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specimen with A. anamensis or more-primitive hominins19–22 (Fig.�2a, b  
and Supplementary Note�6). Furthermore, a number of qualitative 
features are shared between MRD and A. anamensis upper canines 
(Fig.�2c). The mesial and distal basal tubercles (crown ‘shoulders’) are 
short, equidistant from the cervico-enamel junction and occlusally 
divergent. The degree of mesiodistal elongation and short shoulders 
are particularly important, because they are among the few distinctive 
features described for A. anamensis that are not shared by A. afarensis  
or Ardipithecus ramidus19,23. Short mesial shoulders are, how-
ever, present in upper canines attributed to Ardipithecus kadabba24  
and Orrorin tugenensis10. Additional primitive features shared among 
the canines of MRD, A. anamensis and other earlier hominins are 
present on the lingual crown face. The lingual ridge is large, blunt 
and mesially offset, which relegates the mesial lingual fossa to a small 
slit-like structure at the mesial-most extent of the lingual face25. A 
wear facet is present on the lingual face in MRD, KNM-KP 58309 and 
some A. ramidus specimens. This feature may have been produced 
through non-honing contact with an asymmetric and mesiobuccally 
bulging P3.

Little can be said about the morphology of the other teeth, owing to 
damage and wear. However, even though the incisor crowns are bro-
ken off, the remaining parts of the crowns and the shape of the roots 
indicate that the incisors were vertically implanted. A wide (approxi-
mately 4-mm) I2–C diastema is present in MRD. This feature is absent 
in the Sahelanthropus tchadensis cranium3, but is variably present in A. 
afarensis and has also been documented in A. ramidus (for example, 
ARA-VP-6/500-115)26. The MRD canine and midface are posteriorly 
inclined, which is a notable difference from some of the A. anamensis 
specimens7,19,21 (Extended Data Fig.�6 and Supplementary Note�6). The 
M3 crown is sub-triangular in outline and rotated in the dental row such 
that the protocone–hypocone crown wall faces in the distolingual direc-
tion. The latter feature occurs commonly in A. anamensis specimens, 
but less so in A. afarensis.

The MRD maxillary dental arcade is relatively narrow and slightly 
U-shaped (Supplementary Note�6). The canine is aligned with the post-
canine tooth row (Extended Data Fig.�7). The inferolateral margin of 
the nasal aperture in MRD is smooth and rounded owing to the con-
fluence of a pronounced canine jugum with the nasal margin. This 
is also the condition that is found in A. anamensis specimens19,21,25. 
Most A. afarensis maxillae have thin lateral margins and sharp infero-
lateral corners27. The MRD palate is very deep, a morphology that is 
conventionally considered to be derived. The depth at the M1/M2 level 
(17.4�mm) exceeds all known A. anamensis and A. afarensis specimens 
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Fig. 1 | The MRD-VP-1/1 cranium. a, Anterior view. b, Posterior view. c, Superior view. d, Left lateral view. e, Right lateral view. f, Inferior view.  
The specimen is oriented in Frankfort horizontal plane. Scale bar, 1�cm.
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Fig. 2 | Comparisons of upper canine morphology. a, Upper canine basal 
dimensions. Least-squares regression lines are shown for A. anamensis, 
A. afarensis and A. africanus. BL, buccolingual; MD, mesiodistal; UC, 
upper canine. b, Relative canine size (√(MD�×�BL)/M1�MD). Box plots 
or individual observations are shown. The box plots show the centre line 
(median), box limits (upper and lower quartiles), whiskers (range) and 
individual values (squares). Taxa are arranged chronologically, showing 
the temporal trend of decreasing relative canine size. Sample sizes (n) 
are reported in parentheses after the species names. c, Lingual face of the 
canine crown in A. afarensis and A. anamensis at sequential wear stages. 
The length and orientation of the mesial and distal basal tubercles are 
illustrated by black and grey arrows, respectively. White arrows indicate 
a slit-like mesial lingual fossa and white asterisks mark the extension of a 
wear facet onto the lingual crown face. Canines are aligned at the cervical 
enamel line (dashed grey line). All specimens are shown as right teeth and 
(r) indicates images that have been reversed.
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anterior origin of the masseter muscle (the zygomatic tubercle) is supe-
riorly positioned and the tubercle faces inferolaterally. The opposite 
pattern, in which the crest is low and arched, is traditionally considered 
to be primitive, because it is shared among A. ramidus, A. afarensis 
and African apes30,31. A ratio of the masseteric height relative to the 
vertical facial height shows that MRD is similar to A. africanus and 

