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To date, the earliest modern human fossils found outside of Africa are dated to around 90,000

to 120,000 years ago at the Levantine sites of Skhul and Qafzeh. A maxilla and associated

dentition recently discovered at Misliya Cave, Israel, was dated to 177,000 to 194,000 years

ago, suggesting that members of the Homo sapiens clade left Africa earlier than previously

thought.This finding changes our view on modern human dispersal and is consistent with

recent genetic studies, which have posited the possibility of an earlier dispersal of Homo

sapiens around 220,000 years ago.TheMisliya maxilla is associated with full-fledged Levallois

technology in the Levant, suggesting that the emergence of this technology is linked to the

appearance of Homo sapiens in the region, as has been documented in Africa.

T
he timing and routes of modern human

migration out of Africa are key issues for

understanding the evolution of our own

species. The fossil evidence suggests that

the earliest members of the Homo sapiens

clade (Jebel Irhoud, Omo, and Herto) appeared

in Africa during the lateMiddle Pleistocene (1–4).

Outside Africa, modern humans appeared much

later, during the Late Pleistocene in the Levant

(Qafzeh, Skhul) (5–7 ), and possibly in East Asia

(Daoxian) (8). Misliya Cave, Israel, is part of a

complex of prehistoric caves along the western

slopes of Mount Carmel (Fig. 1 and fig. S1). Here

we report on an adult hominin left hemimaxilla

(Misliya-1) (Fig. 2A) found in Square N9 of the

upper part of the EarlyMiddle Palaeolithic (EMP)

archaeological layer of the site (Stratigraphic

Unit 6, Upper Terrace, Fig. 1 and fig. S1), associated

with an Early Levantine Mousterian (Tabun D

type) stone-tool assemblages (9, 10). Misliya-1 pre-

serves much of the alveolar and zygomatic pro-

cesses, part of the palate and nasal floor, and the

complete left dentition from the first incisor (rep-

resented by a broken root only) to the thirdmolar

(Fig. 2A).

Three independentnumerical datingmethods—

U-series (U-Th), combined uranium series and

electron spin resonance (US-ESR) series, and

thermoluminescence (TL)—carried out in three

different dating laboratories yielded consistent

results (Fig. 2B, figs. S2 and S3, and tables S1 and

S3). A series of nine TL dates on burnt flints

from Square L10 and N12 in the vicinity of the

human fossil (Fig. 1, A and B) provided a mean

age of 179 ± 48 thousand years (ky) (2s) (range =

212 to 140 ky) (11). U-Th analyses of the dentine

of the I
2
from themaxilla and of the crust adhering

directly to the maxilla yielded a minimum age of

70.2 ± 1.6 ky (2s; table S1) and 185 ± 8.0 ky (2s;

Fig. 2B and table S2), respectively (9). The com-

bined US-ESR dating of the enamel of the same

tooth yielded a maximum age of 174 ± 20 ky (2s)
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Fig. 1. The Misliya Cave excavation area

at the Upper Terrace of the cave and the stra-

tigraphy. (A) The excavation area and the

location of the Misliya-1 maxilla (red dot). Squares

K9 to K12 are indicated. (B) Map of

the Misliya Cave Upper Terrace excavations

(1 m2 grid) with denoted excavated squares and

showing the location of the human maxilla

(Misliya-1). (C) Stratigraphic section of the Upper

Terrace, squares K9 to K12. Apart

from Unit 2, a Terra Rosa soil intrusion, all

units contain EMP finds or assemblages. The

present-day dripline roughly separates between

highly cemented (Units 1,3,5) and more

loosely cemented (Units 4 and 6) sediments. Misliya-

1 was retrieved from the upper part of Unit 6.
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(Fig. 2B, fig. S3, and tables S1 and S3) (9). All

these dates, except for the U-series dating of the

dentine, which exclude the possibility of recent

intrusion, fall within the time range for the Early

LevantineMousterian lithic industry (TabunD-type)

observed at Tabun, Hayonim, and Misliya caves

(i.e., ~250 to ~140 ky) (11–13) and are older than

the upper range defined for the EMP sequence

in Misliya Cave (>165 ky) (11). Collectively, the

evidence suggests an earlymarine isotope stage 6

(MIS 6) age for theMisliya-1 fossil. The age range

for Misliya-1, based on dates directly connected

with the fossil (U-Th on crust providing the min-

imum boundary and the maximum boundary of

US-ESR on the enamel of I
2
), is between 177 and

194 ky [for details and calculation methods, see

(9) and fig. S2].

