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New fossils reveal the hand of Paranthropus boisei
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Geological context 
The 2019 discovery of a new hominin locality in Area 103 prompted a detailed analysis of the sedimentary setting, along with a reanalysis of the tephrostratigraphy of the Koobi Fora Tuff Complex. Hominin and faunal remains were recovered 7.6 m below a pumiceous tuff near the base of the Koobi Fora Tuff Complex and < 25 cm above a hominin trackway discovered in the underlying substrate 15.  The fossils derive from lake margin facies approximately 10 m above the prominent stromatolitic marker bed A6.  This interval of strata is characterized by fine sands, often with abundant nondecalcified molluscs (almost exclusively small bivalves), silts with saline crusts, and clays with multiple pedogenic carbonate (Bk) horizons, characterise this interval of strata.
The pumiceous tuff near the base of the Koobi Fora Tuff Complex has been identified as  the Elomaling’a Tuff 61 and dated to 1.52 Ma 62.  The fossils can be interpreted to be slightly older than 1.52 Ma on present evidence.

[bookmark: _1u7lcti2th8t]Excavation
The first element of KNM-ER 101000, a complete lower M2 of Paranthropus boisei, was discovered in Area 103 by John Loregicho on August 14th 2019 (Supplementary Figure 1). Upon careful survey of the site (Koobi Fora Research Project f27743), additional pieces of the specimen were recovered from the surface of an eroding outcrop, including fragments of a P3, P4, M3 as well as broken pieces of maxilla and a pollical proximal phalanx. Approximately 7 metres from the area where the initial teeth were found, a complete hominin fifth right metacarpal (MC5) was discovered by Martin Kirinya.  

Two field seasons were conducted in 2021 with the aim of recovering additional remains of KNM-ER 101000. Aerial views of the excavation area were captured using a high-resolution camera slung from a kite in order to map the distribution of the recovered pieces. A total of ten field workers, led by Louise Leakey and Cyprian Nyete, spent three months systematically excavating sediment from an area of 800 square metres in order to reach the sedimentary layers of the outcrop from which the initial surface finds had eroded. All excavated sediment was dry screened on site. The screened sediment was subsequently washed and carried back to the Turkana Basin Institute Ileret facility to be hand screened post expedition.


[bookmark: _ws3t2gk8xp3c]KNM-ER 101000 Craniodental Preservation and Morphology
Dentition
RM3 
KNM-ER 101000-001 is a nearly complete lower right M3 with a square chip of enamel missing from the mesiolingual corner of the metaconid. This chip is continuous with a crack that extends distally across the occlusal surface of both the metaconid and entoconid. Distally, there is a thin crack that runs along the lingual surface between the entoconid and the small C7 accessory cusp down to the cervical margin. A short, fragmented portion of both the mesial and distal roots is preserved. 

This M3 is largely unworn, with only a slight facet on the protoconid. In overall form, the crown is ovoid and largely symmetrical. It becomes buccolingually compressed towards the distal end. There is a deep and completely enclosed anterior fovea with a thick mesial margin. The lingual and buccal cusps are separated by a single longitudinal fissure which splits distally at a large hypoconulid. A low C6 accessory cusp is present at the distal marginal ridge. There is a small but distinct interproximal contact facet on the mesial margin of the molar that aligns with the distal interproximal contact facet on the lower right M2.

LM3
KNM-ER 101000-002 is the disto-buccal portion of the lower left M3. Of the primary cusps, only the distal portion of the hypoconid, buccal half of the entoconid, and the hypoconulid are preserved on this molar. No root is preserved with this fragment. The preserved portions of this tooth are nearly identical to the more complete antimere described above.

RM2
KNM-ER 101000-003 is a largely complete lower right M2. This specimen is missing a rectangular chip of enamel from the lingual side of the metaconid. There is a hairline fracture that begins at the mesiolingual corner of the tooth and runs along the lingual cusp apices, terminating at the cervical margin of the distolingual corner of the molar. Approximately half of the mesial root is preserved, while the full length (18.6mm) of the plate-like distal root is preserved.

In overall form, KNM-ER 101000-003 is less buccolingually compressed than the M3. Similar to the M3, there is a distinct and deep anterior fovea enclosed by a thick mesial marginal ridge. Wear has reduced much of the topographic relief of the cusps, but there is no exposed dentine. It appears that there would have been a well developed C6 at the distal margin of the occlusal surface. Similar to the M3, there is a deep pit at the intersection of the primary fissures. There is a distinct mesial interproximal wear facet, and a less pronounced distal wear facet. The combination of these facets likely result in a ~1mm loss of mesiodistal length.

LM1
KNM-ER 101000-004 is the mesial half of a lower left M1. The break appears to run perpendicular to the mesiodistal axis through the dentine apices of the protoconid and metaconid. A deep crack runs mesiodistally along the central axis of the tooth where the central fissure would have likely been. A small portion of the roots are also preserved, with a maximum length of 3.6mm on the lingual side. 

Wear on the RM1 is moderate, resulting in a nearly flat occlusal surface with small dentine exposures on both the protoconid and metaconid. There is a strong interproximal facet on the mesial surface which serves to create a rectangular outline of the preserved distal portion of the tooth.

LP4
KNM-ER 101000-005 is a mesio-lingual fragment of the lower left P4, preserving the entire protoconid, a small portion of the metaconid, and the lingual portion of the distal marginal ridge. Wear has reduced the topographic relief of the cusps, but no dentine has been exposed. There is a distinct interproximal contact facet on the mesial surface.

The anterior fovea (trigonid) is oriented obliquely to the buccal side of the tooth. Distally, a very thick distal marginal ridge encloses a well developed talonid. 

I?2
KNM-ER 101000-007 is half of an incisor crown and nearly complete root. This tooth most likely represents the I2, but insufficient morphology is preserved to rule out the possibility that it could be a partial I1 or upper incisor from this individual. Along the occlusal surface of the crown, there is a slight ridge of dentine which has been exposed by wear. The preserved root is 18.8mm long and ends with a break just before it would have closed at the apex.

RM3
KNM-ER 101000-008 is an unworn complete maxillary M3. A 4.6mm portion of the distal root is attached to this molar. The mesial root, if present, is obscured by an adherent piece of matrix. The mesial marginal ridge is interrupted by a small crack. Additional hairline fractures are also present on the mesial and lingual surfaces of the protocone. The anterior fovea is enclosed by a strong ridge that runs horizontally between the protocone and paracone. Distal to this ridge, there is an accessory cuspule on the distal margin of the protocone, as well as a smaller accessory cuspule on the mesial edge of the metacone. There is a very slight groove on the lingual surface of the protocone that might be a weak expression of the Carabelli complex, but nothing to the level that could be considered a cusp. 

LM3
KNM-ER 10100-009 is the paracone and mesial half of the metacone of an unworn left maxillary M3. The preserved morphology is nearly identical to that of the right antimere, with the exception of the accessory cuspule between the paracone and metacone, which is slightly larger in the left than the right M3 described above. 

RP3
KNM-ER 10100-010 is a lingual fragment of the right upper P3 preserving a moderately worn protocone. Similar to other known P. boisei specimens, this upper premolar has thick mesial and distal marginal ridges. Though much larger, the overall form of this premolar would have been very similar to the elongated ovoid upper premolars found in the P. boisei specimen KNM-WT 17400. A distinct and narrow facet can be observed on the mesial surface as the canine interproximal contact facet.

LP3
KNM-ER 101000-006 is the lingual half of an upper left P3, preserving a worn protocone and a small portion of the paracone. No dentine is exposed, but much of the cusp relief has been lost. There is a narrow crack that runs along the entire midline of the tooth from the mesial to distal end, interrupting both anterior and posterior foveae, as well as a wider crack that originates perpendicular to that and extends to the broken edge of the tooth. There is a distinct anterior fovea. There is a narrow, oblique interproximal contact facet mesially for the canine, as well as a larger interproximal facet distally for the P4. A short portion of the root is preserved.
RC
KNM-ER 10100-011 is a complete right upper canine marked by a crack through the mesiolingual groove that has completely separated the tooth into two distinct fragments. These fragments remain adhered together by matrix, although the smaller, mesial fragment is slightly displaced from the rest of the tooth. The crown is otherwise symmetrical, with the apex centrally placed and worn to reveal the dentine.  The lingual tubercle (cervical eminence) is strongly developed. Approximately 4 mm of the root is preserved. An IPC from contact with the P3 can be observed on the distal side of this canine.

LC
KNM-ER 10100-012 is a complete left upper canine preserving the majority of its root. As in the right canine, the crown is symmetric with a centrally placed pit where the apex has been worn down to the dentine. The distal lingual groove is deeper, and slightly lower, than the mesial groove. Between these grooves at the base of the crown is a pronounced lingual tubercle.

