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27 Fossil evidence points to an African origin of Homo sapiens from a group called 
 

28 either H. heidelbergensis or H. rhodesiensis. However, the exact place and time of 
 

29 our species� emergence remain obscure because the fossil record is scarce and the 
 

30 chronological age of many key specimens remains uncertain. In particular, it is 
 

31 unclear whether the present day �modern� morphology emerged rapidly ca. 200 
 

32 thousand years ago (ka) among earlier representatives of H. sapiens 1 or evolved 
 

33 gradually over the last 400 ka2. Here, we report on new human fossils from Jebel 
 

34 Irhoud (Morocco), and interpret the affinities of the hominins from this site with 
 

35 other archaic and recent human groups. We identified a mosaic of features 
 

36 including a facial, mandibular and dental morphology that aligns the Jebel Irhoud 
 

37 material with early (EMH) or recent anatomically modern humans (RMH) and a 
 

38 more primitive neurocranial and endocranial morphology. In combination with 
 

39 the new date of 300-350 ka3, this evidence makes Jebel Irhoud the oldest and 
 

40 richest African Middle Stone Age hominin site documenting early stages of the H. 
 

41 sapiens clade in which key features of modern morphology were established. 
 

42 Furthermore, it shows that the evolutionary processes behind the emergence of 
 

43 our species were not restricted to sub-Saharan Africa. 
 

44 
 

45 )n ͳͻ͸Ͳǡ mining operations in the Jebel )rhoud massif ͷͷ km southeast of Safiǡ Morocco 
 

46 exposed a Palaeolithic site in the Pleistocene filling of a karstic networkǤ An almost 
 

47 complete skull ȋ)rhoud ͳȌ was accidentally unearthed in ͳͻ͸ͳǡ prompting excavations 
 

48 that yielded an adult braincase ȋ)rhoud ʹȌͶǡ an immature mandible ȋ)rhoud ͵Ȍͷǡ an 
 

49 immature humeral shaft͸ǡ an immature ilium͹ and a fragment of mandibleͺ associated 
 

50 with abundant faunal remains and Levallois stone tool technology͸Ǥ Although these 



51 human remains were all reported to come from the bottom of the archaeological 
 

52 depositsǡ only the precise location of the humeral shaft was recordedǤ 
 

53 
 

54 The interpretation of the )rhoud hominins has long been complicated by persistent 
 

55 uncertainties surrounding their geological ageǤ They were initially assigned to a time 
 

56 period caǤ ͶͲ ka ago and considered to be an African form of NeanderthalͻǤ (oweverǡ 
 

57 these affinities have been challengedͷǡͳͲǡͳͳ and the faunalͺ and microfaunalͳʹ evidence 
 

58 supported a middle Pleistocene ȋMPȌ age for the siteǤ An attempt to date one of the 
 

59 hominins directly by U seriesǦESR͵ suggested an age of ͳ͸Ͳ ά ͳ͸ kaͳ͵Ǥ Consistent with 
 

60 some genetic evidenceͳͶǡ fossils from Ethiopia ȋOmo Kibishǡ considered to be as old as 
 

61 ~ͳͻͷ kaͳͷ and (ertoǡ dated to ~ͳ͸Ͳͳ͸ kaȌ are commonly regarded as the first EM(Ǥ 
 

 

62 )ntriguinglyǡ Omo ͳ and the (erto specimens appear to be more derived than the 
 

63 supposedly contemporaneous or even younger )rhoud homininsǤ )t has therefore been 
 

64 suggested that the archaic features of the )rhoud fossils may indicate that North African 
 

65 H. sapiens interbred with Neanderthalsͳ͹ǡ or that the )rhoud hominins represented a 
 

66 North Africanǡ late survivingǡ archaic populationͳͺǤ 
 

67 
 

68 New excavations at )rhoud have recovered in situ archaeological material and 
 

69 established a precise chronology for the depositsǡ which are much older than previously 
 

70 thought͵Ǥ The excavation yielded a new series of hominin remainsǡ including an adult 
 

71 skull ȋ)rhoud ͳͲȌ comprising of a distorted braincase and fragments of the face ȋFigǤ ͳȌǡ a 
 

72 nearly complete adult mandible ȋ)rhoud ͳͳȌ ȋFigǤ ʹȌǡ one maxillaǡ several postcranial 
 

73 elementsǡ and abundant dental material ȋExtended Data Table ͳȌǤ These remains 
 

74 primarily come from a single bone bed in the lower part of the archaeological depositsǤ 
 

75 This concentrationǡ stratigraphical observations made by previous excavatorsǡ and the 



76 anatomical similarity with earlier discoveries strongly suggest that mostǡ if not allǡ of the 
 

77 hominin remains from the site were accumulated in a rather constrained window of 
 

78 time corresponding to the formation of layer ͹Ǥ This layer contains the remains of at 
 

79 least five individuals ȋthree adultsǡ one adolescent and one immatureǡ caǤ ͹Ǥͷ years oldȌǤ 
 

80 )t now has a thermoluminescence ȋTLȌ weighted average age between ͵ͲͲ and ͵ͷͲ ka 
 

81 with a ͻͷ Ψ probabilityǡ compatible with a series of newly established U seriesǦESR 
 

82 dates͵Ǥ This timeframe places the )rhoud evidence in an entirely new perspectiveǤ 
 

83 
 

84 Facial and mandibular morphology 
 

85 When compared to the largeǡ robust and prognathic faces of the Neanderthals or older 
 

86 MP formsǡ the facial morphology of EM( and RM( is very distinctiveǤ The face is 
 

87 relatively short and retracted under the braincaseǤ Facial structures are coronally 
 

88 oriented and the infraorbital area is of ǲinflexionǦtypeǳǡ displaying curvatures along the 
 

89 horizontalǡ sagittal and coronal profilesǤ This patternǡ which may include some primitive 
 

90 retentionsͳͻǡ strongly influences the morphology of the maxilla and zygomatic boneǤ Our 
 

91 morphometric analysis ȋFigǤ ͵ and MethodsȌ clearly distinguishes MP archaic humans 
 

92 and Neanderthals from RM(Ǥ )n contrastǡ all the possible reconstructions of the new 
 

93 facial remains of )rhoud ͳͲ fall well within RM( variationǡ as does )rhoud ͳǤ 
 

94 
 

95 Another facial characteristic observed in RM( is the weakness of their brow ridgesǤ 
 

96 Some EM( from Africa and the Levant still display protruding supraorbital structuresǡ 
 

97 but they tend to be dissociated into a medial superciliary arch and a lateral supraorbital 
 

98 archǤ Among the )rhoud hominins these structures are rather variableǡ which may be 
 

99 related to sexual dimorphismǤ )rhoud ͳ displays protruding supraorbital structures and 
 

100 the arches are poorly separatedǤ (owever in frontal viewǡ the supraorbital buttress 



101 tends to form an inverted V above each orbitǤ On )rhoud ʹǡ the torus is less projecting 
 

102 and a modern pattern is already well expressedǡ with a clear sulcus separating the two 
 

103 archesǤ On )rhoud ͳͲǡ the preserved parts do not display projecting supraorbital 
 

104 

 

105 

structures ȋFigǤ ͳȌǤ 
 

106 The new )rhoud ͳͳ mandible is very large overall ȋFigǤ ʹǡ Extended Data Table ʹȌǤ As in 
 

107 some EM( from the Levant or North Africaǡ it has retained a vertical symphysisǡ with a 
 

108 mental angle of ͺͺǤͺι ȋExtended Data FigǤ ͳȌǤ The mandibular body displays a pattern 
 

109 typical of H. sapiensǣ its height strongly decreases from the front to the backǤ This feature 
 

110 is also present on the immature individual )rhoud ͵Ǥ Another modern aspect of )rhoud 
 

111 ͳͳ is the rather narrow section of the mandibular body expressed by the breadthȀheight 
 

112 index at the level of the mental foramen ȋExtended Data FigǤ ͳȌǤ The )rhoud mandibles 
 

113 also display some derived conditions in the mental area ȋExtended Data FigǤ ͳȌǤ The 
 

114 symphyseal section of )rhoud ͳͳ has a tearǦshaped outline quite distinctive of our 
 

115 speciesǤ Although the )rhoud mandibles lack a marked mandibular incurvationǡ the 
 

116 juvenile )rhoud ͵ displays a central keel between two depressions expanding inferiorly 
 

117 into a thickened triangular eminenceǤ This inverted TǦshapeǡ typical of recent H. 
 

118 sapiensʹͲǡ is incipient on the adultǤ )ts inferior border is somewhat distended and 
 

119 includes separated tuberclesǤ Notablyǡ this modern pattern is still inconsistently present 
 

120 on Levantine EM(ʹͲǤ )n some aspectsǡ )rhoud ͳͳ is evocative of the Tabun ʹ mandibleǡ 
 

121 

 

122 

but is much more robustǤ 
 

123 Dental morphology 
 

 

124 The )rhoud teeth are generally very large ȋExtended Data Tables ͵ and ͶȌǤ (oweverǡ 
 

125 their dental morphology is reminiscent of EM( in several respectsǤ The anterior teeth do 



126 not display the expansion observed in nonǦsapiens MP hominins and Neanderthalsʹͳ and 
 

127 the postcanine teeth are reduced compared to older homininsǤ The M͵ of the )rhoud ʹͳ 
 

128 maxilla is already smaller than in some EM(Ǥ The crown morphology ȋExtended Data 
 

129 Table ͷ and Extended Data FigǤ ʹȌ also aligns the )rhoud specimens most closely with H. 
 

130 sapiens, rather than with nonǦsapiens MP hominins and NeanderthalsǤ They do not 
 

131 display expanded and protruding Mͳ hypoconesǡ lower molar middle trigonid crests 
 

132 ȋespecially at the EDJȌǡ or a PͶ with a transverse crestǡ uninterrupted by a longitudinal 
 

133 fissureǤ The molars are morphologically complex and reminiscent of largeǦtoothed 
 

134 African EM(ǡ possessing accessory features such as cusp ͸ǡ cusp ͹ and protostylid on the 
 

135 lower molars and cusp ͷ on the upper molarsǤ The enamelǦdentine junction analysis 
 

136 demonstrates the retention of a nonǦNeanderthal primitive pattern of the PͶ ȋExtended 
 

137 Data FigǤ ʹbȌǤ (oweverǡ derived crown shapes shared with RM( are already expressed 
 

138 on the upper and lower molarsǡ grouping )rhoud ͳͳ with EM( from North Africa and the 
 