The insertionof the zygomatic root inMisliya-1 is

relatively anteriorly placed, at the level of M
1
,

similar to recent H. sapiens as well as the fossils

fromHerto and Jebel Irhoud (1, 3). The zygomatico-

alveolar crest is strongly curved and inserts at a

low position relative to the dentition. Three-

dimensional (3D) geometricmorphometric (GM)

analysis (9) of themaxillarymorphology (Fig. 3A)

shows thatMisliya-1 is similar tomodern humans

and is most dissimilar to Neandertals and some

Middle Pleistocene hominins. Based on the log-

arithm of the centroid size of the 3D data (9),

Misliya-1 is smaller thanall fossilHomo specimens

in our sample and falls in the range of variation

observed for recent modern humans. In addition,

the anterior placement of the incisive foramen, the

sloped or level nasal floor configuration, and the

shape of the dental arcade inMisliya-1 (Fig. 2A)

are characteristic of modern humans, although

individual features can occasionally be found in

earlier taxa.

The I
2
(Fig. 2A and fig. S4) shows several fea-

tures that are characteristic of H. sapiens (14),

including a flat labial surface [labial convexity

grades 0 or 1, scoring based on Arizona State

UniversityDentalAnthropologySystem(ASUDAS)],

a straight incisal edge, very slight shoveling

(ASUDAS grade 1), and lack of a lingual tubercle.

The presence of a lingual groove can also be found

in PleistoceneH. sapiens samples such as Qafzeh

andHuanglong. The canine lacks themass-additive

traits typical of Asian Homo erectus (15 ), Middle

PleistoceneEuropean specimens, andNeandertals,

andresemblesQafzehandSkhul.UnlikeNeandertals

canines, the shovel shape is not pronounced, and

there is no lingual tubercle or mesial canine ridge

(Fig. 2A).

The upper premolars display relatively simple

occlusal surfaces and lack accessory marginal

tubercles and buccal cingulum (Fig. 2A). The

Misliya-1 premolars display the typical high and

narrow crown ofH. sapiens. In the occlusal view,

the P
3
shows a slight lingual narrowing, which is

less pronounced in the P
4
. This contrasts with

the characteristic Neandertal pattern featuring a

low and broad crown and subequal buccal and

lingual aspects of the crown in both upper pre-

molars. The proportion of occlusal area (defined

by the occlusal rim) is large relative to the crown

base area in the upper premolars of Misliya-1,

unlike in Neandertals, where the occlusal area

appears compressed relative to the crown base

area. This compression in Neandertal upper pre-

molars is homologous to the relative reduction

of the occlusal polygon found in Neandertal

M
1
s (16, 17), and this latter feature is absent in

Misliya-1.

The Misliya-1 maxillary teeth are within the

upper size range ofmodernhumans (table S5). Size

proportions between the anterior and posterior

teeth differentiate Misliya-1 from Neandertals

(fig. S5). The buccolingual (BL) size ratio of the

I
2
to M

1
in Misliya-1 (62.6) is just outside the

upper limit of the rangeofmodernhumans (mean=

55.6, SD=3.4,n= 31, range=48.2 to 62.5), is similar

to the mean of Qafzeh and Skhul (mean = 63.4,

SD = 4.9, n = 9, range = 56.1 to 71.4), and well

below the lower limit of the range of Neandertals

(mean = 70.3, SD = 3.1, n = 13, range = 66.7 to

76.0). Therefore, Misliya-1 does not exhibit the

relative expansion of the anterior dentition char-

acteristic of Neandertals (18). Tooth root size and

morphology are also within the range of modern

humans (fig. S4).

