Supplementary information 1
List and details of specimens scanned 
Institutional abbreviations: AM: Albany Museum (Grahamstown, South Africa), BP/1: Evolutionary Studies Institute (Johannesburg, South Africa); CG: Council for Geosciences (Pretoria, South Africa); NHMUK: Natural History Museum of United-Kingdom (London, United-Kingdom); NMQR: National Museum (Bloemfontein, South Africa); SAM-PK: Iziko Museum (Cape Town, South Africa).

Biarmosuchia
- CG-WB123: Hipposaurus sp., voxel size: 0.108mm, Tapinocephalus AZ, Wordian, Late Permian. Specimen was scanned at the ID17 beamline of the European Synchrotron Radiation Facility (ESRF, Grenoble, France) with a sample-detector distance of 10.9 m set to perform Propagation Phase Contrast Synchrotron micro Computed Tomography (PPC-SRµCT). Scanning parameters were analogous though not identical, adapted to their sizes and densities. We used a FReLoN-2k camera, a 0.26x magnification set of lenses, a 2 mm LuAG scintillator and a monochromatic X-ray beam of 130 keV (bent double-Laue crystals). The specimen was scanned in a plastic tube filled with 5 mm Al balls to improve the transmitted signal by increasing exposure time while preventing saturation of the detector (i.e. attenuation protocol). The tomography consisted of 4998 projections of 0.6 s each over 360 degrees resulting in data with a 53.76 µm isotropic voxel size. Additionally, the center of rotation was shifted by ~25 mm to increase the horizontal field of view in the reconstructed data (i.e., half acquisition protocol). Tomographic reconstructions were performed using the single distance phase retrieval approach of the software PyHST2 (Paganin et al., 2002, Mirone et al., 2014). The resulting 32 bits data were converted to a stack of 16 bits tiff using the min and max crop values from the 3D histogram generated by PyHST2.
- BP/1/3924: Herpetoskylax hopsoni, voxel size: 0.0689mm, Cistecephalus AZ, Wuchiapigian, Late Permian. CT scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/816: Lemurosaurus pricei, voxel size: 0.05mm, Cistecephalus AZ, Wuchiapigian, Late Permian. CT scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- NMQR1702, Lemurosaurus sp., voxel size: 0.054mm, Cistecephalus AZ, Wuchiapigian, Late Permian. Scanned at the ID17 beamline of the ESRF with a sample-detector distance of 10.9 m was set to perform Propagation Phase Contrast Synchrotron micro Computed Tomography (PPC-SRµCT). Scanning parameters were analogous through not identical, adapted to their sizes and densities. We used a FReLoN-2k camera, a 0.26x magnification set of lenses, a 2 mm LuAG scintillator and a monochromatic X-ray beam of 130 keV (bent double-Laue crystals). The specimen was scanned in a plastic tube filled with 5 mm Al balls to improve the transmitted signal by increasing exposure time while preventing saturation of the detector (i.e. attenuation protocol). The tomography consisted of 4998 projections of 0.6 s each over 360 degrees resulting in data with a 53.76 µm isotropic voxel size. Additionally, the centre of rotation was shifted by ~25 mm to increase the horizontal field of view in the reconstructed data (i.e., half acquisition protocol). Tomographic reconstructions were performed using the single distance phase retrieval approach of the software PyHST2 (Paganin et al., 2002, Mirone et al., 2014). The resulting 32 bits data were converted to a stack of 16 bits tiff using the min and max crop values from the 3D histogram generated by PyHST2.
- SAM-PK-11112: Burnetiamorpha, sp. nov., voxel size: 0.1076mm, Tropidostoma AZ, Wuchiapigian, Late Permian. Scanned at the ID17 beamline of the ESRF with a sample-detector distance of 10.9 m was set to perform Propagation Phase Contrast Synchrotron micro Computed Tomography (PPC-SRµCT). Scanning parameters were analogous through not identical, adapted to their sizes and densities. We used a FReLoN-2k camera, a 0.26x magnification set of lenses, a 2 mm LuAG scintillator and a monochromatic X-ray beam of 130 keV (bent double-Laue crystals). The specimen was scanned in a plastic tube filled with 5 mm Al balls to improve the transmitted signal by increasing exposure time while preventing saturation of the detector (i.e. attenuation protocol). The tomography consisted of 4998 projections of 0.6 s each over 360 degrees resulting in data with a 53.76 µm isotropic voxel size. Additionally, the centre of rotation was shifted by ~25 mm to increase the horizontal field of view in the reconstructed data (i.e., half acquisition protocol). Tomographic reconstructions were performed using the single distance phase retrieval approach of the software PyHST2 (Paganin et al., 2002, Mirone et al., 2014). The resulting 32 bits data were converted to a stack of 16 bits tiff using the min and max crop values from the 3D histogram generated by PyHST2.
Dinocephalia
- AM6556, Moschops capensis, voxel size: 0.117mm, Tapinocephalus AZ, Wordian, Late Permian. Scanned at the ESRF (See Benoit et al., In press for details).
