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The origin of our species: an ancestral morphotype for modern humans

The origin of H. sapiens is a major focus in palaeoanthropology 1,2 ; yet, many unanswered questions remain. The morphological variation of Late Middle Pleistocene (LMP) African hominins is largely unknown, precluding the definition of boundaries for morphological variation in early H. sapiens, and the interpretation of the rare individual fossils which could represent ancestral populations to modern humans. Here, we use a fully resolved simplified phylogeny to estimate the shape of the possible last common ancestor to Homo sapiens 3 . We compare this virtual Last Common Ancestor (vLCA) to 5 LMP African hominins (LH18, Omo II, KNM-ES 11693, Jebel Irhoud 1, Florisbad), whose morphologies could represent H. sapiens ancestral morphotypes 4 .

Late Middle Pleistocene fossils

The LMP fossils are from Eastern (i.e. LH18 -200-300 ka 11 , Omo II -190 ka 12 , KNM-ES 11693 -250 ka 13 ), Northern (i.e. Jebel Irhoud 1 -130-190 ka 14 ) and Southern Africa (Florisbad -256 ka 14 ). They are compared to the Homo sapiens vLCA using, first, the color-coded deviation spectrum method (surface) and then, a more traditional 3D geometric morphometrics approach (3D coordinates).

Simplified phylogeny

We use 59 specimens described by 797 landmarks and semilandmarks to compute the 18 terminal taxa, representing most of the described populations of the genus Homo [5][6][7][8] . Each terminal taxon, is represented by the aligned symmetric 3D coordinates (after General Procrustes Analysis, GPA) of the mean shapes of the specimens composing each tip of the tree.

Discussion

Our results identify the strongest similarities between the vLCA and Florisbad. However, none of the LMP specimens clearly fit the reconstructed ancestral shape for modern humans. The study, nevertheless, underlines the wide range of morphologies exhibited by the LMP fossils, which can be divided into three morphotypes. First, Omo II and LH18 show a early Homo-like cranial architecture; then, Jebel Irhoud 1 and, to a lesser extent, KNM-ES 11693 share similarities with the Neandertal cranial architecture, and finally Florisbad's morphology appears more similar to early H. sapiens (i.e. Skhul and Qafzeh) and could represent a more likely ancestor for all modern humans. Such diversity within the LMP hominins may be explained by a complex transition towards modern humans 1,2 , with chronological overlap between more or less isolated populations, showing a mosaic of derived and archaic traits.

Complementary Method

The 65 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. 

Computing the virtual ancestor

We run a Principal Component Analysis (PCA) on the terminal taxa, and we use the principal components to compute the ancestral shape using maximum likelihood 9 within a Brownian model of evolution 10 . Both the terminal taxa and the calculated ancestral shapes can be projected into a morphospace, where the possible ancestors are represented at the nodes of the phylogeny along with the 95% confidence interval (CI). The vLCA's PCs are rotated back to the landmark space, giving a set of 3D coordinates in which a modern human skull is warped to produce a fully-rendered 3D virtual ancestor 3 .

Assessing the virtual ancestor

We compute mean surface shapes (GPA, TPS warping) of 6 Homo populations and test them against the vLCA mesh through a color-coded deviation spectrum calculated for each mean surface.

Comparisons of surfaces indicate that the vLCA is more similar to early and current H. sapiens than to LMP fossils. The vLCA shows a more rounded and higher calvarium, with less projecting brow ridges and occipital than Omo II and LH18, giving a similar deviation profile to the one observed between the vLCA and the early Homo mean shape. On the other hand, the deviation between the vLCA, Jebel Irhoud 1 and, to a lesser extent KNM-ES 11693, is similar to the deviation observed with the mean Neandertals: shorter calvarium, narrower at the temporal and parietal. Florisbad displays a unique deviation pattern from the vLCA as it is closer to the early H. sapiens' one: slightly less developed brow-ridges and less projecting zygomatic arch.

We projected into the phylo-morphospace both the fully-reconstructed and not-reconstructed LMP fossils. None of the LMP specimens fit within the 95% CI of the vLCA. The Kenyan (KNM-ES 11693) and South African (Florisbad) specimens are close to the computed estimation of the ancestral form of modern humans, while Jebel Irhoud 1 almost fits within the 95% CI of the possible shape for Neandertal ancestors.

The spectrum indicates for each point of the mesh the deviation between the reference and the test specimen. The vLCA is closer to modern human populations, especially to the early H. sapiens and the Africans.

  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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