Two-dimensional GM analysis (9) of the M
1

crown outline (Fig. 4) reveals that Misliya-1 is

separate from Neandertals and other European

Middle Pleistocene hominins, placing it with

modern humans and near to Jebel Irhoud. It

differs from Neandertals as well as from other

European Middle Pleistocene fossils by not dis-

playing the skewed rhomboidal crown outline
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Fig. 2. Various views of the Misliya-1 hemimaxilla and overview

of the dating results. (A) Lateral, occlusal, and oblique views of the

hemimaxilla from Misliya Cave. Left: The virtual reconstruction; all

adhering matrix was removed using virtual techniques. The enamel

caps of the teeth were removed to show the dentine surfaces

(which were analyzed through landmark-based methods); right: the

original specimen. (B) Overview of the dating results obtained at

Misliya Cave. All ages are given at a 2s confidence level. Key: (*) The

U-series age on dentine and calcitic crust on the maxilla should

be considered as a minimum age estimate for Misliya-1; (**) the

combined US-ESR age should be regarded as a maximum age

estimate for Misliya-1; (***) average TL date based on nine samples

of burnt flint obtained from nearby squares (N12, L10; see Fig. 1).

Dark gray: Age range for Misliya-1, based on dates obtained from the fossil (U-Th provides the minimum age and combined US-ESR the maximum age), is

between 177 ky (=185 – 8 ky) to 194 ky (=174 + 20 ky). Light gray: Age range for the EMP period in the Levant (250 to 140 ky) based on the combination

of TL dates obtained for Tabun Cave (13), Hayonim Cave (12), and Misliya Cave (11).
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and large and protruding hypocone. The relative

sizes of the M
1
protocone and hypocone align

Misliya-1 with modern humans and differenti-

ate it from Neandertals (table S4).

The 3D GM analysis (9) of the premolars, in-

cluding the enamel-dentine junction (EDJ) occlu-

sal area and cementum-enamel junction (CEJ)

(fig. S6), shows that theMisliya-1 premolars are

located in quadrants exclusively occupied by

H. sapiens, with the exception of one Atapuerca

Sima de los Huesos (SH) P
3
(that is located in the

same quadrant but far fromMisliya-1) and the P
4

of Amud 1. A similar analysis of the Misliya-1 M
2

(Fig. 3B) places it in an area exclusively occupied

by contemporary H. sapiens (and the Liujiang

specimen), which are characterized by a reduction

of the hypocone and a buccolingually widened

(rectangular) crown base. This contrasts with

what is observed in Neandertals and most other

European Middle Pleistocene fossils where the

hypocone is relatively more developed. The Qafzeh

specimens are quite variable but uniformly display

a larger hypocone than does Misliya-1. The strong

reduction of thehypoconeobserved inM
1
(table S4),

M
2
, andM

3
ofMisliya-1 ismost frequently observed

in H. sapiens, although it can occasionally be

found in other Homo groups (17, 18).

Overall, the Misliya-1 teeth are distinct from

those of the Middle Pleistocene specimens from

Europe, Africa, and Asia such as Atapuerca (SH),

Steinheim, Rabat, Qesem Cave, Chaoxian, and

Xujiayao. Although some dental features seen in

Misliya-1 can occasionally also be found in some

of these samples, the entire suite of metric and

morphological traits seen in the Misliya-1 maxil-

lary bone and teeth is more consistent with

H. sapiens thanwithNeandertals or otherMiddle

Pleistocene hominin groups. Indeed, the combina-

tion of features in the incisor and canine appears

to occur only in H. sapiens (19).