139 LevantǤ The lower incisor and canine roots retain a large sizeǡ but the shape is already 
 

140 within the range of the modern distribution ȋExtended Data FigǤ ͵ȌǤ Mandibular molar 
 

141 roots are cynodontǡ iǤeǤ modern humanǦlikeǤ This mandibular root configuration of 
 

142 )rhoud ͳͳ is similar to that observed in EM( from QafzehǤ Finallyǡ )rhoud ͵ shows a 
 

143 

 

144 

pattern of eruption and a period of dental development close to recent H. sapiensͳ͵Ǥ 
 

145 Neurocranium 
 

146 )n contrast to their modern facial morphologyǡ the )rhoud crania retain a rather 
 

147 primitive overall shape of the braincase and endocastǡ iǤeǤ unlike those of RM(ǡ they are 
 

148 elongated and not globular ͳͲǡͳͺǡʹʹǤ This is expressed in a low outline of the occipital 
 

149 squamaǡ elongated temporal bones and a low convexity of the parietalͳͳǤ (oweverǡ the 
 

150 frontal squama displays a rather vertical orientation and a marked convexity when 



151 compared to that of archaic MP specimensǤ These derived conditions are especially well 
 

152 expressed on )rhoud ʹͳͳǤ A geometric morphometric analysis ȋExtended Data FigǤ ͶȌ of 
 

153 external vault shape distinguishes Neanderthals and archaic MP forms with their 
 

154 primitive neurocranial shape from RM( and Upper Palaeolithic (umansǤ With regards 
 

155 to PC ͳǡ )rhoud ͳ and ʹ are intermediate and group together with specimens such as 
 

156 Laetoli (ͳͺ and Qafzeh as well as Upper Palaeolithic individuals from Mladeč or 
 

157 Zhoukoudian Upper CaveǤ To some degree all these specimens retained longer and 
 

158 

 

159 

lower braincase proportions compared to RM(Ǥ 
 

160 The morphometric analysis of endocranial shape ȋFigǤ ͵bȌǡ which is not affected by 
 

161 cranial superstructuresǡ shows a clear separation between H. erectus and the 
 

162 NeanderthalȀarchaic MP cluster along PC ʹǤ The latter have evolved larger neocortices 
 

163 butǡ in contrast to RM(ǡ without proportional increase of the cerebellum ȋExtended Data 
 

164 FigǤ ͷȌǤ EM( and the )rhoud hominins also display elongated endocranial profilesǡ but 
 

165 are intermediate between H. erectus and the cluster of Neanderthals Ȁarchaic MP 
 

166 hominins along PCʹǤ They range in rough agreement with their geological age along PCͳǡ 
 

167 in a morphological cline ending with extant globular brain shapes of RM(Ǥ Notablyǡ Omo 
 

168 ʹ falls between )rhoud ͳ and ʹǤ This similarity reǦopens the question of the 
 

169 contemporaneity of Omo ͳ and ʹʹ͵ but also raises the possibility of a late evolution of 
 

170 

 

171 
 

172 

modern brain shape in the H. sapiens cladeǤ 
 

 
 
 

Conclusion 
 

173 The )rhoud fossils currently represent the most securely dated evidence of the early 
 

174 phase of Homo sapiens evolution in Africaǡ and they do not simply appear as 
 

175 intermediate between African archaic MP forms and RM(. Even caǤ ͵ͲͲǦ͵ͷͲ ka ago their 
 

176 facial morphology is almost indistinguishable from that of RM(ǡ corroborating the 



177 interpretation of the fragmentary specimen from Florisbad ȋSouth AfricaȌ as a primitive 
 

178 H. sapiens tentatively dated to ʹ͸Ͳ kaʹͶǤ Anatomical mandibular and dental featuresǡ as 
 

179 well as developmental patterns also align them with EM(Ǥ )mportantlyǡ the endocast 
 

180 analysis suggests diverging evolutionary trajectories between early H. sapiens and MP 
 

181 archaic African formsǤ This anatomical evidence and the chronological proximity 
 

182 between the two groupsʹͷ reinforce the hypothesis of a rapid anatomical shift or evenǡ as 
 

183 

 

184 

suggested by someʹ͸ǡ of a chronological overlapǤ 
 

185 The )rhoud evidence supports a complex evolutionary history of our species involving 
 

186 the whole African continentʹͷǡʹ͹Ǥ Like in the Neandertal lineageʹͺǡ facial morphology was 
 

187 established early onǡ and evolution in the last ͵ͲͲ ka primarily affected the braincaseǤ 
 

188 This likely occurred in relation to a series of genetic changes affecting brain 
 

189 connectivityʹͻǡ organization and developmentʹʹǤ Through accretional changesǡ the 
 

190 )rhoud morphology is directly evolvable into that of extant humansǤ Delimiting clearǦcut 
 

191 anatomical boundaries for a ǲmodernǳ grade within the H. sapiens clade thus only 
 

192 depends on gaps in the fossil record͵ͲǤ 
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METHODS 
 

Computed tomography 
 The original fossil specimens were scanned using a B)R ARCT)S ʹʹͷȀ͵ͲͲ industrial microǦ CT scanner, at the Max Planck )nstitute for Evolutionary Anthropology ȋMP) EVAȌǡ Leipzigǡ GermanyǤ The nonǦdental material was scanned with an isotropic voxel size ranging from ʹ͹ǤͶ to ͻͳǤͶ ρm ȋͳ͵Ͳ kVǡ ͳͲͲ to ͳͷͲ ρAǡ ͲǤʹͷ to ʹǤͲ mm brass filterǡ ͲǤͳͶͶ degree of rotation stepǡ ʹ to ͵ frames averagingǡ ͵͸Ͳ degrees of rotationȌǤ The dental material was scanned with an isotropic voxel size ranging from ͳʹǤͺ to ͵ʹǤͺ ρm ȋͳ͵Ͳ kVǡ ͳͲͲ ρAǡ ͲǤʹͷ  to ͲǤͷ mm brass filterǡ ͲǤͳͶͶ degree of rotation stepǡ ͵ frames averagingǡ ͵͸Ͳ degrees of rotationȌǤ Segmentation of the microǦCT volume was performed in Avizo ȋVisualization Sciences GroupȌǤ The comparative dental sample was scanned with an isotropic voxel size ranging from ͳͳǤ͸ to ͵ͻǤͳ ρm at the MP) EVA on a B)R ARCT)S ʹʹͷȀ͵ͲͲ microǦCT scanner ȋͳ͵Ͳ to ͳͺͲ kVǡ ͳͲͲ to ͳͷͲ ρAǡ ͲǤʹͷ to ʹǤͲ mm brass filterǡ ͲǤͲͻ͸ to ͲǤͳͶͶ degree of rotation stepǡ ʹ to Ͷ frames averagingǡ ͵͸Ͳ degrees of rotationȌ or on a Skyscan ͳͳ͹ʹ microǦCT scanner ȋͳͲͲ kVǡ ͳͲͲ ρAǡ ͲǤͷ mm aluminum and ͲǤͲͶ mm copper filtersǡ ͲǤͳͲ to ͳǤʹͷ degree of rotation stepǡ ͵͸Ͳ degrees of rotationǡ ʹ to Ͷ frames averagingȌǤ The microǦ CT slices were filtered using a median filter followed by a meanǦofǦleastǦvariance filter ȋeach with a kernel size of threeȌ to reduce the background noise while preserving and enhancing edges͵ͳǤ 
 
 

Virtual Reconstruction 
 Using Avizoǡ nine reconstructions of the Jebel )rhoud ͳͲ face were made based on segmented surfaces of its preserved parts consisting of a left supraorbital torusǡ two left maxillary fragments and a nearly complete left zygomatic boneǤ Firstǡ we used several recent modern humans from diverse geographical regions ȋeǤgǤǡ Africaǡ North America and AustraliaȌ and )rhoud ͳ as a reference to align the two left maxillary bonesǤ Since a large portion of the dental arcade of )rhoud ͳͲ is preservedǡ the range of possible ǲanatomically correctǳ alignments in the palate was limited ȋFigure ͳbȌǤ Based on this maxillary alignmentǡ each of the subsequent reconstructions differed by several millimeters in the following waysǣ broadening the palateǢ increasing the facial heightǢ increasing the orbital heightǢ or rotating the zygomatic bones anteriorly or posteriorly in a parasagittal directionǤ Additionallyǡ we aligned one reconstruction to match the facial proportions and orientation of a ǲclassicǳ Neanderthal ȋLa Ferrassie ͳȌǤ )n doing soǡ the zygomatic bone 



was rotated parasagittally and moved posteriorly ȋε ͷ mmȌǤ Correspondinglyǡ the brow ridge was realigned posteroǦsuperiorly by several mmǡ and the maxillary bones were moved inferiorly several mm to increase its facial heightǤ For each reconstructionǡ each bone was mirrorǦimaged along the midǦsagittal plane of )rhoud ͳ and then the right and left sides were merged to form one surface modelǤ The reconstruction of the )rhoud ͳͳ mandible was conducted by mirroring the left side of the mandibleǡ which was best preserved and minimally distortedǡ onto the right sideǡ apart from the condyleǡ which was only preserved on the right side and mirrored onto the left sideǤ The left side of the mandible was represented by three main fragmentsǤ Before mirroringǡ the sediment  filling the cracks between the main fragments was virtually removedǡ the fragments were reǦfitted and the broken crown of the left canine was reset on its rootǤ Note that the position of the condyles in the reconstruction is only indicativeǤ 
 
 

