cultural striations, chipped enamel, toothpicking grooves, and subvertical grooves within the
interproximal contact facets, same as reported in permanent dentition (mostly adult individuals), despite the known differences
between the deciduous and permanent enamel. Our results provide evidence of habitual dental hygienic practices in the form
of toothpicking on a deciduous premolar, and the orientation of the cultural striations indicates a similar handedness
development as in modern children. Taken together, these dental wear patterns support the initiation and participation of
young individuals in group activities, as seen in the Middle Pleistocene hominins from Sima de los Huesos [4], Neandertals
from Krapina [2] and El Sidrén [5], making them potential contributors to group welfare. Furthermore, the characteristics of
their non-masticatory dental wear (low number and small features) could suggest that these children and juveniles could have
been learning, practicing and acquiring the adult-like skills. If that is the case, the length of learning could have spanned at least
childhood and juvenility, a similar length in the learning process as in modern hunter-gatherers. And, thus, their role within the
group could be extrapolated as similar: learning from more experienced individuals within the group to become skilled
performers.

We thank the curators at the following museums for providing access to the collections: Museo de Arqueologia de Asturias (Las Caldas and Tito Bustillo), Museo de Prehistoria y Arqueologia de
Cantabria (El Castillo) and Arkeologi Museoa (Santa Catalina and Axlor). A.E. was beneficiary of a Juan de la Cierva-Formacion Postdoctoral Fellowship (grant number FJCI-2016-30122). Partial
aspects of this research have been founded by SUBSILIENCE ERC Project (ERCEA-; grant agreement No. 818299 ABRUPT project (HAR2017-84997-P Spanish Ministry of Science, Innovation and
Universities) and Santander Bank within the program of Santander Talent Attraction for Research (STAR1) to A.B.M.-A., and MSCA project 891529 (3DFOSSILDIET) to A.E.
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Masticatory uses of the anterior teeth of Sima de los Huesos individuals (Sierra de Atapuerca, Spain). J. Hum. Evo. 55, 713-728. [5] Estalrrich, A., Rosas, A., 2015. Division of labor by sex and age in
Neandertals: An approach through the study of activity-related dental wear. J. Hum. Evo 80, 51-63.
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The concept of Chaine opératoire (CO) allowsstudying traditional and prehistoric technological systems by systematically
describing the raw material procurement, production, use, discard, and cultural and technological variables. However, in recent
debates it is increasingly important to understand how the complexity of a technological system can change due to the interplay
between these variables. CO is limited in the information that can add to this debate because generally it offers one potential
state of the system. As an alternative, through petri net modelling, the states of a system can be mapped, and the possible
sequences of events, and the patterns of interaction between elements and events can be analysed. Petri nets are directed,
bipartite graphs with three basic elements: transitions, places, and arcs [1]. These nets can model systems such as computer
networks, biological regulatory networks, and production systems, by using formal mathematical semantics. Petri nets can be
presented in a graphical format that allows people unfamiliar with the mathematical notations to understand the modelled
system. Petri nets also allow to study the properties of systems using systematic methods [2]. Considering current debates
about the complexity of technological systems, petri nets can map the possible states that a system may reach by identifying
the possibilites of the executing steps (e.g., duting production), conducted in order, out of order, and/or in parallel. Usually,
the more out of order/ parallel steps the higher the concurrency of a system is and the larger the possible number of states that
a system can reach. The number of possible states is directly informative about the behaviour of the system. Simply put, when
concurrency is high, predictability is low and this may make the behaviour of a system complex. Although high concurrent
systems tend to be complex, they are also flexible, allowing for changes on the spot in the execution of processes. Production
process of traditional and prehistoric technological systems show the potential to be concurrent [3,4], but this property has not
been formally analysed. In this pilot study, we applied a petri net approach to model and compare the production process of
Ammocharis coranica and Ozoroa schinzii adhesives, based on ethnographic descriptions of traditional activities of Ju/’hoan hunters
from Nyae Nyae, Namibia [5]. We compared the number of possible states in both production processes. The results suggest
that the relation between the number of technological units and the behavioural complexity of the system as derived from the
type of activities conducted can vary. Also, units and complexity can both influence the number of possible states and the
predictability of the production processes. The Petri net models of these two ethnographic cases show order-independent and
parallel activities, suggesting that concurrency may be prevalent in the production of traditional adhesive technologies.

References: [1] Reisig, W., 2013. Understanding Petri Nets: Modeling Techniques, Analysis Methods, Case Studies. Springer Berlin Heidelberg, Berlin, Heidelberg. [2] Murata, T., 1989. Petri nets: Properties,
analysis and applications. Proceedings of the IEEE 77, 541-580. [3] Sahle, Y., 2019. Ethnoarchacology of compound adhesive production and scraper hafting: Implications from Hadiya (Ethiopia). ] of
Anthr. Archaeology 53, 43-50. [4] Maritan, L., Vidale, M., Mazzoli, C. et al., 2019. From clays to pots: chaines opératoires and technical options at a burnt Late Iron Age potter’s workshop (north-eastern
Italy). Arch. and Anthr. Sciences 11, 2049-2058. [5] Wadley, L., Trower, G., Backwell, L., et al., 2015. Traditional Glue, Adhesive and Poison Used for Composite Weapons by Ju/’hoan San in Nyae Nyae,
Namibia. Implications for the Evolution of Hunting Equipment in Prehistory. PLoS ONE 10, e0140269.
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The comfortable grasping of a tool is pivotal for both ergonomic handling and efficient tool use. It implies a secure
handling, preventing the object from slipping. The hand should not experience any harmful tension nor unpleasant sensations,
and the haptic process should not imply manipulative stress [1]. When studying ergonomic patterns, hand size is a major factor
to be taken into consideration, because the applied forces and the contact area are related to grip diameter, and therefore hand
dimensions might influence the comfort during the grasping [2]. In humans, males are able to produce greater grip force than
females, and hand dimensions are very good predictors of grip strength [3]. Moreover, males display on average larger hands
than females [4]. Here we study the ergonomic grasping of Lower Paleolithic stone tools. We asked 82 subjects to reach a
comfortable stone tools grip, and we recorded the phalanx flexion of each finger in by using a VMG 30™ motion capture
hand glove (Virtual Motion Labs®). The degree of flexion of the phalanxes are used to define the grasping patter of each
participant. We also took 10 anthropometrics measures of the hand of each individual, and used them in a Principal
Component Analysis on the hand dimensions. The first Principal Component represents 82% of the variance, and it is
positively correlated with hand dimensions. The flexion of the first, second, and third phalanx of the little finger, the flexion
of the second and third phalanx of the index finger, the flexion of the first phalanx of the middle, and the flexion of the first
phalanx of the thumb show a significant correlation with the PC1 of hand dimensions, and accordingly, hand size does
influence grasping pattern. Generally, individuals with larger hand need a larger degree of finger flexion to achieve a
comfortable grasp. Individuals with larger hand are mainly males. Therefore, future studies will assess whether this result is due
to allometric factors or if there are sexual-related difference on the manipulation of Lower Paleolithic stone tools.

References: [1] Tichauer, E. R., 1973. Ergonomic aspects of biomechanics. The industrial environment, its evaluation and control, 431-492. [2] Sco, N. J., & Armstrong, T. J., 2008. Investigation of grip
force, normal force, contact area, hand size, and handle size for cylindrical handles. Human Factors, 50(5), 734-744. [3] Nicolay, C. W., & Walker, A. L., 2005. Grip strength and endurance: Influences of
anthropometric vari-ation, hand dominance, and gender. International journal of industrial ergonomics, 35(7), 605-618. [4] Barut, C., Dogan, A., & Buyukuysal, M. C., 2014. Anthropometric aspects of
hand morphology in rela-tion to sex and to body mass in a Turkish population sample. Homo, 65(4), 338-348.
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The evolutionary sciences have been transformed by the impact of data science methods. Prevalent in genomics, these are
now being extended to palacontology and archaeology. Such approaches hold the hope of expanding the quantification of
phenotypes, enhancing pattern recognition and classification, and providing the basis for much larger samples. However, while
a genome can be easily reduced to a linear sequence of bases, similar approaches for phenotypes and material culture are more
challenging. There are three easily identifiable problems — one, the capture of data in a form that can be quantified and
information maximised, two, that the data are not a linear sequence but complex 3D objects or 2D image representations, and
three, transforming these into systematic data for analysis. Here, we present the principles and preliminary results from the
PALAEOLANLYTICS project that is developing machine learning and computer vision methodologies for lithic data capture
and analysis.

