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Supplementary Note — SK 96 background and reconstruction

SK 96, from Swartkrans Member 1, consists of a small mandible fragment with the roots of
the first deciduous molar, as well as a permanent canine and third premolar. The SK 96 P3
has a crack running diagonally across the crown, through the protoconid, that artificually
lowers the mesiobuccal portion of the crown. The two portions of the enamel-dentine
junction were realigned using the manual registration tool in Geomagic. This process was
comlpeted twice, alternating which half of the enamel-dentine junction (EDJ) was used as a
reference and which was moved to match. These will be labelled as reconstruction A and B.

Secondly, while the majority of the cervix is fully formed on SK 96, a small portion on the
lingual side extends more apically than the rest of the cervix, and appears to be incomplete.
This portion of the cervix somewhat resembles the condition seen in double/tomes root
specimens in which the enamel extends further apically in the radical between the root
sections. However, in this case the enamel extends much further apically and inwards
(buccally). To account for this, several landmark placements were completed for this portion
of the cervix, and are numbered as follows:

1) The extension of enamel was landmarked as it appears in the specimen, assuming the
cervix was complete

2) The landmarks positions were estimated based on where the cervix would have likely
been when fully formed, based on the shape and thickness of the enamel and dentine in
the undeveloped section

3) The landmarks positions were estimated as a ‘most extreme’ estimate, in which the
distance from the already deposited enamel was increased to test how our estimation
impacts the results

4) The landmarks were placed ignoring the enamel extension, instead running directly
between portions of the cervix either side that are fully formed.

This results in 8 reconstructions for the specimen in which each of the four cervix
reconstructions are repeated for both crack reconstructions. Geometric morphometric analysis
of EDJ and CEJ shape, and only cementum-enamel junction (CEJ) shape, were run in order
to assess the affect these reconstructions have on the placement of the specimen, and the
results are shown in Supplementary Figure 1. The reconstruction of the crack (labelled A and
B) has a small impact but does not substantially change the position the specimen occupies in
shape space. The cervix reconstructions have a small impact when CEJ and EDJ landmarks
are included, but the difference between reconstructions is more substantial when only the
CEJ is considered. In this case, reconstructions 1-3, in which the apical extension of the
enamel are included, fall apart from all other specimens in the analysis. Reconstruction 4 (A
and B), in which the apical extension of enamel is ignored, fall much closer to the other
specimens in the sample, suggesting that these are a more realistic placement for the cervical
landmarks.

Overall, we suggest that B4 is the best reconstruction. This is because crack reconstruction B
involves using the larger EDJ portion as a reference and moving the smaller portion, meaning
that fewer landmarks are placed according to the moved portion. Cervix reconstruction 4 was
chosen because it results in a cervix landmark configuration that clusters far more closely to
other hominin specimens (Supplementary Figure 1).
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Supplementary Figure 1. PCA plots showing the variation in reconstructions of SK 96. Two crack
reconstructions are labelled A and B, and four reconstructions of the cervix are numbered 1-4 (see

Supplementary Note 1). Top: 3D PCA of the complete landmark set (EDJ and CEJ) with the reconstructions
included. Bottom: PCA of CEJ shape only.
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Supplementary Figure 2. Landmarking protocol and terminology guide. Left: Example of the
landmarking protocol for the three landmark sets. Numbers in brackets indicate the number of
landmarks placed in each set, with the EDJ ridge set split into two sections. 1 = Protoconid
landmark, 2 = Metaconid landmark (or homologous point — see text). Right: H. naledi right
mandibular fourth premolars in occlusal view (top) and mesial view (bottom), illustrating the
major morphological features present in hominoid premolars. EDJ images were created in Avizo

6.3 (www.vsg3D.com)
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Supplementary Figure 3. Enamel dentine junction morphology of Homo naledi premolars. All

H. naledi premolars included in the complete analysis are shown in occlusal (top) and lingual
(bottom) view; the outer enamel surface for each specimen is also shown in small. For specimens
where the dentine horns have been reconstructed due to wear, the reconstructed sections are

shown in blue. EDJ images were created in Avizo 6.3 (www.vsg3D.com)



Supplementary Figure 4. Canine morphology in A) SK 96 and B) U.W. 101- 985 (Homo naledi). For each,
the left image is in lingual view and the right in buccal view. Scale bar = 1cm. Isosuface images were

created in Avizo 6.3 (www.vsg3D.com)
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Supplementary Figure 5a. Premolar EDJ morphology in select South African hominins. U.W. 101-144 and

