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Figure S1. Surface-based comparison of fossil partial atlases. Topographical distribution of deformation-based shape comparisons of the partial 

atlases StW 679 and AL 333-83 to StW 573. Cumulative displacement variations (a) from StW 679 (grey surface) to StW 573 and (b) from AL 

333-83 (grey surface) to StW 573 are rendered by a pseudo-colour scale ranging from dark blue (lowest values) to red (highest values) at the 

fossil individual surfaces. Vectors represent both the magnitude and orientation of deformations. The maximum value of the colour bar is 

considered to be the most appropriate compromise representation of both global and local deformations. Atlases are shown in superior views. 
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Figure S2. Linear measurements and cross-sectional areas. (a) Linear measurements assessed in the atlas of StW 573 and of comparative 

specimens in superior view. (b) Cross-sectional areas (transverse foramina in green and vertebral foramen in red) assessed in the atlas of StW 

573 and of comparative specimens in inferior views. 
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Figure S3. Protocol for assessing cross-sectional area (CSA) of the carotid canal applied to an extant Homo specimen. Landmarks are placed on 

the aperture (left, basicranium in grey) and defined using a best-fit plane that was translated until reaching the ‘elbow’ of the carotid canal 

(bottom right, 3D virtual reconstruction of the carotid canal in blue). Three sections were extracted from the temporal bone corresponding to the 

external opening of the canal (plane a), the ‘elbow’ of the canal observed when entering the petrous bone (plane c) and the plane at mid-distance 

between plane a and plane c (i.e., plane b). Blue areas represent the carotid canal. 
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Table S1. Comparative sample used for assessing variation in osteological dimensions and morphology of the atlas. 

 

specimen/ 

sample 

site 

 

taxonomic 

attribution 

sex references stored 

at 

imaging 

facility 

voxel 

size 

(mm) 

GM 

analyses 

linear/surface 

measures 

fossil 

specimens  

         

AL 333-83 Hadar 

Formation 

Australopithecus 

afarensis 

? 1 ESI photogram-

metry 

- n = 1 - 

extant 

specimens 

         

Homo (n = 9)  H. sapiens F (n = 5) 

M (n = 3) 

? (n = 1) 

2 PBC 

DU 

Necsa  

SMiF 

0.039-

0.750 

n = 9 n = 9 

Pan (n = 12)  P. troglodytes  

P. paniscus  

F (n = 7) 

M (n = 3) 

? (n = 2) 

 RMCA 

PRI 

AMNH 

YPBM 

UGCT 

PRI 

DID 

Y-TRIC 

0.070-

0.430 

n = 12 n = 12 

Gorilla (n = 6)  G. gorilla, 

G. beringei 

F (n = 2) 

M (n = 3) 

? (n = 1) 

 RMCA 

PRI 

YPBM 

UGCT 

PRI 

Y-TRIC 

0.070-

0.660 

n = 6 n = 6 

Pongo (n = 3)  P. abelii 

P. pygmaeus 

F (n = 1) 

M (n = 2) 

 PRI 

 

PRI 

 

0.500-

0.625 

n = 1 n = 3 

AMNH: American Museum of Natural History; PBC: Pretoria Bone Collection, University of Pretoria, South Africa; DID: Diagnostic Imaging 

Department of the NC State Veterinary Hospital, USA; DU: Department of Evolutionary Anthropology, Duke University, USA; ESI: Evolutionary 

Studies Institute, South Africa; Necsa: South African Nuclear Energy Corporation, South Africa26; PRI: Primate Research Institute, Kyoto 

University, Japan; RMCA: Royal Museum for Central Africa, Belgium; SMiF: Shared Materials Instrumentation Facility, Duke University, USA; 

UGCT: Centre for X-ray Tomography of Ghent University, Belgium27; YPBM: Peabody Museum of Natural History, Yale University, USA; Y-