robust australopiths in exhibiting a high ratio that indicates a relatively 
superior masseter position. By contrast, S. tchadensis, A. ramidus and A. 
afarensis share lower values (Supplementary Note�8). The masseter ori-
gin is also anteriorly positioned in MRD, similar to robust australopiths 
(Supplementary Note�8). However, the anterior position is achieved in 
a unique way. The infra-orbital malar region is concave in MRD, rather 

Table 1 |  Craniofacial metrics of MRD-VP-1/1 and other early hominins

S. tchadensis A. ramidus A. afarensis A. africanus

MRD-VP-1/1
TM 266-01-060-1  
reconstruction

ARA-VP-6/500  
reconstruction A.L. 444-2 Sts 5 Sts 71 Stw 505

Cranial dimensions

Vault length (g–op) 149.2 173 − 167 146 129 −

Maximum cranial length (pr–op) 205.0 211 162.5� ±�3 215 181 164 −

ba–b height 94.9 86 79.5 101 − −

Biparietal breadth a 83.1 90 p 91–92.5 j 115 98 − −

Maximum cranial breadth b 116.3 128 110.5 139 108 − 123

Biporion breadth 108.9 114.2 p 98.5 132 107 105 (126)

Postorbital breadth c 61.9 k 65 62 77 64 56 71

Occipital upper scale arc (l–op) 26.1 − − 29 39 33 −

Occipital upper scale angle (l–op) 70.1 (63) p − 70 80 − −

Occipital lower scale arc (op–o) 56.4 − − 41 31 38 −

Occipital lower scale angle (op–o) 43.1 36 − 25 40 − −

Nuchal plane length (i–o) 54.1 42.8 p − − 31 38 −

Facial dimensions

Superior facial breadth (fmt–fmt) 98.5 110 103 (116) 94 (92) −

Bizygomatic breadth at the orbital plane d 122.0 108.3 107.5 j 142 120 110 −

Bimaxillary breadth (zm–zm) 92�±�2 l − 83.5 − 106 96 −

Maxillo-alveolar breadth 69.5 60 59 82 68 70 −

Superior facial height (n–pr) 91.1 k 75 61.5� ±�3 100 77 73 91

Vertical facial height e 105 99.5 p − 113 86 88 110

Malar height (or–zm) (34) l 26 18 26 27 31 m

Orbitoalveolar height f 59.3 46.8 p 32.5 66 51 47 62

Masseteric height g 38 26.8 p 18.2 j 32.3 32.1 31 −

ns–pr height 30.7 21.5 − 29 27 29

ns–pr angle 48.9 50 − 39 37 47 50

Index of palate protrusion h 69.4 47 53.2 j 55 68 43 −

Sellion–pr angle 54.7 (60) p 52.5 j 65 53 65 (58)

