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Variation pattern of the imprints of the middle meningeal vessels in extant human endocasts
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Our knowledge of the endocranial vascular system in fossil hominin taxa partly relies on imprints of the middle meningeal artery and emissary veins on the inner surface of the braincase. Comparative analyses of the middle meningeal vessel pattern in Australopithecus and Paranthropus revealed substantial inter-and intra-specific variation [START_REF] Beaudet | The endocast of StW 573 ("Little Foot") and hominin brain evolution[END_REF]. For now, there is no consensus on the physiological implications of the organization of the middle meningeal vessels, even if the thermoregulation hypothesis has been favoured. In this context, the present study aims to characterize the variation pattern of the middle meningeal vessels in extant human endocasts (i.e., replicas of the inner surface of the braincase). This atlas will be used as a comparative platform for interpreting the diachronic and inter-taxic variation of the fossil hominin vascular system.

Material : We investigated a total of 10 extant human individuals from the Pretoria Bone Collection (South Africa); 4 individuals of African ancestry, and 6 of European ancestry, with equal proportions of males and females. The crania were from adults of known age, ranging from 30 to 60 years old. All of the specimens were detailed by X-ray microtomography at a spatial resolution ranging from 99 to 114 µm at the South African Nuclear Corporation in Pelindaba (South Africa) [START_REF] De Jager | Sulcal pattern variation in extant human endocasts[END_REF].

Methods : Vascular imprints were detected using a geometry-based method and manually corrected through a customized script written in MATLAB R2013a [START_REF] Beaudet | The endocast of StW 573 ("Little Foot") and hominin brain evolution[END_REF][START_REF] De Jager | Sulcal pattern variation in extant human endocasts[END_REF]. The detected imprints were first corrected manually by removing the non-vascular features, and then labelled by referring to available atlases and publications documenting variation in the extant human brain. Additionally, we applied the scoring system introduced by Adachi [START_REF] Adachi | Das Arteriensystem der Japaner[END_REF] for characterizing the branching pattern of the middle meningeal vessels. According to this classification, the middle branch can either derivate from the anterior branch (type I), from the posterior branch (type II), or from both (type III) [START_REF] Adachi | Das Arteriensystem der Japaner[END_REF][START_REF] Eisová | Normal craniovascular variation in two modern European adult populations[END_REF]. Besides challenging the use of the branching pattern of the middle meningeal vessels as a potential taxonomic diagnostic feature [START_REF] Bruner | Fractal dimension of the middle meningeal vessels : variation and evolution in Homo erectus, Neanderthals, and modern humans[END_REF], the relatively high degree of intra-specific variability revealed in our study raises critical questions on the significance of such variation in the human brain evolutionary history [START_REF] Adachi | Das Arteriensystem der Japaner[END_REF]. Interpreting those structural differences in the endocranial vascular system in the light of the sulcal variation pattern of the same sample will be of interest for developing physiological hypotheses and investigating the potential coevolution of the brain organization and the vascular network [START_REF] De Jager | Sulcal pattern variation in extant human endocasts[END_REF][START_REF] Adachi | Das Arteriensystem der Japaner[END_REF][START_REF] Eisová | Normal craniovascular variation in two modern European adult populations[END_REF]. Future quantitative analyses of the imprints of the middle meningeal vessels in extant human endocasts, such as fractal dimensions [START_REF] Bruner | Fractal dimension of the middle meningeal vessels : variation and evolution in Homo erectus, Neanderthals, and modern humans[END_REF], will be fundamental for characterizing further the degree of reticulation and organization of the branches.

Our results (Figures 2 and3) are consistent with previous studies on extant humans [4]: Adachi's type I prevails (55%), followed by type II (30%), and, lastly, type III (15%). In most of the specimens (70%), the branching pattern identified in the right and left hemispheres are similar, thus supporting a certain degree of symmetry in the endocranial vascular pattern.

Type I Type II Type III

Female > Male Female > Male Only Males

Left > Right Left=Right Right>Left The differences regarding the branching of the middle branch between left and right hemispheres and between males and females (Table 2) are not statistically significant (Fisher's exact test: p-values of 1 and 0.3141 respectively). Interestingly, within the limits of our sample, specimens showing asymmetry and/or a type III branching pattern are all males.
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 12 Figure 1 : Automatic extraction of endocast using Endex (A). Resulting endocast mesh (B). Application of crest line detection algorithm (C).Endocast after cleaning and labelling (D).[START_REF] De Jager | Sulcal pattern variation in extant human endocasts[END_REF] 
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 3 Figure 3 : Proportions of symmetric/asymmetric patterns within the sample (N = 10 specimens).
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Four selected endocasts with labelled middle meningeal vessels impressions. ba= anterior branch; bm= middle branch; bp= posterior branch.
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