Maxilla
KNM-ER 101000-013 is a right maxillary fragment preserving the roots of the canine, P3, and P4. Aside from slight weathering, the cortical bone is well preserved on both the palate and subnasal region of this fragment. In all preserved aspects, the morphology of this maxilla fragment is characteristic of Paranthropus boisei. The root of the zygomatic is low and originates at the level of the P3. It appears that it would have been slightly lower than the root of the zygomatic in OH 5, but there has been at least some degree of erosion to the alveolar bone, exaggerating the appearance of this difference. Likewise, the palate appears shallower than that of OH 5, but would it have been deeper were the alveolar bone better preserved. The anterior portion of the maxilla is flat and suggests that the incisors would have been in line with the canines. 
The exposed portions of the right P3 and P4 roots are large, with the P3 root measuring 16.0mm buccolingually (BL), and approximately 7.5mm mesiodistally (MD). The P4 root is 16.4 mm buccolingually by approximately 8.7 mm MD. Computed tomography of this maxillary fragment reveals a three rooted P3 and P4 , each with two circular buccal roots and a single, robust lingual root (Supplementary Fig. 2). The outer dimensions of the alveolar portion of the maxilla are very thick, measuring approximately 25 mm across the premolars. Anteriorly, the root of the canine is exposed, and has been sheared lengthwise. On the superior surface, the inferior portion of the maxillary sinus can be discerned as a depression just medial to the root of the zygomatic.  
The left maxillary fragment (KNM-ER 101000-014) also preserves damaged, but discernible roots of the P3 and P4. Anteriorly, damage to the alveolar bone has exposed the canine socket. The root of the left canine (-012) is a perfect match for this space. Likewise, the fragment of the left P4 crown can be refitted to the exposed P4 roots. This maxillary fragment was also rejoined and glued to the bone and roots of the left M1 which was found separately during the excavation. In all other aspects, the morphology of the left maxillary fragment mirrors that of the better preserved right side.




[bookmark: _ocmirzbpdx0p]Supplementary Figures
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[bookmark: _4ymcqmplkmaw]Supplementary Figure 1. Context photo of KNM-ER 101000 discovery
John Loregicho with initial discovery of the KNM-ER 101000 M2
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[bookmark: _vhwr5nevvufj]Supplementary Figure 2. Occlusal, buccal, and lingual views of the right maxilla.
Maxillary bone has been rendered transparent to show the morphology of the segmented canine and premolar roots. 
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[bookmark: _m4k5qvu9ra4d]Supplementary Figure 3. Additional digital proportions in KNM-ER 101000
a) natural log plot of the mDP1 maximum length versus Mc5 maximum length with least-squares regression line through the recent H. sapiens sample [ln(mDP1_length) = 1.05 * ln(Mc5_length) - 1.06); p < 0.001, r2 = 0.61].; b) natural log plot of the mDP1 maximum length versus the manual second proximal phalanx (mPP2) maximum length with least-squares regression line through the recent H. sapiens sample [ln(mDP1_length) = 1.09 * ln(mPP2_length) - 0.92); p < 0.001, r2 = 0.67]. Australopithecus sample: 1 = A. afarensis (AL 333-159 and the mean of AL 333-14, AL 333-89, and AL 333-141 Mc5 specimens); 2 = “A. prometheus” StW 573; 3 = A. sediba MH2.
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[bookmark: _p5jiujuan199]Supplementary Figure 4. Additional hamate measurements of KNM-ER 101000
a) hamulus width (measurement along the widest dimension) versus breadth (measurement orthogonal to the width); b) hamulus angle versus hamate body length (larger angle indicates a distally inclined hamulus; c) Hamate measurements demonstrated on a Pan troglodytes specimen (following 63). The least squares regression lines shown are fit to the Homo sapiens samples (excluding one individual with pituitary dwarfism and one with gigantism in the hamate analyses): hamulus_angle = 120.02 – 0.88 * hamate_body_length (p = 0.13, r2 = 0.04); hamulus_breadth = 2.10 + 0.33 * hamulus_width (p < 0.001, r2 = 0.33). Australopithecus sample: 1 = A. afarensis AL 333-50 hamate, 2 = A. cf. afarensis KNM-WT 22994-H hamate, 3 = A. sediba MH2 left hamate, 4 = A. sediba MH2 right hamate).
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[bookmark: _d8hkd7ugvqt3]Supplementary Figure 5. Cross sectional geometry of the KNM-ER 101000 radius
Cross-sectional cortical area of radius measured at 25% of length in a comparative sample of modern humans, Pan troglodytes, and Gorilla spp. Cortical area of KNM-ER 101000 was calculated from the 25% cross- section both as it was preserved, as well as in a manually reconstructed cross- section.   



[bookmark: _p18sz82q8l1]

[bookmark: _ilv2fgbpebn5]Supplementary Table 1. KNM-ER 101000 Element List 

	Specimen number (KNM-ER 101000 - ###)
	Element

	001
	right lower M3

	002
	left lower M3 fragment

	003
	right lower M2

	004
	left lower M1 fragment

	005
	left lower P4

	006
	left upper P3

	007
	lower I2

	008
	right upper M3

	009
	left upper M3 fragment

	010
	right upper P3 fragment

	011
	right upper canine

	012
	left upper canine

	
	

	013
	right maxillary fragment

	014
	left maxillary fragment

	015
	left orbit fragment

	016
	sagittal crest fragment

	017
	right temporal fragment (articular eminence)

	
	

	018
	proximal radius (radial tuberosity)

	
	

	019
	left trapezoid

	020
	left scaphoid

	021
	right lunate

	022
	right hamate

	023
	proximal half of left first metacarpal (Mc1)

	024
	metacarpal shaft (2nd)

	025
	metacarpal shaft (3rd)

	026
	metacarpal shaft (4th)

	027
	right fifth metacarpal (Mc5)

	028
	proximal half pollical proximal phalanx (mPP1)

	029
	complete manual proximal phalanx (mPP2?)

	030
	proximal half of manual proximal phalanx (mPP3?)

	031
	distal half of manual proximal phalanx (mPP3?)

	032
	shaft of manual proximal phalanx (mPP4?)

	033
	shaft of manual proximal phalanx (mPP5?)

	034
	shaft of manual intermediate phalanx (mIP2?)

	035
	complete manual intermediate phalanx (mIP3?)

	036
	proximal portion of manual intermediate phalanx (mIP4?)

	037
	distal tip of manual intermediate phalanx (mIP4?)

	038
	proximal half of manual intermediate phalanx (mIP5?)

	039
	distal pollical phalanx

	
	

	040
	third metatarsal (Mt3)

	041
	pedal proximal phalanx (pPP5?)

	042
	hallucal proximal phalanx (pPP1)




[bookmark: _b9ogkgk8ssb2]Supplementary Table 2. KNM-ER 101000 Dental Metrics (mm)

	KNM-ER 101000 Accession #
	Tooth
	Side
	MD
	BL

	001
	M3
	R
	18.1
	15.5

	003
	M2
	R
	17.8
	15

	004
	M1
	L
	NA
	14.2

	006
	P3
	R
	11.2
	NA

	008
	M3
	R
	15.6
	16.5

	012
	C
	L
	9.6
	8.2




*Measurements only reported when cracking and infill did not substantially alter the size of the tooth (e.g., left canine could be accurately measured, but a large crack in the right canine artificially inflates it’s mesiodistal dimension)
[bookmark: _rzmxpxmoxivp]

[bookmark: _luyacew4zypm]Supplementary Table 3. Measurements of the KNM-ER 101000 hand and foot remains
	KNM-ER Accession#
101000-
	Element
	Measurement
(value in mm unless otherwise indicated)

	019
	left trapezoid
	Dorsopalmar length
	16.5

	
	
	Mediolateral breadth
	14.2

	
	
	Maximum proximodistal
	12.8

	

	020
	left scaphoid
	Radial facet radioulnar
	17.4

	
	
	Radial facet dorsopalmar
	15.8

	
	
	Capitate facet radioulnar
	15.0

	
	
	Capitate facet dorsopalmar
	11.6

	
	
	Trapezium/trapezoid facet radioulnar
	12.6

	
	
	Trapezium/trapezoid facet radioulnar dorsopalmar
	9.6

	
	
	Lunate facet radioulnar
	5.4

	
	
	Lunate facet dorsopalmar
	7.3

	 

	021
	right lunate
	Maximum radioulnar
	15.1

	
	
	Maximum radioulnar
	19.0

	
	
	Maximum proximodistal
	16.5

	
	
	Radial facet radioulnar
	14.8

	
	
	Radial facet dorsopalmar
	15.7

	
	
	Capitate facet radioulnar
	8.8

	
	
	Capitate facet dorsopalmar
	13.3

	
	
	Triquetral facet dorsopalmar
	7.5

	
	
	Triquetral facet proximodistal
	7.6

	 
	 
	 

	022
	right hamate
	Body proximodistal
	17.9

	
	
	Hamate length
	13.0

	
	
	Hamulus angle
	120.8 degrees

	 

	023
	Metacarpal I proximal fragment
	Maximum length of fragment
	27.0

	
	
	Base mediolateral
	15.4

	
	
	Base dorsopalmar
	15.9

	
	
	Midshaft mediolateral
	15.0

	
	
	Midshaft dorsopalmar
	12.0

	 

	024
	metacarpal II shaft fragment
	Maximum length of fragment
	36.5

	
	
	Approximate midshaft mediolateral
	8.4

	
	
	Approximate midshaft dorsopalmar
	11.3

	 

	025
	metacarpal III shaft fragment
	Maximum length of fragment
	29.0

	 

	026
	metacarpal IV shaft fragment
	Maximum length of fragment
	36.0

	
	
	Approximate midshaft mediolateral
	6.9

	
	
	Approximate midshaft dorsopalmar
	9.3

	 

	027
	metacarpal V
	Maximum proximodistal length
	50.9

	
	
	Proximodistal interarticular length
	49.9

	
	
	Base radioulnar
	13.5

	
	
	Base dorsopalmar
	12.5

	
	
	Midshaft radioulnar
	11.2

	
	
	Midshaft dorsopalmar
	7.4

	
	
	Head mediolateral
	11.3

	
	
	Head dorsopalmar
	12.7

	 

	028
	pollical proximal phalanx (mPP1)
	Base radioulnar
	15.5

	
	
	Base dorsopalmar
	11.0

	 

	029
	complete manual proximal phalanx (mPP2?)
	Maximum proximodistal length
	36.5

	
	
	Base radioulnar
	15.8

	
	
	Base dorsopalmar
	11.9

	
	