Sellion–ns angle 58.1 − − 76 66 72 66

Biorbital breadth i 82.8 91 n 90.5 n 95 85 79 97 o

Interorbital breadth (mf–mf) 23.1 k 23 16.6 j 19 20 20 18.6

Orbit breadth (mf–ek) 31.5 37.5 37 40 n 34 34 39

Orbit height 31.3 35 32 39 29 31 37

Nasal aperture breadth i 24.1 k 26 18.5 25 26 25 29

Nasal aperture height (rhi–ns) 38.7 k 32 − 37 24 24 28

Internal palate length (ol–sta) 73.6 k − − 75 65.3 − −

Measurements of MRD are taken from the symmetrized reconstruction, or from the original specimen where the concerned region is undistorted (as indicated). Distances are reported in mm. Angles 
are measured between the concerned chords and Frankfort horizontal planes and reported in degrees. Values in parentheses or with ‘± ’ indicate estimated measurements; ‘− ’ indicates unavailable 
data. Comparative data were assembled from previous studies 27–29,42–45  or collected by the authors. De�nitions for the osteometric point abbreviations can be found in a previously published study 46.
aDe�nition follows ‘maximum parietal breadth’ of ref. 43 .
bEither bimastoid or bisupramastoid, depending on specimen morphology. For MRD, it is bisupramastoid.
cMeasurement 9(1) of ref. 46  and measurement 21 of ref. 27  were used.
dMeasurement 52 of ref. 27  was used.
eMeasurement 53 of ref. 27  was used.
fMeasurement 58 of ref. 27  was used.
gMeasurement 59 of ref. 27  was used.
hSee de�nition in refs 27,46 .
iMaximum breadth parallel to Frankfort horizontal plane.
jMeasurements provided by G. Suwa (personal communication).
kMeasurement of the original specimen.
lThe zygomaxillary suture is obliterated. The position of zm was estimated at the medial third of the zygomatic tubercle.
mMinimum malar height as described in ref. 43 . This measurement is equivalent to or–zm in some specimens and 1–3�mm less than or–zm in others.
nfmo–fmo, typically 1–3�mm less than maximum breadth.
oek–ek.
pMeasurement provided by F. Guy (personal communication).
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MEtHOdS
Computed tomography. The MRD cranium was scanned using a GE v|tome|x 
L300 industrial multiscale microcomputed tomography scanner at the 
Pennsylvania State University Center for Quantitative Imaging. The cranium was 
scanned with source energy settings of 180�kV and 420�μA, 0.2-mm Al filter, 2,400 
projections, 5�frames averaged per projection and a detector timing of 500�ms. 
The data were reconstructed with an isotropic voxel size of 75�μm. The data were 
segmented and a three-dimensional isosurface of the external surface of the fossil 
was created in Avizo v.9.3 (ThermoFisher Scientific).
Reconstruction of the MRD cranium. Reconstruction of MRD involved recon-
structing the facial skeleton and neurocranium, integrating missing parts, recon-
structing the endocast and estimating cranial capacity. These procedures are 
described below.
Digital reconstruction of the facial skeleton. The surface obtained was divided 
into neurocranial (endocranium and ectocranium) and facial portions. In the 
original fossil, these two parts were glued together, but this intervention resulted 
in a mismatch between neurocranium and face, in which the facial portion is 
medially distorted on the left side. The misalignment appears more evident when 
the midsagittal plane is computed for the neurocranium (using a best-fit plane 
for glabella, nasion, sagittal crest and median nuchal line) and the facial portion 
(using a best-fit plane for rhinion, anterior nasal spine, incisive foramen and points 
selected on the maxillary suture). The angle computed between the two planes is 
6.2° (Extended Data Fig.�1a). The facial portion was rotated to align the midsag-
ittal plane of the face with the midsagittal plane of the neurocranium47. Then, the 
facial portion was moved along the midsagittal plane (that is, upward/downward, 
forward/backward) once the alignment with the neurocranium was established 
(Extended Data Fig.�1b). Distorted and missing regions were restored first by 
mirroring the contralateral unaffected portions of the facial bones, by then using 
an iterative closest-point algorithm to enhance the alignment between mirrored 
and original homologous regions and finally by cropping and merging the recon-
structed parts to the original preserved portions of MRD. Small gaps were closed 
using surface interpolation, maintaining—where possible—the original features 
of the fossil. Specifically, the left supraorbital and zygomatic bones were mirrored 
to reconstruct missing regions on the right side (Extended Data Fig.�1c). Then, 
the reconstructed right hemiface was mirrored and aligned with the left part, thus 
restoring the deformation of the maxilla (Extended Data Fig.�1d). Because most 
of the left upper teeth are preserved in the original, the mirrored right maxilla was 
used to correctly realign the original left maxillary dental arcade and part of the 
palate, thus preserving the original features of the fossil (Extended Data Fig.�1e, f).  
Finally, because only the third molar (M3) is preserved on the right side, the left 
dental arcade (except the right M3) was reconstructed by mirroring the left coun-
terpart (Extended Data Fig.�1g, h). All of the procedures described above were 
performed in Geomagic Design X (3D Systems Software)48,49.
Symmetrization. A template consisting of 47 landmarks and 707 semilandmarks 
(217 curve semilandmarks and 490 surface semilandmarks) was created on the 
MRD cranium in Viewbox software (dHAL Software) to capture the geometry 
of the cranial surface (Extended Data Fig.�2a, b and Supplementary Note�2). The 
MRD digital model was mirrored along its midsagittal plane to create a complete, 
symmetric (semi)landmark configuration. The paired landmarks were reflected/
relabelled (Extended Data Fig.�2c, d) whereas the semilandmarks were allowed to 
slide to reduce the bending energy with respect to the original configuration. Then, 
both configurations were superimposed using a generalized Procrustes analysis, 
and the Procrustes average (consensus) shape (which is symmetrical by definition) 
was computed47–49. Procrustes coordinates of the symmetric configuration were 
transformed to Cartesian coordinates by multiplying each (semi)landmark by the 
centroid size mean (the mean between the centroid size of the two configura-
tions). Finally, the original MRD (semi)landmark configuration was warped into 
the symmetric (semi)landmark configuration using the thin plate spline (TPS) 
interpolation functions42 in Avizo. The surface of the MRD digital model was 
warped so as to minimize the bending energy of the according transformation 
(Extended Data Fig.�2e).
Reconstruction of the neurocranium. Further reconstruction of the neurocra-
nium entailed creating a mirror-image copy followed by iterative closest-point 
superimposition of undistorted regions in order to reconstruct the right temporal 
process of the zygomatic arch, the left mastoid process and other incomplete parts 
of the basicranium (Extended Data Fig.�2f–h). We use ‘MRD-sym’ to refer to the 
surface model that results from the procedures described above (facial reconstruc-
tion, mirror imaging and symmetrization). MRD-sym was produced exclusively 
using data present in the original specimen.
Integration of missing parts. The rest of missing or incomplete regions of MRD-
sym (specifically, the orbital cavities, the zygomatic arches, the sphenoid bone, 
the foramen magnum and portions of the endocranium) were restored with refer-
ence to morphology present in other hominin crania. Reference (semi)landmark 
configurations were created in Viewbox software on the crania of three different  