For over one hundred years, archaeologists have recovered, recorded, photographed and drawn stone tools, and used these
to build up strong models of their typologies, technologies, distributions and affinities. Much of this information is recorded
in publications of greater or lesser accessibility, and large-scale, comprehensive databases are few and far between. To improve
the scale and quality of these data, the PALAEONALYTICS Project has utilised computer vision methodologies to develop
PyLithies, an open-source, free for use, software package to capture rapidly large volumes of these data in usable forms. Pyl ithics
1.0 processes lithic artefact illustrations scanned from the literature, and has been optimised for feature extraction and
measurement using a number of computer vision techniques, including pixel intensity thresholding, edge detection and
segmentation, and custom template matching and image kernels.

On both conventional and modern drawings, Pylithics v1.0 can identify and measure dorsal surface scar number, shape,
size, orientation and diversity. The orientation and flaking direction of dorsal scars can also be calculated from either ripples
or arrows. Complete size and shape metrics of individual scars and whole flakes can be calculated and recorded in a
customisable database. The resulting data can be used for metrical analysis or for extracting features indicative of both
typologies and technological processes. Data output has been optimised for machine learning algorithms and can easily be
employed to explore patterns of variation within and between assemblages.

While the work is at a preliminary stage, focusing on flakes rather than complete assemblages, we describe these methods,
present some initial results, and show how researchers can access it for their own drawings. We outline briefly how these can
be used to enhance current approaches to prehistoric lithic analysis.

This research is supported by a grant from the Alan Turing Insitute, London, UK
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Late Pleistocene Homzo sapiens fossils associated with the Aterian industry in Northern Africa can provide valuable insight
into the spread of our species within and out of Africa. Aterian sites yielding human remains have been found exclusively in
Morocco and include Mugharet el ‘Aliya, Grotte des Pigeons (Taforalt), Dar es-Soltan II, El Harhoura I and Grotte des
Contrebandiers (Temara). Both the time range and geographical proximity of these sites to Eurasia suggest that these hominins
may be associated with one or several out of Africa dispersals between 120 and 50 ka. Historically, Aterian fossil remains,
which are characterized by robust facial and mandibular morphology and large teeth, were sometimes considered “African
Neanderthals.”” More recent studies, however, emphasize facial [1] and dental affinities [2] to early H. sapiens from the Middle
East (Skhul and Qafzeh).

In this study, we quantify the shape and growth patterns of a previously undescribed juvenile maxilla from Grotte des
Contrebandiers by integrating three-dimensional geometric morphometrics and bone surface histology (i.e., bone resorption
and formation). The site of Grotte des Contrebandiers was first excavated by Roche in 1955. Subsequent excavations yielded
a mandible and cranial fragments in the mid-1970s [3] and in 2009 a skull and partial skeleton [4] of a 7 or 8-year-old child
dated to around ca. 108 ka [5].

While much of the cranium was found shattered, the maxilla remained largely intact. Following minor virtual
reconstruction, three-dimensional shape data was collected in the form of landmark and semilandmark coordinates, and
compared to an extensive sample of Early to Late Pleistocene juvenile and adult hominin fossils and Holocene humans. We
used developmental simulations to predict adult shapes of the Contrebandiers maxilla by growing it along three ontogenetic
trajectories using multivariate regression: Neanderthal, African and Middle Eastern early H. sapzens and Holocene H. sapiens.
The resulting juvenile and adult shapes were plotted in principal component analyses (PCA). Finally, patterns of bone
formation and resorption were mapped on the Contrebandiers maxilla and compared to Qafzeh 11, Neanderthals and
Holocene H. sapiens.

Neanderthals and H. sapiens show distinct ontogenetic trajectories, with early H. sapiens from Africa and the Middle East
plotting intermediate between the two in the PCAs. The shape of the juvenile Contrebandiers maxilla is most similar to the
juvenile remains from Qafzeh (10, 11 and 15). Its predicted adult shapes always plot within H. sapiens variation - even when
grown along a Neanderthal ontogenetic trajectory. However, these predicted adult shapes do not show any special affinities to
Dar es Soltan II-V. Visualization of shape changes along the trajectories show subtle differences in maxillary growth between
Neanderthals and eatly H. sapiens. The maxillary body becomes more inflated along the Neanderthal trajectory, whereas the
lower maxilla becomes more prognathic along the early H. sapiens trajectory. These results are confirmed in our surface
histology analysis. Like recent H. sapiens, both Contrebandiers and Qafzeh 11 are characterized by greater amounts of bone
resorption compared to Neanderthals, indicative of their orthognathic mid-faces. This study supports previous research on
Aterian facial and dental morphology linking them to both the Middle Pleistocene fossils from Jebel Irhoud and Late
Pleistocene fossils from the Middle East.

This contribution is in memory of Harold L. Dibble. We would like to thank all members involved in the Contrebandiers excavations, in particular Zeljko Rezek, and all curators who gave us access to
recent and fossil hominin specimens for computed tomography and analysis, as well as Heiko Temming and David Plotzki for their technical assistance.

References: [1] Harvati, K., Hublin, J.J., 2012. Morphological Continuity of the Face in the Late Middle and Late Pleistocene Hominins from Northwestern Africa: A 3D Geometric Morphometric
Analysis, in: Hublin, J.J., McPherron, S.P. (Eds.), Modern Origins: A North African Perspective. Springer, New York, pp. 179-188. [2] Hublin, J.J., Verna, C., Bailey, S. et al., 2012. Dental Evidence from
the Aterian Human Populations of Morocco, in: Hublin, J.J., McPherron, S.P. (Eds.), Modern Origins: A North African Perspective. Springer, New York, pp. 189-204. [3] Roche, J., Texier, J.-P., 1976.
Découverte de restes humains dans un niveau atérien supérieur de la grotte des Contrebandiers, 2 Temara (Maroc). Comptes Rendus de *Académie des Sciences de Paris, Série D 282, 45-47. [4] Dibble,
H., Aldeias, V., Alvarez-Fernandez, E. et al., 2012. New excavations at the site of Contrebandiers Cave, Morocco. Paleoanthropology 2012, 145-201. [5] Jacobs, Z., Meyer, M.C., Roberts, R.G. et al., 2011.
Single-grain OSL dating at La Grotte des Contrebandiers (‘Smugglers’ Cave’), Morocco: improved age constraints for the Middle Paleolithic levels. J of arch. Scie 38, 3631-3643.
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Reindeer (Rangifer tarandus) was one of the most important prey species for human populations in Western and Central
Europe during much of the Paleolithic period, notably during the glacial periods [1]. The high frequency of reindeer remains
in French sites during the Magdalenian suggests that hunter-gather groups were highly dependent on this animal resource [2].
Mobility patterns of reindeer would have affected the hunting strategies and the mobility of hunter-gatherer groups that depend
on them. The question of the seasonal occupation of human territories and the seasonal behavior of reindeer remains open.
Thus, many studies have focused on it, particularly during the Magdalenian. However, and despite the numerous attempts to
reconstruct the migratory behavior of Paleolithic reindeer, there has yet to be a definitive model that can explain their
movement patterns.

Modern ethological data indicates that reindeer herds adopt different mobility strategies or patterns that correlate with
habitat type and topography [3]. Furthermore, it has been demonstrated that an animal’s habitat and mobility patterns
hypothetically affect bone density and limb bone morphology as has been proven in several species [4].

Therefore, the main goal of our project is to quantify the link between mobility and morphology using metacarpals,
metatarsals and phalanges (because of the specialization and elongation of metapodial bones in artiodactyls, they have
traditionally been used in a number of morphometric studies to assess body size, locomotor behaviour and habitat preference)
from current caribou populations (migratory and sedentary settings) and to apply these results to twenty-three faunal
assemblages from Upper Paleolithic archacological sites in South-western France to reconstruct reindeer mobility. Thus, from
an actualistic approach, we have successfully created a referential framework using linear measurements from metacarpals,
metatarsals and phalanges of extant reindeer (caribou) in combination with Machine Learning (ML) algorithms to identify two
major types of migration: the first corresponds to mobile reindeer, which cover distances greater than 200 km and the second
to weakly migratory reindeer that move for distances of less than 200 km [5]. Then, this referential framework has been applied
to archaeological samples from South-western France. As a result, ML analyses showed how it is possible to distinguish
reindeer mobility patterns with more than 90% of accuracy depending on the skeletal part and bone type. These results will
allow us to reconstruct how migratory patterns of Paleolithic reindeer affected human hunting strategies and the mobility of
hunter-gatherer groups that depended on them during Magdalenian period.