U.W. 101-877 represent Homo naledi, while STW 80 is assigned to Homo sp. and SK 96 was previously
attributed to P. robustus. For each specimen, EDJ is shown in occlusal (left), lingual (middle) and buccal

(right) views. Scale bar = 1cm. EDJ images were created in Avizo 6.3 (www.vsg3D.com)
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Supplementary Figure 5b. Premolar EDJ morphology in select South African hominins. SKX 21204 is
assigned to Homo sp., while STW 151 and Cave of Hearths are considered indeterminate . For each
specimen, EDJ is shown in occlusal (left), lingual (middle) and buccal (right) views. Scale bar = 1cm.

Abbreviations: COH = Cave of Hearths. EDJ images were created in Avizo 6.3 (www.vsg3D.com)



Supplementary Table 1 — Detailed study sample, including which analyses each specimen is included in

Specimen  Tooth  Side Site/Origin Taxonomy Source Pgsition Position source Complete  Worn  Recon  Ln(CS)
asis? ?
STS51 P3 R Sterkfontein, South Africa Australopithecus africanus Brain, 19811 2 Brain, 19811 Y Y - 3.526
STS 52b P3 R Sterkfontein, South Africa Australopithecus africanus Dart, 19542 1 Dart, 19542 Y Y Prd 3.565
STW7 P3 L Sterkfontein, South Africa Australopithecus africanus Moggi-Cecchi et al., 2006° 1 Moggi-Cecchi et al., 2006° Y Y Prd 3.525
STW 213 P3 R Sterkfontein, South Africa Australopithecus africanus Moggi-Cecchi et al., 20062 3 Moggi-Cecchi et al., 20062 Y Y Prd 3.403
STW 404 P3 R Sterkfontein, South Africa Australopithecus africanus Moggi-Cecchi et al., 2006° 2 Moggi-Cecchi et al., 2006° Y Y Prd 3.489
DNH8 P3 L Drimolen, South Africa Paranthropus robustus Moggi-Cecchi et al., 2010* 1 Moggi-Cecchi et al., 2010* Y Y - 3590
DNH46 P3 R Drimolen, South Africa Paranthropus robustus Moggi-Cecchi et al., 2010* 1 Moggi-Cecchi et al., 2010* Y Y - 3.526
DNH51 P3 R Drimolen, South Africa Paranthropus robustus Moggi-Cecchi et al., 2010* 1 Moggi-Cecchi et al., 2010* N Y - 3543
DNH68 P3 R Drimolen, South Africa Paranthropus robustus Moggi-Cecchi et al., 2010* 2 Moggi-Cecchi et al., 2010* N Y - 3.621
SK23 P3 L Swartkrans, South Africa Paranthropus robustus Broom and Robinson, 1952° 1 Oakley, 1977¢ N Y - 3.528
SK30 P3 L Swartkrans, South Africa Paranthropus robustus Robinson, 19567 3 Oakley, 1977¢ N Y - 3.554
SK100 P3 R Swartkrans, South Africa Paranthropus robustus Robinson, 19567 3 Oakley, 1977¢ Y Y - 3.607
SK857 P3 R Swartkrans, South Africa Paranthropus robustus Robinson, 19567 3 Oakley, 1977¢ Y Y - 3.609
SKW5 P3 R Swartkrans, South Africa Paranthropus robustus Grine and Daegling, 19938 1 Grine and Daegling, 19938 Y Y Prd 3.514
KNM-ER 992A P3 R Koobi Fora, Kenya Homo aff. H. erectus Wood, 1991° 1 Wood, 1991° Y Y Prd  3.587
KNM-ER 1507 P3 L Koobi Fora, Kenya Homo aff. H. erectus Wood, 1991° 1 Wood, 1991° Y Y - 3.563
KNM-ER 1802 P3 R Koobi Fora, Kenya Homo sp. Wood, 1991° 1 Wood, 1991° Y Y - 3616
OH7 P3 R Olduvai Gorge, Tanzania Homo habilis Leakey et al., 196410 1 Tobias, 199111 Y Y - 3.463
OH13 P3 R Olduvai Gorge, Tanzania Homo habilis Leakey et al., 196410 1 Tobias, 19911 Y Y - 3.419
SK96 P3 L Swartkrans, South Africa Indet (Paranthropus robustus) Robinson, 19567 1 Robinson, 19567 Y Y Cvx 3.467
SKX 21204 P3 R Swartkrans, South Africa Homo sp. Grine, 19892 1 Grine, 19892 Y Y - 3.349
STW 151 P3 R Sterkfontein, South Africa Indet (A. africanus) Moggi-Cecchi et al., 1998%3 1 Moggi-Cecchi et al., 19983 Y Y - 3475
STW 80 P3 L Sterkfontein, South Africa Homo sp. Moggi-Cecchi et al., 20068 1 Moggi-Cecchi et al., 20068 N Y - 3.547
U.W. 101-001 P3 R Rising Star, South Africa Homo naledi Berger et al. 2015 1 Berger et al. 2015 N Y - 3.458
U.W. 101-0144 P3 L Rising Star, South Africa Homo naledi Berger et al. 2015 3 Berger et al. 2015 Y Y - 3.397
U.W. 101-0889 P3 L Rising Star, South Africa Homo naledi Berger et al. 2015 3 Berger et al. 2015 Y Y - 3384
U.w. 101-1261 P3 R Rising Star, South Africa Homo naledi Berger et al. 2015 1 Berger et al. 2015 Y Y Prd  3.402
U.W. 101-1565 P3 L Rising Star, South Africa Homo naledi Berger et al. 2015 1 Berger et al. 2015 Y Y - 3421
U.W. 101-850 P3 R Rising Star, South Africa Homo naledi Berger et al. 2015 3 Berger et al. 2015 N Y - 3451
U.W. 102-0023 P3 R Rising Star, South Africa Homo naledi Hawks et al. 201715 2 Hawks et al. 201715 N Y - 3.465