hominins (reference templates): Sts 5 (A. africanus�=�650 (semi)landmarks 
(Extended Data Fig.�3a, b and Supplementary Note�3)), A.L. 444-2 (A. afarensis� 
=�438 (semi)landmarks (Extended Data Fig.�4a, b and Supplementary Note�4)) 
and KNM-WT 17000 (P. aethiopicus�=�312 (semi)landmarks (Extended Data 
Fig.�4e, f and Supplementary Note�5)). First, the Sts 5 reference template was 
applied to MRD-sym to reconstruct the orbital cavities, the sphenoid bone, the 
foramen magnum and portions of the endocranium, as well as the zygomatic arch 
and small portions of the frontal process of the zygomatic bone. Semilandmarks 
were allowed to slide along curves and surfaces to minimize the bending energy 
of the TPS interpolation computed between the target and each reference, and 
the semilandmarks that fell in the missing regions were allowed to move without 
constraints (Extended Data Fig.�3c). The (semi)landmarks of the reference tem-
plate were thus transformed into the corresponding (semi)landmarks of the target 
using the TPS functions50, whereas the surface of the reference was interpolated 
to minimize the bending energy of the relative transformation (Extended Data 
Fig.�3d). The corresponding areas of the missing regions of interest were isolated 
from the resulting warped surface and merged with the three-dimensional MRD-
sym model (Extended Data Fig.�3e–h). We use ‘MRD-Sts 5’ to refer to the surface 
model that results from using Sts 5 as a reference specimen to integrate the missing 
parts. The (semi)landmark configurations created on A.L. 444-2 (Extended Data 
Fig.�4a, b) and KNM-WT 17000 (Extended Data Fig.�4e, f) were similarly applied 
to MRD-sym (Extended Data Fig.�4c, g) to create alternative reconstructions of 
the zygomatic arch and the frontal process of the zygomatic bone, following the 
same methodological procedures described above (Extended Data Fig.�4d, h). 
Because warping reference hominin crania might introduce slight asymmetries 
in the reconstructed regions, and because for P. aethiopicus only the left side was 
available to reconstruct the zygomatic arch, the left hemi-cranium of MRD-sym 
was mirrored along the midsagittal plane to replace the right counterpart. Care was 
taken to preserve the sagittal and nuchal crests of MRD-sym. The names ‘MRD-
A.L. 444-2’ and ‘MRD-WT 17000’ refer to the alternative reconstructions using 
these specimens as references.
Reconstruction of the endocast and estimation of cranial capacity. To estimate 
cranial capacity, the endocast was segmented manually in Avizo v.9.3. The poor 
greyscale contrast between the fossil and the matrix infill necessitated manual 
tracing of the internal endocranial bone surface. For this reconstruction, only the 
right half of the endocranium was used, owing to the distortion on the left side 
of the cranium. The hemi-endocast was then mirrored and aligned to produce a 
complete, undistorted and symmetrical reconstruction.
Phylogenetic analyses. Parsimony analyses were conducted using a branch and 
bound search algorithm. Character ordering, weighting and outgroup treatment 
followed the methods described in the original publications27,33. We report stand-
ard descriptors associated with parsimony analyses, including the tree length, 
consistency index and retention index.