This project has received funding from the European Union's Horizon 2020 Research and Innovation Program (Marie Sklodowska Curie Actions, Grant Agreement n © 794925).

References: [1] Costamagno, S., Barshay-Szmidt, C.,Kuntz, D. et al., 2016. Reexamining the timing of reindeer disappearance in southwestern France in the larger context of late glacial faunal turnover.
Quat. Int. 414, 34-61. [2] Kuntz, D., Costamagno, S., 2011.Relationships between reindeer and man in southwestern France during the Magdalenian. Quat. Int. 238, 2-24. [3] Thomas, D.C., and Gray,
D.R, 2002. COSEWIC Assessment and update status report on the Woodland Caribou Rangifer tarandus caribou in Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa. [4]
DeGusta, D, and Vrba E., 2003. A method for inferring paleohabitats from the functional morphology of bovid astragali. J. Archacol. Sci. 30, 1009-1022. [5] Wittmer, H.U., McLellan, B.N. Hovey,FW.,
2006. Factors influencing variation in site fidelity of woodland caribou (Rangifer tarandus caribou) in southeastern British Columbia. Can. J. Zool. 84, 537-545.
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The identification of three Prehistoric archaeological sites in the Vouga river valley - Rodo, Vau and Bispeira 8 - was the
most import outcome of the archaeological works carried out in 2014/2015, in the scope of the Ribeiradio-Ermida
Hydroelectric project.

The identification, excavation and study of these sites, situated halfway between Estremadura and the Coa Valley, the focal
areas for the study of Upper Pleistocene in Portugal, is extremely relevant to understand raw material procurement, mobility
and land use by Upper Palacolithic hunter-gatherers. The analysis of allochthonous raw materials and spatial distribution at
Vau indicates that the occupation during the Gravettian (US005) denotes characteristics of less specialized permanent
residence. Rodo seems to show traces of a greater mobility which translates into ephemeral occupation sites during the
Middle/TLate Magdalenian and Azilian. This poster explores the spatial distribution of this kind of materials at Rodo in order
to get a better understanding of the mobility during this period. The Rodo archaeological site is located on a platform, broadly
corresponding to a fluvial terrace, sloped towards the current riverbed of the Vouga River, encompassing the convex sector of
a meander. This platform results from the long process of river incision (the formation of different terrace levels) combined
with slope erosion. A colluvial deposit (UE006) developed on top of the river terrace and packed a lithic assemblage and some
stone structures that may correspond to anthropic combustion features. The top of the sequence (UE003) was disturbed by
post-depositional phenomena (ravine channels, recent reforestation and road construction). Excluding some blade fragments
and microlith types, possibly from Neolithic occupation, the lithic industry shows uniform techno-typological characteristics.
Retouched tools are rare but flint unguiform endscrapers, marginally backed bladelets and backed curved bladelets (Azilian
points) were identified. Débitage is oriented towards the production of flakes and bladelets. Cores on flake were exploited
along their edges (mostly burin but also endscraper types) to produce bladelets and bipolar débitage on anvil is also frequent.
Quartz, quartzite and other coarse-grained cobbles were used for expedient flake débitage or transformed into denticulates,
notches or scrapers and macro-tools. According to lithic technology and radiocarbon dates (15,831-15,383 cal BP -
ref.17C/0828; 10,696-10,443 cal BP - ref. 17C/0825 and 10,252-10,177 cal BP - ref. 17C/0824) the Rodo human occupation
can be attributed to Middle/ILate Magdalenian and Azilian. Flint, silcrete and other hydrothermal veins, available in smaller
amounts and more distinctive in terms of the reduction sequences applied, were preferentially chosen to attempt refitting. The
spatial analysis of these lithic raw materials allowed to identify clusters and preferential distribution patterns. This work aims to
shed light on site formation processes, stratigraphic integrity, duration of human occupations and site function and answer the
following questions: are we dealing with short-term occupations or long-term residential camps? Are we dealing with a single
occupation or a repeated one within the scope of the annual displacement circuit of the hunter-gatherers who lived there?
Does the available information support choosing between one multi-purpose residential base camp occupied during a season
of the year or one specialized camp?

Financial support for this research has been provided by FCT - Fundagio para a Ciéncia e a Tecnologia in the framework of the projects: Upper Paleolithic and Preventive Archacology in Portugal:

challenges and opportunities (PTDC/HAR-ARQ/30779/2017).

36



Pecha Kucha Presentation [Cancelled]

Evolutionary morphology of the European Upper and Middle Pleistocene archaic human clavicle:
an ontogenetic study

Rebeca Garcia-Gonzalez!, Azahara Salazar!, Laura Rodriguez!23, Yulieth Quintino'#, Juan Luis Arsuaga®®, José Miguel
Carreterol?

1 - Laboratorio de Evolucién Humana. Departamento de Historia, Geograffa y Comunicacién. Universidad de Burgos. Edificio I+D+i.
Plaza Misael Bafiuelos s/n, Burgos, Spain - 2 - Facultad de Ciencias de la Salud. Universidad Isabel I. Paseo de los Comendadores s/n.
Burgos, Spain - 3 - Area de Antropologia. Universidad de Leon. Callejon Campus Vegazana, s/n. Leén, Spain - 4 - Centre for Ecology,
Evolution and Environmental Changes. Faculdade de Ciencias. Universidade de Lisboa. Edifico C2, 5° Piso, Sala 2.5.46, 1749-016 Lisboa.
Portugal - 5 - Centro UCM-ISCIII de Investigacion sobre la Evoluciéon y Comportamiento Humanos, Avda. Monforte de Lemos, 5,
28029 Madrid, Spain - 6 - Departamento de Paleontologfa, Facultad de Ciencias Geoldgicas, Universidad Complutense de Madrid, Ciudad

Universitaria Madrid, Spain.

Upper Pleistocene Neandertals are characterized by absolutely and relatively long clavicles, which are related to a large
thorax with broad shoulders and pelvises in turn related to medio-lateral wider bodies [1,2]. This thoracic bauplan seems to be
associated with a delayed pattern of maturation of specific skeletal regions (vertebral column) rather than with the
developmental pattern of the whole skeleton [3]. In contrast, previous studies have pointed out that Neandertals and modern
humans (MH) differ either in the overall rate or in the duration of growth [4,5].

The Middle Pleistocene Sima de los Huesos (SH) hominins, share with Neandertals the “wider body” bauplan and many
anatomical features of postcranial skeleton [2]. Among the skeletal remains unearthed from this site there are three complete
clavicles belonging to three different individuals: two subadult represented by two right clavicles in different growth stages (Cl-
IV and CI-VI) and one adult represented by the left clavicle (CI-VII) [2]. With these specimens, the pattern of clavicle
development can be explored in this sample and comparisons with Neandertals and MH performed. We seck to answer two
important questions: 1) Did Neandertals and SH hominins share the same clavicular developmental pattern, as expected by
their shared body bauplan? and if so, 2) Are there differences in the pattern of clavicular growth between these two archaic
species and MH?

Using both, 3D geometric morphometric 3DGM) techniques and the traditional formalism (TT) for the analysis of
ontogenetic allometry, we carried out a comparative analysis of the clavicular morphology during development in Neandertals
and their direct ancestors (same paleodeme) as well as in modern humans. 3DGM methods were applied in a comparative
framework including 92 modern human clavicles aged from birth to adulthood and the 3 complete clavicles from SH (we do
not have 3D data from Neandertals). A set of 22 homologous 3D landmarks and 124 semilandmarks (located along 20 curves)
were used to collect the precise morphology of these clavicles using Stratovan Checkpoint software. For the TF, we measured
23 linear variables in 252 recent adult and subadult clavicles coming from four different skeletal collections along with 13
Neandertal (6 subadult plus 7 adult) clavicles.

Comparing the SH and modern human clavicles using 3DGM we have detected non-size related shape differences related
to the development of the curvatures and the relative conoid length. Similar differences are detected between Neandertal and
MH clavicles through TF analysis but not between SH and Neandertals. These results support that Neandertals and SH
hominins share the pattern of clavicle development which differ to that of MH. These different patterns of development seem
be related to different body shape.

