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Endostructural morphology of theHomo naledimandibular premolars
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Anthropology and Conservation, University of Kent, Canterbury, UK · 3 - Department of Anthropology, University of Arkansas,
Fayetteville, USA · 4 - Evolutionary Studies Institute, University ofWitwatersrand, Johannesburg, South Africa

The taxonomic position of the recently discovered speciesHomo naledi is still uncertain. One of themany distinctive aspects of the
dentition of the species is the external morphology of the mandibular third premolar, which has two roots and is fully bicuspid, a
configuration which is unusual for late-Middle PleistoceneHomo.The fourth premolar is also bicuspid, and both premolars have a
notably symmetrical occlusal outline [1]. In this study, we examine the endostructural morphology of the premolar tooth crowns as
the surface of the dentine crown in particular is known to carry important taxonomic information and elucidate the developmental
basis of premolar crown morphology.

We use micro-tomography to image the enamel-dentine junction (EDJ) of H. naledi mandibular premolars from both the
Dinaledi and the Lesedi chambers, and use geometricmorphometrics to quantitatively compare the EDJmorphology to specimens
of earlyHomo, Paranthropus robustus, Australopithecus africanus,Homo neanderthalensis andHomo sapiens (n=76). Additionally,
we investigate patterns in the size relationship between the P3 and P4 among the study taxa using centroid size.

The mandibular premolar EDJ morphology of H. naledi from the Dinaledi Chamber is distinctive and consistent. Both the
P3s and P4s display a tall well-developed metaconid and strongly developed mesial marginal ridges, while the P4 shows a relatively
mesiodistally elongated crown. The P3 and P4 are distinct from a number of early Homo specimens. In particular, the H. naledi
premolars can be distinguished fromKNM-ER 1802 (Homo sp.), as well as KNM-ER 992, the type specimen ofHomo ergaster [2].
SwartkransHomo specimen SKX 21204 clusters closely with KNM-ER 992, particularly for the P4, and is also quite distinct from
H. naledi. Premolars from the Lesedi chamber, although worn, are consistent with the morphology seen in the Dinaledi chamber,
clustering closely with theseH. naledi specimens in the geometric morphometric analysis, although they are slightly larger in size.

Finally, we find that when considering centroid size, P. robustus and A. africanus show a P4>P3 pattern, which is also found
in modern humans, and in earlyHomo specimens KNM-ER 1802 and SKX 21204. In KNM-ER 992, the premolars are approxi-
mately equal in size.H. naledi however shows the pattern P3>P4, which is distinctive among our sample.

For access toHomo naledi fossils we would like to thank Lee Berger and John Hawks. For the comparative sample, we would thank Jean-Jacques Hublin (Max Planck Institute for Evolutionary
Anthropology), Bernhard Zipfel, Lee Berger, Sifelani Jira (Evolutionary Studies Intitute, University of theWitwatersrand), Miriam Tawane (Ditsong Museum), Job Kibii (National Museums of Kenya),
Davorka Radovčić (Croatian Natural History Museum), Michel Toussaint (ASBL Archéologie Andennaise), Jean-Jacques Cleyet-Merle (Musée National de Préhistoire des Eyzies-de-Tayac), Véronique
Merlin-Langlade (Musée d’Art et d’Archéologie du Périgord) and the Leipzig University Anatomical Collection (ULAC).This research was supported by theWenner-Gren Foundation, the University of
Witwatersrand and the Max Planck Society.