We analysed the character matrices in multiple iterations, in which MRD was 
treated either as its own operational taxonomic unit (OTU) or as one specimen 
within the larger A. anamensis hypodigm. Our scorings for MRD and any alter-
ations to published matrices are described in Supplementary Table�1. Strait and 
Grine33 included an A. anamensis OTU based on the Kenyan specimens known 
before 2004. Thus, in one iteration of the Strait and Grine character matrix (here-
after, S&G-separate) there is a ‘pre-2004 A. anamensis’ OTU that is composed 
of specimens that could be scored for dentognathic characters but not for most 
cranial characters. We added a separate OTU for MRD, which could be scored for 
cranial characters but not for most dental and mandibular characters. In another 
iteration (S&G-combined), the samples are combined into a single ‘MRD-A. ana-
mensis’ OTU. With regard to the few characters that could be scored for both the 
pre-2004 A. anamensis and MRD samples, the scorings were either consistent 
between samples or could be accommodated by a pre-existing category of ‘variable’ 
(used to represent a polymorphic population). We conducted comparable analyses 
using the matrix of Kimbel et�al.27—one iteration treating MRD as its own taxo-
nomic unit (K-separate) and the second combining MRD and previously attributed 
A. anamensis specimens (K-combined). Because the previous analysis27 did not 
include A. anamensis, our scorings for A. anamensis in the K-combined matrix 
are based on first-hand comparison of the original fossils, together with published 
descriptions and comparative data.