Differences between the SH-Neandertal paleodeme and MH are mainly due to dissociated patterns of growth allometry,
which in turn are due to the different rate of growth of the conoid length of the clavicle relative to the maximum length. These
archaic humans show a higher degree of negative allometry in the growth of this variable than MH.

The authors received funding from the Ministerio de Economia y Competitividad, Spain: Projects CGL2015-65387-C3-2-P, PGC2018-093925-B-C33 (MCIU/AEI/FEDER, UE) and PGC2018-
094125-B-100 (MCIU/AEI/FEDER, UE). We would like to acknowledge SH excavation and research team for their support.

References: [1] Trinkaus, E., 1983. The Shanidar neandertals. Academic Press. [2] Arsuaga, J.L. et al., 2015. Postcranial morphology of the middle Pleistocene humans from Sima de los Huesos, Spain.
Proceedings of the National Academy of Sciences 112.37: 11524-11529. [3] Rosas, A. et al., 2017The growth pattern of Neandertals, reconstructed from a juvenile skeleton from El Sidron (Spain). Science
357.6357 (2017): 1282-1287. [4] Thompson, ]J. L. and Nelson, A. J., 2000. The place of Neandertals in the evolution of hominid patterns of growth and development. J. Hum. Evol., 38(4), 475-495. [5]
Smith, Tanya M. et al., 2007. Rapid dental development in a middle Paleolithic Belgian Neanderthal. Proceedings of the National Academy of Sciences 104.51: 20220-20225.
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Our understanding of the evolution of the human thorax has largely improved during the last decade through the use of
virtual anthropology and 3D geometric morphometrics. For example, recent research has produced 3D reconstructions of the
thorax of adult and subadult Neanderthals [1,2], but also other fossil species such as Homo erectus [3]. In these studies, it was
suggested that the morphology of the Neanderthal thorax, relatively deep and shorter compared to the one from modern
humans, could be also retained from H. erectus. However, it is still debated if some features of thorax morphology from this
lineage (considered as the primitive condition) could have even older roots in human evolution. In this regard, the morphology
of the Australopithecus ribcage is important. Because of that, different hypotheses have been proposed through the study of
different Australopithecus specimens. For example, Schmid et al. [4] proposed that the A. sediba thorax was largely apelike in the
uppet part but more human like in the lower part. However, Latimer et al. [5] in their study of the KSD-VP-1/1 A. afarensis
proposed that this individual had a modern human-like overall thorax morphology. Limitations include of the latter’s non-
inclusion of intermediate species between Australopithecus and humans, such as H. erectus, due to the subadult status of
specimens.

Here, we compatre the best-preserved thoracic fossil remains of the MH1 A. sediba juvenile individual with those of adult
and subadult H. sapiens, P. troglodytes and the juvenile H. erectus from Nariokotome. After 3D scanning of the individual fossil
elements, we used a protocol of 60 semi-landmarks to quantify the 3D morphology of ribs 1-6 and a protocol of 111 semi-
landmarks to quantify the 3D morphology of the T2 and T4 vertebrae from MH1. After Procrustes superimposition of the
3D coordinates, the shape data was subjected to a cluster analysis in order to explore morphological similarities between the
MHI1 specimen and the rest of the sample. Our results show that the upper ribs (R1 and R2) present morphological affinities
with H. erectus from Nariokotome, whereas the rest of the upper thorax (R3-R4) are more similar to both adults and subadult
P. troglodytes. This is caused by the reduced rib torsion of MH1 and chimpanzee ribs compared to those of H. sapiens and H.
erectus. However, in the two vertebrae analyzed, we find a clear association between the .A. sediba vertebrae and those of H.
erectus but also to juvenile modern humans. This affinity is due to the shorter but more horizontally oriented spinous process
of those groups, but also by the relatively taller vertebral body.

For the first time, we compared the 3D morphology of A. sediba ribs and vertebrae with those of adult and subadult current
extant taxa and also with other fossil species such as H. erectus. We highlight here the morphological affinity of MH1 vertebrae
to H. erectus but also to subadult H. sapiens. In the ribs, we observe also some similarity of the upper ribs of MH1 with H. erectus,
whereas the ribs towards the central thorax are more ape-like because of reduced torsion. The thorax morphology of A. sediba
was likely a mosaic of features between more ape-like ribs and a more human-like spine, with the very upper thorax (R1 and
R2) probably representing a unique morphology shared by fossil hominins but not observed in humans or chimpanzees. We
also propose that ontogeny plays an important role for the understanding of the spine of MH1, since our results show
morphological affinities between H. sapzens subadults and MH1 and Nariokotome H. erectus, which are also subadults. Future
studies should invest in efforts to reconstruct the 3D morphology of the ribcage to paint a larger picture of hominin thorax
evolution.

Acknowledgments: CGL.2015-63648-P and FJCI-2017-32157, from the Spanish Ministry of Science, Innovation, and Universities, funds MB and DGM.
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D., Bastir, M., Gémez-Olivencia, A. et al., 2020. Early development of the Neanderthal ribcage reveals a different body shape at birth compared to modern humans. Science advances, 6(41), eabb4377.
[3] Bastir, M., Garcia-Martinez, D., Torres-Tamayo, N. et al., 2020. Rib cage anatomy in Homo erectus suggests a recent evolutionary origin of modern human body shape. Nature ecology & evolution,
4(9), 1178-1187. [4] Schmid, P., Churchill, S. E., Nalla, S. et al., 2013. Mosaic morphology in the thorax of Australopithecus sediba. Science, 340(6129). [5] Latimer, B. M., Lovejoy, C. O., Spurlock, L. et
al., 2016. The thoracic cage of KSD-VP-1/1. In The postcranial anatomy of Australopithecus afarensis (pp. 143-153). Springer, Dordrecht.
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The Magdalenian culture in the Swabian Jura is characterized by a rich archaeological record, consisting of lithic tools,
faunal and human remains, evidence of symbolic behavior, secondary burials, and osseous tools. This poster shows the results
of the technological analysis carried out on the 98 worked reindeer antler pieces, consisting of discarded matrices, secondary
matrices, waste products, blanks, preforms, and finished tools. The assemblage comes from the sites of Hohle Fels and
Brillenhohle in the Ach Valley, and Vogelherd and Langmahdhalde in the Lone Valley. Particulatly, the rich corpus of finished
tools is composed of barbed points, pointed tools, beveled tools, a baguette deni-ronde, a polished antler piece, and a baton perce.
The pointed tools, mainly consisting of beveled and double bevel-based points, dominate the assemblage, followed by a lower
number of barbed points. The archacological layers where the artifacts were recovered are dated to a Late Magdalenian phase,
from an occupation spanning from 16.3 to 13.9 cal Kyr BP ca [1-3]. The analysis aims at understanding which technical
strategies Magdalenian human groups adopted in terms of raw material management and processing for antler tool production.
Furthermore, we compare our data to evaluate differences and similarities of the tool technology at the different sites and to
place the antler working of the Ach and Lone valleys in a wider continental context. In our study, we analyzed the worked
antler artifacts on a morphological and morphometric basis, and observed the surfaces of each artifact to assess their degree
of preservation as well as to detect anthropogenic modifications related to manufacturing. The assemblage shows an overall
good degree of preservation, with a few specimens displaying a sign of low-to-medium weathering, exfoliation, and corrosion.
Despite these taphonomic alterations, and a quite diffused presence of manganese dioxide on a third of the assemblage, the
marks ascribed to anthropogenic activity are well preserved and visible. The observation of the surfaces shows a recurrence of
technological traces ascribed to the techniques of grooving, sawing, hacking, drilling, engraving, scraping, and abrading. The
distribution and frequency of these techniques on specimens from different technological categories, and their location on the
artifact surfaces, allowed us to infer a common raw material management and reduction sequence that Magdalenian people
adopted at all the sites in our study. Further, our results fit with contemporary antler tool technology attested elsewhere in
Europe [4-5], suggesting the Swabian Jura to be actively included in a common technical tradition characterizing osseous
technology during the Magdalenian.

This research is funded by the State of Baden-Wiirttemberg law for the promotion of graduates (LGFG) with a doctoral scholarship. We thank Dr. Fabian Haack and the Landesmu seum of Stuttgart
who provided access to part of the analyzed archaeological assemblage.