Shape analysis of the face, endocast and cranial vault 
 Geometric morphometric methods ȋGMMȌ were used to analyse different aspects of morphology of the )rhoud fossils in a comparative contextǤ To this end we digitised threeǦ dimensional landmarks and sliding semilandmarks͵ʹǡ ͵͵ǡ ͵Ͷto separately analyse the shape of the faceǡ the endocranial profile and the external vaultǤ On the face ȋFigure ͵aȌǡ ͵D coordinates of anatomical landmarksǡ as well as curve and surface semilandmarks ȋnα͹ͻͳȌ were digitized using Landmark Editor͵ͷ either on CT scans ȋB)R ACT)S ʹʹͷȀ͵ͲͲ and Toshiba AquilionȌǡ or surface scans ȋMinolta Vivid ͻͳͲ and Breuckmann optoTOPǦ (EȌ of recent modern human and fossil crania ȋn αʹ͸͹Ȍ following Freidline et al.͵͸Ǥ Whenever possibleǡ measurements were taken on scans of the original fossilǢ landmarks on some fossil specimens were measured on scans of researchǦquality castsǤ Avizo was used to extract surface files from the CT scansǢ data from surface scanners were preǦ processed using Geomagic Studio ȋGeomagic )ncǤȌ and OptoCat ȋBreuckmannȌǤ On the endocast ȋFigǤ ͵bȌǡ landmarks and semilandmarks ȋn α͵ͳȌ along the internal midsagittal profile of the braincase were digitised on CT scans of the original specimens ȋn αͺ͸Ȍ in Avizo ȋVisualization Sciences GroupȌ following the measurement protocol described in Neubauer et alǤ͵͹ǡ and converted to twoǦdimensional data by projecting them onto a least squares plane in Mathematica ȋWolfram ResearchȌǤ On the external vault ȋExtended Data FigǤ ͶȌǡ coordinate measurements of ͻ͹ anatomical landmarks and curve semilandmarks ȋalong the external midsagittal profile from glabella to inionǡ the coronal and lambdoid 



suturesǡ and along the upper margin of the supraorbital torusȌ were captured using a Microscribe ͵DX ȋ)mmersion CorpǤȌ portable digitiser on recent and fossil braincases ȋn αʹͻ͸Ȍ following the measurement protocol described in (arvati et al.͵ͺǤ The points along sutures were later resampled automatically in Mathematica to ensure the same semilandmark count on every specimenǤ 
 

 

Homo erectus samples include KNM ER ͵͹͵͵ ȋ͵͹͵͵Ȍǡ KNM ER ͵ͺͺ͵ ȋ͵ͺͺ͵Ȍǡ KNM WT ͳͷͲͲͲǤ MP archaic samples include Petralona ȋPetrȌǡ Aragoǡ Sima de los (uesos (ͷ ȋS(ͷȌǡ Saldanhaǡ Kabweǡ BodoǤ Neanderthal samples include La ChapelleǦauxǦSaints ͳ ȋLaChaȌǡ Guattari ͳ ȋGuattȌǡ La Ferrassie ͳ ȋLF ͳȌǡ Forbesǯ Quarry ͳ ȋGibrȌǡ Feldhofer ȋFeldȌǡ La Quina ͷ ȋLQ ͷȌǡ Spy ͳ and ʹ ȋSp ͳǡ Sp ʹȌǡ Amud ͳ ȋAmudȌǡ Shanidar ͳ and ͷ ȋShan ͳǡ Shan ͷȌǤ Primitive H. sapiens and EM( include Laetoli (ͳͺ ȋL(Ȍǡ Omo Kibish ʹ ȋOmo ʹȌǡ Singa ȋSiȌǡ Qafzeh ͸ and ͻ ȋQa ͸ǡ Qa ͻȌǡ Skhul ͷ ȋSk ͷȌǤ Upper Palaeolithic modern humans include CroǦMagnon ͳ and ͵ ȋCroM ͳ CroM ͵Ȍǡ Mladeč ͳ and ͷ ȋMla ͳǡ Mla ͷȌǡ Brno ͵ǡ Předmostí ͵ and Ͷ ȋPre ͵ǡ Pre ͶȌǡ Abri Pataud ȋAbPȌǡ Cioclovina ȋCiȌǡ Zhoukoudian Upper Cave ͳ and ʹ  ȋZhUC ͳǡ ZhUC ʹȌǤ The RM( samples are composed of individuals of diverse geographical origins ȋnαʹ͵ʹ in Figure ͵aǡ nαͷͷ in Figure ͵bǡ nαʹ͸͵ in Extended Data Figure ͶȌǤ 
 
 

Crown outline analysis (Extended Data Figure 3a) 
 The crown outline analysis of )rhoud ͳͲ and )rhoud ʹͳ left Mͳ follows the protocol described in Benazzi et al.͵ͻ and Bailey et al.ͶͲǤ For )rhoud ͳͲǡ CT images were virtually segmented using a semiautomatic thresholdǦbased approach in Avizo to reconstruct a ͵D digital model of the toothǡ which was then imported in Rapidform XORʹ ȋ)NUS  Technologyǡ )ncǤǡ Seoulǡ KoreaȌ to compute the cervical planeǤ The tooth was aligned with the cervical plane parallel to the xyǦplane of the Cartesian coordinate system and rotated around the zǦaxis with the lingual side parallel to the xǦaxisǤ The crown outline corresponds to the silhouette of the oriented crown as seen in occlusal view and projected onto the cervical planeǤ For )rhoud ʹͳǡ an occlusal image of the crown was taken with a Nikon D͹ͲͲ digital camera and a MicroǦNikkor ͸Ͳ mm lensǤ The tooth was oriented so  that the cervical border was perpendicular to the optical axis of the camera lensǤ The image was imported in Rhino ͶǤͲ Beta CAD environment ȋRobert McNeel Ƭ Associatesǡ Seattleǡ WAȌ and aligned to the xyǦplane of the Cartesian coordinate systemǤ The crown 



outline was digitised manually using the spline functionǡ and then oriented with the lingual side parallel to the xǦaxisǤ Both crown outlinesͶͳ were first centered superimposing the centroids of their area according to the Mͳ sample created by Bailey et 

al.ͶͲǡ but integrated with ͳͲ late early and middle Pleistocene Homo Mͳ specimens ȋiǤeǤǡ AragoǦ͵ͳǡ ATǦͶͲ͸ǡ ATD͸Ǧͳͳǡ ATD͸Ǧ͸ͻǡ ATD͸ǦͳͲ͵ǡ BilzingslebenǦ͹͸Ǧͷ͵Ͳǡ Petralonaǡ Steinheimǡ Rabatǡ ThomasǦ͵ȌǤ Thenǡ the outlines were represented by ʹͶ pseudolandmarks obtained by equiangularly spaced radial vectors out of the centroid  ȋthe first radius is directed buccally and parallel to the yǦaxis of the Cartesian coordinate systemȌǡ and scaled to unit centroid size͵ͻǡͶͳǤ Late early and middle Pleistocene archaic samples include Arago ͵ͳ ȋAr ͵ͳȌǡ Atapuerca Gran Dolina ͸Ǧͳͳǡ ͸Ǧ͸ͻǡ ͸ǦͳͲ͵ ȋATD͸Ǧͳͳǡ ATD͸Ǧ͸ͻǡ ATD͸ǦͳͲ͵Ȍǡ Atapuerca Sima de los (uesos ͶͲ͸ ȋATǦͶͲ͸Ȍǡ BilzingslebenǦ͹͸Ǧͷ͵Ͳ ȋBil͹͸Ǧͷ͵ͲȌǡ Petralona ȋPetrȌǡ Steinheim ȋSteinȌǡ Rabat ȋRabȌǡ Thomas ͵ ȋTho ͵ȌǤ Neanderthal samples include ArcyǦsurǦCure ͵ͻǡ Cova Negraǡ Krapina KDP ͳǡ Krapina KDP ͵ǡ Krapina KDP ʹʹǡ Krapina DͳͲͳǡ Krapina Dͳ͹ͳǡ Krapina Max Cǡ Krapina Max Dǡ La Ferrassie ͺǡ La Quina (ͳͺǡ Le Fate X)))ǡ Le Moustier ͳǡ Monsempron ͳͻͷ͵Ǧͳǡ Obi Rakhmatǡ Petit Puymoyenǡ Roc de Marsalǡ SaintǦCésaire ͳǤ EM( include Dar esǦSoltan ))ǦNN ȋDS))Ǧ NNȌǡ Dar esǦSoltan ))Ǧ(͸ ȋDS))Ǧ(͸Ȍǡ Qafzeh ͳͲ ȋQa ͳͲȌǡ Qafzeh ͳͷ ȋQa ͳͷȌǡ Skhul ͳ ȋSkh ͳȌǡ Contrebandiers (͹ ȋCT (͹ȌǤ Upper Palaeolithic modern humans include Abri Pataudǡ Fontéchevadeǡ Goughǯs Cave ȋMagdalenianȌǡ Grotta del Fosselloneǡ Kostenki ͳͷǡ Lagar Velhoǡ LaugerieǦBasseǡ La Madeleineǡ Les Rois ͳͻǡ La Rois unnumberedǡ Mladeč ͳǡ Mladeč ʹǡ Peskő Barlangǡ StǤ Germain ʹǡ StǤ Germain B͸ǡ StǤ Germain B͹ǡ Sunghir ʹǡ Sunghir ͵ǡ Veyrier ͳǤ The RM( samples are composed of individuals of diverse geographical origins ȋnαͺͲ) 

 

 

Molar and premolar enamel-dentine junction shape analysis (Extended Data Figure 

3b) Enamel and dentine tissues of lower second molars and fourth premolars were  segmented using the ͵D voxel value histogram and its distribution of greyǦscale values Skinner et al. Ͷ ǡʹͶ͵Ǥ After the segmentation the EDJ was reconstructed as a triangleǦbased surface model using Avizo ȋusing unconstrained smoothingȌǤ Small EDJ defects were corrected digitally using the ǲfill holesǳ module of Geomagic StudioǤ We then used Avizo to digitise ͵D landmarks and curveǦsemilandmarks on these EDJ surfacesͶʹǡͶ͵Ǥ For the  molarsǡ anatomical landmarks were placed on the tip of the dentine horn of the 



