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H. heidelbergensis was invented in 1908 by Otto Schoetensack 1 , following the discovery and description of a morphologically unique hominin mandible from Mauer (Germany). While Schoetensack interpreted the new species as a 'missing-link' between apes and known Homo species at the time, H. heidelbergensis, which holotype is now dated at 609 ± 40 ka 2 , has become the focus of most debates on the Middle Pleistocene (MP) ancestry of modern humans and Neandertals. To some authors, H. heidelbergensis (sensu stricto) consists of a set of MP European fossils 3,4 ; to others, the taxon includes the contemporaneous African material (H. heidelbergensis sensu lato) [5][6][7] . To contribute to this yet unresolved debate, we use a phylogenetic modelling 8 approach to estimate a possible ancestral mandibular morphology for modern humans and Neandertals based on a simplified Homo phylogeny which exclude the MP fossil record. The virtual last common ancestor (vLCA) is then compared to the MP hominins from Africa and Europe.

Simplified phylogeny

We use 33 specimens described by 251 landmarks and semilandmarks to compute the 15 terminal taxa, representing most of the described populations of the genus Homo [9][10][11][12] . Each terminal taxon, is represented by the aligned symmetric 3D coordinates (after General Procrustes Analysis, GPA and left/right alignment) of the mean shapes of the specimens composing each tip of the tree.

Discussion

The results obtained here raise several important questions. First, they suggest that as defined on the basis of the Mauer mandible, the taxon Homo heidelbergensis does exist in Africa, as shown by the close phenetic proximity between the fossils of Tighennif and the European MP specimens traditionally assigned to the species H. heidelbergensis. Second, the results suggest that, as shown by multiple studies before, Neandertals are related to this taxon, and that as defined, this is to the exclusion of modern humans. Third, that some MP African fossils, such as KNM-BK 67, are phenetically different from typical H. heidelbergensis. The combination of these results suggests that the shared ancestry of humans and Neanderthals is deep and probably pre-dates the differentiation of H. heidelbergensis as currently represented in the fossil record. While the analyses presented here are constrained by the very small sample of MP mandibles in Africa, the differences between the fossils from Tighennif and KNM-BK 67 are pronounced, and resonate with growing indications of multiple lineages and population trajectories in Africa in the Middle Pleistocene. Lastly, recent genomic results indicating gene flow between Africa and Europe during the mid-MP 18 (between 468 and 219 ka) further complicate the interpretation of the rare African fossil evidence and makes the characterization of Homo heidelbergensis at most tentative. Critical for resolving this question is a greater MP fossil sample in Africa.

Complementary Method

The 3D models were built from medical computed tomographic scans (Avizo 7.0) or from photogrammetric models (Agisoft Photoscan, V. 1.2.6). All analyses were run on R (V. 3. 

Estimating ancestral shape

We run a Principal Component Analysis (PCA) on the terminal taxa, and the ancestral shape is estimated using maximum likelihood 13 within a Brownian model of evolution 14 on each of the principal components (PCs). The "ancestral" PCs, are rotated back to the landmark space, giving a set of 3D coordinates in which a mandible is warped to produce a fully-rendered 3D virtual ancestor 8 . The vLCA present a receding symphysis, a small planum alveaolare a strongly developed prominentia lateralis and a relatively narrow ramus.

Analyses

Comparative sample n=81: H. erectus (n=3), H. neanderthalensis (n=11), MP (n=11), H. sapiens (n=56) / 22 landmarks per hemi-mandible mean shapes (after alignment left-right landmark configurations)

Results from the 3D GMM analyses indicate that the vLCA is morphologically more similar to MP fossils, especially to European specimens (Mauer, Arago and Montmaurin). It also clusters with some African specimens (Tighennif 2 and 3). Those results are coherent with phenetic analyses based on qualitative morphological features 7 and a similar cluster grouping African and European MP specimens can be observed in both approaches.

Regarding the African affinities of the Mauer mandible and the vLCA, Loyangalani appears to share more similarities with modern humans, and despite its early interpretation as a MP fossil 15 , it probably represents an early H. sapiens. KNM-BK 67 shows a different phenotypic pattern; which is probably enhanced by its peculiar preservation state. The Tighennif specimens, believed to date from the early MP 16 but which may be as old as c. 1 Ma 17 , share affinities with some European MP. This raises questions regarding the African specimens which can be used in the H. heidelbergensis MP debate, and makes the question of whether H. heidelbergensis was present in both Europe and Africa difficult to solve.

  3.3) using R-Studio (V. 1.0.136) and the following packages: Morpho (V. 2.3.1.1), geomorph (V. 3.0.1), ape (V. 3.4), phytools (V. 0.5-20), Rvcg (V. 0.13.1.2), and plotrix (V.3.5-12).
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