References: [1] Orschiedt, J., 2002. Secondary burial in the Magdalenian: The Brillenhéhle (Blaubeuren , Southwest Germany). Revue d’Archéologie préhistorique. 14, 1-23. [2] Taller, A., Bolus, M.,
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Eurasian Palaeolithic. Eraul & archéolLogiques, pp. 383-399. [3] Wong, G.L., Drucker, D.G., Starkovich, B.M. et al., 2020. Latest Pleistocene paleoenvironmental reconstructions from the Swabian Jura,
southwestern Germany: Evidence from stable isotope analysis and micromammal remains. Palacogeography, Palacoclimatology, Palaeoecology. 540, 109527. [4] Averbouh, A., 2000. Technologie de la
matiére osseuse travaillée et implications palethonologiques. I.’exemple des chaines d’exploitation du bois de cervidé chez les Magdaleniens des Pyrenées. Université Paris I - Panthéon- Sorbonne. [5]
Wild, M., 2020. Coping with risk through seasonal behavioural strategies. Technological analysis of selected Late Upper Palacolithic antler assemblages from northern Germany, southern Scandinavia and
the Paris Basin. Untersuchungen und Materialien zur Steinzeit in Schleswig-Holstein und im Ostseeraum, Band 12, S6nke Hartz and Harald Liibke Eds. Wachholtz.
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During the last twenty years, lithic technology has acquired a prominent role in defining techno-complexes in the eatly
Upper Palaeolithic (eUP). Four techno-complexes, with entangled, and still debated connections, are linked to the eUP: the
Southern Early Ahmarian, the Northern Eatly Ahmarian, the Protoaurignacian, and the Early Aurignacian. Their different
approach to bladelets-making, disassociated or continuous with blades-making, coupled with a typological variability, is the
main argument for splitting them into different technological traditions [1,2]. The techno-typological definitions have been
embraced to understand the origin and the different routes of dispersal during the eUP [3,4]. Bladelets production and
typological variability have become the gold standard for understanding eUP traditions [5]. Therefore, the research is an attempt
at reconstructing the design of bladelets-making in the eUP. It is a direct first-hand technological comparison between three
assemblages: Al-Ansab 1, Romanesti-Dumbravita I layer GH3 and Grotta di Fumane units A1-A2. They are dated to the eUP
span, ca. 43-38 ka cal BP, and encompass at least two defined techno-complexes, Southern Early Ahmarian and
Protoaurignacian. Assemblages have been sampled for cores, complete, and semi-complete blanks, analysed through chaine
opératoire approach and morpho-technological attributes. Chalne opératoire is used for defining the different knapping stages,
while the attributes are a further characterisation for identifying management and primary blanks recognised in the diacritical
diagrams. Bladelets are identified as <12 mm wide laminar blanks. Despite the arbitrary cut-off, metrical data are showing a
natural prevalence of blanks under the established threshold. Cores’ different morphologies, often cited as decisive in
differentiating between technocomplexes, underlie the same focus on producing unipolar bladelets from narrow portions of
the flaking surface. Bladelets are consistently identified as blanks exploiting convexities, while blades are more related to the
shaping of the core convexities. Asymmetrical, twisted-in-profile blades are the most frequent blanks in management ones and
are compatible with isolating narrow portions of the flaking surface. An integrated production of blade and bladelets might
occur in the first stages, but bladelet production is dominant. No fundamental difference in bladelets-making strategies is
detected among the three assemblages, therefore questioning former definitions of techno-complexes and their variability.

This study was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation)—Project Number 57444011 - SEB 806. I thank Prof. Marco Peresani for giving me access to
assemblages of Grotta di Fumane and for the support. Fieldwork and research at Fumane are coordinated by the University of Ferrara (M.P.) 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, Veneto Region - Department for Cultural Heritage)
and by private associations and companies. The Romanesti-Dumbrivita I assemblage is stored at the Archacology Institute "VASILE PARVAN" -Romanian Science Academy, I thank Dr. Adrian
Dobos and Dr. Alexandru Ciornei for giving me access and the support.

References: [1] Bon, F., 2002. I.’Aurignacien entre mer et océan: réflexion sur Punité des phases anciennes de ’Aurignacien dans le sud le la France, Mémoire / Société Préhistorique Frangaise. Soc.
Préhistorique Frangaise, Paris. [2] Davidzon, A., Goring-Morris, N., 2003. Sealed in Stone: The Upper Palaeolithic Early Ahmarian Knapping Method in the Light of Refitting Studies at Nahal Nizzana
XIII, Western Negev, Israel. ] of The Israel Preh. Society. 33, 75-205. [3] Anderson, L., Bon, F., Bordes, J.-G. et al., 2015. Relier des espaces, construire de nouveaux réseaux: aux origines du
Protoaurignacien et des débuts du Paléolithique supérieur en Europe occidentale. In: Naudinot, N., Meignen, L., Binder, D., Querré, G. (Eds.), Les Systemes de Mobilité de La Préhistoire Au Moyen f\ge
XXXVe Rencontres Internationales d’archéologie et d’histoire d’Antibes. Editions APDCA, Antibes, pp. 93-109. [4] Mellars, P., 2011. The earliest modern humans in Europe. Nature. 479, 483-485. [5]
Le Brun-Ricalens, F. (Ed.), 2005. Actes du XIVeme congrés UISPP, Université de Liege, Belgique, 2 - 8 septembre 2001: session 6, Paléolithique supéricur ; section 6 - Upper Palacolithic, Archéologiques
/ Musée National d’histoire et d’art Luxembourg. Presented at the Congrés UISPP, Musée National d’Histoire et d’Art, Luxembourg.

40



Poster Presentation Number 43, Session 2, Thursday 2:15-3:15 pm
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Modern human and Neanderthal faces present clear morphological differences at all ontogenetic stages. Their post-natal
ontogenetic allometric trajectories diverge [1] and in both species, as the various components of the mid-face develop and
grow, bone facial remodelling is thought to play a key role in adapting them to their final adult form. In modern humans,
maxillary growth is characterised by bone resorption on the anterior surface, whereas in Neanderthals extensive bone
deposition is the common finding [2]. This morphogenetic difference is present by approximately 5 years of age [2].

During development, crania are loaded by forces applied to the masticatory system in feeding and manipulation. These
change over time, as diet (e.g., weaning) and paramasticatory behaviour change. Differences are known to exist in adults
between Homwo sapiens and Neanderthals, with Homo sapiens relatively more efficient at generating bite forces but less able to
support the strains and deformations produced by such forces [3,4]. Differences in mid-facial form between these species
might be expected to be influenced and to influence the distribution and magnitude of strains experienced during masticatory
system loading. Since bone adapts to loads, such differences might underlie and contribute to the distinctive distributions of
facial remodelling fields in both species and so, to differences in craniofacial growth.

The present study explores the ontogeny of modern human and Neanderthal biting resistance as a preliminary to assessing
potential associations between the distributions of facial strains arising from biting and facial remodelling among hominins.
Our aim is to see if any differences in strains exist during post-natal ontogeny. We test the null hypothesis that modes and
magnitudes of cranial deformation do not differ between modern humans and Neanderthals at each age stage when exposed
to similar constraints.

We used ontogenetic series of Neanderthals and modern humans ranging from newborn to adult. Using 44 landmarks and
201 sliding semilandmarks multivariate regressions of cranial shape on size were used to create three surfaces representing the
mean infant, juvenile, and adult stages. These surfaces were converted into finite element models and constrained and loaded
in a standardised way to simulate right first incisor and P4/dm2 biting. Applied forces and material propetties were identcal
among models to control all variables except craniofacial form. We compared the resulting deformations, maps of von Mises
strains and tensile and compressive strains in the maxilla.

The resulting deformations differ in both mode and magnitude between modern humans and Neanderthals. In both incisor
and P4/dm?2 biting simulations, modelled strains decrease between infants and adults, as is to be expected given differences in
size. The infant modern human presents higher strains than the infant Neanderthal over the anterior and inferior maxilla in
both biting simulations. This is reversed in the juvenile models and the strains are more similar in adults. Finally, for both biting
simulations, modern humans and Neanderthals deform differently, reflecting the differences in developed strains at each age
stage.

These findings reflect differences in the dynamics of facial growth between modern humans and Neanderthals. Moreover,
the differences in strains in the infant, juvenile maxillae in modern humans and Neanderthals model may to some extent
underlie and explain the differences in maxillary surface remodelling in these two species. Further work on a wider range of
models and loading scenarios is needed to explore this issue further.