	Midshaft radioulnar
	13.4

	
	
	Midshaft dorsopalmar
	7.1 including flexor sheath ridges 
5.2 excluding flexor sheath ridges

	
	
	Trochlea radioulnar
	12.1

	
	
	Trochlea dorsopalmar
	8.1

	 

	030
	partial proximal manual proximal phalanx (mPP3?)
	Maximum proximodistal length of fragment
	20.4

	
	
	Base radioulnar
	16.6

	
	
	Base dorsopalmar
	12.8

	 

	031
	distal half of manual proximal phalanx (mPP3?)
	Maximum proximodistal length of fragment
	18.2

	 

	032
	shaft of manual proximal phalanx (mPP4?)
	Maximum proximodistal length of fragment
	36.7

	
	
	Base radioulnar
	13.7

	
	
	Base dorsopalmar
	10.8

	
	
	Midshaft radioulnar
	12.5

	
	
	Midshaft dorsopalmar
	8.5 including flexor sheath ridges 
5.7 excluding flexor sheath ridges

	 

	033
	shaft of manual proximal phalanx (mPP5?)
	Maximum proximodistal length of fragment
	30.2

	
	
	Midshaft radioulnar
	12.1

	
	
	Midshaft dorsopalmar
	6.2 including flexor sheath ridges
4.6 excluding flexor sheath ridges

	 

	034
	shaft of manual intermediate phalanx (mIP2?)
	Maximum proximodistal length of fragment
	24.3

	
	
	Base radioulnar
	14.1

	
	
	Base dorsopalmar
	9.4

	
	
	Midshaft radioulnar
	11.9

	
	
	Midshaft dorsopalmar
	5.3

	 

	035
	complete manual intermediate phalanx (mIP3?)
	Maximum proximodistal length of fragment
	27.9

	
	
	Base radioulnar
	13.5

	
	
	Base dorsopalmar
	8.1

	
	
	Midshaft radioulnar
	12.0

	
	
	Midshaft dorsopalmar
	5.0

	
	
	Tuft radioulnar
	9.0

	
	
	Tuft dorsopalmar
	5.3

	 

	036
	proximal portion of manual intermediate phalanx (mIP4?)
	Maximum proximodistal length of fragment
	20.7

	
	
	Base radioulnar
	13.1

	
	
	Base dorsopalmar
	9.4

	
	
	Midshaft radioulnar
	11.9

	
	
	Midshaft dorsopalmar
	5.2

	 

	037
	distal tip of manual intermediate phalanx (mIP4?)
	Maximum proximodistal length of fragment
	7.0

	 

	038
	proximal half of manual intermediate phalanx (mIP5?)
	Maximum proximodistal length of fragment
	17.3

	
	
	Base radioulnar
	12.7

	
	
	Base dorsopalmar
	8.3

	
	
	Midshaft radioulnar
	10.1

	
	
	Midshaft dorsopalmar
	4.4

	 

	039
	distal pollical phalanx
	Proximodistal length
	21.3

	
	
	Base radioulnar
	16.4

	
	
	Base dorsopalmar
	8.3

	
	
	Midshaft radioulnar
	10.8

	
	
	Midshaft dorsopalmar
	5.4

	
	
	Tuft radioulnar
	12.1

	
	
	Tuft dorsopalmar
	5.0

	 

	040
	third metatarsal (Mt3)
	Base mediolateral
	12.9

	
	
	Base dorsoplantar
	20.0

	
	
	Diaphyseal torsion (deg.)
	-41.0

	 

	041
pedal proximal phalanx (pPP5?)
	Maximum length  
	25.0

	
	Base mediolateral
	9.9

	
	Base dorsoplantar
	9.6

	
	Midshaft mediolateral
	5.6

	
	Midshaft dorsoplantar
	5.1

	
	Trochlea mediolateral
	8.4

	
	Trochlea dorsoplantar
	5.4

	
	Included angle of curvature
	20.2 degrees

	
	Articular angle
	107 degrees

	 

	042
	hallucal proximal phalanx (pPP1)
	Maximum length
	29

	
	
	Base mediolateral
	16.8

	
	
	Base dorsoplantar
	14.6

	
	
	Midshaft mediolateral
	11.3

	
	
	Midshaft dorsoplantar
	8.5

	
	
	Trochlea mediolateral
	12.9

	
	
	Trochlea dorsoplantar
	8.6

	
	
	Dorsal canting angle
	78.0 degrees

	[bookmark: _8g8s2shc4x2j] 
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[bookmark: _v5oyjsuht393]Supplementary Results 
[bookmark: _6t1z3pu7x7jz]Supplementary Table 4. Maxillary and Mandibular Third Molar Enamel Thickness Values
	Taxon
	Specimen
	Molar
	Enamel area
	EDJ length
	AET

	P. boisei
	KNM-ER 101000
	M3
	67.70
	25.25 
	2.68

	
	KNM-CH 1
	M3
	67.94
	26.86
	2.53

	
	KNM-WT 17400
	M3
	67.99
	21.56
	3.15

	
	KNM-WT 37748
	M3
	57.61
	23.67
	2.43

	Homo sp.
	Omo L9-12
	M3
	48.38
	23
	2.1

	
	Omo 166-1973-781
	M3
	45.86
	20.32
	2.26

	
	Omo L398-573
	M3
	42.17
	20.21
	2.09

	
	KNM-ER 1813
	M3
	36.93
	20.2
	1.83

	P. aethiopicus
	Omo F22-1b
	M3
	57.04
	25.81
	2.21

	P. boisei
	KNM-ER 101000
	M3
	63.21
	22.11
	2.86

	 
	KNM-ER 15930
	M3
	49.37
	20.72
	2.38

	 
	KNM-ER 3230
	M3
	59.65
	21.93
	2.72

	H. erectus
	KNM-BK 67
	M3
	26.41
	17.89
	1.48

	 
	KNM-ER 992
	M3
	23.89
	19.1
	1.25


Comparative data for maxillary molars from Lockey et al. 23. Note that while they included KNM-WT 16003 in that table as a specimen attributable to P. boisei, it derives from Lomekwi (locality LO-5) and is dated to 3.5 - 3.3 Ma 64. It has been likened to Australopithecus afarensis or attributed to Kenyanthropus platyops 65,66. Comparative data for mandibular molars from Skinner et al. 24. The KNM-BK 67 mandible has been attributed to Homo erectus 67, although Stringer 68 suggested that it could represent “archaic” H. sapiens, and McBrearty and Brooks 69 have allocated it to H. rhodesiensis.

[bookmark: _c4buya9zf9hi]Supplementary Table 5. Longitudinal shaft curvature of intermediate phalanges measured via included angle (degrees).
	 
	n
	mean
	standard deviation
	minimum
	maximum

	KNM-ER 101000
	1
	12.2
	–
	–
	–

	Australopithecus afarensisa
	2
	24.4
	5.8
	20.4
	28.4

	Australopithecus africanusb
	1
	26.5
	–
	–
	–

	Australopithecus sedibac
	4
	24.3
	9.1
	16.0
	37.3

	Swartkrans (Homo or Paranthropus?)d
	4
	11.9
	7.6
	4.3
	20.0

	OH 7 (Homo or Paranthropus?) e
	3
	26.1
	2.5
	23.5
	28.5

	Homo erectusf
	1
	17.2
	–
	–
	–

	Homo floresiensisg
	1
	20.8
	–
	–
	–

	Homo naledih
	2
	29.5
	2.3
	27.9
	31.1

	Homo sapiens (recent)i
	96
	22.8
	6.1
	5.2
	38.4

	Pan paniscusi
	65
	31.1
	6.1
	14.2
	42.9

	Pan troglodytesi
	147
	30.1
	5.6
	16.1
	43.4

	Gorilla beringeii
	89
	26.0
	4.8
	8.2
	37.7

	Gorilla gorillai
	40
	24.5
	6.2
	13.9
	36.8

	 
	 
	 
	 
	 
	 


a AL 333-32 and AL 333-88: unassociated and rays unknown
b StW 331
c All specimens associated with individual MH2: UW 101-122 (ray IV), UW 88-123 (ray II), UW 88-161 (ray III), UW 88-162 (ray V)
d SKX 9449, SKX 35439, SKX 36712, SKX 38653
e OH 7 E – G; because the proximal epiphysis is missing in these subadult phalanges, the included angle calculation was conducted with an estimate of maximum length using a landmark placed on the midpoint of a line segment connecting the dorsal-most and palmar-most points on the parasagittal midline of the proximal end. This added 1.0–1.5 mm to the raw lengths. However, the included angle was not highly sensitive to this. Using the raw maximum length (using a landmark placed on the center of the proximal metaphysis) or an “excess length estimate” of 2.0 mm longer, resulted in included angle measurements that differed by ± 1°.
f KNM-ER 15000i (juvenile); included angle measured as in e
g LB 6
h Specimens associated with Hand 1: UW 101-1308 (ray IV) and UW 101-1310 (ray III)
i Samples of extant taxa include all digits II – V

[bookmark: _gc2mxcfzmlad]Craniodental Comparative Samples

[bookmark: _g8pwxcy4x7ty]Supplementary Table 6. Maxillary Canine - M3 Module comparative sample