protoconidǡ metaconidǡ entoconidǡ and hypoconidǤ For the premolars anatomical landmarks were placed on protoconid and metaconid dentine hornsǤ Moreoverǡ we placed a sequence of landmarks along the marginal ridge connecting the dentine horns beginning at the top of the protoconid moving in lingual directionǢ the points along this ridge curve were then later resampled to the same point count on every specimen using MathematicaǤ Likewiseǡ we digitised and resampled a curve along the cementoǦenamel junction as a closed curve starting and ending below the protoconid horn and the mesioǦbuccal corner of the cervixǤ The resampled points along the two ridge curves were subsequently treated as sliding curve semilandmarks and analysed using GMM together with the four anatomical landmarksǤ Homo erectus includes KNMǦBK ͸͹ǡ KNMǦER ͻͻʹ ȋMʹ and PͶȌǡ Sͳb ȋMʹ and PͶȌǡ Sͷǡ S͸aǤ We also included the Homo habilisͶͶ specimen KNMǦERǦͳͺͲʹ to establish trait polarityǤ MP archaic samples include Mauer ȋMauerǢ Mʹ and PͶȌǡ Balanica B(Ǧͳ ȋBalȌǤ Neanderthal samples include Abri Suard S͵͸ǡ Combe Grenal ʹͻǡ Combe Grenal )Vǡ Combe Grenal V)))ǡ El Sidron ͵Ͳ͵ǡ El Sidron ͷͶͲǡ El Sidron ͹ͷͷǡ El Sidron ͹͸͵aǡ Krapina ͷ͵ǡ Krapina ͷͶǡ Krapina ͷͷǡ Krapina ͷ͹ǡ Krapina ͷͻǡ Krapina Dͳǡ Krapina D͸ǡ Krapina Dͻǡ Krapina D͵ͷǡ Krapina DͷͲǡ Krapina DͺͲǡ Krapina Dͺ͸ǡ Krapina DͳͲͷǡ Krapina DͳͲ͹ǡ La Quina (ͻǡ Le Moustier ȋMʹ and PͶȌǡ Le Regourdou ȋMʹ and PͶȌǡ Scladina ȋMʹ and PͶȌǡ  Vindija ͳͳǦ͵ͻǤ EM( include Dar esǦSoltan )) (Ͷ ȋDS ))Ǧ(ͶȌǡ El (arhoura ȋEl (Ǣ Mʹ and PͶȌǡ )rhoud ͳͳ ȋ)r ͳͳǢ Mʹ and PͶȌǡ )rhoud ͵ ȋ)r ͵Ǣ Mʹ and PͶȌǡ Qafzeh ͻ ȋMʹ and PͶȌǡ Qafzeh ͳͲǡ Qafzeh ͳͳ ȋMʹ and PͶȌǡ Qafzeh ͳͷǡ Contrebandiers ȋCTǢ Mʹ and PͶȌǤ The RM( samples are composed of individuals of diverse geographical origins ȋMʹ sample nαͺǢ PͶ sample nαͺȌǤ 
 
 
 
 
 

 
Tooth root shape analysis (Extended Data Figure 3) 

 Dental tissues ȋenamelǡ dentine and pulpȌ of the anterior dentition were first segmented semiautomatically using a region growing toolǡ and when possible using the watershed principleͶͷǢ this segmentation was edited manually to correct for cracksǤ Each tooth was then virtually divided into crown and root by cutting the ͵D models at the cervical plane defined by a least square fit plane between landmarks set at the points of greatest curvature on the labial and lingual sides of the cementǦenamel junctionǤ Following Le Cabec et al.Ͷ͸ we analysed dental root shapeǣ using Avizoǡ a landmark was digitised at the root apex and a sequence of ͵D landmark coordinates was recorded along the cementǦ 



enamel junctionǤ Using Mathematicaǡ this curve was then resampled to ͷͲ equidistant curveǦsemilandmarksǤ The shape of the root surfaceǡ delimited by the cervical semilandmarks and the apical landmarkǡ was quantified using Ͷͻͻ surfaceǦ semilandmarksͶ͸ǣ a mesh of Ͷͻͻ landmarks was digitised manually on a template specimenǡ then warped to each specimen using a thinǦplate spline interpolation and lofted onto the segmented root surface by projecting to closest surface vertexǤ These landmarks and semilandmarks were then analysed using GMMǤ Homo erectus is represented by KNMǦWT ͳͷͲͲͲ ȋWT ͳͷͲͲͲȌǤ The Neanderthal sample includes Krapina ͷ͵ǡ ͷͶǡ ͷͷǡ ͷͺǡ ͷͻ 
 ȋKrpͷ͵ǡ Krp ͷͶǡ Krp ͷͷǡ Krp ͷͺǡ Krp ͷͻȌǡ SaintǦCésaire ͳ ȋSCȌǡ AbriǦBourgeoisǦDelaunay ͳ ȋBDͳȌǡ and Kebara ʹ and ʹͺ ȋKeb ʹǡ KM( ʹͺȌǤ EM( include Contrebandiers ȋCTȌǡ Dar esǦ Soltan ))Ǧ(Ͷ ȋDS))Ǧ(ͶȌ and El (aroura ȋEl (ȌǤ Upper Palaeolithic and Mesolithic modern samples include individuals from Oberkassel ȋObȌǡ NahalǦOren ȋNO ͺǡ NO ͳͶȌǡ (ayonim ȋ(a ͺǡ (a ͳͻǡ (a ʹͲȌǡ Kebara ȋKebAͷȌ and CombeǦCapelle ȋCCȌǤ The RM( sample includes individuals of diverse geographical origins ȋnαͶ͹Ȍ 
 
 

Statistical analysis 
 ͵D landmark and semilandmark data were analysed using GMM functions in Mathematica͵ͶǡͶ͹Ǥ Curves and surfaces were quantified using sliding semilandmarks based on minimizing the thinǦplate spline bending energy͵ʹ between each specimen and the sample mean shape͵͵ǡ ͵ͶǤ Missing landmarks or semilandmarks were estimated using a thinǦplate spline interpolation based on the sample mean shape during the sliding processͶͺǤ After slidingǡ all landmarks and semilandmarks were converted to shape variables using generalised least squares Procrustes superimpositionͶͻǢ these data were then analysed using principal component analysis ȋPCAȌǡ and between group PCAͷͲǤ For the Mͳ crown outlines analysisǡ the shape variables of the outlines were projected into the shapeǦspace obtained from a principal component analysis ȋPCAȌ of the Mͳ comparative sampleǤ The data were processed and analysed through software routines written in RͷͳǤ 
 
 

Mandibular metric data (Extended Data Table 2 and Extended Data Figure 1c) 
 Linear measurements were taken on ͵D surface models generated from microCT data in AvizoǤ They were complemented by measurements of the original specimens taken by EǤ Trinkaus ȋExtended Data FigǤ ͳcȌ and by comparative data taken from the literatureͷʹǦͻͻǤ The African and European MP archaic sample includes KNMǦBK ͸͹ǡ KNMǦBK ͺͷͳͺǡ Sidi 



Abderrahmane ʹǡ Thomas Quarry )ǡ Thomas Quarry Gh ͳͲ͹ͳ͹ǡ Tighenif ͳǡ ʹǡ ͵ǡ Arago )ǡ X)))ǡ Mauerǡ Montmaurin ͳǡ Sima de los (uesos X)Xǡ XX)ǡ XXV)))ǡ AT ͳǡ AT ͹ͷǡ AT ͵ͲͲǡ AT ͸Ͳͷǡ AT ͸Ͳ͹Ǥ The Asian Neanderthals include Amud ͳǡ Chagyrskaya ͸ǡ Kebara ʹǡ Shanidar ͳǡ ʹ and Ͷ and Tabun CͳǤ The European Neandertals include Arcy ))ǡ Banyolesǡ El Sidrón ͳǡ ʹ and ͵ǡ Guattari ʹ and ͵ǡ (ortus Ͷǡ Krapina ͷ͹ǡ ͷͺ and ͷͻǡ Suard S ͵͸ǡ Bourgeois  Delaunay ͳǡ La Ferrassie ͳǡ La Quina ͷǡ La Naulette ͳǡ Le Regourdou ͳǡ Saint Césaireǡ Sima de las Palomas ͳǡ ͸ǡ ʹ͵ǡ ͷͻǡ Spy ͳ and ͵ǡ Subalyuk ͳǡ Vindija ʹͲ͸ǡ ʹʹ͸ǡ ʹ͵ͳǡ ʹͷͲǡ ͳͳǤ͵ͻǡ ͳͳǤͶͲǡ ͳͳǤͶͷǡ WeimarǦEhringsdorf FͳͲͲͻ and ZafarrayaǤ The EM( include Dar esǦSoltan )) (ͷǡ El (arhoura ͳǡ Dire Dawaǡ Klasies Riverǣ KRM ͳ͵ͶͲͲǡ ͳͶ͸ͻͷǡ ͳ͸ͶʹͶ ǡ ʹͳ͹͹͸ and Ͷͳͺͳͷǡ Qafzeh ͻǡ ʹ͸ and ʹ͹ǡ Skhul )Vǡ Skhul Vǡ Tabun Cʹ and Témara ͳǤ The Upper Palaeolithic and Epipalaeolithic sample includes individuals from Abri Pataud ͳǡ Arene Candide ʹ and ͳͺǡ Asselarǡ Barma del Caviglioneǡ Chanceladeǡ Cro Magnon ͳ and ͵ǡ Dar esǦ Soltan )) (ʹ and (͵ǡ Dolni Věstonice ͵ǡ ͳ͵ǡ ͳͶǡ ͳͷǡ ͳ͸ǡ El Mirónǡ Grotte des Enfants Ͷǡ (ayonim ͺǡ ͳ͹ǡ ͳͻǡ ʹͲǡ ʹͷǡ ʹ͹ǡ ʹͻ and ʹͻaǡ )sturitz and ͳͳͷǡ Le Roc ͳ and ʹǡ Minat ͳǡ Moh 
 Khiewǡ Muierii ͳǡ Nahal Oren ͸ǡ ͺǡ ͳͶ and ͳͺǡ Nazlet Khater ʹǡ Oase ͳǡ Oberkassel ͳ and ʹǡ 
 Ohalo )) ͳ and ʹǡ Pavlov ͳǡ Předmostí ͵ and ʹͳǡ Sunghir ͳ and ͸ǡ Villabruna ͳ and 
 Zhoukoudian Upper Cave ͳͲͳǡ ͳͲͶ and ͳͲͺǤ 
 
 
 

 

Dental metric and non-metric data (Extended Data Tables 3, 4 and 5) 
 
 Crown metric and nonǦmetric data were collected from casts or originals with a few exceptions taken from the literatureǤ The latter includeǣ Mumba X))ͳͲͲǢ EyasiͳͲͳǢ KapthurinͳͲʹǢ OlduvaiͳͲ͵Ǣ Sima de los (uesosͳͲ͵Ǣ some Sangiran metric dataͳͲͶǤ Root metric data were taken on ͵D models generated from microǦcomputed tomographic dataͳͲͷǡ ͳͲ͸Ǥ Crown measurements were taken using Mitituyo digital calipersǤ NonǦmetric trait expressions were scored using the Arizona State University Dental Anthropology SystemͳͲ͹ where applicable ȋLower dentitionǣ PͶ lingual cuspsǡ Cusp ͸ǡ Cusp ͹ǡ Mʹ groove patternǡ protostylidǢ for Upper dentitionǣ shovelingǡ tuberculum dentaleǡ canine distal accessory ridgeǡ Cusp ͷǡ Carabelliǯs traitǡ parastyleǡ metacone and hypocone reductionȌǡ and BaileyͳͲͺ for all othersǤ RM( include individuals from Southǡ West and East Africaǡ Western and Central Europeǡ Northeast Asiaǡ West Asiaǡ )ndiaǡ Australiaǡ New Guinea and Andaman )slandsǤ For root metrics the sample composition is in Table ͳ from Le Cabec et 

al.ͳͲ͸. H. erectus includes individuals from Zhoukoudianǡ Sangiranǡ West Turkanaǡ East 