TRIC: Yale Transitional Research Imaging Center, USA. F: female; M: male: ?: no information available. 
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Table S2. Comparative sample used for assessing variation in the cross-sectional area of the internal carotid canal. 

specimen/ 

sample 

site 

 

taxonomic 

attribution 

sex references stored at imaging 

facility 

voxel size 

(mm) 

fossil specimens         

Sts 5 Sterkfontein 

Member 4 

Australopithecus 

africanus 

F 3-7  

 

DNMNH Pal. Centre 0.075 

Sts 19 Sterkfontein 

Member 4 

Australopithecus 

africanus 

F 4, 8-9 

 

DNMNH Necsa 0.044 

Sts 25 Sterkfontein 

Member 4 

Australopithecus 

sp. 

? 10-12 

 

ESI Pal. Centre 0.065 

StW 53 Sterkfontein 

Member 4* 

Australopithecus 

africanus 

M 6, 13-17  

 

ESIb Pal. Centre 0.025 

StW 98 Sterkfontein 

Member 4 

Australopithecus 

sp. 

? 18  ESI Pal. Centre 0.033 

StW 329 Sterkfontein 

Member 4 

Australopithecus 

africanus 

? 18  ESI Pal. Centre 0.033 

StW 498 Sterkfontein 

Member 4 

Australopithecus 

prometheus 

? 6, 18  

 

ESI Pal. Centre 0.028 

MLD 37/38 Makapansgat 

Member 4 

Australopithecus 

africanus 

F 19-20  ESI Pal. Centre 0.080 

SK 47 Swartkrans 

Member 1 

Paranthropus 

robustus 

F 21-22 

 

DNMNH Pal. Centre 0.071 

SK 847 Swartkrans 

Member 1 

Homo 

erectus/Homo 

ergaster 

? 23-25 

 

DNMNH Max Planck 0.063 

extant 

specimens 

       

Homo (n = 10)  H. sapiens F (n = 5) 

M (n = 5) 

2  PBC Necsa  0.099-

0.114 

Pan (n = 5)  P. troglodytes  

 

F (n = 1) 

M (n = 4) 

 RMCA 

 

UGCT 

 

0.075-

0.085 



8 
 

DNMNH: Ditsong National Museum of Natural History, South Africa; ESI: Evolutionary Studies Institute, South Africa; Necsa: South African 

Nuclear Energy Corporation, South Africa26; Max Planck: Max Planck Society, Department of Human Evolution, Virtual Reality Laboratory, 

Germany; Pal. Centre: Palaeosciences Centre, University of the Witwatersrand, South Africa; PBC: Pretoria Bone Collection, University of 

Pretoria, South Africa; RMCA: Royal Museum for Central Africa, Belgium; UGCT: Centre for X-ray Tomography of Ghent University, Belgium27.  

*16, 28



9 
 

Table S3. Estimation of brain glucose utilization (BGU) in StW 573 and comparative 

material. 

specimen/sample ACA BGU 

StW 573 57.3 103.2 

Australopithecus   

   Sts 5 51.2 90.5 

   Sts 19 56.2 100.9 

   Sts 25 54.4 97.1 

   StW 53 70.6 131.7 

   StW 98 55.4 99.2 

   StW 329 48.8 85.5 

   StW 498 58.0 104.7 

   MLD 37/38 46.8 81.4 

mean 55.2 98.9 

range 46.8-70.6 81.4-131.7 

extant Homo    

mean 131.8 273.5 

range 96.4-206.3 189.6-461.9 

extant Pan   

mean 68.5 127.2 

range 33.9-102.1 55.8-202.8 

ACA: total arterial cross-sectional area (mm2).  

For each Australopithecus individual besides StW 573, we use the estimate of cross-sectional 

area of the transverse foramen of StW 679 for a proxy value and combine these with cross-

sectional areas of carotid canal measures provided in Table 3. 

For extant Homo and Pan, we use the taxon-specific estimates provided in Tables 2-3. 
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