Cave of Hearths
Combe-Grenal |

KRP 51
KRP 52
KRP 54
KRP 55
KRP D111
KRP D114
KRP D33
KRP D34
SCLA4A 6
MPI1 M139
MPI M34
MPI M35
ULAC1
ULAC 13
ULAC 536
ULAC 58
ULAC 790
ULAC 797
ULAC 801
ULAC 806
STS52B
STW 14
STwW131
STW213
STW327
STW404
STW537
TM1523
SK7

SK23

SK55B
(SK1589)

SK88

P3
P3

P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P3
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4

P4
P4

rr-r 2 3 rrr °r>xrr»xr-r—2>xxr-rrxr »vIJr x®YIO® OZXr- OO o XV XD

Cave of Hearths
Combe Grenal, France

Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Scladina, Belgium
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Sterkfontein, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Swartkrans, South Africa
Swartkrans, South Africa

Swartkrans, South Africa

Swartkrans, South Africa

Indet
Homo neanderthalensis

Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Australopithecus africanus
Australopithecus africanus
Australopithecus africanus
Australopithecus africanus
Australopithecus africanus
Australopithecus africanus
Australopithecus africanus
Australopithecus africanus
Paranthropus robustus
Paranthropus robustus

Paranthropus robustus

Paranthropus robustus

Tobias, 197116

Garralda and
Vandermeersch, 20007

Radov¢ié, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Toussaint et al., 199819
MPI records
MPI records
MPI records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
Brain, 19811
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Robinson, 19567
Robinson, 19567
Broom and Robinson, 19525

Brain, 197020
Robinson, 19567

W W R W WN R R NNR R R R R R P B B P 0OWwwWwRN 0NN WR R B B B

Tobias, 197116

Garralda and
Vandermeersch, 20007

Radov¢ié, 198818
Radov¢i¢, 198818
Radov¢ié, 198818
Radov¢i¢, 198818
Radov¢ié, 198818
Radov¢i¢, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Toussaint et al., 199819
MPI records
MPI records
MPI records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
Brain, 19811
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Moggi-Cecchi et al., 2006°
Robinson, 19567
Oakley, 1977°
Oakley, 19776

Ditsong Records

Oakley, 1977°

K <X XK X << << << < << < <

K < K X << << << << <K< << << < <

3.288
3.475

3.371
3.334
3.328
3.408
3.500
3.413
3.431
3.427
3.353
3.338
3.267
3.250
3.227
3.251
3.144
3.238
3.196
3.255
3.344
3.247
3.615
3.598
3.649
3.546
3.682
3.568
3.739
3.461
3.702
3.687