Rudolfǡ Olduvai and DmanisiǤ MP African archaics ȋMPAfȌ include individuals from Thomas Quarriesǡ Saléǡ Florisbadǡ Rabatǡ (oedijiespuntǡ Cave of (earthsǡ Olduvaiǡ Kapthurinǡ Mumbaǡ Eyasiǡ Broken (ill and Sidi AbderrahmaneǤ MP European archaics ȋMPEȌ include individuals from Mauerǡ Aragoǡ Sima de los (uesosǡ Pontnewyddǡ Fontana RanuccioǤ Neanderthal samples include individuals from Amudǡ Arcy sur Cureǡ Cova Negraǡ Grotta Guattariǡ (ortusǡ Kalamakiaǡ Krapinaǡ Kebaraǡ Kulnaǡ La Quinaǡ La Fateǡ La Ferrassieǡ Le Moustierǡ Melpignanoǡ Monte Feneraǡ Monsempronǡ Montmaurinǡ Feldhoferǡ ObiǦRakhmatǡ Ochozǡ PechǦdeǦl̵Azéǡ Petit Puymoyenǡ Regourdouǡ RocǦdeǦMarsalǡ Spyǡ SaintǦCésaireǡ Subalyukǡ Tabun and VindijaǤ EM( include individuals from Die Keldersǡ Equus Caveǡ Klasies River Mouthǡ Sea (arvestǡ (aua Fteahǡ Dar esǦSoltanǡ Contrebandiersǡ El (arhouraǡ Qafzehǡ and SkhulǤ 
 ͵ͳǤ Wollnyǡ GǤ et al. M)A Ǧ A free and open source software for gray scale medical image analysisǤ Source Code for Biology and Medicine 8ǡ ͳǦʹͲǡ doiǣͳͲǤͳͳͺ͸Ȁͳ͹ͷͳǦͲͶ͹͵ǦͺǦʹͲ    ȋʹͲͳ͵Ȍ ͵ʹǤ Booksteinǡ FǤ LǤ Landmark methods for forms without landmarksǣ morphometrics of group differences in outline shapeǤ Medical Image 

Analysis 1ǡ ʹʹͷǦʹͶ͵ ȋͳͻͻ͹Ȍ ͵͵Ǥ Gunzǡ PǤǡ Mitteroeckerǡ PǤ Ƭ Booksteinǡ FǤ LǤ Semilandmarks in three dimensionsǤ in Modern Morphometrics in Physical Anthropology. ȋed DǤEǤ SliceȌ ͹͵Ǧͻͺ ȋKluwer AcademicȀPlenum Publishersǡ ʹͲͲͷȌ ͵ͶǤ Gunzǡ PǤ Ƭ Mitteroeckerǡ PǤ Semilandmarksǣ a method for quantifying curves and surfacesǤ Hystrix, the Intalian Journal of Mammalogy 24ǡ ͳͲ͵ǦͳͲͻǡ doiǣdoiǣͳͲǤͶͶͲͶȀhystrixǦʹͶǤͳǦ͸ʹͻʹ    ȋʹͲͳ͵Ȍ ͵ͷǤ Wileyǡ DǤ FǤ et al. in 16th IEEE Visualization Conference (VIS 2005) 55ǡ Ͷ͵ͳǦ Ͷ͵ͺ ȋAmerican Journal of Physical Anthropologyǡ Minneapolisǡ MNǡ USAǡ ʹͲͲͷȌ ͵͸Ǥ Freidlineǡ SǤ EǤǡ Gunzǡ PǤǡ (arvatiǡ KǤ Ƭ (ublinǡ JǤǦJǤ Middle Pleistocene human facial morphology in an evolutionary and developmental contextǤ Journal of 
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Figure captions  
 

 
 

Figure 1 | Facial reconstruction of Irhoud 10, frontal (a) and basal (b) views. This Procrustes 

superimposition of Irhoud 10 (beige) and Irhoud 1 (light blue) represents one possible 

alignment of the facial bones of Irhoud 10. Multiple alternative reconstructions (n=9) were 

included in the statistical shape analysis of the face (see Methods and Figure 3). The maxilla, 

zygomatic bone and supra-orbital area on Irhoud 10 are more robust than on Irhoud 1. Scale 

is 20 mm. 

 

 

Figure 2 | Irhoud 11 mandibule (lateral and cranial views). See Methods for the 

reconstruction. The bi-condylar breadth of the Irhoud 11 mandible exactly fits the width of 

the corresponding areas on the Irhoud 2 skull. Scale is 20 mm. 

 

 

Figure 3 | Comparative shape analysis. a, PCA of the facial shape. EMH and RMH are well 

separated from Neanderthals and archaic MP hominins. Irhoud 1 and all nine alternative 

reconstructions of Irhoud 10 (pink stars and pink 99% confidence ellipse, see Methods) fall 

within the RMH variation. b, PCA of endocranial shape. RMH (blue), Neanderthals (red) and 

Homo erectus (green) are separated. Archaic MP Hominins (orange) plot with Neanderthals. 

Irhoud 1 and 2 (pink stars) and some EMH (black) fall outside the RMH variation. Shape 

differences are visualized in Extended Data Figure 5a. Sample compositions and abbreviations 

are in Methods. 



 

 

 
 

Figure 1 



 

 

 
 

Figure 2 



 

 

 
 

Figure 3 



Extended Data Figure Captions  

 
 

 

Extended Data Table 1| List of hominin specimens. Starting with the 2004 excavation, 

specimens were given ID numbers from the project catalogue. Layer 18 of the excavation by 

de Bayle des Hermens and Tixier
6 

corresponds to Layer 7 of the 2004-2011 excavation. 

 

 

Extended Data Table 2| Measurements of the Irhoud 11 mandible after reconstruction. They 

are compared to those of five groups of fossil hominins. Values in mm. xࡄ = mean value, ı = 

standard deviation, n= sample size. The value with �?� is an estimate. Data sources and sample 

compositions are in Methods. 

 

 

Extended Data Table 3| Dental measurements (upper dentition) BL = Bucco-lingual width, 

MD = Mesio-distal length. Values in mm.  x ำ = mean value; minimum and maximum values are 

between square brackets;  ʍ = standard deviation; n= sample size. Values in parentheses 

represent uncorrected measurements on worn or cracked teeth. Data sources and sample 

compositions are in Methods. 
 

 
 

Extended Data Table 4| Dental measurements (lower dentition). BL = Bucco-lingual width, 

MD = Mesio-distal length, RL = Root Length. All values in mm.  x ำ = mean value; minimum and 

maximum values are between square brackets; ʍ = standard deviation; n= size of the sample. 

Values in parentheses represent uncorrected measurements on worn or cracked teeth. Data 

sources and sample compositions are in Methods. 
 
 
 

Extended Data Table 5| Morphological dental trait comparison 
 

Numbers given are trait frequencies score at the enamel surface. Sample sizes are in brackets. 

Data sources and sample compositions are in Methods. 

 

 
 
 

Extended Data Figure 1 | Mandibular morphology. a, Symphyseal section of Irhoud 11 

mandible showing the mental angle. b, Mental area of Irhoud 11 before virtual reconstruction 

(top) and Irhoud 3 (bottom). Both figures are surface models generated from micro CT data. 

c, Bivariate plot of mandibular corpus breadth versus height at the mental foramen. Values in 



 

mm. Irhoud 11 plots with EMH and displays one of the largest corpus height among middle to 

late Pleistocene hominins. �n� indicates sample size. Data sources and sample compositions 

are in Methods. 

 

 

Extended Data Figure 2 | a, shape�space PCA plot of late early and middle Pleistocene 

archaic Homo, Neanderthals and RMH M
1 

crown outlines. The deformed mean crown 

outlines in the four directions of the PCs are drawn at the extremity of each axis. Sample 

compositions and abbreviations are in Methods. b, Enamel-dentine junction (EDJ) 

morphology of the M2 and P4. At top left a PCA analysis of EDJ shape of the M2 places Irhoud 

11 intermediate between H. erectus and RMH (along with other north Africa fossil humans) 

and distinct from Neanderthals. Surface models illustrate EDJ shape changes along PC1 

(bottom left) and PC2 (top right); the former separating H. erectus from RMH, Neanderthals 

and North African EMH and the latter separating Neanderthals from RMH and north African 

EMH. At bottom right a PCA analysis of EDJ shape of the P4 groups Irhoud 11 with modern and 

fossil humans. 

 
 
 

 

Extended Data Figure 3 | Shape analysis of I2 roots. A between-group PCA shows a complete 

separation between Neanderthals and a worldwide sample of recent modern humans based 

on subtle shape differences. Irhoud 11 (magenta) plots at the fringes of RMH, close to the 

EMH from Temara. Colour-coded Procrustes group mean shapes are plotted in the same 

orientation as the I
2 

root surface of Irhoud 11. Although Irhoud 11 is more similar, overall, to 

Neanderthals in terms of root size, its root shape is clearly modern. The Homo erectus s.l. 

specimen KNM-WT 15000 and hypothetical EMH Tabun C2 have incisor root shapes similar to 

Neanderthals, suggesting that roots that are labially more convex than in RMH represent a 

conserved primitive condition with limited taxonomical value. Sample compositions and 

abbreviations are in Methods. 
 
 
 
 

 

Extended Data Figure 4 | Shape analysis of external vault. a, Principal component (PC) scores 

1 vs. 2 of external braincase shape in Homo erectus, MP archaic Homo, a geographically 



 

diverse RMH and Neanderthals. Results are consistent with the analysis of endocranial shape 

(Figure 3a). However, several EMH and Upper Palaeolithic specimens fall outside the RMH 

variation. This is likely due to the projecting supraorbital tori in these specimens. b, Shape 

changes associated with PC 1 (two standard deviations in either direction) shown as thin-plate 

spline deformation grids in lateral and oblique view. PC 1 captures a contrast between 

elongated braincases with projecting supraorbital tori (low scores in black), and a more 

globular braincase with gracile supraorbital tori (high scores in red). Sample compositions and 

abbreviations are in Methods. 