We would like to thank D. Shapiro, Joan T. Richtsmeier, G. Holoborow, S. Black and L. Scheuer for the information and access to Bosma and Dundee-Scheuer human skeletal collections. For the
access and permission to their fossil materials, we would like to thanks the different institutes and their collaborators: Musée national d’Histoire naturelle, Musée de ’'Homme (Paris, France), Musée
national de la Préhistoire and his director J.J. Cleyet Merle, Museum of Natural History (London, UK), Patrick Semal and the Institut Royal des Sciences naturelles de Belgique (Bruxelle, Belgique), Jean
Jacques Hublin and Philipp Gunz from Max Planck Institute for Evolutionary Anthropology (Leizpig, Germany), Luca Bondioli and the Pigorini Museum (Universita di Padova, Italy).We would also
like to thank the Dan David Center of Human Evolution and Biohistory Research, Shmunis family anthropological institute, Sackler Faculty of Medicine, Tel Aviv University (Tel Aviv, Israel) for
granting access to Amud 1. Finally, we thank the NESPOS platform for access to modern and fossil material.
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Anthropology, 320-342. [2] Lacruz, R.S., Bromage, T.G., O’Higgins, P. et al., 2015. Ontogeny of the maxilla in Neanderthals and their ancestors. Nature communications, 6(1), 1-6. [3] Godinho, R.
M. Fitton, L. C., Toro-Ibacache, V. et al., 2018. The biting performance of Homo sapiens and Homo heidelbergensis. . Hum. Evol., 118, 56-71. [4] O'Connor, C. F., Franciscus, R. G., Holton, N. E., 2005. Bite
force production capability and efficiency in Neandertals and modern humans. AJPA: The Official Publication of the Am.Association of Phys. Anthropologists, 127(2), 129-151.
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Homo lugonensis is a species that lived until at least 50,000 to 67,000 years ago in northern Philippines, East of the Wallace
line [1]. Likely to have been isolated on Luzon Island for tens to hundreds of thousands of years, it shows both archaic features
(i.e., occurring in the australopiths) and derived characters (i.e., occurring in the upper Pleistocene Homo species). Their archaic
features could result either from a close phylogenetic relationship with the Australopithecines or the early members of the
genus Homo. It may also result from the effects of island evolution that favored reversals (i.e., return to primitive characters),
correlated with a close phylogenetic relationship with a more derived hominin species (e.g., Asian Homzo erectus). To test these
two main hypotheses, we carried out a cladistic analysis based on the dental (premolars and molars) and postcranial (hand and
foot bones) remains of adult H. /uzonensis and most of the modern and fossil species recognized in the family Hominidae. The
matrix used for this analysis contains characters frequently found in paleoanthropological studies, such as frequency-defined
ASUDAS characters [2], and new characters we created to describe hand and foot remains. The various trees obtained indicate
that both hypotheses are possible. The phylogenetic hypotheses where H. Jugonensis is derived from H. erectus are supported by
higher retention index and average group support after symmetric resampling. However, those where H. /ugonensis is basal to
the whole Homo genus are obtained using implied weighting [3], a method whose relevance is discussed when island taxa are
analyzed. Moreover, H. /lugonensis probably had reduced body dimensions and adaptations of his locomotor repertoire which
have parallels in other insular mammals [4]. Besides, the tropical forest environment present on Luzon Island [5] could have
favored the selection of such features. Combining our results with the state of the art concerning the hominin fossil record in
Asia, island evolution and the environmental context of H. /uzonensis, we conclude that H. /ugonensis most probably results from
an insular evolution with an Asian H. erectus ancestor.

References: [1] Détroit, F., Mijares, A.S., Corny, J. et al., 2019. New species of Homo from the Late Pleistocene of the Philippines. Nature 568, pp. 181-186. [2] Scott, G.R., Irish, J.D., 2017. Human Tooth
Crown and Root Morphology. Cambridge University Press. [3] Goloboff,P.A., 1993. Estimating Character Weights During Tree Search. Cladistics, 9, pp. 83-91. [4] Sondaar, P.Y., 1994. Paleoccology and
evolutionary patterns in horses and Island mammals. Historical Biology 8, pp. 1-13. [5] Boivin, N., Fuller, D.Q., Dennell, R. et al., 2013. Human dispersal across diverse environments of Asia during the
Upper Pleistocene. Quat. International, The Middle Palacolithic in the Desert 300, pp. 32-47.
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The Palaeolithic site of La Ferrassie yielded seven Neanderthal skeletons, first in the early 20th century and then in 1972.
Beyond their importance for the biological identity of Neanderthals, these finds raise questions about potential funerary
practices of this extinct branch in human evolution. Of the seven individuals, two were already dated thanks to recent
excavations of the site: the La Ferrassie (LF) 2 individual was dated to ca. 43-45 ka by Optically Stimulated Luminescence
(OSL) and radiocarbon [1], while LF 8 was dated, by radiocarbon applied to associated finds, to ca. 42-45 ka [2]. In 1909, LF
1 was found and extracted in at least two blocks of sediment for studies in Paris by M. [3]. Here we present joint chronologies
for (i) the main sequence where LEF2 was located thanks to sedimentological analyses, (i) the LF8 area and (iii) a sediment lump
associated with LF1. Indeed, in 2015 we could retrieve sediment, some of which was still (naturally) consolidated, from one of
the sediment blocks that were transported and kept in the Musée de "THomme, Paris. The chronology is obtained by applying
BaylLum [4,5] to the set of numerical ages obtained by radiocarbon and OSL, taking into account both stratigraphic constraints
and shared errors across OSL ages. Despite the limited size of the sample associated with LF, 1, 271 grains gave enough light
to give an exploitable OSL signal (test dose signal uncertainty >15%), of which 117 have a DO value >100 Gy and are thus
prone to measuring doses of several tens of Gy (expected dose is around 50-100 Gy). Unsurprisingly, the OSL signal for this
sample is dominated by the fast component — as was previously observed for other samples from the site. The overdispersion
in equivalent doses is equal to 36£3%, which — at this site — is consistent with values obtained for well-bleached samples.
However, one difficulty in dating such sediment taken from a museum collection lies in the impossibility to measure the
corresponding gamma dose rate in situ. Therefore, we tried calculating the age of LF 1 based on various assumptions to
estimate the gamma dose rate.

Whereas generally the modelled chronology does not change for previously published samples — although we note a better
precision, especially for OSL ages, thanks to modelling with Bayl.um — the age of the sediment associated with LF1 is of ca.
42-45 ka. Thus, LF 1, LF 2 and LF 8 all date from the same period — the very end of Middle Palaeolithic. This work further
contributes to the study of La Ferrassie and to our understanding of Neanderthals behaviors.

The work is part of the European Union’s Horizon 2020 research and innovation programme (Grant Agreement 851793) Project QuinaWorld (ERC-StG-2019).
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an R package for Bayesian Analysis of OSL Ages & Chronological Modelling. Quat. Geochronology 49, 16-24. [5] Guérin, G., Lahaye, C., Heydari, M. et al., 2021. Towards an improvement of optically
stimulated luminescence (OSL) age uncertainties: modelling OSL ages with systematic errors, stratigraphic constraints. Geochronology 3(1), 229-245.
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The lithic industries of Lower Palaeolithic Europe are characterized by a wide range of diversity. Biface assemblages stand
alongside small tool assemblages and core-and-flake industries. This variability is still poorly understood, hindering the
assessment of hominin techno-economical choices. Recent studies on lithic variability of the Middle Pleistocene investigates
whether differences in assemblage composition is related to cultural or temporal trends, site function, or availability of raw
materials. As part of this broader reassessment, we interpret the functional goals of lithic production by conducting a techno-
morpho-functional study of lithics from well-dated, well-preserved and well-documented sites, to build a solid
chronostratigraphic and contextual framework. It constitutes a prerequisite for conducting reliable traceological analyses.

Marathousa 1 (MAR-1; Megalopolis, Greece) meets these requirements as the only Middle Pleistocene site in Greece with
archaeological and faunal remains recovered from stratified and dated contexts [1]. The archaeological layer is ca. 400-500 ka
BP and is composed of a fine-grained matrix. The excavation has yielded a lithic assemblage made almost exclusively of small-
sized flakes found in direct association with diverse megafauna. MAR-1 provides a rare opportunity to investigate small tool
functions in a reliable framework. The excavation took place in two sections, approx. 60 m apart, areas A and B, in order to
investigate the spatial distribution of the remains and the extent of the site. Area A exhibits numerous elephant bones from a
largely complete single individual (Palaeoloxodon antiquus) with anthropogenic cut-marks and a low density of lithic finds. Area
B has yielded a higher density of lithics, with a more diverse toolkit than Area A, but also additional elephant remains and other
bones with cut-marks and anthropogenic modifications. The data suggest that hominins exploited an elephant carcass in Area
A, whereas, in Area B a larger variety of mammals were exploited.