Middle Pleistocene fossils from southwest Asia

(e.g., Qesem Cave, Zuttiyeh) are rare and display

a mixture of features considered characteristic of

Neandertals or modern humans, thus complicat-

ing their taxonomic assignment (20–22). Although

incomplete, the Misliya-1 maxilla does not exhibit

any derived skeletal or dental Neandertal fea-

tures. A specific comparison with the earlier teeth

from Qesem Cave (20, 21) reveals a number of

differences. Specifically, the Qesem I
2
shows a

pronounced lingual tubercle, greater degree of

labial curvature, andmore pronounced shoveling,

whereas the Qesem C
1
shows more pronounced

shoveling, a lingual tubercle, and a caninemesial

ridge. All of these features are more commonly

found inNeandertal anterior teeth and represent

points of departure from themorphology seen in

Misliya-1 teeth. In contrast, Misliya-1 resembles

the later Levantine H. sapiens fossils from the

sites of Skhul and Qafzeh regarding many dental

features, but it also differs from them regarding

the degree of hypocone reduction seen inMisliya-1.

The geographical origin, timing, and identifica-

tion of the last common ancestor of Neandertals

andmodernhumans remain controversial (23, 24).

Nevertheless, the evolutionary emergence of Ne-

andertals in Europe from theirMiddle Pleistocene

precursors [e.g., Atapuerca (SH), Steinheim,

Ehringsdorf] is better established, despite the pos-

sibility that more than one lineage coexisted in the

European Middle Pleistocene (25). The geograph-

ical origin of H. sapiens is generally considered to

be Africa, and the Jebel Irhoud fossils, recently

dated to ~300 ky ago (2), are thought to represent

an “early phase ofH. sapiens evolution” [(1), p. 291].

Younger fossils from the sites of Omo (~195 ky ago)

and Herto (~160 ky ago) have been attributed to

H. sapiens (3, 4). Nevertheless, the African fossil

records reveal temporal overlaps between more

“archaic” and more “modern” forms of early

H. sapiens (24). These African specimens are

thought to be members of the H. sapiens clade,

even though some of them fall outside the range
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Fig. 3. First two principal components (PCs) in shape space and associated warped surfaces

at the extremities of the axes. Noteworthy shape changes in the warpings are as follows: (A) Maxillary

bone. PC1, anterior-posterior position and angle of the zygomatic root. PC2, curvature of the

zygomatico-alveolar crest. (B) Upper M2; PC2, relative expansion and height of the hypocone;

buccolingual relative size of the EDJ occlusal area to the crown base. On the left side of each of

the plots, the landmark configurations used for the respective anatomical unit are represented

(landmarks in red, curve semilandmarks and pseudolandmarks on CEJ in blue). Prosthion (pr), orale

(ol), zygomaxillare (zm), midpoint of the M2 alveolar socket buccally (m2b) and lingually (m2l);

upper region of the zygomaticoalveolar crest (C01); buccal alveolar margin (C02), lingual alveolar

margin (C03). Red star, Misliya-1; gray circles, recent modern humans (without labels), Upper

Paleolithic and Epipaleolithic modern Homo (with labels); black diamonds, Neandertals; yellow X,

early modern humans; violet square, European Early and Middle Pleistocene Homo; burgundy plus

sign, African Early and Middle Pleistocene Homo; for the specimen labels, refer to table S7.

RESEARCH | REPORT

o
n
 J

a
n
u
a
ry

 2
5
, 2

0
1
8

 
h
ttp

://s
c
ie

n
c
e
.s

c
ie

n
c
e
m

a
g
.o

rg
/

D
o
w

n
lo

a
d
e
d
 fro

m
 

http://science.sciencemag.org/


of variation of Holocene humans regarding certain

features (3, 24). Similarly, many of the teeth, which

are thought to represent early H. sapiens from

North Africa, retain primitive features (26).

Misliya-1 considerably pushes back the timing

of the earliest migration of members of the

H. sapiens clade out of Africa, well predating

Qafzeh and Skhul in the Levant, and Daoxian

and Liujiang in China [(8) and (27 ); but see (28)].

Archaeologically, the EMP layers of Misliya cave

document the emergence of novel technological

concepts in the Levant, including full-fledged

Levallois technology and laminar technology (29).

Similar technological concepts have been docu-

mented at contemporary and earlier Middle Stone

Age sites in Africa, i.e., theMaghreb (Jebel Irhoud),

eastern Africa (Gademotta and Kulkuletti for-

mations, Ethiopia, and the Kapthurin Formation,

Kenya), and southernAfrica (KathuPan) (2,30–34).