 
 
 

 

Extended Data Figure 5 | Facial and endocranial shape differences among Homo groups. 

Visualizations of GMM shape analyses in Figure 3. a, Average endocranial shape differences 

Homo erectus, recent Homo sapiens, and Neanderthals. Thin-plate spline (TPS) grids are 

exaggerated. b, Visualisation of shape changes along principal component (PC) 1 in Figure 3b  

in frontal, lateral and superior view; two standard deviations in either direction from the  

mean shape (grey, negative; black: positive). c, Shape changes along PC 2. All recent and fossil 

modern humans (low scores along PC 2) share smaller, orthognathic faces, that differ from the 

larger, robust and prognathic faces of the middle Pleistocene humans and Neanderthals (high 

scores along PC 1). Arrow length is colour coded (short: blue; long: red). As these 

visualisations are affected by the Procrustes superimposition, we also show TPS-grids in the 
 

maxilla and the supraorbital area. The arrow points to the plane of the maxillary TPS (red) in 

the template configuration. 



 

 

 

Specimens 
 

Item ID 
 

Anatomical part Year Stratigraphic position 

 
Irhoud 1 

 
No ID 

 
Cranium 1961 Lower deposits

4
 

 
Irhoud 2 

 
No ID 

 
Cranium 1962 Lower deposits

4
 

 
Irhoud 3 

 
No ID 

 
Mandible (juvenile) 1968 Lower deposits

5
 

 
Irhoud 4 

 
No ID 

 
Humerus (juvenile) 1969 Layer 18 of Tixier

6
 

 
Irhoud 5 

 
No ID 

 
Coxal (juvenile) 1969 

Layer 18 of de Bayle des 
Hermens & Tixier

7
 

 
Irhoud 6 

 
No ID 

 
Mandible fragment 1961-69 

Identified among faunal 
remains 

 
Irhoud 7 

 
4766 

 
Lower right P3 2004 Initial cleaning 

 
Irhoud 8 

 
4767 

 

Distal part of left lower 
molar 

2004 Initial cleaning 

 
Irhoud 9 

 
1653 

 
Lower Molar (M1 or M2) 2006 Layer 4 

 
Irhoud 10 

 

1678, 1679, 1680, 2178, 
2259 

 
Cranium 2007 Layer 7 

 
Irhoud 11 

 
4765 + 3752 

 
Mandible 2007 Layer 7 

 
Irhoud 12 

 
2196 

 
Lower incisor 2007 Layer 7 

 
Irhoud 13 

 
2252 

 
Left proximal Femur 2007 Layer 7 

 
Irhoud 14 

 
2381, 2383 

 
Rib 2009 Layer 7 

 
Irhoud 15 

 
2401 

 
Rib 2009 Layer 7 

 
Irhoud 16 

 
2561, 2565 

 
Humerus (juvenile) 2009 Layer 7 

 
Irhoud 17 

 
2670 

 
Right proximal Femur 2009 Layer 7 

 
Irhoud 18 

 
2838 

 
Lumbar vertebra 2007 Initial cleaning 

 
Irhoud 19 

 
3747, 3748, 3749 

 
Fibula 2009 Layer 7 

 
Irhoud 20 

 
3751 

 
Cervical vertebra 2009 Initial cleaning 

 
Irhoud 21 

 
4200 

 
Maxilla 2011 Layer A 

 
Irhoud 22 

 
4502, 4503 

 
M2 and M3 sup 2011 Layer A 

 

Extended Data Table 1 



 

 

 
Measurement 

 
Irhoud 11 

African and 
European 

archaic MP 

Asian 
Neanderthals 

European 
Neanderthals 

Early modern 
humans 

 

Upper 
Palaeolithic MH 

 
Symphyseal 

Height 

 
45 

 

x31.53 = ࡄ 
ı = 3.7 
n = 13 

x36.1 = ࡄ 
ı = 3.36 

n = 6 

x33.98 = ࡄ 
ı = 4.64 
n = 21 

x36.36 = ࡄ 
ı = 6.03 

n = 8 

 

x31.87 = ࡄ 
ı = 2.82 
n = 38 

 
Corpus Height 

at Mental Foramen 

 
38.4 

 

x30.69 = ࡄ 
ı =4.2 
n = 19 

x33.9 = ࡄ 
ı =3.51 

n = 7 

x31.22 = ࡄ 
ı = 3.43 
n = 33 

x34.23 = ࡄ 
ı = 4.57 
n = 13 

 

x30.89 = ࡄ 
ı = 3.11 
n = 47 

 
Corpus Breadth 

at Mental Foramen 

 
15.4 

 

x17.22 = ࡄ 
ı = 1.98 
n = 19 

x17.16 = ࡄ 
ı = 1.89 

n = 7 

x15.56 = ࡄ 
ı = 1.71 
n = 33 

x16.04 = ࡄ 
ı = 1.75 
n = 13 

 

x12.67 = ࡄ 
ı = 1.55 
n = 48 

 
Corpus Height 

at M1 

 

 
36 

 
x31.15 = ࡄ 
ı = 4.59 
n = 15 

x31.65= ࡄ 
ı = 3.17 

n = 4 

x30.82 = ࡄ 
ı = 3.36 
n = 22 

x32.81 = ࡄ 
ı = 5.64 
n = 10 

 
x29.51 = ࡄ 
ı = 2.19 
n = 29 

 
Corpus Breadth 

at M1 

 
17.7 

 

x17.57 = ࡄ 
ı = 2.4 
n = 15 

x17.54 = ࡄ 
ı = 2.67 

n = 5 

x16.7 = ࡄ 
ı = 1.75 
n = 22 

x17.11 = ࡄ 
ı = 2.57 
n = 11 

 

x14.25 = ࡄ 
ı = 1.57 
n = 26 

 
Corpus Height 

at M1/M2 

 
34 

 

x30.82 = ࡄ 
ı = 4.21 
n = 15 

x32.40 = ࡄ 
ı = 1.65 

n = 3 

x29.64 = ࡄ 
ı = 3.21 
n = 23 

x32.88 = ࡄ 
ı = 4.26 

n = 8 

 

x28.64 = ࡄ 
ı = 2.3 
n = 33 

 
Corpus Breadth 

at M1/M2 

 
19.3 

 

x18.03 = ࡄ 
ı = 2.98 
n = 15 

x17.57 = ࡄ 
ı = 2.25 

n = 3 

x16.35 = ࡄ 
ı = 1.56 
n = 22 

x17.56 = ࡄ 
ı = 2.43 

n = 8 

 

x14.73 = ࡄ 
ı = 1.92 
n = 34 

 
Corpus Height 

at M2 

 
31,5 

 

x30.42 = ࡄ 
ı =3.97 
n = 20 

x31.75 = ࡄ 
ı = 3.82 

n = 6 

x30.10 = ࡄ 
ı = 3.4 
n = 26 

x32.41 = ࡄ 
ı = 5.22 

n = 8 

 

x27.04 = ࡄ 
ı = 2.58 
n = 34 

 
Corpus Breath 

at M2 

 
22.7 

 

x18.45 = ࡄ 
ı = 2.45 

n =20 

x17.6 = ࡄ 
ı = 1.54 

n = 7 

x16.03 = ࡄ 
ı = 1.78 
n = 25 

x18.48 = ࡄ 
ı = 2.93 

n = 8 

 

x15.02 = ࡄ 
ı = 1.89 
n = 36 

 
Length of the 
Dental Arcade 

 
66.5 

 

x58.19 = ࡄ 
ı = 5.46 
n = 11 

x54.78 = ࡄ 
ı = 2.78 

n = 4 

x55.23 = ࡄ 
ı = 2.49 
n = 10 

x57.25 = ࡄ 
ı = 6.22 

n = 4 

 

x51.78 = ࡄ 
ı = 3.33 
n = 26 

 
Bigonial Breadth 

 
144 ? 

 

x96.93 = ࡄ x102.13 = ࡄ x92.57 = ࡄ x93.75 = ࡄ 
 

x98.59 = ࡄ 
ı = 11.84 ı = 6.22 ı = 11.62 ı = 13.93 ı = 9.67 

n = 6 n = 4 n = 6 n = 4 n = 29 

 
Bicanine Breadth 

 
38.5 

 

x35.54 = ࡄ x36.48 = ࡄ x36.62 = ࡄ x38.0 = ࡄ 
 

x32.64 = ࡄ 
ı = 3.79 ı = 1.63 ı = 2.45 ı = 2.00 ı = 2.38 
n = 11 n = 6 n = 14 n = 5 n = 28 

 
Bi-M2 Breadth 

 
66.6 

 

x66.13 = ࡄ x72.1 = ࡄ x69.86 = ࡄ x68.46 = ࡄ 
 

x61.75 = ࡄ 
ı = 5.81 ı = 1.48 ı = 3.23 ı = 3.54 ı = 3.88 
n = 11 n = 4 n = 11 n = 5 n = 26 

 
Bi-M3 Breadth 

 
70.9 

 

x70.24 = ࡄ x74.86 = ࡄ x71.9 = ࡄ x72.03 = ࡄ 
 

x66.62 = ࡄ 
ı = 6.22 ı = 2.78 ı = 3.29 ı = 4.16 ı = 4.07 
n = 11 n = 5 n = 11 n = 4 n = 26 

 

Extended Data Table 2 



 

 

  
 

Irhoud 10 
Irhoud 

21 

Irhoud 

22 

 

H. erectus MPE MPAf Neanderthals EMH 
 

RMH 

 

 
 
 

C� 

 

 
BL 

 

 
-- 

 

 
9.8 

 

 
-- 

 
x ำ = 10.3 

[9.7-11.9] 

ʍ = 0.7 n=12 

x ำ =9.8 

[8.8-10.7] 

ʍ =0.7 n=6 

x ำ = 9.7 

[8.9-10.5] 

ʍ =1.1 n=2 

x ำ = 10.0 

[8.8-11.4] 

ʍ = 0.7 n=26 

x ำ = 9.3 

[8.5-10.4] 

ʍ = 0.6 n=11 

x ำ = 8.3 

[7.0-9.8] 

ʍ = 0.7 n 

=131 

 

 
MD 

 

 
-- 

 

 
8.9 

 

 
-- 

 
x ำ = 9.6 x ำ = 8.7 x ำ = 9.3 x ำ = 8.8 x ำ = 8.4 

 
x ำ = 7.7

[8.5-10.3] [7.7-9.9] [8.9-9.6] [7.0-10.0] [7.5-9.7] [6.2-8.8]