We present here, the results of a preliminary traceological study on a sample of 250 lithics from Area A and B from a total
of 2058 artifacts. The traceological data complements previous studies on the lithic and faunal remains of MAR-1 in four
aspects: taphonomy, tool and site functions and tool morphology. The analysis of post-depositional surface modifications of
the artifacts confirms their exceptional state of preservation and validates the integrity of the site. The preliminary use-wear
analysis on 13 artifacts yielded promising results: half of the studied pieces exhibit traces of human activity (use-wear or
technological traces), which is rare for an assemblage of this age. Functional data confirms the zooarchaeological assessment
that butchering activities took place at both excavation areas, and also demonstrates that plants were exploited by hominins.
These new results open up the possibility that MAR-1 was not necessarily a special-purpose site for the exploitation of animal
resources, but included other tasks, possibly involving to various degrees of intensity the exploitation and/or use of plants in
combination with stone tool maintenance and use. Tools with use-wear traces do not show any significant standardization in
terms of blank shape or edge morphology. However, more than half of the tools are backed, supporting the original
identification of backing as an important technological element of tool production [2]. Finally, the functional results of lithics
from MAR-1 provide new data on the function of small tools and more broadly on tool in the European Lower Palaeolithic.

We thank the Wiener Laboratory, American School of Classical Studies at Athens, for welcoming us and for providing us with the optical equipment to conduct this study, and the Ephorate of
Palacoanthropology and Speleology (EPS), Greek Ministry of Culture and Sports for permission to conduct this study. This work is supported by the French government, through the “Université Cote
d’Azur UCAJEDI Investments in the Future” project managed by the National Research Agency (ANR) with the reference number ANR-15-IDEX-01. The field research at MAR-1, as well as VT, NT
and KH are supported by the European Research Council (ERC $tG 283503 ‘PaGE’ and ERC CoG 724703 ‘CROSSROADS’, both awarded to KH). The excavation at MAR-1 was conducted under
the auspices of the EPS.
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47-64.

44



Podium Presentation Session 1, Wednesday 1:50-2:10 pm

Initial Upper Palaeolithic genomes from Bacho Kiro Cave reveal recent Neandertal ancestry and
links to Asia

Mateja Hajdinjak!?, Fabrizio Mafessoni!, Laurits Skov!, Benjamin Vernot!, Alexander Hiibner3, Qiaomei Fu4, Elena
Essell, Sarah Nagel!, Birgit Nickel!, Julia Richter!, Oana Teodora Moldovan’, Silviu Constantin’$, Elena Endarova’,
Nikolay Zahariev!’, Rosen Spasov!, Frido Welker!>2, Geoff M. Smith!,, Virginie Sinet-Mathiot!!, Lindsey Paskulin’,
Helen Fewlass!l, Sahra Talamo!>!4, Zeljko Rezek!:15, Svoboda Sirakova'®, Nikolay Sirakov!¢, Shannon P. McPherron',
Tsenka Tsanovall, Jean-Jacques Hublin'»7, Benjamin M. Peter!, Matthias Meyer!, Pontus Skoglund?, Janet Kelso!,
Svante Pidibo!

1 - Department of Evolutionary Genetics, Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany - 2 - Francis Crick
Institute, London, United Kingdom - 3 - Department of Archacogenetics, Max Planck Institute for the Science of Human History, Jena,
Germany - 4 - Key Laboratory of Vertebrate Evolution and Human Origins of Chinese Academy of Sciences, IVPP, Center for
Excellence in Life and Paleoenvironment, Beijing, China - 5 - Emil Racovita Institute of Speleology, Cluj Department, Cluj-Napoca,
Romania - 6 - Romanian Institute of Science and Technology, Cluj-Napoca, Romania - 7 - Emil Racovita Institute of Speleology,
Department of Geospeleology and Paleontology, Bucharest, Romania - 8 - Centro Nacional de Investigacién sobre la Evolucién Humana,
CENIEH, Burgos, Spain - 9 - National History Museum, Sofia, Bulgaria - 10 - Archacology Department, New Bulgarian University, Sofia,
Bulgaria - 11 - Department of Human Evolution, Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany - 12 - Section
for Evolutionary Genomics, GLOBE Institute, University of Copenhagen, Denmark - 13 - Department of Archaeology, University of
Aberdeen, Aberdeen, United Kingdom - 14 - Department of Chemistry ‘G. Ciamician’, University of Bologna, Bologna, Italy - 15 -
University of Pennsylvania Museum of Archaeology and Anthropology, Philadelphia, PA, USA - 16 - National Institute of Archacology

with Museum, Bulgatian Academy of Sciences, Sofia, Bulgaria - 17 - Chaire de Paléoanthropologie, College de France, Paris, France

Modern humans started spreading across Eurasia by at least 47,000 years before present (ky BP) [1,2]. However, the genetic
history of these early dispersals, the extent to which they interacted with resident archaic populations, and the extent to which
they contributed to later human populations are pootly understood. Skeletal remains of modern humans from this time period
are rare and there is even smaller number of individuals from whom genome-wide data are available. Among the oldest modern
humans from Eurasia with genomic data are the ~40,000-year-old Oasel individual from Romania [3] and the ~45,000-year-
old Ust’-Ishim individual from Siberia [4], both of whom did not contribute considerably to later populations.

Using in-solution hybridization captures we recovered genome-wide data from five human remains found in direct
association with an Initial Upper Palacolithic (IUP) assemblage at Bacho Kiro Cave, Bulgaria [1,2]. Directly dated to between
45,930 and 42,580 cal. BP [1,2], these individuals represent the oldest Upper Palaeolithic modern humans in Europe recovered
to date. Counter to what would be expected for ancient individuals from Europe, we find that the IUP Bacho Kiro Cave
individuals are more related to present-day and ancient populations with East Asian ancestry than to later West Eurasians. This
is consistent with the IUP archaeological assemblages found from central and eastern Europe to present-day Mongolia [5], and
a putative IUP dispersal that reached from eastern Europe to East Asia.

However, populations related to the IUP Bacho Kiro Cave individuals ultimately disappeared in western Eurasia, as
indicated by the fact that later individuals, including the ~35,000-year-old BK1653 individual at Bacho Kiro Cave, were closer
to present-day Europeans than to ancient or present-day Asians. These results demonstrate that multiple differentially related
human groups were present in Eurasia during the early Upper Palacolithic, with IUP Bacho Kiro Cave individuals belonging
to a modern human migration into Europe that was not previously known from the genetic record.

Based on the segments of Neandertal ancestry detected in their genomes, we find that all IUP Bacho Kiro Cave individuals
had Neandertal ancestors only a few generations back in their family history, similar to Oasel [3], thus suggesting that mixing
between Neandertals and some of the eatly groups of humans in Europe could have been common. Moreover, we find almost
no introgressed Neandertal DNA in the IUP Bacho Kiro Cave and Oase 1 individuals that is within previously identified parts
of the human genome devoid of Neandertal ancestry (i.e., Neandertal “deserts”). This would indicate that the selection against
Neandertal DNA variants occurred within just a few generations after Neandertal introgression, although additional individuals
with recent Neandertal ancestry will be needed to fully resolve this question.

References: [1] Hublin, J.-J., Sirakov, N., Aldeias, V. et al., 2020. Initial Upper Palacolithic Homo sapiens from Bacho Kiro Cave, Bulgaria. Nature 581, 299-302. [2] Fewlass, H., Talamo, S., Wacker, L. et
al., 2020. A 14 C chronology for the Middle to Upper Palaeolithic transition at Bacho Kiro Cave, Bulgaria. Nature Ecology & Evolution 4, 794-801. [3] Fu, Q., Hajdinjak, M., Moldovan, O.T. et al., 2015.
An early modern human from Romania with a recent Neanderthal ancestor. Nature 524, 216-219. [4] Fu, Q., Li, H., Moorjani, P. et al., 2014. Genome sequence of a 45,000-year-old modern human from
western Siberia. Nature 514, 445-449. [5] Kuhn, S.L., Zwyns, N., 2014. Rethinking the initial upper paleolithic. Quat. International 347, 29-38.
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Size and shape variation of molar crowns in primates play an important role in testing phylogenetic hypotheses and
understanding how species adapted to their environment. Primate teeth have evolved to improve mechanical chewing
efficiency for coping with a variety of food resources. Thus, differences in tooth structures and size reflect mechanical
properties of foods that primates eat [1]. While the primary dental morphology informs us which mechanical principles, such
as shear-cutting, crushing and grinding is most dominant with respect to occlusal relief, tooth wear patterns help us to
reconstruct and understand individual pathways and dental contacts during the power strokes of the chewing cycles.