Specimen				C	M3	Reference	
Paranthropus boisei
KNM-ER 802			x		19
KNM-ER 816			x		19
KNM-ER 1171			x		19
KNM-ER 1804				x	19
KNM-ER 17400		x	x	70,Spoor (pers comm)
KNM-WT 37744		x		71
KNM-WT 37748			x	71
KNM-CH 1			x	x	19
KGA 10-525				x	72
OH 5				x	x	25
Homo erectus
	KNM-ER 803			x		19
	KNM-WT 15000		x		73
Homo habilis
	KNM-ER 1805			x		19
	KNM-ER 1813			x	x	19
	A.L. 666-1			x		74
OH 13					x	75
	OH 15				x	x	75	
	OH 16				x	x	75
	OH 24					x	75	
	OH 39				x		75	
	OH 62				x	x	76, Spoor (pers comm)
	Omo L 398-573				x	77	
	Omo L 894-1				x	78	
Homo rudolfensis
	KNM-ER 1590			x		19
Homo sp. indet.
	KNM-ER 807				x	19
	OH 65				x	x	79

[bookmark: _act3bumtmshp]Supplementary Table 7. Comparative sample of Paranthropus boisei mandibular permanent teeth

Specimen		I2	P3	P4	M1	M2	M3	Reference*	
KNM-ER 729			x	x	x	x	x	19,80
KNM-ER 733							x	19,81
KNM-ER 801		x				x	x	19,81 
KNM-ER 802		x		x	x	x		19,81
KNM-ER 810							x	19,81
KNM-ER 812		x						19,81
KNM-ER 818				x			x	19,81
KNM-ER 1171		x		x	x	x		19,81
KNM-ER 1467							x	19,82
KNM-ER 1509					x	x	x	19,83
KNM-ER 1816				x		x		19,82
KNM-ER 1819							x	19,83
KNM-ER 1820					x			19,82
KNM-ER 3229				x				19,83
KNM-ER 3230		x	x	x	x	x	x	19,83
KNM-ER 3737					x			19,81
KNM-ER 3885				x				19,83
KNM-ER 3890					x			19,83
KNM-ER 5887							x	19,83
KNM-ER 6080						x		19,83
KNM-ER 6082				x				19,83
KNM-ER 15930				x	x	x	19,70
KNM-ER 15940						x	19,70		
KNM-ER 15951	x		x				19,70
KNM-ER 17396					x		19,84 	
KNM-ER 17760	x						19,84
KNM-ER 25520					x	x	85
NMT-W64-160		x	x	x	x	x	x	19,86
Omo 47-73-1500					x		19,87 and pers. obs. FEG
Omo F 203-1							x	19,87 and pers. obs. FEG
Omo L 7a-125			x	x	x	x	x	19,88 and pers. obs. FEG
Omo L 74a-21				x				19,88 and pers. obs. FEG	
Omo L 427-7						x		19,87 and pers. obs. FEG
Omo L 628-2							x	19,88 and pers. obs. FEG
Omo L 628-3							x	19 and pers. obs. FEG
Omo L 628-4				x				19 and pers. obs. FEG
KGA 10-525							x	72
KGA 10-570					x			72
KGA 10-1720							x	72
KGA 10-2705						x		72
OH 38						 	x		19
OH 80				x					37	
___________________________
* Reference providing metrical data and/or the rationale for attribution to P. boisei. 

[bookmark: _jx4ef3l25wbk]

[bookmark: _ovcsjmu8a22c]Supplementary Table 8. Comparative sample of Homo erectus mandibular permanent teeth
Specimen				I2	P3	P4	M1	M2	M3	Reference*	
KNM-BK 67						x	x	x	x	89
KNM-BK 8518				x	x	x	x	x	89
KNM-ER 730							x	x	x	19
[bookmark: _78sa0mfbk90n]KNM-ER 806					x		x	x	x	19
KNM-ER 809							x			19
KNM-ER 820				x			x			19
[bookmark: _qjhcf36101ov]KNM-ER 992				x	x	x	x	x	x	19
KNM-ER 1480									x	19
KNM-ER 1507							x			19	
[bookmark: _tsgpi91iq51a]KNM-ER 1808					x			x		19
KNM-ER 1812				x					x	19
[bookmark: _3e78omqwfqaq]KNM-WT 15000			x	x	x	x	x		19
KNM-WT 37745				x					19
Omo K-7-1969-19					x				19
OH 22						x	x	x	x		90
OH 23								x	x		90
OH 51							x	x			90 
OH 60										x	91
[bookmark: _mlraerwyb216]Konso KGA 10-1					x	x	x	x	92
Garba IV E							x			93
__________________________
* References provide metrical data and/or the rationale for attribution to H. erectus. 
[bookmark: _jc5pfkhq23qy]

[bookmark: _iku81r88tr3s]Supplementary Table 9. Comparative sample of Homo habilis mandibular permanent teeth
Specimen				I2	P3	P4	M1	M2	M3	Ref*  
KNM-ER 1502						x			19	
KNM-ER 1805							x	x	19	
KNM-ER 64060			x	x	x	x	x	x	94
Omo 75s-1969-15						x			19,87,95
OH 4							x			x	75	
OH 6						x					75	
OH 7					x	x	x	x	x		75	
OH 13						x	x	x	x	x	75	
OH 16					x	x	x	x	x	x	75	
OH 27										x	75	
OH 37								x	x		75	
OH 68							x				79	
OH 69							x				79	
Fejej FJ-1-Hd1							x			96	 
Fejej FJ-1-Hd3						x				96	
Fejej FJ-1-Hd-4									x	96	
_______________________________________
* Reference providing metrical data and/or the rationale for attribution to H. habilis or H. cf. habilis

[bookmark: _9l8czgpl8tht]Supplementary Table 10. Comparative sample of Homo rudolfensis and early Homo spp. mandibular permanent teeth
Specimen				I2	P3	P4	M1	M2	M3	Ref*  
Homo rudolfensis
KNM-ER 1482						x		x	x	19	
KNM-ER 1483								x		19
KNM-ER 1801						x	x		x	19	
KNM-ER 1802						x	x	x	x	19	
KNM-ER 60000			x	x	x	x	x	x	17	
KNM-ER 62003					x				17	
Omo 75-1969-14				x	x	x	x		95	
UR 501						x	x	x	x		97	
Homo sp. indet.
KNM-ER 1462									x	19
KNM-ER 1506							x	x		19
KNM-ER 1508							x			19
KNM-ER 1814					x	x				19
KNM-ER 2597								x		19
KNM-ER 2601							x			19
KNM-ER 3734					x	x	x	x		19
KNM-ER 3953									x	19
KNM-ER 16842				x					85
KNM-WT 42718						x			98	
Omo L 26-1g							x			87,99 	
Omo L 28-30									x	87,99 	
Omo 33-1973-5496				x					87,99 
Omo 47-1968	45							x		87,99 
Omo 75s-1969-16								x	87,99 
Omo 123-1973-5495				x					87,99 	
Omo 177-1973-4525				x					87,99 
Omo 195-1973-1630						x			87,99 
Ledi-Geraru LD 350-1					x	x	x	x	100	
_______________________________________
* Reference providing metrical data and/or the rationale for attribution to H. habilis or H. rudolfensis or to Homo sp. indet.
[bookmark: _cmteqgm43yle]

[bookmark: _3a6ie4oubyu1]Hand and wrist comparative samples
Analyses involving linear measurements of metacarpals and phalanges include comparative data from multiple sources. The extant comparative data include measurements of African apes and recent humans provided by Randall Susman from his dissertation 101 supplemented by measurements from 3D surface models acquired using the measurement tool in Geomagic Control and/or measurements taken with calipers by coauthor TCP. The sample sizes vary by analysis depending on the data available for the specific elements. Fossil hominin measurements are derived from original data collected by the authors (on scans of original material or research-quality casts as indicated) or extracted from the cited literature. Specifics for each analysis are provided in the following tables.
 
[bookmark: _vs6y061v4n18]Supplementary Table 11. mPP1 length + mDP1 length versus Mc5 length: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	4
	-
	-
	101

	Gorilla gorilla
	5
	4
	-
	101

	Homo sapiens
	19
	20
	-
	101  (n = 30); Scans (n = 9)

	Pan troglodytes
	10
	12
	-
	101 (n = 22)


 
[bookmark: _gh8r4lm1q041]

[bookmark: _2klffh91amc]Supplementary Table 12. mPP1 length + mDP1 length versus Mc5 length: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Ardipithecus ramidus
	Composite: ARA-VP 6/500 and ARA-VP 7/2I
	102
	mDP1 and Mc5 from ARA-VP 6/500 and mPP1 from ARA-VP 7/2

	Australopithecus afarensis
	Composite: AL333-69 (mPP1), AL333-159 (mDP1), and AL333-14, -89, & -141(Mc5s)
	103,104 
	Plotted data point includes an average of the available Mc5 specimens

	Australopithecus africanus/prometheus
	StW 573
 
	105
	 

	Australopithecus sediba
	MH 2
	106
	 

	Homo naledi
	“Hand 1”
	107
	See data source for accession numbers of individual elements that compose Hand 1, which is known to be from a single individual.

	Homo neanderthalensis
	Shanidar 4 (left & right)
Shanidar 5
	108
	 

	Homo sapiens (early)
	Ohalo II
Qafzeh 9
	105
	 


 
[bookmark: _vfe0w2ho0r44]Supplementary Table 13. mDP1 length versus Mc5 length: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	4
	-
	-
	101

	Gorilla gorilla
	5
	4
	-
	101

	Homo sapiens
	20
	20
	-
	101 (n = 30); Scans (n = 10)

	Pan troglodytes
	10
	12
	-
	101 (n = 22)


 
[bookmark: _k5p4k5p26hr0]Supplementary Table 14. mDP1 length versus Mc5 length: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Ardipithecus ramidus
	ARA-VP 6/500
	102
	 

	Australopithecus afarensis
	Composite: AL333-159 (mDP1) and AL333-14, -89, & -141 (Mc5s)
	103,104 
	Plotted data point includes an average of the available Mc5 specimens

	Australopithecus africanus/prometheus
	StW 573
 
	105
	 

	Australopithecus sediba
	MH 2
	106
	 

	Homo naledi
	“Hand 1”
	107
	See data source for accession numbers of individual elements that compose Hand 1.