3.709
3.820



SK826B
SK1587a
SK1588
SKW5
KNMER 992A
KNM-ER 1507
KNM-ER 1802
SKX 21204
STW 151
STW 80

OH7

U.W. 101-0184
U.W. 101-0887
U.W. 101-1261

U.W. 102-0023

Combe Grenal
29

Combe Grenal
v

Combe Grenal
VIl

KRP 52
KRP 58
KRP D35
KRP D50
Regourdou 1
MPI M14
ULAC 1
ULAC 13
ULAC 171
ULAC 179
ULAC 536
ULAC 58
ULAC 607
ULAC 790
ULAC 797

P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4

P4

P4

P4

P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4
P4

r —r °*xr r  J3rr O 2”0 r XV Do

J2r 0 r 3O r r XXX oo

Swartkrans, South Africa
Swartkrans, South Africa
Swartkrans, South Africa
Swartkrans, South Africa
Koobi Fora, Kenya
Koobi Fora, Kenya
Koobi Fora, Kenya
Swartkrans, South Africa
Sterkfontein, South Africa
Sterkfontein, South Africa
Olduvai Gorge, Tanzania
Rising Star, South Africa
Rising Star, South Africa
Rising Star, South Africa
Rising Star, South Africa

Combe Grenal, France
Combe Grenal, France

Combe Grenal, France

Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Krapina, Croatia
Le Regourdou, France
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection
Anatomical collection

Paranthropus robustus
Paranthropus robustus
Paranthropus robustus
Paranthropus robustus
Homo aff. H. erectus
Homo aff. H. erectus
Homo sp.
Homo sp.
Indet (A. africanus)
Homo sp.
Homo habilis
Homo naledi
Homo naledi
Homo naledi
Homo naledi

Homo neanderthalensis
Homo neanderthalensis

Homo neanderthalensis

Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo neanderthalensis
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens
Homo sapiens

Robinson, 19567
Brain, 1970%°
Brain, 1970%

Grine and Daegling, 19938
Wood, 1991°
Wood, 1991°
Wood, 1991°
Grine, 198912

Moggi-Cecchi et al., 19983

Moggi-Cecchi et al., 2006°

Leakey et al., 196410
Berger et al. 2015
Berger et al. 2015
Berger et al. 2015

Hawks et al. 201715

Garralda and
Vandermeersch, 2000%7
Garralda and
Vandermeersch, 20007
Garralda and
Vandermeersch, 20007

Radov¢ié, 198818
Radov¢i¢, 198818
Radov¢ié, 198818
Radov¢i¢, 198818
Maureille et al., 20012
MPI records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records

R W N R W Wk R R R R R R R R EPoW

N T e = T = e = = T = R 7S T S OC B OC B S S IV

Oakley, 19776
Brain, 1970%°
Brain, 19702
Grine and Daegling, 19938
Wood, 1991°
Wood, 1991°
Wood, 1991°
Grine, 198912
Moggi-Cecchi et al., 199813
Moggi-Cecchi et al., 2006°
Tobias, 199111
Berger et al. 2015
Berger et al. 2015
Berger et al. 2015

Hawks et al. 201715

Garralda and
Vandermeersch, 2000%7
Garralda and
Vandermeersch, 200017
Garralda and
Vandermeersch, 20007

Radov¢ié, 198818
Radov¢ié¢, 198818
Radov¢ié, 198818
Radov¢ié, 198818
Maureille et al., 20012
MPI records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records
ULAC records

KK <X << << << << << < < < Z2<K<<<2Z<<=<=<<<=<-=<H=HxX

KX XXX << X < < x << << <K< << << <<=

Prd

Prd,
Med

Prd

3.768
3.637
3.660
3.664
3.585
3.554
3.712
3.438
3.483
3.519
3.555
3.366
3.350
3.386
3.428

3.394

3.462

3.372

3.386
3.435
3.503
3.459
3.296
3.320
3.245
3.286
3.271
3.288
3.204
3.298
3.378
3.265
3.339




Abbreviations: EDJ+CEJ = analysis using all landmark sets; Lesedi = analysis using only landmarks corresponding to sections preserved in LES1 premolars; In(CS) = natural logarithm of centroid size (calculated from the
Lesedi analysis); Recon? = Specimens with reconstructed dentine horns (Prd = protoconid reconstructed; Med = metaconid reconstructed)
aPosition basis; 1 = In jaw, 2 = Associated dentition, 3 = based on morphology
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