Thus, similar to the recent findings from Jebel

Irhoud (1, 2), the evidence fromMisliya Cave sug-

gests that the emergence of full-fledged Levallois

technology in the Levant may have also been as-

sociated with the occurrence of H. sapiens.

The region of southwest Asia represents amajor

biogeographic corridor forhomininmigrationsdur-

ingourevolutionaryhistory.Given thegeographical

proximity of the Levant to Africa, it is possible

that the dispersals documented at Misliya Cave

(177 to 194 ky ago), Qafzeh and Skhul Caves (90 to

120 ky ago), and Manot Cave (50 to 60 ky ago)

reflect expansions of the geographical range of

H. sapiens, fluctuating in response to demographic

or environmental factors (35).

To date, Misliya-1 appears to represent the

earliest fossil evidenceof themigrationofmembers

of the H. sapiens clade out of Africa. It therefore

opens the door to the possibility that H. sapiens

dispersal from Africa could have occurred earlier

than previously thought (probably before 200 ky

ago), as has been recently suggested based on

genetic evidence (36).
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Fig. 4. First two principal components (PCs) of the crown shape ofMisliya-1 M1.Misliya-1 is distinct from

Neandertals and other Middle Pleistocene hominins and clearly grouped with modern humans. Red star,

Misliya-1; gray circles, recent modern humans (without labels), Upper Paleolithic and Epipaleolithic modern

Homo (with labels); black diamonds, Neandertals; yellow X, early modern humans; violet square, European

Early and Middle Pleistocene Homo; burgundy plus sign, African Early and Middle Pleistocene Homo; blue

triangle, Middle Pleistocene Asian specimens; for the specimen labels, refer to table S7.
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Materials and Methods 

The Misliya-1 maxilla  

Misliya-1 maxilla is housed at the anthropological collection of the Dan David 

Center for Human Evolution and Biohistory Research, Tel Aviv University. 

When discovered, Misliya-1 was encapsulated by cemented sediments that were 

almost completely removed (with the exception of a fragment adhering to the root of the 

zygomatic process). The remaining cemented patch was eliminated via virtual techniques 

before the morphometric analysis. The slight degree of wear on the posterior dentition 

and the closed root apices on the M
3
 suggest a young adult individual. 

The Misliya-1 specimen (Fig. 2A) consists of a partial left hemi-maxilla, 

preserving most of the alveolar portion and the root of the zygomatic process. A portion 

of the hard palate is preserved, including the incisive foramen and part of the midline 

intermaxillary suture. The floor of the maxillary sinus is exposed, and the nasal floor is 

partially preserved with the lateral portion extending posteriorly to the level of the M
3
. 

Anterior to this, the break runs obliquely towards the midline and the lateral 2/3 of the 

nasal floor is preserved anteriorly. The nasal floor continues anteriorly up until the 

damaged (and missing) anterior nasal margin. The nasal spine is not preserved.  

The I
2
-M

3
 are present in their alveolar sockets (Fig. 2A), but the I

1
 is represented 

only by a portion of the root. All the teeth are fully formed and in functional occlusion. 

Tooth wear is slight, falling between stages C (18-22 years) and D (20-24 years) as 

defined by Lovejoy
 
(37). The degree of wear on the Misliya-1 teeth is slightly more 

advanced than in the late adolescent/young adult Qafzeh 9, but compares favorably with 

that seen in the young adult Qafzeh 5 individual. The intermaxillary suture is unfused in 
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Misliya-1, but the timing of fusion in recent humans is variable, with even older 

individuals (>50 years) showing unfused sutures (38). Thus, the balance of the evidence 

suggests a young adult age for the Misliya-1 individual. 