	Homo neanderthalensis
	Shanidar 4 (left & right)
Shanidar 5
	108
 
	 

	Homo sapiens (early)
	Ohalo II
Qafzeh 9
	105
	 


 
[bookmark: _5jizudmlxwlw]Supplementary Table 15. mDP1 length versus mPP2 length: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	4
	-
	-
	101

	Gorilla gorilla
	5
	3
	-
	101

	Homo sapiens
	20
	19
	-
	101 (n = 30); Scans (n = 10)

	Pan troglodytes
	10
	12
	-
	Susman


 
[bookmark: _7ij7w4ssv229]Supplementary Table 16. mDP1 length versus mPP2 length: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Ardipithecus ramidus
	ARA-VP 6/500
	102
	 

	Australopithecus afarensis
	Composite: AL 333-159 (mDP1) and AL 333-14, AL 333-89, & AL 333-141 (Mc5s)
	103,104 
	Plotted data point includes an average of the available Mc5 specimens

	Australopithecus africanus/prometheus
	StW 573
 
	105
	 

	Australopithecus sediba
	MH 2
	106
	 

	Homo naledi
	“Hand 1”
	107
	See data source for accession numbers of individual elements that compose Hand 1.

	Homo neanderthalensis
	Shanidar 4 (left)
 
	108
 
	 


 
[bookmark: _av7bfdvnuzy4]Supplementary Table 17. mDP1 tuft RU breadth versus mDP1 maximum length: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	4
	-
	-
	101

	Gorilla gorilla
	5
	4
	-
	101

	Homo sapiens
	15
	15
	-
	101

	Pan troglodytes
	10
	12
	-
	101



[bookmark: _857ruw4q89l7][bookmark: _om1d33i3pbtn]Supplementary Table 18. mDP1 tuft RU breadth versus mDP1 maximum length: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Ardipithecus ramidus
	ARA-VP 6/500
	102
	 

	Australopithecus afarensis
	AL 333-159
	104
	 

	Australopithecus africanus
	StW 294
 
	109
	 

	Australopithecus sediba
	MH 2
	106 
	mDP1 tuft is damaged but allows close estimation of breadth (Kivell et al., 2011)

	Homo floresiensis
	LB1-55
	Measurement from surface scan
	Tuft is damaged on one side and intact side was reflected digitally to estimate RU tuft breadth

	Homo habilis or possibly Paranthropus boisei (see Moya-Sola et al., 2008)
	OH 7
	Caliper measurements of original specimen
	 

	Homo naledi
	“Hand 1”
	107
	See data source for accession numbers of individual elements that compose Hand 1.

	Homo neanderthalensis
	Kiik-Koba 1, Krapina 203.1, Krapina 203.2, Krapina 203.3, Krapina 203.4, Shanidar 3, Shanidar 4 (left & right), Shanidar 5, Shanidar 6
	108,110
	Only the right Mc1 available for Shanidar 4

	Homo sapiens (early)
	Predmosti 3, SAM-AP 6388, Skhul 4
	110,111
	 

	Orrorin tugenensis
	BAR 1901’01
	112
	 

	Swartkrans: early Homo or Paranthropus robustus
	SKX 5016
	110
	 


 
[bookmark: _qwyyotv0l7mv]Supplementary Table 19. Mc1 midshaft RU breadth versus Mc5 maximum length: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	3
	5
	-
	101 (n = 1), NE Scan (n = 7)

	Gorilla gorilla
	6
	2
	-
	101 (n = 2), NE Scan (n = 6)

	Homo sapiens
	20
	15
	-
	NE Scans

	Pan troglodytes
	4
	5
	-
	101 (n = 4), NE Scans (n = 3)


[bookmark: _y7a8t34dpprt]
Supplementary Table 20. Mc1 midshaft RU breadth versus Mc5 maximum length: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Ardipithecus ramidus
	ARA-VP 6/500
	102
	 

	Australopithecus afarensis
	Composite: AL 333-w39, AL333-58 (Mc1s) and AL 333-14, AL 333-89, & AL 333-141 (Mc5s)
	103,104 
	Plotted data point includes an average of the available Mc1s versus an average of available Mc5 specimens

	Australopithecus africanus
	StW 294
 
	109
	 

	Australopithecus sediba
	MH 2
	106
	 

	Homo floresiensis
	LB1-55
	Measurement from surface scan
	Tuft is damaged on one side and intact side was reflected digitally to estimate RU tuft breadth

	Homo naledi
	Hand 1: UW101-1309 and UW-1321
	107
	See data source for accession numbers of individual elements that compose Hand 1.

	Homo neanderthalensis
	Shanidar 4
	108
	 

	Homo sapiens (early)
	Predmosti 3
SAM-AP 6388
Skhul 4
	110,111
	 

	Paranthropus boisei (?)
	KNM-WT 47000
	31
	There is no Mc5 for this specimen, so the Mc5 length is estimated from the Mc3 maximum length using a human-based least-squares regression formula:
Mc5 L = 0.76*Mc3L + 2.07 (p < 0.0001; r2 = 0.856)


 
[bookmark: _kee6y15x36zt]Supplementary Table 21. First metacarpal proximal articular surface curvature analysis: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	N
	Data source

	Gorilla beringei
	5
	4
	2
	11
	 
Derived from sample and data used in 57

	Gorilla gorilla
	20
	15
	1
	36
	

	Homo sapiens
	68
	36
	17
	121
	

	Pan troglodytes
	22
	24
	0
	46
	

	Pongo spp.
	9
	7
	3
	19
	


[bookmark: _adqiztw3l9yq]Supplementary Table 22. First metacarpal proximal articular surface curvature analysis: fossil comparative sample
	Taxon or Group
	Specimens
	Data source

	Australopithecus afarensis
	AL 333w-39
AL 333-58
	 
 
 
 
 
Derived from sample and data used in 57  and 107

	Australopithecus sediba
	MH 2
	

	Homo naledi
	UW 101-1324
UW 101-270
UW 101-1282
	

	Homo neanderthalensis
	Kebara 2
Regourdou
Amud 1
La Chapelle
La Ferrassie (left & right)
	

	Homo sapiens (early)
	Qafzeh 9
Combe-Capelle 1
	

	Homo sp.
	SKX 5020
	

	Paranthropus robustus
	SK 84
	

	Paranthropus boisei
	KNM-ER 101000
KNM-ER 47000
	



[bookmark: _f73obgg0mta9]Supplementary Table 23. Trapezoid canonical variates analysis: extant comparative sample
	Extant Taxon
	N
	Data source

	Gorilla beringei
	38
	 
Derived from sample and data used in 7

	Gorilla gorilla
	43
	

	Homo sapiens
	119
	

	Pan paniscus
	21
	

	Pan troglodytes
	47
	

	Pongo spp.
	19
	



[bookmark: _6s743fh9fnif]Supplementary Table 24. Trapezoid canonical variates analysis: fossil comparative sample
	Taxon or Group
	Specimens
	Data source

	Homo naledi
	UW 101-1324
	 
 
Derived from sample and data used in 7


	Homo neanderthalensis
	Kebara 2
Tabun 1
Amud 1
La Ferrassie 
	

	Homo sapiens (early)
	Qafzeh 9
Combe-Capelle 1
	

	Homo floresiensis
	LB 1
	

	Paranthropus boisei
	KNM-ER 101000
	


 
[bookmark: _yt1a4lu48bie]Supplementary Table 25. Scaphoid geometric morphometric analysis: extant comparative sample
	Extant Taxon
	N
	Data source

	Gorilla beringei
	4
	 
Landmarked 3D scans

	Gorilla gorilla
	6
	

	Homo sapiens
	10
	

	Pan paniscus
	10
	


[bookmark: _zb0dr6p2wzid][bookmark: _nls2bsnhhig9]
Supplementary Table 26. Scaphoid geometric morphometric analysis: fossil comparative sample
	Taxon or Group
	Specimens
	Data source

	Australopithecus sediba
	MH2
	 
 



Landmarked 3D scans


	Australopithecus sp.
	StW 618
	

	Homo naledi
	UW 101-1324
	

	Homo neanderthalensis
	Kebara 2
Tabun 1
Amud 1
La Ferrassie 
Regourdou
Shanidar 3, 4,  and 8
	

	Homo sapiens (early)
	Qafzeh 9
Combe-Capelle 1
	

	Homo floresiensis
	LB 1
	

	Paranthropus boisei
	KNM-ER 101000
	


[bookmark: _tuedlqjm2yq9]Supplementary Table 27. Scaphoid + lunate canonical variates analysis of relative joint surface areas and angles: comparative sample
	Extant Taxon
	N
	Data source

	Gorilla beringei
	40
	 
Landmarked 3D scans

	Gorilla gorilla
	44
	

	Homo sapiens
	23
	

	Pan paniscus
	22
	


[bookmark: _usd7spepf20b]
[bookmark: _e9n8y95gb5ul]Supplementary Table 28. Hamate analyses: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	4
	3
	-
	 
From landmarks placed on 3D scans following 63

	Gorilla gorilla
	6
	7
	-
	

	Homo sapiens
	28
	14
	23
	

	Pan paniscus
	10
	10
	-
	

	Pan troglodytes
	10
	10
	-
	

	Pongo spp.
	9
	10
	-
	


 
[bookmark: _h2zabp1q22kl][bookmark: _9a5gp9g7zysw]Supplementary Table 29. Hamate analyses: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Australopithecus afarensis
	AL 333-50
	 
 
 
 
 
