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ENDOCAST RECONSTRUCTION AND INTERPRETATION

Segmentation and Reconstruction
Each bone fragment was manually segmented out in Avizo (mainly using the ‘Blow tool’ and the ‘Brush tool’) and rendered as a surface (Fig. S1A–B). A preliminary reassembly in Avizo was performed to judge which fragments were of use for the reconstruction. The reassembly was begun with the larger bone fragments (fragments 1–4 and 44, Fig. S1) and then proceeded from posterior to anterior. Fragments were mirrored to provide overlap with other fragments from the opposite side to aid in the correct placement of other fragments, and to make the reconstruction more complete. All identifiable fragments that were part of the neurocranium were numbered and fragment maps (Fig. S1C–F) were created before each bone fragment was exported as an OBJ-file. 
The fragments were imported into Blender 2.79b (blender.org) where they were reassembled in the same fashion as in Avizo, using the fragment maps as a guide to the original and reconstructed position of each fragment. Once a rough reconstruction of the whole skull had been carried out, the positions of the fragments from the medial and left parts of the skull and the mirrored fragments from the right side were fine-tuned to provide optimal fit. The fragments from the left side and the mirrored fragments from the right side were merged and mirrored as a whole so that they could be fitted against the medial parts of the skull to provide a complete fine-tuned reconstruction. All parts of the final reconstruction were merged and exported as a single STL-file. 
The STL-file with the reconstructed neurocranium was imported into Avizo where an endocast was created using manual segmentation. Where bone was missing, segmentation followed the curvature of the surrounding bone. These areas were highlighted using the ‘Brush tool’ during the segmentation process and saved as a separate material so that they could be illustrated in a separate color to the rest of the endocast. The endocast was rendered as a surface and a small amount of smoothing was applied to reduce noise. The endocast volume was calculated using the ‘Label analysis’ tool, which gave the volume for each material (main endocast and highlighted areas where bone was missing) in number of voxels. These volumes were added together to give a total endocast volume and converted into milliliters. 

Interpretation 
The edges of bone fragments in some places caused lines on the endocast which could be misinterpreted as sulci. In other cases, imperfectly fitted overlapping mirrored bone fragments also made sulci, which were visible on the individual bone fragments, less visible on the endocast. The endocast was therefore closely compared to the bone fragments of the reconstructed neurocranium, after removal of mirrored fragments (Fig. S2). 
The bone fragments of the right side of the cranium (Fig. S2B, D) preserve the sulcus marginalis (fragment 21 and 29), sulcus suprasylvius (fragment 17 and 30), sulcus rhinalis lateralis pars rostralis (fragment 34) and sulcus rhinalis lateralis pars caudalis (fragment 46). The only sulcus that is found on the left side but not on the right side is the sulcus ectosylvius. This sulcus is faint but clearly visible on fragment 25 on the left side. Its absence on the right side is explained by the fact that the position on the right side where it may be expected is roughly aligned with the lower edge of fragment 30. 
The left side of the cranium (Fig. S2A, C) preserves the sulcus marginalis, suprasylvius and ectosylvius all on the same large bone fragment (fragment 25). The sulcus rhinalis lateralis pars caudalis and pars rostralis are preserved on fragments 57 and 39 respectively. The part of the sulcus rhinalis lateralis pars caudalis that is preserved on the left side corresponds very well in position the same sulcus preserved on the right side. When mirroring fragment 46 and fitting it against the corresponding bone fragments on the left side, the impression of the sulcus on this fragment aligns perfectly with that of fragment 57. This sulcus is only very faintly visible on the endocast itself at certain angles. This is partly because the sulcus is faint on the bone, but also because slight irregularities in the surfaces of the overlapping bone fragments resulted in a slightly uneven surface in this area. 
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FIGURE S1. Fragment map with all segmented fragments (A, B) and fragments used in reconstruction before (C, D) and after (E, F) the reconstruction process, in dorsal (A, C, E) and ventral (B, D, F) view.
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FIGURE S2. Comparison of sulcal pattern on endocast (E) and inside of the left (A, C) and right (B, D) side of the neurocranium. C and D are semitransparent renderings of A and B, with sulci highlighted by lines. 
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FIGURE S3. Full phylogeny of Hyaenodonta from Borths and Stevens (2017) with Ekweeconfractus amorui gen. et sp. nov. in the most parsimonious position and the rest of the tree topology constrained.

REFERENCES FOR AGE RANGES IN FIGURE 7 AND TABLE 1

Apterodon macrognathus
Geological Age: Early Rupelian, Early Oligocene
Absolute Age: 33.9–33 Ma
Citation: Lewis and Morlo, 2010; Seiffert, 2010

Cynohyaenodon cayluxi
Geological Age: MP12–MP18, Lutetian to Priabonian, middle to late Eocene
Absolute Age: 47.8–33.9 Ma
Citation: Solé, 2013

Hyaenodon horridus
Geological Age: Late Chadronian to late Orellan, late Eocene to early Oligocene
Absolute Age: 37–31.8 Ma
Citation: Mellet, 1977; Barnosky et al., 2014

H. crucians
Geological Age: Late Chadronian to middle Orellan, late Eocene to early Oligocene
Absolute age: 37–31.8 Ma
Citation: Mellet, 1977; Barnosky et al., 2014

H. brachyrhynchus
Geological age: Ludien to Stampien, (equivalent to Priabonian to Rupelian) late Eocene to early Oligocene
Absolute Age: 37.8–27.8 Ma
Citation: Lange-Badré, 1979

Megistotherium osteothlastes 
Geological Age: Early to middle Miocene
Absolute Age: 21–12 Ma
Citation: Morales and Pickford, 2005; Lewis and Morlo, 2010; Werdelin, 2010

Paroxyaena pavlovi
Geological Age: MP18–19, Priabonian, late Eocene
Absolute Age: 37.8–33.9 Ma
Citation: Lavrov, 2007; Solé et al., 2015

Proviverra typica
Geological Age: MP12–13, Geiseltalian, Lutetian, middle Eocene
Absolute Age: 47.8–44 Ma
Citation: Mertz et al., 2000; Dubied et al., 2019

Pterodon dasyuroides 
Geological Age: MP18–MP20, Priabonian, Late Eocene
Absolute Age: 37.8–33.9 Ma 
Citation: Lange-Badré, 1979; Solé et al., 2015

Thinocyon velox
Geological Age: Br1–Br3, early to middle Eocene
Absolute Age: 51–46.1 Ma
Citation: Morlo and Gunnell, 2005

Tritemnodon agilis
Geological Age: Early Wasatchian to middle Bridgerian, early to middle Eocene
Absolute Age: 55.5–46.7 Ma 
Citation: Gunnell, 1998

Vulpavus palustris
Geological Age: Early Wasatchian to middle Bridgerian, early to middle Eocene
Absolute Age: 55.5–46.7 Ma 
Citation: Flynn, 1998
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