ʍ = 0.6 n=11 ʍ = 0.8 n=7 ʍ = 0.5 n=2 ʍ = 0.6 n=24 ʍ = 0.6 n=10 ʍ = 0.5 n 122

 

 
 
 

P3 

 

 
BL 

 

 
-- 

 

 
11.6 

 

 
-- 

 

x ำ = 11.7 x ำ = 10.9  
-- 

x ำ =10.7 x ำ =10.4 

 

x ำ = 9.4

[10.4-12.9] [10.5-12.1] [9.1-11.9] [10.0-11.1] [7.9-11.2]

ʍ = 0.9 n=12 ʍ = 1.5 n=7 ʍ = 0.8 n=30 ʍ = 0.4 n=10 ʍ =0.7 n= 197

 

 
MD 

 

 
-- 

 

 
8.4 

 

 
-- 

 
x ำ = 8.3 x ำ = 8.8  

-- 

x ำ = 8.0 x ำ = 7.7 

 
x ำ = 7.1

[7.4-9.1] [8.0-10.7] [6.2-9.3] [7.0-8.7] [5.6-8.6]

ʍ =0.5 n=14 ʍ = 0.9 n=7 ʍ = 0.7 n=29 ʍ = 0.6 n=10 ʍ = 0.6 n=186

 

 
 
 

P4 

 

 
BL 

 

 
-- 

 

 
11.3 

 

 
-- 

 
x ำ = 11.3 x ำ = 11.1 xࡄ =11.3 x ำ = 10.5 x ำ = 10.4 

 
x ำ = 9.5

[9.9-13.4] [9.9-12.2] - [8.2-11.7] [9.7-11.5] [7.6-12.3]

ʍ = 0.9 n=22 ʍ = 0.6 n=8 n=1 ʍ = 0.7 n=25 ʍ = 0.6 n=11 ʍ = 0.8 n=194 

 

 
MD 

 

 
-- 

 

 
8.3 

 

 
-- 

 
x ำ = 8.1 x ำ = 8.0 xࡄ = 7.9 x ำ = 7.6 x ำ = 7.1 

 
x ำ = 6.9

[7.2-9.2] [7.3-8.4] - [5.7-8.8] [7.0-9.3] [5.4-11.3]

ʍ = 0.6 n=21 ʍ = 0.4 n=7 n=1 ʍ = 0.9 n=25 ʍ = 0.8 n=12 ʍ = 0.8 n=173 

 

 
 
 

M1 

 

 
BL 

 

 
12.7 

 

 
12.7 

 

 
-- 

 
x ำ = 13.0 x ำ = 12.1 x ำ = 12.8 x ำ = 12.2 x ำ = 12.6 

 
x ำ = 11.5

[11.7-14.7] [10.9-14.4] [11.8-13.8] [11.2-14.2] [11.2-15.2] [9.8-13.6]

ʍ = 0.9 n=18 ʍ = 1.1 n=10 ʍ = 1.0 n=3 ʍ = 0.8 n=24 ʍ = 1.3 n=22 ʍ = 0.7 n=313

 

 
MD 

 

 
(12.1) 

 

 
12.2 

 

 
-- 

 

x ำ = 11.8 x ำ = 11.5 x ำ =12.4 x ำ = 11.5 x ำ = 11.5 

 

x ำ = 10.7

[10.0-13.6] [10.5-12.7] [10.0-12.4] [8.5-13.6] [9.9-13.9] [8.7-13.3]

ʍ = 0.9 n=21 ʍ = 0.8 n=10 ʍ = 1.2 n=3 ʍ = 1.1 n=22 ʍ = 1.1 n=21 ʍ = 0.7 n=279

 

 
 
 

M2 

 

 
BL 

 

 
12.3 

 

 
12.4 

 

 
13.8 

 
x ำ = 13.3 x ำ = 13.3 x ำ = 12.5 x ำ = 12.8 x ำ = 12.3 

 
x ำ = 11.6

[11.3-15.5] [11.3-16.3] [11.2-12.2] [11.2-16.2] [10.5-13.7] [9.1-14.1]

ʍ = 1.2 n=12 ʍ = 1.3 n=10 ʍ = 0.5 n=4 ʍ = 1.1 n=25 ʍ = 1.0 n=12 ʍ =1.0 n= 229

 

 
MD 

 

 
10.9 

 

 
11.8 

 

 
12.6 

 
x ำ = 11.6 

[10.2-13.6] 

ʍ =1.2 n=10 

x ำ = 10.9 

[9.7-12.4] 

ʍ = 0.9 n=9 

x ำ = 11.1 

[10.2-11.7] 

ʍ = 0.8 n=3 

x ำ = 11.0 

[9.3-13.1] 

ʍ = 1.1 n= 18 

x ำ = 10.3 

[8.6-11.8] 

ʍ = 0.8 n=9 

x ำ = 9.9 

[7.1-12.2] 

ʍ = 0.9 n= 

199 

 

 
 
 

M3 

 

 
BL 

 

 
-- 

 

 
12.4 

 

 
13.3 

 
x ำ = 12.2 x ำ = 11.9 x ำ = 11.5 x ำ = 12.3 x ำ = 11.7 

 

x ำ = 11.1

[10.4-15.3] [10.1-13.3] [11.0-11.9] [8.6-14.2] [9.7-13.5] [7.6-14.4]

ʍ = 1.4 n=11 ʍ = 1.0 n=7 ʍ = 0.6 n=2 ʍ = 1.3 n=19 ʍ = 1.0 n=8 ʍ = 1.2 n=129

 

 
MD 

 

 
-- 

 

 
8.4 

 

 
11.6 

 
x ำ = 10.0 x ำ = 9.0 x ำ = 10.0 x ำ = 10.4 x ำ = 9.3 

 
x ำ = 8.9

[8.7-12.4] [8.0-11.0] [9.8-10.2] [8.4-13.9] [8.6-10.9] [6.1-12.8]

ʍ = 1.0 n=11 ʍ = 0.9 n=7 ʍ = 0.3 n=2 ʍ = 1.1 n=19 ʍ = 0.5 n=6 ʍ = 1.1 n=115

 

Extended Data Table 3 



 

 

  Irhoud 
3 

Irhoud 
11 

H. erectus MPE MPAf Neanderthals EMH RMH 

 
 
 
 
 

I1 

 
BL 

 
-- 

 
6.9 

 

x6.7= ࡄ 
 

xࡄ =6.9 xࡄ =7.3 xࡄ =7.4 xࡄ = 6.6 

 

x5.8 = ࡄ
[6.4-6.9] [6.4-7.5] [7.2-7.4] [6.8-8.2] [5.8-7.6] [4.8-6.8]

ı =0.2 n = 3 ı =0.4 n = 6 ı =0.2 n = 2 ı =0.4 n = 15 ı = 0.6 n = 10 ı = 0.4 n = 137

 
MD 

 
-- 

 
(5.8) 

 

x6.1= ࡄ 

 

xࡄ =5.7 xࡄ =6.2 xࡄ =5.5 xࡄ =5.6 

 

x5.4 = ࡄ
[5.8-6.6] [4.9-7.5] [5.9-6.4] [4.3-6.3] [4.5-6.8] [4.2-6.8]

ı =0.4 n = 3 ı =0.5 n = 6 ı =0.4 n = 2 ı =0.5 n = 13 ı = 0.9 n = 10 ı = 0.4 n = 134

 
RL 

 
-- 

 
16.1 

 

x19.4= ࡄ 

 

xࡄ =16.5

-- 
xࡄ =17.2 xࡄ =14.4 

 

x12.7 = ࡄ
- - [13.8-20.9] [13.7-16.6] [10.1-16.7]

n = 1 n = 1 ı = 1.9 n = 17 ı =1.2 n =5 ı = 1.5 n = 39

 
 
 
 
 

I2 

 
BL 

 
-- 

 
7.6 

 

x7.2= ࡄ 

 

xࡄ =7.5 xࡄ =7.8 xࡄ =7.7 xࡄ =7.1 

 

x6.2 = ࡄ

[6.8-8.3] [6.7-8.6] - [6.8-8.1] [6.4-8.0] [4.9-7.7]

ı =0.7 n = 4 ı =0.6 n = 10 n = 1 ı =0.3 n = 17 ı =0.6 n =10 ı = 0.5 n = 146

 
MD 

 
-- 

 
(7.8) 

 

x7.4= ࡄ 
 

xࡄ =6.6 xࡄ =7.4 xࡄ =6.5 xࡄ =6.6 
 

x6.0 = ࡄ
[7.2-7.9] [6.3-7.8] - [5.2-7.5] [5.7-7.8] [5.0-6.8]

ı =0.3 n = 3 ı =0.4 n = 10 n = 1 ı =0.5 n = 16 ı =0.7 n =9 ı = 0.5 n = 143

 
RL 

 
-- 

 
18.0 

 

x18.6= ࡄ 

 

xࡄ =16.7

-- 
xࡄ =18.4 xࡄ =15.4 

 

x14.1 = ࡄ
[17.1-20.1] - [14.8-21.6] [13.7-17.3] [10.7-18.4]

n = 2 n = 1 ı =2.0 n = 15 ı =1.6 n =6 ı = 1.4 n = 47

 
 
 
 
 

C, 

 
BL 

 
9.1 

 
9.4 

 

x8.8= ࡄ 

 

xࡄ =8.5 xࡄ = 8.8 xࡄ =9.2 xࡄ =8.6 

 

x7.6 = ࡄ
[8.3-9.6] [5.9-9.8] [7.7-10.0] [7.8-10.3] [7.0-10.2] [6.0-9.4]

ı =0.5 n = 5 ı =1.1 n = 11 ı =1.6 n = 2 ı =0.7 n = 24 ı =0.9 n =12 ı = 0.7 n = 132

 
MD 

 
9.1 

 
8.6 

 

x8.4= ࡄ 

 

xࡄ =7.6 xࡄ = 7.8 xࡄ =8.0 xࡄ =8.2 

 

x6.8 = ࡄ
[8.0-8.9] [6.7-8.7] [7.2-8.4] [6.9-9.0] [6.4-10.0] [5.4-8.1]

ı =0.4 n = 4 ı =0.5 n = 11 ı =0.9 n = 2 ı =0.5 n = 22 ı =1.0 n =10 ı = 0.5 n = 124