From landmarks placed on 3D scans following 63

	 

	Australopithecus cf. afarensis
	KNM-WT 22994-H
 
	
	 

	Australopithecus sediba
	MH 2 (left & right)
	
	 

	Homo floresiensis
	LB 21&22 reconstruction
(see Orr et al., 2013)
	
	 

	Homo naledi
	UW 101-1324
	
	 

	Homo neanderthalensis
	Kebara 2, Regourdou, Shanidar 4, Tabun 1
	
	 

	Homo sapiens (early)
	Qafzeh 9, Tianyuan
	
	 


[bookmark: _qnna1ku09ln]
Supplementary Table 30. Mc5 square root of the midshaft area1 versus Mc5 maximum length: extant comparative sample
	Extant Taxon
	Males
	Females
	Unknown Sex
	Data source

	Gorilla beringei
	9
	7
	-
	101 (n = 4), NEScan (n = 12)

	Gorilla gorilla
	12
	6
	-
	101 (n = 8), NE Scan (n = 10)

	Homo sapiens
	20
	20
	-
	101 (n = 30), NE Scans (n = 10)

	Pan troglodytes
	12
	14
	-
	101 (n = 21), NE Scans (n = 5)


1 midshaft area = radioulnar breadth x dorsopalmar height.
[bookmark: _ji5ovr3hyt5f]


Supplementary Table 31. Mc5 square root of the midshaft area versus Mc5 maximum length: fossil comparative sample
	Taxon or Group
	Specimens
	Data source
	Notes

	Ardipithecus ramidus
	ARA-VP 6/500
	102
	 

	Australopithecus afarensis
	AL 333-14
AL 333-89
AL 333-141
	103,104 
	Plotted data point includes an average of the available Mc1s versus an average of available Mc5 specimens

	Australopithecus africanus
	StW 63
 
	109
	 

	Australopithecus sediba
	MH 2
	106
	 

	Homo floresiensis
	LB1-55
	Measurement from surface scan
	Tuft is damaged on one side and intact side was reflected digitally to estimate RU tuft breadth

	Homo naledi
	Hand 1:
UW101-1309
	107
	See data source for accession numbers of individual elements that compose Hand 1.

	Homo neanderthalensis
	Shanidar 4 (left & right)
Shanidar 5
	108
	 

	Swartkrans: early Homo or Paranthropus robustus
	SKW 14147
	113
	 


[bookmark: _e7s1ky2mwype]Supplementary Table 32. Manual proximal phalanx midshaft RU / maximum length: extant comparative sample
	Extant Taxon
	Digit
	Male
	Female
	Unknown Sex
	Data source

	Gorilla beringei
	II
	16
	11
	-
	Caliper measurements (Prang)

	
	III
	20
	10
	-
	

	
	IV
	16
	11
	-
	

	
	V
	15
	10
	-
	

	Gorilla gorilla
	II
	12
	10
	1
	Caliper measurements (Prang)

	
	III
	15
	11
	1
	

	
	IV
	13
	10
	1
	

	
	V
	12
	9
	1
	

	Homo sapiens
	II
	21
	19
	15
	Caliper measurements (Prang)

	
	III
	21
	19
	14
	

	
	IV
	21
	19
	13
	

	
	V
	21
	19
	14
	

	Pan paniscus
	II
	6
	10
	-
	Caliper measurements (Prang)

	
	III
	7
	11
	-
	

	
	IV
	7
	10
	-
	

	
	V
	6
	9
	-
	

	Pan troglodytes
	II
	17
	19
	2
	Caliper measurements (Prang)

	
	III
	17
	19
	2
	

	
	IV
	17
	19
	2
	

	
	V
	18
	18
	2
	



[bookmark: _zcfj24qww0b8]Supplementary Table 33. Manual proximal phalanx midshaft RU / maximum length: fossil comparative sample
	Taxon or Group
	Specimens
	Digit
	Data source
	Notes

	Ardipithecus ramidus
	GWM 10/P1
	IV
	114
	 

	Australopithecus afarensis
	AL 288-1x
	II-V
	103
	Digit number identifications follow 105 and reflect uncertainty.

	
	AL 333-w4
	II-V
	103
	

	
	AL 333-x19
	II-V
	103
	

	
	AL 333-57
	II-V
	103
	

	
	AL 333-62
	V
	103
	

	
	AL 333-63
	III?
	103
	

	
	AL 444-4
	IV?
	104
	

	
	AL 1044-1
	II?
	104
	

	Australopithecus africanus
	StW 28
	V
	109
	 

	
	StW 293
	IV
	109
	

	
	StW 597
	V?
	115
	

	Australopithecus africanus/prometheus
	StW 573
	III
	Measurement from surface scan (Orr, Artec Space Spider scanner)
	 

	
	StW 573
	IV
	
	

	Australopithecus sediba
	UW 88-164
	II
	 
 
116
	All specimens from the same MH2 individual

	
	UW 88-120
	III
	
	

	
	UW 88-108
	IV
	
	

	
	UW 88-121
	V
	
	

	Homo antecessor
	ATE 9-2
	?
	58
	 

	Homo floresiensis
	LB 6/8
	?
	117
	 

	

Homo naledi
	“Hand 1”
	 
	107
	See data source for accession numbers of individual elements that compose Hand 1.

	
	UW 101-558
	?
	Measurements from surface scan (NextEngine)
	

	
	UW 101-923
	?
	
	

	
	UW 101-1348
	?
	
	

	
	UW 101-1460
	II
	
	

	
	UW 101-1454
	?
	
	

	
	UW 101-1643
	III
	
	

	
	UW 101-1644
	IV
	
	

	Homo neanderthalensis
	Krapina 204.4
	IV
	 
 
118
	 

	
	Krapina 204.5
	III
	
	

	
	Krapina 204.6
	II
	
	

	
	Krapina 204.7
	II
	
	

	
	Krapina 204.8
	II
	
	

	
	Shanidar 3
	III
	 
 
 
108
	

	
	Shanidar 4
	II
	
	

	
	Shanidar 4
	III
	
	

	
	Shanidar 4
	IV
	
	

	
	Shanidar 4
	V (right & left)
	
	

	
	Shanidar 5
	V
	
	

	
	Shanidar 6
	III
	
	

	 
	 
	 
	 
	 

	Homo sp.?
(Olduvai Gorge)
	OH 86
	V
	119
	 

	Paranthropus boisei?
	KNM-ER 47000
	IV
	31
	 

	Swartkrans: early Homo sp. or Paranthropus robustus
	SKX 5018
	II or IV
	 
 
9
	 

	
	SKX 15468
	II or IV
	
	

	
	SKX 22741
	II or IV?
	
	

	
	SKX 27431
	II or IV
	
	

	
	SKX 22511
	II or IV
	
	



[bookmark: _z1elupjbu78u]Supplementary Table 34. Manual proximal phalanx shaft curvature: extant comparative sample
	Extant Taxon
	Digit
	Male
	Female
	Unknown Sex
	Data source

	Gorilla beringei
	II
	5
	12
	 
	 
 
 
 
From landmarks applied to 3D scans of specimens (NextEngine scanner or CT derived)

	
	III
	5
	12
	 
	

	
	IV
	5
	12
	 
	

	
	V
	5
	12
	 
	

	Gorilla gorilla
	II
	5
	7
	 
	

	
	III
	5
	7
	 
	

	
	IV
	5
	7
	 
	

	
	V
	5
	7
	 
	

	Homo sapiens
	II
	12
	12
	 
	

	
	III
	12
	12
	 
	

	
	IV
	12
	12
	 
	

	
	V
	12
	12
	 
	

	Pan paniscus
	II
	10
	11
	 
	

	
	III
	10
	11
	 
	

	
	IV
	10
	11
	 
	

	
	V
	10
	11
	 
	

	Pan troglodytes
	II
	10
	7
	 
	

	
	III
	10
	7
	 
	

	
	IV
	10
	7
	 
	

	
	V
	10
	7
	 
	


 
[bookmark: _5yg8j4ljb2v6]Supplementary Table 35. Manual proximal phalanx shaft curvature: fossil comparative sample
	Taxon or Group
	Specimens
	Digit
	Data source
	Notes

	Australopithecus afarensis
	AL 288-1x
	II-V
	From landmarks applied to surface scans of casts (NextEngine scanner)
	 

	
	AL 333-w4
	II-V
	
	

	
	AL 333-x19
	II-V
	
	

	
	AL 333-57
	II-V
	
	

	
	AL 333-62
	V
	
	

	
	AL 333-63
	III?
	
	

	
	AL 444-4
	IV?
	
	

	Australopithecus africanus
	StW 28
	V
	From landmarks applied to surface scans of original fossils (Artec Space Spider scanner)
	 

	
	StW 293
	IV
	
	

	Australopithecus africanus/prometheus
	StW 573
	III
	From landmarks applied to surface scans of original fossils (Artec Space Spider scanner)
	 

	
	StW 573
	IV
	
	

	Australopithecus sediba
	UW 88-164
	II
	From landmarks applied to surface scans of original fossils (Artec Space Spider scanner)
	All specimens from the same MH2 individual

	
	UW 88-120
	III
	
	

	
	UW 88-108
	IV
	
	

	
	UW 88-121
	V
	
	

	Homo floresiensis
	LB 6/8
	?
	From landmarks applied to surface scans of original fossils (NextEngine scanner)
	 

	Homo naledi
	UW 101-1326
	IV (Hand 1)
	From landmarks applied to surface scans of original fossils (NextEngine scanner)
	Digit assignments follow 116

	
	UW 101-1327
	III (Hand 1)
	
	

	
	UW 101-1328
	II (Hand 1)
	
	

	
	UW 101-1348
	?
	