Anomodontia
- BP/1/2642: Pristerodon sp., voxel size: 0.0469mm, Cistecephalus assemblage zone (AZ), Wuchiapigian, Late Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- NMQR 3595: Lystrosaurus curvatus, voxel size: 0.125 mm, Lystrosaurus AZ, Induan, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
[bookmark: _GoBack]- NMQR 815: Lystrosaurus declivis, voxel size: 0.086 mm, Lystrosaurus AZ, Induan, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- NMQR 2978: Eodicynodon oosthuizeni, voxel size: 0.074mm, Eodicynodon AZ, Wordian, Middle Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- NMQR 3000: Patranomodon nyaphulii, voxel size: 0.036mm, Eodicynodon AZ, Wordian, Middle Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
Gorgonopsia
- BP/1/216: Scylacocephalus watermeyeri, voxel size: 0.0589mm, Cistecephalus assemblage zone (AZ), Wuchiapigian, Late Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/155: indet. Gorgonopsia, voxel size: 0.0799mm, Cistecephalus AZ, Wuchiapigian, Late Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
Therocephalia 
- BP/1/4009: Euchambersia mirabilis, voxel size: 0.050mm, Cistecephalus AZ, Wuchiapigian, Late Permian. Scanned at Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- NHMUK R5696: Euchambersia mirabilis, voxel size: 0.066mm, Cistecephalus AZ, Wuchiapigian, Late Permian. Scanned at the NHMUK (London, United-Kingdom) using a Metris X-Tek HMX ST 225 CT scanner.
- SAM-PK-10160: Microgomphodon oligocynus, voxel size: 0.0288mm, Cynognathus AZ, Anisian, Early Triassic. Scanned at the ID17 beamline of the ESRF with a sample-detector distance of 10.9 m was set to perform Propagation Phase Contrast Synchrotron micro Computed Tomography (PPC-SRµCT). Scanning parameters were analogous through not identical, adapted to their sizes and densities. We used: a FReLoN-2k camera, a 0.5x magnification set of lenses, a 750 µm LuAG scintillator and  a monochromatic X-ray beam of 120 keV (bent double-Laue crystals). The tomography was computed based on 4998 projections of 0.2 s each over 360 degrees resulting in data with a 28.81 µm isotropic voxel size. We also used a half acquisition protocol for this specimen, shifting the center of rotation by ~12 mm. Tomographic reconstructions were performed using the single distance phase retrieval approach of the software PyHST2 (Paganin et al., 2002, Mirone et al., 2014). The resulting 32 bits data were converted to a stack of 16 bits tiff using the min and max crop values from the 3D histogram generated by PyHST2.
- SAM-PK-K 8797: Choerosaurus dejageri, Voxel size: 0.050mm, Tropidostoma AZ, Wuchiapigian, Late Permian. Scanned at the CT scanner Unit of the Central Analytical Facility at the University of Stellenbosch (South Africa) using General Electric Phoenix VTomeX L240 microCT scanner (see Benoit et al., 2016).
Cynodontia
- BP/1/3926: Cynosaurus suppostus, voxel size: 0.0708mm, Daptocephalus AZ, Changhsingian, Late Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/1563: Cynosaurus suppostus, voxel size: 0.0291mm, Daptocephalus AZ, Changhsingian, Late Permian. Scanned at the ESI using Nikon Metrology XTH 225/320 LC. Based on the small size of the skull compared to adult and the level of ossification of the sutures, this skull may belong to a juvenile Cynosaurus suppostus.
- BP/1/7199: Thrinaxodon liorhinus, voxel size: 0.03mm, Lystrosaurus AZ, Induan, Early Triassic. Scanned at the ESRF (see Fernandez et al., 2013 for details).
- BP/1/4623: Thrinaxodon liorhinus, voxel size: 0.050mm, Lystrosaurus AZ, Induan, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- NMQR 860: Galesaurus platyceps, voxel size: 0.050mm, Lystrosaurus AZ, Induan, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/4534: indet.Trirachodontidae, voxel size: 0.0556mm, Cynognathus AZ, Anisian, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- AM461: Trirachodon berryi, voxel size: 0.0668mm, Cynognathus AZ, Anisian, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/4658: Trirachodon berryi, voxel size: 0.0667mm, Cynognathus AZ, Anisian, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/4245, Massetognathus pascuali, voxel size: 0.0645 mm, Chañares Formation, Ladinian, Middle Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/1/2669: Lumkuia fuzzi, voxel size: 0.025mm, Cynognathus AZ, Anisian, Early Triassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
Mammaliaform
- BP/1/4983: Megazostrodon rudnerae, voxel size: 0.031mm, Massospondylus range zone, Hettangian, Sinnemurian, and Pliensbachian, Early Jurassic. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- BP/4/908: Ornithorhynchus anatinus, voxel size: 0.050mm, extant. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
- MS86: Tachyglossus aculeatus, voxel size: 0.0667mm, extant. Scanned at the ESI using Nikon Metrology XTH 225/320 LC.
For enquiries concerning access to CT scan data, please contact K. Jakata (CT facility manager) : kudakwashe.jakata@wits.ac.za.
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