Gorillas are commonly considered to be folivorous primates, with a diet consisting of leaves, stems, roots and bark [2].
However, the proportion of fruit in their diet can vary significantly depending on their habitats, with the lowland gorillas (which
inhabit lowland rain forests) being more frugivorous than the mountain gorillas (which live in high-altitude montane forests).
The objective of this study is to analyse molar macrowear patterns in various gorilla groups to obtain information about their
diets. We employed the well-established virtual Occlusal Fingerprint Analysis (OFA) [3], a quantitative approach that examines
occlusal wear facets using high-resolution digital models of teeth.

In this preliminary study we analysed lower second molars of western lowland gorillas (Gorilla gorilla gorilla; N=21), eastern
lowland gorillas (Gorilla beringei graneri;, N=4) and mountain gorillas (Gorilla beringei bereniges; N=2). We selected molars
characterised by a degree of wear between wear stages 2 and 3 [4]. Digital 3-D models of teeth were generated using a white-
light scanning system with a xy resolution of 45 um (smartSCAN3D C-5, Breuckmann GmbH). We examined the relative
surface areas and the inclination of each occlusal wear facet [3]. We also calculated the percentage of dentine exposure (PDE),
by dividing the dentinal area with the 3-D occlusal surface of each molar.

The results showed no major significant differences in the occlusal wear pattern between eastern and western lowland
gorillas. However, small differences were noted in buccal shearing areas, with mountain gorillas possessing slightly larger buccal
shearing areas than those of lowland gorillas. Overall, the macrowear pattern of Gorilla is characterised by steep wear angles,
and is dominated by large phase II and lingual phase I facets and by small buccal phase I facets. Interestingly, the facet
inclination between wear stages two and three does not change, suggesting that their dentitions maintain mechanically efficient
shear-cutting capability for processing food through time, as highlighted by other studies [5]. Similarity in molar macrowear
could indicate high levels of dietary overlap between the gorillas examined in this study. It probably is related to the mastication
of mechanically challenging foods, highly fibrous in nature, maybe masking wear signals associated with softer preferred diets.
The presence of slightly larger buccal phase I facet in mountain gorillas suggests an increased shearing capability, which is
probably associated with their more folivorous diet.

We would like to thank curators and institutions that gave access to the great ape specimens: Irina Ruf and Katrin Krohmann (Senckenberg Research Institute, Frankfurt, Germany), Richard Sabin and
Roberto Portela Miguez (Natural History Museum, London, UK), and Emmanuel Gilissen (Royal Museum for Central Africa, Tervuren, Belgium). We would also like to thank Jordan Knight-Sadler,
David Rex Mitchell and Ada Klinkhamer for generating the 3D digital surface models of teeth used in this study. This study was supported by the Australian Research Council (grant number:
DP190100465).
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Dental microwear analysis has a long history of use for paleodietary reconstruction. Naturally, substantial changes in the
methodologies and technologies used to observe and quantify microwear have occurred. The eatliest studies of human dental
microwear were done with optical microscopy (OM). Their replacement by SEM (scanning electron microscopy) in the 1980’s
was due to a series of technical limitations of OM that included limited depth of field and problems with shiny enamel surfaces.
Furthermore, much of the field of view was out of focus and only narrow bands were visible, making the analysis of dental
microwear with OM less efficient in comparison to SEM. These problems were also recognized by some lithic use-wear
analysts working to advance traceology. However, traceology has continued to use, advance, and adopt technological
improvements to OM-often in combination with other techniques like SEM or confocal microscopy-whereas dental
microwear studies have largely moved away from OM. With this in mind, we aim to evaluate the applicability of optical
microscopy for dental microwear analysis by testing OM against established SEM procedures for buccal microwear analysis.

The sample analyzed consists of 18 human molars from several Holocene sites from the Iberian Peninsula: El Mirador
Cave, Galls Carboners, Cova de la Guineu, and Mas Trader. After image acquisition using both OM and SEM, the total number
of striations (IN) and their lengths (XT) were recorded with open-access software (Image]) following a standard methodology
[1]. The equivalence of the magnifications between microscopes is based on a previous calibration where the size of the field
of view dimensions for each acquisition system is known [2], the field of view of both microscopes are equivalent.

In most of the cases, OM records greater TN in each tooth compared to SEM. Results show that more striations are
observed using OM than when analyzing the same surface with SEM. However, the central count trend is similar for both
techniques, as indicated by the high correlation between microscopes by tooth for each variable. The higher mean of TN
observed with the OM could be due to the imaging characteristics of this microscope, which has a better qualitative resolution
and a three-dimensional appearance facilitated by improvements to extended focus.

Regarding the comparison of microscopes, the OM methodology that we propose is faster in terms of sample preparation
and image acquisition, especially when compared to the use of SEM at high vacuum. The most significant advantage of the
OM over SEM is probably the greater accessibility of OM for most researchers. A SEM is a large piece of equipment that is
not only expensive to acquire but demands constant and expensive maintenance. In contrast, OM microscopes require much
less physical space, are generally much lower in initial cost to purchase, require less maintenance, and require little in terms of
associated equipment aside from a computer and a camera.

Lastly, from the point of view of the person analyzing the micrographs, the nature of the images obtained through the
OM-in terms of 3D appearance, contrast, and brightness-makes it much easier to detect the striations which greatly reduces
researcher eye fatigue associated with buccal microwear quantification. We can therefore conclude that OM is a consistent and
user-friendly method that provides good image resolution together with a series of economic and technical advantages over
SEM for buccal microwear analysis [3].
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the AGAUR’s 2017SGRO011. This research is framed in the AGAUR (Refs. 2017SGR1040 and 2017 SGR 836), the MICINN/FEDER (Ref. PGC2018-093925-B-C32), and the URV (Ref. 2019PFR-
URV-91) projects. R.H is funded by predoctoral URV Marti-Franques Research Grant (URV 2019PMF-PIPF-59). This research was supported by the Spanish Ministry of Science and Innovation
through the “Maria de Maeztu” excellence accreditation (CEX2019-000945-M).
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Recent studies have highlighted the importance of the cerebellum in humans and other fossil hominins. The cerebellum is
understood to ameliorate motor functioning, memory, attention and learning in Homo sapiens [1], and may therefore have a
notable role in the evolution of behaviours associated with humans, such as language and tool use. Congruous with this
hypothesis, recent work has indicated that cerebellum surface area is much larger in humans than in macaques [2]. However,
ape (i.e., non-human hominoid) cerebella share similar morphometric scaling values with H. sgpiens in both volume [3] and
neuron number [4], obscuring what can be gleaned about the function of this interspecific variation. Thus far, few studies have
considered the role of cerebellar surface area towards cognitive evolution [2,5], and none have investigated the evolution of
cerebellar surface area when comparing humans to other anthropoids. Here, we aimed to address the evolution of human
cerebellar surface area in comparison to apes. We predicted that, in accordance with preceding literature [2,3,5], hominoid
cerebella would be relatively larger in volume and surface area than those of non-Hominoidea.

In the current study, we use high-resolution histological sections of an eastern lowland gotilla (Gorélla beringei graneri) brain
to study the cetebellum. We used the collaborative web application MicroDraw (https:/ /microdraw.pasteur.fr) to delineate the
molecular layer boundaries of the cerebellum and the pial surface of the cerebrum, aiming to measutre and assess interspecific
differences (presented within prior literature) in surface area and volume. MicroDraw allowed us to interactively annotate
multiple regions and to relocate, combine, and refine them through addition or subtraction of points. Secondly, we developed
a three-dimensional (3D) reconstruction of the gorilla cerebellum. This reconstruction facilitated both a direct comparison
between cerebellar segmentation from high resolution histological sect