 
RL 

 
-- 

 
20.6 

 
-- 

 

xࡄ =20.8

-- 
xࡄ =20.7 xࡄ =17.8 

 

x16.6 = ࡄ
- [16.1-25.6] [16.1-19.8] [13.2-19.2]

n = 1 ı =3.0 n = 16 ı =1.3 n =6 ı = 1.8 n = 23

 
 

 
P3 

 
BL 

 
10.2 

 
9.6 

 

x10.3= ࡄ 

 

xࡄ =9.0 xࡄ = 9.7 xࡄ =9.1 xࡄ =9.1 

 

x8.0 = ࡄ
[8.9-11.5] [8.4-10.0] [9.4-10.0] [7.2-10.3] [8.0-12.2] [6.4-10.2]

ı =0.9 n = 11 ı =0.3 n = 9 ı = 0.4 n = 2 ı =0.7 n = 31 ı = 1.2 n =10 ı = 0.7 n = 173

 
MD 

 
9.7 

 
9.2 

 

x8.8= ࡄ 

 

xࡄ =7.9 xࡄ =9.4 xࡄ =8.0 xࡄ =8.2 

 

x7.1 = ࡄ
[7.9-9.9] [7.4-8.4] [8.8-10.0] [6.3-9.9] [7.2-11.0] [5.8-8.6]

ı =0.6 n = 11 ı =0.3 n = 8 ı =0.9 n = 2 ı =0.7 n = 31 ı =1.1 n =9 ı = 0.6 n = 160

 
 

 
P4 

 
BL 

 
10.5 

 
10.5 

 

x10.6= ࡄ 

 

xࡄ =8.6 xࡄ =9.9 xࡄ =9.3 xࡄ =9.3 

 

x8.4 = ࡄ
[9.6-11.7] [7.2-10.1] [8.7-11.1] [7.6-11.1] [7.8-10.9] [6.8-10.8]

ı =0.7 n = 12 ı =0.9 n = 11 ı =0.9 n = 5 ı =0.8 n = 28 ı = 0.9 n =16 ı = 0.7 n = 165

 
MD 

 
9.5 

 
8.9 

 

x8.7= ࡄ 

 

xࡄ = 7.4 xࡄ =8.9 xࡄ =7.9 xࡄ =7.8 

 

x7.2 = ࡄ
[7.2-9.9] [6.6-9.5] [7.5-10.3] [5.7-11.8] [7.0-9.6] [5.6-10.4]

ı =0.8 n = 9 ı =0.8 n = 11 ı =0.9 n = 6 ı =1.2 n = 23 ı = 0.9 n =12 ı = 0.7 n = 151

 
 

 
M1 

 
BL 

 
12.3 

 
12.2 

 

x12.2= ࡄ 

 

xࡄ =10.6 xࡄ =11.7 xࡄ =11.1 xࡄ =11.7 

 

x10.7 = ࡄ
[10.7-13.5] [9.7-11.5] [10.5-12.6] [9.7-12.9] [10.5-14.3] [8.6-12.6]
ı =0.8 n = 15 ı =0.6 n = 15 ı =0.7 n = 7 ı =0.7 n = 36 ı = 1.0 n =19 ı = 0.7 n = 267

 
MD 

 
14.5 

 
12.5 

 

x13.3= ࡄ 
 

xࡄ =11.2 xࡄ =12.8 xࡄ =11.8 xࡄ =12.6 
 

x11.4 = ࡄ
[12.1-14.9] [10.6-12.0] [11.9-13.8] [10.1-13.6] [10.8-14.2] [9.2-13.5]
ı =1.0 n = 13 ı =0.5 n = 16 ı =0.7 n = 8 ı =0.9 n = 33 ı = 1.0 n =20 ı = 0.7 n = 243

 
 

 
M2 

 
BL 

 
12.2 

 
12.2 

 

x13.1= ࡄ 

 

xࡄ =10.4 xࡄ =11.5 xࡄ =11.1 xࡄ =11.0 

 

x10.4 = ࡄ
[11.7-14.3] [8.6-12.4] [10.3-12.9] [9.6-12.4] [9.2-12.7] [8.6-12.5]
ı =0.8 n = 14 ı =0.9 n = 17 ı =0.9 n = 6 ı =0.7 n = 32 ı = 1.0 n =22 ı = 0.8 n = 207

 
MD 

 
(15.3) 

 
13.0 

 

x13.3= ࡄ 

 

xࡄ =11.5 xࡄ =12.8 xࡄ =12.0 xࡄ =11.7 

 

x10.9 = ࡄ
[12.5-14.4] [9.7-14.8] [12.0-13.8] [10.5-14.0] [10.2-14.2] [8.9-14.3]
ı =0.6 n = 12 ı =1.3 n = 17 ı =0.7 n = 6 ı =0.9 n = 29 ı =1.1 n =15 ı = 0.9 n = 198

 
 

 
M3 

 
BL 

 
-- 

 
11.1 

 

x12.4= ࡄ 

 

xࡄ =10 xࡄ =11.4 xࡄ =10.8 xࡄ =10.8 

 

x10.4 = ࡄ
[11.0-14.2] [8.7-11.3] [10.6-12.3] [7.9-13.1] [9.2-12.8] [8.6-12.6]
ı =0.9 n = 7 ı =0.8 n = 10 ı =0.6 n = 5 ı =0.8 n = 29 ı = 1.0 n =14 ı = 0.8 n = 139

 
MD 

 
-- 

 
12.8 

 

x12.8= ࡄ 

 

xࡄ =11.2 xࡄ =13.3 xࡄ =11.8 xࡄ =11.8 

 

x10.8 = ࡄ
[10.9-14.7] [9.4-12.7] [12.3-15.2] [9.4-13.9] [10.1-13.8] [8.2-12.6]
ı =1.3 n = 6 ı =0.9 n = 10 ı =1.3 n = 4 ı =0.9 n = 26 ı = 1.1 n =14 ı = 1.0 n = 119

 

Extended Data Table 4 



 

 

 

Lower Dentition 
 

Irhoud 

3, 11 

H. erectus MPE MPAf Neanderthals 
 

EMH RMH 

 

P4 Lingual Cusps [pres. >1] 

 

50 (2) 85.7 (7) 50 (4) 50 (2) 97 (31) 

 

71.4 (7) 66.7 (173) 

P4 Metaconid position 

[pres = mesial] 

 

100 (2) 90.9 (11) 100 (5) 66.7 (3) 97 (32) 

 

62.5(8) 80.6 (177) 

P4 Transverse Crest 

[pres. >0] 

 

0 (2) 36.4 (11) 40 (5) 75 (4) 90 (31) 

 

12.5 (8) 4.5 (177) 

P4 Distal Accessory Ridge 

[pres. >0] 

 

50 (2) 75 (8) 100 (3) 100 (2) 87 (15) 

 

66.7 (3) 47.1 (145) 

P4 Mesial Accessory Ridge 

[pres. >0] 

 

0 (2) 0 (7) 25 (4) 100 (2) 13 (25) 

 

66.7 (3) 29.5 (152) 

P4 Asymmetry 

[pres >0] 

 

100 (2) 46.2 (13) 20 (5) 
66.7 (3) 

95 (20) 

 

37.5 (8) 0.8 (119) 

P4 Fissure Pattern 

[pres. = U] 

 

0 (2) 0 (5) 0 (3) 0 (2) 0 (14) 

 

75 (4) 72.9 (145) 

M1 Middle Trigonid Crest 

[pres. >0] 

 

0 (2) 33.3 (12) 88.9 (11) 50 (2) 92.9 (28) 

 

35.7 (14) 1.4 (207) 

 

M1 Protostylid [pres.>2] 

 

50 (2) 50 (8) 0 (9) 33.3 (3) 0 (38) 

 

11.8 (17) 0.5 (218) 

 

M1 Cusp 6 [pres. >0] 

 

100 (2) 28.6 (7) 33.3 (6) 100 (1) 38 (21) 

 

0 (12) 18.1 (200) 

 

M1 Cusp 7 [pres. >0] 

 

100 (2) 50 (12) 12.5 (8) 0 (2) 18 (33) 

 

45.0 (20) 9.7 (236) 

M2 Y Groove Pattern 

[pres. = Y] 

 

50 (2) 91.7 (12) 57.1 (7) 0 (1) 79 (33) 

 

76.9 (13) 28.6 (242) 

 

M2 Cusp number [pres.= 4] 

 

0 (2) 0 (13) 0 (7) 0 (3) 0 (37) 

 

11.8 (17) 63.8 (242) 

 
 

Upper Dentition 
 

Irhoud 

10, 21, 22 

H. erectus MPE MPAf Neanderthals 
 

EMH RMH 

 

I
2 

Shoveling [pres >1] 

 

Present (1) 100 (3) -- 100 (1) 100 (15) 

 

83.3 (6) 23.2 (122) 

I
2 

Tuberculum dentale 

[pres. >1] 

 

Present (1) 0 (2) -- 100 (1) 88.9 (9) 

 

60 (5) 38.1 (118) 

C Distal Accessory Ridge 

[pres. >0] 

 

Present (1) 66.7 (3) -- 100 (1) 62.5 (8) 

 

100 (2) 39.7 (68) 

M
2 
Metacone Reduction 

[pres. <3.5] 

 

0 (2) 0 (8) 0 (4) 0 (1) 5.9 (34) 

 

0 (10) 18.3 (243) 

M
2 

Hypocone Reduction 

[pres. <3] 

 

0 (2) 0 (8) 0 (4) 0 (1) 2.9 (34) 

 

0 (8) 24.5 (241) 

 

M
1 

Cusp 5 [pres. >0] 

 

Present (1) 0 (2) 67.7 (3) 100 (1) 63.6 (22) 

 

50 (10) 41.2 (232) 

M
1 

Carabelli�s Trait 

[pres. >2] 

 
0 (2) 33.3 (3) 0 (1) 72 (25) 

 

50 (10) 46.2 (272) 

 

M
1 

Parastyle [pres. >0] 

 

Absent (2) 0 (1) 0 (2) 0 (1) 20.8 (24) 

 

0 (14) 0.8 (299) 

M
1 

Mesial Accessory Cusps [pres 

>0] 

 

Absent (1) -- 0 (2) -- 45.4 (11) 

 

100 (2) 67.1 (132) 

 

Extended Data Table 5 



 

 

 

 

Extended Data Figure 1 



 

 

 

 

Extended Data Figure 2 



 

 

 

 

Extended Data Figure 3 



 

 

 

 

Extended Data Figure 4 
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