	

	
	UW 101-1454
	?
	
	

	
	UW 101-1460
	II
	
	

	
	UW 101-1643
	III
	
	

	
	UW 101-1644
	IV
	
	

	Homo neanderthalensis
	Krapina 204.1
	IV
	From landmarks applied to surface scans of casts (NextEngine scanner)
 
	 

	
	La Ferrassie 1
	III
	
	

	 
	 
	 
	 
	 

	Homo sp.?
(Olduvai Gorge)
	OH 86
	V
	119
	 

	Paranthropus boisei?
	KNM-ER 47000
	IV
	From landmarks applied to surface scan of original fossil (HDI Advance 3D scanner)
	 

	Swartkrans: early Homo sp. or Paranthropus robustus
	SKX 15468
	II or IV
	From landmarks applied to surface scans of original fossils (Artec Space Spider scanner)
	 

	
	SKX 22741
	II or IV?
	
	


 
[bookmark: _diea22xhcc0f]Supplementary Table 36. Manual intermediate phalanx midshaft RU / maximum length: extant comparative sample
	Extant Taxon
	Digit
	Male
	Female
	Unknown Sex
	Data source

	Gorilla beringei
	II
	10
	8
	1
	Caliper measurements (Prang)

	
	III
	13
	8
	1
	

	
	IV
	10
	8
	1
	

	
	V
	9
	7
	1
	

	Gorilla gorilla
	II
	12
	9
	1
	Caliper measurements (Prang)

	
	III
	15
	11
	1
	

	
	IV
	13
	9
	1
	

	
	V
	13
	10
	1
	

	Homo sapiens
	II
	21
	19
	12
	Caliper measurements (Prang)

	
	III
	21
	19
	15
	

	
	IV
	21
	17
	12
	

	
	V
	21
	19
	12
	

	Pan paniscus
	II
	5
	8
	 
	Caliper measurements (Prang)

	
	III
	7
	11
	 
	

	
	IV
	6
	9
	 
	

	
	V
	5
	8
	 
	

	Pan troglodytes
	II
	15
	19
	4
	Caliper measurements (Prang)

	
	III
	17
	19
	4
	

	
	IV
	16
	19
	4
	

	
	V
	16
	18
	4
	



[bookmark: _ildkv870zl6r]Supplementary Table 37. Manual intermediate phalanx midshaft RU / maximum length: fossil comparative sample
	Taxon or Group
	Specimens
	Digit
	Data source
	Notes

	Australopithecus afarensis
	AL 333w-7
	 ?
	103
	Digit number identifications follow Kivell et al. (2022) and reflect uncertainty.

	
	AL 333x-13b
	 ?
	103
	

	
	AL 333x-18
	 ?
	103
	

	
	AL 333-32
	 ?
	103
	

	
	AL 333w-38
	 ?
	103
	

	
	AL 333-46
	 ?
	103
	

	
	AL 333-64
	 ?
	103
	

	
	AL 333-88
	 ?
	103
	

	
	AL 333-148
	 ?
	104
	

	
	AL 333-149
	 ?
	104
	

	
	AL 333-150
	 ?
	104
	

	Australopithecus africanus
	StW 331
	 ?
	109
	 

	
	StW 635
	 ?
	115
	

	
	StW 657
	 ?
	115
	

	
	StW 620
	 ?
	115
	

	Australopithecus sediba
	UW 88-122
	II
	 
116
	All specimens from the same MH2 individual

	
	UW 88-162
	IV
	
	

	
	UW 88-122
	V
	
	

	Homo antecessor
	ATD6-28
	III or IV
	58
	 

	
	ATD6-53
	Juvenile III or IV
	
	

	Homo floresiensis
	LB 6/9
	?
	117
	 

	
	LB 1/48
	?
	
	

	Homo naledi
	UW 101-1311
	II
	107
	All specimens from “Hand 1” 

	
	UW 101-1310
	III
	
	

	
	UW 101-1308
	IV
	
	

	
	UW 101-1325
	V
	
	

	Homo neanderthalensis
	Krapina 205.16
	II
	118 
	 

	
	Krapina 205.13
	II
	
	

	
	Krapina 205.14
	II or V
	
	

	
	Krapina 205.19
	II or V?
	
	

	
	Krapina 205.15
	II or V?
	
	

	
	Krapina 205.12
	II or V?
	
	

	
	Krapina 205.10
	II or V?
	
	

	
	Krapina 205.6
	II, III, or IV?
	
	

	
	Krapina 205.3
	II, III, or IV?
	
	

	
	Krapina 205.7
	II?
	
	

	
	Krapina 205.2
	III or IV
	
	

	
	Krapina 205.4
	III or IV?
	
	

	
	Krapina 205.5
	IV
	
	

	
	Krapina 205.8
	IV?
	
	

	
	Krapina 205.1
	IV?
	
	

	
	Krapina 205.20
	Juvenile
	
	

	
	Krapina 205.11
	Juvenile II?
	
	

	
	Krapina 205.25
	Juvenile V?
	
	

	
	Krapina 206.13
	Juvenile V?
	
	

	
	Krapina 205.17
	V
	
	

	
	Krapina 205.21
	V
	
	

	
	Krapina 205.23
	V
	
	

	
	Krapina 205.24
	V
	
	

	
	Krapina 205.22
	V?
	
	

	
	Krapina 205.26
	V?
	
	

	
	Shanidar 3
	III left + right
	 
 
 
 
 
 
 
108
	 

	
	Shanidar 3
	IV
	
	

	
	Shanidar 3
	V
	
	

	
	Shanidar 4
	II
	
	

	
	Shanidar 4
	III left + right
	
	

	
	Shanidar 4
	III left + right
	
	

	
	Shanidar 4
	IV
	
	

	
	Shanidar 4
	V
	
	

	
	Shanidar 5
	III, IV
	
	

	
	Shanidar 5
	IV left + right
	
	

	
	Shanidar 6
	II left + right
	
	

	
	Shanidar 6
	V
	
	

	Homo erectus s.l.
 
	KNM-ER 15000
	?
	Measurement from surface scan of original fossil (HDI Advance 3D scanner)
	subadult individual

	Homo habilis or Paranthropus boisei?
	OH7D
	II
	Original caliper measurements from casts
	single subadult individual

	
	OH7E
	III
	
	

	
	OH7F
	IV
	
	

	
	OH7G
	V
	
	

	Swartkrans: early Homo sp. or Paranthropus robustus
	SKX 5019
	?
	 

9

	 

	
	SKX 5021
	?
	
	

	
	SKX 9449
	?
	
	

	
	SKX 35439
	?
	
	

	
	SKX 36712
	?
	
	






[bookmark: _fo7omxsgmqxk]

Pedal comparative samples
The extant data were collected from the following institutions: American Museum of Natural History (AMNH); Cleveland Museum of Natural History (CMNH); Field Museum of Natural History (FMNH); Harvard Museum of Comparative Zoology (MCZ); Museum of Vertebrate Zoology, University of California, Berkeley (MVZ); Phoebe A. Hearst Museum of Anthropology, University of California, Berkeley (PAHMA); Royal Museum for Central Africa (RMCA); Texas A&M University (TAMU); United States National Museum of Natural History, Smithsonian Institution (USNM). Additionally, we downloaded data from the following open access repositories: Primate Foundation of Arizona (PFA) virtually housed at the Center for Academic Research and Training in Anthropogeny (CARTA); Digital Morphology Museum, Primate Research Institute, Kyoto University (PRICT); New Mexico Decedent Image Database (NMDID); and MorphoSource.
 
[bookmark: _jsl1hm72ey0t]Supplementary Table 38. Dorsal canting angle of the hallucal proximal phalanx (pPP1): Extant comparative sample
	Taxon
	N
	Data source

	Homo sapiens
	N=20
	TAMU, NMDID

	Pan troglodytes
	N=24
	AMNH, CMNH, CARTA, PRICT

	Gorilla beringei
	N=4
	MCZ, USNM

	Gorilla gorilla
	N=14
	MCZ, PRICT, USNM


 
 
[bookmark: _2ngsx29al9du]Supplementary Table 39. Phalangeal length ratio (pPP1/pPP5) and pPP5 length ratio (pPP5 length/pPP5 base mediolateral breadth): extant comparative sample
	Taxon
	N
	Data source
	Notes

	Homo sapiens
	N=50
	CMNH, PAHMA
	 

	Pan troglodytes
	N=42
	AMNH, CMNH, USNM
	 

	Pan paniscus
	N=18
	MCZ, RMCA
	 

	Gorilla beringei
	N=33
	AMNH, FMNH, MCZ, RMCA, USNM),
	 

	Gorilla gorilla
	N=29
	CMNH, MCZ, MVZ, RMCA, USNM
	 

	Pongo spp.
	N=24
	CMNH, FMNH, MCZ, USNM
	The phalangeal length ratio includes a smaller sample of orangutans (Pongo spp.) due to the frequent loss of the pPP1 associated with hallucal reduction (n = 15; CMNH, FMNH, MCZ, USNM).