The varied OTU treatment of MRD and other specimens attributed to A. ana-
mensis allows the phylogenetic placement of MRD to be assessed with or without 
the assumptions implied by our species attribution. Our alpha taxonomic desig-
nation is embedded in the K-combined and S&G-combined analyses—the MRD 
cranial features are associated with the dentognathic features of the pre-2004 A. 
anamensis sample and any differences between the samples are taken to represent 
intraspecific polymorphism. By contrast, these assumptions are avoided in the 
K-separate and S&G-separate analyses, in which MRD can be understood as a 
separate site sample, a subspecies or as a different species. Assuming that the con-
specific designation is correct, the OTU separation further permits us to assess 
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whether different character subsets (for example, cranial versus dentognathic) 
convey consistent information about the phylogenetic placement of A. anamensis.
Reporting summary. Further information on research design is available in 
the�Nature Research Reporting Summary linked to this paper.

Data availability
The data that support the findings of this study that were not included in 
the�Supplementary Information are available from the corresponding authors 
upon reasonable request.
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Extended Data Fig. 1 | MRD-VP-1/1 digital reconstructions. 
Digitally reconstructed cranium and comparison of three alternative 
reconstructions. a–f, The reconstructed cranium MRD- Sts 5 is shown in 
anterior view (a), posterior view (b), superior view (c), left (d) and right (e)  
lateral views and inferior view (f). Additional images illustrate minor 

differences in reconstructed zygomatic arches. g, MRD-Sts 5. h, MRD-A.L. 
444-2. i, MRD-WT 17000. j, MRD-Sts 5 with edges superimposed to the 
three different restored versions: MRD-Sts 5 (blue lines); MRD-A.L. 444-2 
(green lines) and MRD-WT 17000 (red lines). Scale bars, 2�cm.
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Extended Data Fig. 2 | Basic steps involved in repositioning and 
reconstructing the MRD face. a, Midsagittal planes computed for the 
original neurocranium (ivory) and facial portion (red). b, The original 
facial portion is rotated to align the midsagittal plane of the face with 
the midsagittal plane of the neurocranium, then the former is moved 
along the midsagittal plane to establish contact with the latter. c, The 
left supra-orbital bone was mirrored and aligned to the original MRD 

right side. d, The complete right side was mirrored and aligned to the left 
side. e, f, Anterior (e) and inferior (f) views of the original left maxillary 
dental arcade and part of the palate superimposed to the mirrored copy 
of the right hemiface. g, h, Frontal (g) and basal (h) view of the right 
dental arcade reconstructed by mirroring the left dental arcade (except 
for the right M3). Mirrored portions are shown in green. Scale bar, 4�cm. 
See�Methods for details.
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Extended Data Fig. 3 | MRD symmetrization using a reflected 
relabelling procedure and neurocranium reconstruction. a, The 
template with landmarks (red), non-osteometric homologous landmarks 
(blue), curve semilandmarks (light blue) and surface semilandmarks 
(yellow) was digitized on the MRD cranium. b, The template configuration 
with names of landmarks and curves numbers (Supplementary Note�2).  
c, Basal view of the template digitized on the MRD cranium. d, The 

template digitized on the mirrored cranium. e, Symmetric configuration 
of the (semi)landmarks and warped surface. f, Basal view of the final 
result for MRD-sym. g, Basal view of the left zygomatic process, the right 
mastoid process and other parts of the basicranium reconstructed by 
mirroring the original counterparts (integrated parts are shown in green). 
h, Basal view, final result after integrating the mirrored counterparts. Scale 
bars, 2�cm. See�Methods for details.