References:[1] Berger, L.R., Hawks, J., de Ruiter, D.J., Churchill, S.E., Schmid, P., Delezene, L.K., Kivell, T.L., Garvin, H.M., Williams, S.A., DeSilva, J.M., Skinner, M.M., Musiba, C.M., Cameron, N.,
Holliday, T.W., Harcourt-Smith, W., Ackermann, R.R., Bastir, M., Bogin, B., Bolter, D., Brophy, J., Cofran, Z.D., Congdon, K.A., Deane, A.S., Dembo, M., Drapeau, M., Elliott, M.C., Feuerriegel, E.M.,
Garcia-Martinez, D., Green, D.J., Gurtov, A., Irish, J.D., Kruger, A., Laird, M.F., Marchi, D., Meyer, M.R., Nalla, S., Negash, E.W., Orr, C.M., Radovčić, D., Schroeder, L., Scott, J.E., Throckmorton, Z.,
Tocheri, M.W., Vansickle, C., Walker, C.S., Wei, P., Zipfel, B., 2015.Homo naledi, a new species of the genus Homo from the Dinaledi Chamber, South Africa. eLife 4, e09560.[2] Groves, C.P., Mazák, V.
1975. An approach to the taxonomy of the Hominidae: gracile Villafranchian hominids of Africa. Casopis Pro Mineralogii a Geologii 20, 225–247
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Accurately predicting head motion in fossil primates using soft-tissue information
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As part of the sensory organ of balance the semicircular ducts of the membranous labyrinth monitor head rotations and are cru-
cial to gaze stabilization, motor coordination and orientation[1]. Fossils only preserve the shell of these ducts, the semicircular
canals of the bony labyrinth, and their morphological features are used to infer locomotor behaviour of extinct primates, including
hominins[2-4]. Here we explore how accurately such features predict finely tuned semicircular duct function. Soft-tissue ear sam-
ples of 25 extant mammal species, including 13 primates, were stained using PTA and CT-scanned to visualize membranous and
bony labyrinths in situ[5]. Geometric morphometric methods and the Ariadne Toolbox[5] were used to analyze the morphology
and function of the semicircular ducts and canals. We found that neither the shape of the semicircular canals, nor the deviation of
their planes from orthogonality reliably predict any of the main functional parameters of the semicircular ducts system. As such it
is unlikely that these characteristics can help infer locomotor repertoires. More meaningful information can be obtained using the
radius of curvature of semicircular canals combined with bodymass. However, this only predicts response speed of the duct system,
but not sensitivity. Integrating evidence from the morphology of the bony labyrinth and the membranous soft-tissue in the extant
sample we developed a new approach for accurately predicting semicircular duct function.This protocol estimates soft-tissue prop-
erties frommeasurements on the bony labyrinth, and can therefore also be applied to fossil specimens.We first use thin plate splines
to warp central streamlines of the semicircular ducts system of various extant species into the semicircular canals of a fossil speci-
men, using equivalent landmarks placed on the bony labyrinths. Streamlines thus inferred provide accurate lengths, enclosed areas
and functional planes. Additional morphological parameters of the duct system are subsequently predicted using statistical models
describing interspecific relationships between bony and membranous labyrinths. These phylogenetically constrained and weight-
averagedmodels show adjustedR² values between 0.71 – 0.95, suggesting a particularly good fit. Finally, themorphological features
of the semicircular ducts predicted for a fossil specimen are analysed using the Ariadne Toolbox.The full suite of functional param-
eters thus obtained provide good insight into the headmotion typical for a species, and these are indicative of locomotor behaviour.

We thank Jean-Jacques Hublin, Heiko Temming, David Plotzki, the Max Planck Society, and the Calleva Foundation for support.

References:[1] Angelaki, D. E., Cullen, K. E., 2008. Vestibular system:Themany facets of a multimodal sense. Annu. Rev. Neurosci. 31, 125–150.[2] Spoor, F., Wood, B., Zonneveld, F., 1994. Implications
of early hominid labyrinthine morphology for evolution of human bipedal locomotion. Nature 369, 645–648.[3] Malinzak, M. D., Kay, R. F., Hullar, T. E. 2012. Locomotor head movements and
semicircular canal morphology in primates. Proc. Natl. Acad. Sci. 109, 17914–17919.[4] Le Maitre, A., Schuetz, P., Vignaud, P., Brunet, M. 2017. New data about semicircular canal morphology and
locomotion in modern hominoids. J. Anat. 231, 95-109.[5] David, R., Stoessel, A., Berthoz, A., Spoor, F., Bennequin, D., 2016. Assessing morphology and function of the semicircular duct system:
introducing new in-situ visualization and software toolbox. Sci. Rep. 6:32772.
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