 
[bookmark: _qhomefmagl6p]
[bookmark: _61fe0qy71lmv]Supplementary Table 40. Pedal phalangeal curvature and pedal proximal shape: extant comparative sample
	Taxon
	N
	Data source

	Homo sapiens
	N=48
	CMNH, PAHMA

	Pan troglodytes
	N=35
	AMNH, CMNH, USNM

	Pan paniscus
	N=19
	MCZ, RMCA

	Gorilla beringei
	N=33
	AMNH, FMNH, MCZ, RMCA, USNM),

	Gorilla gorilla
	N=30
	CMNH, MCZ, MVZ, RMCA, USNM

	Pongo spp.
	N=24
	CMNH, FMNH, MCZ, USNM


 

[bookmark: _s2z0jws9gv4n]Supplementary Table 41. MT3 torsion: extant comparative sample
	Taxon
	N
	Data source

	Homo sapiens
	N=21
	NMDID

	Pan troglodytes
	N=19
	AMNH, CARTA, USNM

	Gorilla gorilla
	N=12
	AMNH, PRICT, USNM



 
[bookmark: _ilxt12wo20g2]Supplementary Table 42. MT3 base ratio: extant comparative sample
	Taxon
	N
	Data source

	Homo sapiens
	N=54
	CMNH, PAHMA

	Pan troglodytes
	N=43
	AMNH, CMNH, USNM

	Pan paniscus
	N=20
	MCZ, RMCA

	Gorilla beringei
	N=33
	AMNH, FMNH, MCZ, RMCA, USNM),

	Gorilla gorilla
	N=29
	CMNH, MCZ, MVZ, RMCA, USNM

	Pongo spp.
	N=23
	CMNH, FMNH, MCZ, USNM


 


[bookmark: _fx9xssqmti1b]Supplementary Table 43. MT3 base ratio: fossil sample
	Taxon or Group
	Specimens
	Data source

	Australopithecus afarensis
	A.L. 333-133, A.L. 333-157
	120

	Australopithecus africanus
	StW 238, StW 387, StW 388, StW 435, StW 477, StW 496
	120

	Homo erectus (Dmanisi)
	D2021
	This study

	Homo naledi
	U.W. 101-1035, U.W. 101-1457
	121

	Unattributed
	KNM-ER 997, KNM-ER 1500, OH 8, SKX 247,
	120

	Unattributed
	KNM-ER 803
	This study





[bookmark: _eqipaioll8dm]Ancestral state reconstruction

[bookmark: _81i62r5a44pi]Supplementary Table 44. Characters used in ancestral state reconstruction
	Ch#
	Character
	Character States

	Ch1
	1st dorsal interosseous muscle attachment on pollical metacarpal 
	No distinct crest for 1st dorsal interosseous muscle (0);
Modest crest for 1st dorsal interosseous muscle (1); 
Pronounced crest for 1st dorsal interosseous muscle (2).

	Ch2
	Fifth metacarpal shaft robusticity 
	Fifth metacarpal shaft is gracile relative to fourth metacarpal (0); 
Fifth metacarpal shaft is robust relative to fourth metacarpal (1).

	Ch3
	Hamate: Relative size of metacarpal facets 
	MC4 facet is larger than the MC5 facet (0); 
MC5 facet is equal to or larger than the MC4 facet (1).

	Ch4
	 Intrinsic hand proportions 
	Thumb length is approximately equal to the length of the palm (0); 
Thumb length extends beyond the 2nd or 4th metacarpal length, but does not reach the combined metacarpal + proximal phalanx length  (1); 
Thumb length is approximately equal to the combined length of the palm (2nd or 4th metacarpals) and proximal phalanges (2nd or 4th) (2).

	Ch5
	Intermediate phalanx relative trochlear width 
	Trochlea wide relative to midshaft (0); 
Trochlea narrow relative to midshaft (1).

	Ch6
	Phalangeal curvature 
	Pronounced DP curvature (> 40 degrees) (0); 
Minimal DP curvature (< 40 degrees) (1).

	Ch7
	Flexor sheaths of proximal phalanges 
	Proximal phalangeal shafts have marked flexor sheath ridges (0);
Proximal phalangeal shafts have weak to no development of the flexor sheath ridge (1).

	Ch8
	Proximal phalanx robusticity 
	Robust (median index > 0.27) (0);
Less robust (median index < 0.27) (1).

	Ch9
	Apical tuft of pollical distal phalanx
	Pollical distal phalanx has narrow apical tuft (0); 
Pollical distal phalanx has broad apical tuft (1).

	Ch10
	Flexor pollicis longus insertion on distal pollical phalanx 
	No pronounced flexor pollicis longus insertion gable (0);
Distinct flexor pollicis longus insertion gable (1).

	Ch11
	Robusticity of first metacarpal (MC1) 
	first metacarpal is gracile  (0); 
first metacarpal is robust (1).

	Ch12
	Fusion of scaphoid and os centrale 
	scaphoid and os centrale are two separate bones (0); scaphoid and os centrale form a single bone (1).

	Ch13
	Pollical carpometacarpal joint: Radioulnar curvature
	more curved first carpometacarpal joint surfaces radioulnarly (0); less-curved first carpometacarpal joint surfaces radioulnarly (1).

	Ch14
	Pollical carpometacarpal joint: Dorsopalmar curvature
	More curved first carpometacarpal joint surfaces dorsopalmarly (0); 
Less curved first carpometacarpal joint surfaces dorsopalmarly (1).

	Ch15
	Pollical carpometacarpal joint: radial expansion 
	Ulnar and radial joint surfaces approximately equal (0); 
Radially expanded (1).

	Ch16
	Scaphoid: trapezium articular surface 
	Trapezium articular surface on the scaphoid does not extend onto scaphoid tubercle (0);
Trapezium articular surface on the scaphoid extends onto scaphoid tubercle (1).

	Ch17
	Trapezoid shape
	Trapezoid is wedge-shaped (0);
Trapezoid is boot-shaped (1).

	Ch18
	Trapezoid: shape of scaphoid articular surface 
	Scaphoid articular surface on the trapezoid is relatively large and more triangular-shaped (0); 
Scaphoid articular surface on the trapezoid is relatively small and more rectangular-shaped (1).

	Ch19
	Hamate hamulus orientation 
	Hamulus has strong distal inclination (mean angle > 125) (0); 
Hamulus has modest distal inclination  (1); 
Hamulus has mostly palmar inclination (mean angle < 115) (2).

	Ch12
	Hamate: Relative hamulus length 
	Hamulus is relatively short (0); 
Hamulus is relatively long (mean index > 0.55) (1).









1
[bookmark: _yobtaxp289wj]Supplementary Table 45. Character matrix used in  ancestral state reconstruction. 
Character numbers and states defined in supplementary table xx. Taxonomic attributions follow Grine et al. 13 (category A), with three exceptions: OH 7, is treated as Homo habilis, SK 84 was treated as Paranthropus robustus, and all Sterkfontein Member 4 fossils were considered to represent Au. africanus. KNM-ER 101000 was treated as the sole representative of Paranthropus boisei, though it never substantially differed from the character states observed in KNM-ER 47000.

	Species
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch6
	Ch7
	Ch8
	Ch9
	Ch10
	Ch11
	Ch12
	Ch13
	Ch14
	Ch15
	Ch16
	Ch17
	Ch18
	Ch19
	Ch20

	Proconsul spp.
	0
	?
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	P. pygmaeus
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	P. abelii
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	G.gorilla
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1

	G. beringei
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1

	P. troglodytes
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0

	P. paniscus
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0

	O. tugenensis
	?
	?
	?
	?
	?
	?
	?
	?
	1
	1
	?
	?
	?
	?
	?
	?
	?
	?
	?
	?

	Ar. ramidus
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	0
	1
	?
	?
	0
	0
	1
	0
	0
	1

	Au. afarensis
	0
	0
	0
	?
	0
	0
	1
	1
	1
	1
	0
	?
	0
	1
	0
	?
	?
	?
	1
	0

	Au. africanus
	?
	0
	?
	?
	1
	1
	1
	0
	?
	1
	0
	1
	0
	1
	0
	0
	?
	0
	?
	?

	Au. sediba
	0
	0
	0
	2
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	?
	0
	1
	1

	P. robustus
	?
	?
	?
	?
	1
	1
	?
	0
	?
	?
	1
	?
	0
	1
	0
	?
	?
	?
	?
	?

	P. boisei
	2
	1
	1
	2
	1
	1
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1

	H. habilis
	?
	?
	?
	?
	1
	?
	1
	?
	1
	1
	?
	1
	1
	1
	1
	0
	?
	0
	?
	?

	H. floresiensis
	?
	?
	1
	?
	0
	?
	1
	1
	1
	1
	?
	1
	?
	?
	?
	?
	0
	0
	1
	1

	H. naledi
	2
	1
	1
	2
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	H. erectus
	?
	?
	?
	?
	0
	?
	?
	?
	1
	?
	?
	?
	?
	?
	?
	?
	?
	?
	?
	?

	H. neanderthalensis
	2
	1
	1
	2
	?
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	H. sapiens
	2
	1
	1
	2
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	0





[bookmark: _b0hc9a4prbq5]
Supplementary Table 46. 3D data digital object identifiers. 
3D scans of individual fossil elements are available on Morphosource.org view, manipulate, and measure. 

	Specimen
	MorphoSource DOI

	KNM-ER 10100-001
	https://doi.org/10.17602/M2/M772969

	KNM-ER 10100-002
	https://doi.org/10.17602/M2/M772977

	KNM-ER 10100-003
	https://doi.org/10.17602/M2/M772985

	KNM-ER 10100-004
	https://doi.org/10.17602/M2/M773011

	KNM-ER 10100-005
	https://doi.org/10.17602/M2/M773020

	KNM-ER 10100-006
	https://doi.org/10.17602/M2/M773040

	KNM-ER 10100-007
	https://doi.org/10.17602/M2/M773254

	KNM-ER 10100-008
	https://doi.org/10.17602/M2/M773258

	KNM-ER 10100-009
	https://doi.org/10.17602/M2/M773268

	KNM-ER 10100-010
	https://doi.org/10.17602/M2/M773272

	KNM-ER 10100-011
	https://doi.org/10.17602/M2/M773297

	KNM-ER 10100-012
	https://doi.org/10.17602/M2/M773302
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