ArticleRESEARCH

Extended Data Fig. 4 | Integration of missing parts using Sts 5. 
a, Template built on the cranium of A. africanus (Sts 5). Templates 
with landmarks (red), curve semilandmarks (light blue) and surface 
semilandmarks (yellow) were digitized on Sts 5. b, Template configuration 
with names of landmarks and curves numbers (labels are related to 
Supplementary Note�3). c, The same set of (semi)landmarks on the MRD-

sym cranium. d, TPS interpolation of the Sts 5 cranium, warped to MRD-
sym (blue and grey, respectively). e–h, MRD-sym with the integrated 
missing parts (blue) isolated from the resulting warped surfaces obtained 
by the deformation of Sts 5 (shown�here as an example) in anterior (e), left 
lateral (f), inferior (g) and superior (h) views. Scale bar, 4�cm.
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Extended Data Fig. 5 | Integration of missing parts using A.L. 444-2 
and KNM-WT 17000. a, e, Templates with landmarks (red), curve 
semilandmarks (light blue) and surface semilandmarks (yellow) digitized 
on A.L. 444-2 (a) and KNM-WT 17000 (e) crania. b, f, The configurations 
of (semi)landmarks with names of landmarks and curves numbers 

digitized on A.L. 444-2 (b) and KNM-WT 17000 (f) crania (labels are 
related to Supplementary Notes�4, 5). c, g, Sets of (semi)landmarks on the 
MRD-sym cranium. d, h, TPS interpolation of the A.L. 444-2 (green) and 
KMN-WT 17000 (red) crania warped to MRD-sym (grey). Scale bar, 4�cm.
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Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description This study describes a 3.8 Myr early hominin cranium from Ethiopia and assesses its taxonomic affinity.

Research sample In our comparative analysis, we used originals and replicas of fossil specimens recovered from Kenya, Tanzania, Ethiopia, and South 
Africa.

Sampling strategy No sample size calculation was performed. Sampling strategy was merely based on availability of fossil materials, particularly crania, 
from the time period of interest (3-4 million years ago).

Data collection Data from the original specimen was collected by Y.H.S. and S.M.M. Micro-CT scan data processing and collection was conducted by 
T.M.R., S.B., and A.V. in collaboration with Y.H.S. and S.M.M.

Timing and spatial scale Data collection started in the summer of 2016, followed by comparative data collection during the summer of 2017. Data on the 
original specimen was being collected between January and March when Y.H.S. and S.M.M. had access to the specimen before their 
field season. This continued until the write up of this manuscript.

Data exclusions No data was excluded from the analysis.

Reproducibility This is a comparative morphological description of a fossil specimen and no experiments were conducted to test repeatability.

Randomization The comparative specimens have known taxonomic affinity and there was no randomization.

Blinding Blinding was not relevant to this study because it was a field study not an experimental study. 

Did the study involve field work? Yes No

Field work, collection and transport
Field conditions Arid, limited tree cover, low relief river valley between high, basalt covered plateaus, and hot.

Location Area around fossil discovery site in the Godaya River Valley of the Woranso Mille project area, Afar Region, Ethiopia (11º32’59.5” 
N; 40º27’54.6” E)

Access and import/export Access and sample export followed the laws and regulations of Ethiopia and the Afar Regional state. Permission from the 
Authority for Research and Conservation of Cultural Heritage (ARCCH), dated November 17, 2015 (Ref. # 08/KT-69/005), allowed 
us to conduct field research that led to the discovery of the subject of this manuscript.  The Minister of Culture and Tourism 
authorized the export of the original fossil (MRD-VP-1/1) to the United States for CT-scanning on May 2, 2016, Ref. # 1/A-10/354. 

Disturbance Camping, road access, heat, and sample collection provided minimal disturbance. 

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Palaeontology
Specimen provenance The specimen was collected from Woranso-Mille Site,  Lead Author's field site in the  Afar region of Ethiopia. Field work at the 

site is conducted with permits from the Authority for Research and Conservation of Cultural Heritage of the Ministry of Culture 
and Tourism of Ethiopia issued on November 17, 2015, Ref. # 08/KT-69/005. 

Specimen deposition The original specimen is housed in the Paleoanthropology Laboratory of the National Museum of Ethiopia.

Dating methods Age of the specimen was determined by using 40Ar/39Ar dating of volcanic tuffs at the Berkeley Geochronology Center, located 
in Berkeley, California. The methods are described in a companion manuscript.

Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.
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