Comparative samples  

The Misliya maxilla and teeth were compared morphologically and metrically 

with fossil and recent H. sapiens as well as Neanderthals. In addition, European, Asian 

and North African Middle Pleistocene hominins were included, given the geographic 

setting of Misliya Cave and the chronological results which place the fossil in the Late 

Middle Pleistocene. Comparisons with Early and Middle Pleistocene fossils attributed to 

H. erectus/H. ergaster were also made to help assess the phylogenetic polarity of certain 

features. Data for the comparative samples were either collected by the authors on 

original fossil specimens or taken from the literature. Maxillary and dental measurements 

for the recent human sample were taken on skeletal remains housed at Dan David Center 

for Human Evolution and Biohistory Research, Tel Aviv University. Measurements were 

also taken on Late Natufian and Neolithic maxillae and teeth from the southern Levant 

(ca. 13-8 ky BP). The sample compositions for the geometric morphometric (GM) 

analyses (2D and 3D) and I
2
/M

1
 ratio are given in table S7. Data for the M

1
 cusp areas is 

mainly from Quam et al.
 
(39) and Martinón-Torres et al. (40). 

Morphology, size and shape of teeth and roots 

The Arizona State University Dental Anthropology System (ASUDAS) 
 
(41) was 

used for scoring key dental morphological features. The crown mesiodistal (no. 81) and 

buccolingual (no. 81.1) dimensions were measured following Martin's
  

definition (42). 

Total crown base area, absolute and relative cusp base areas, relative occlusal polygon 
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area, and cusp angles for M
1
 were measured following Bailey

 
(16) and Wood and 

Engleman (43). Root length of I
2
 and C' were measured following Le Cabec et al.

 
(44).  

Geometric Morphometric comparative analysis of Misliya-1 

Geometric morphometrics (GM) was used to compare the three-dimensional 

shape of the Misliya-1 maxillary bone and teeth (i.e., P
3
, P

4
, M

2
), and two-dimensional 

shape of the M
1
 with recent and Upper Paleolithic human populations, early modern 

humans, Neanderthals, Middle Pleistocene Homo, and some early Homo. The side 

showing a better state of preservation was used for both maxilla and teeth and all right-

sided specimens were mirror-imaged to the left. All data operations followed the 

guidelines for Virtual Anthropology
 
(45). Misliya-1 was scanned at the Core Facility for 

Micro-Computed Tomography at the University of Vienna with a custom built VISCOM 

X8060 (Germany) µCT scanner: 130kV, 200µA, 1400msec, diamond high performance 

transmission target, 0.5mm copper filter, spatial resolution 28.2µm. X-ray images were 

taken from 1440 different angles. Using filtered back-projection in VISCOM XVR-CT 

1.07 software, these data were reconstructed as 3D volumes with a color depth of 16,384 

grey values.  

Landmark collection on the maxillary bone 

Landmarks Prosthion, Orale, Zygomaxillare, mid-point of the M
2
 alveolar socket 

buccally and lingually were collected using Amira 6.0.1. (Mercury Computer Systems, 

Chelmsford, USA) and RapidForm XOR2 (INUS Technology), either from high 

resolution CT or µCT scans (resolution between 53-490µm) or from surface scans. For 

some individuals (table S7) only casts were available, therefore landmarks were sampled 

using a Microscribe 2GX device. Semilandmarks were placed on three curves, namely 
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along the superior portion of the zygomaticoalveolar crest (five semilandmarks), the 

lingual alveolar rim (ten semilandmarks), and the buccal alveolar rim (ten 

semilandmarks) and were slid using the minimum bending energy technique
 
(46). The 

sliding process was performed in EVAN Toolbox 1.71 (http://evan-society.org). 

3D landmark collection on teeth 

High resolution CT or µCT scans (resolution between 8-70µm) were used. For the 

P
3
, P

4
, and M

2
 we adapted the protocol recently published in Weber et al. (20). 

Pseudolandmarks were collected from the CEJ
 

(47) and landmarks and curve 

semilandmarks from the EDJ occlusal area. These sets of landmarks were analyzed 

together. Separate analyses were carried out for each tooth type. Only teeth where these 

regions of interest were preserved were considered. Specimens affected by wear were 

included only if the dentine cusp(s) could be virtually reconstructed with confidence 

(therefore showing a degree of wear not higher than stage 3 according to Molnar
 
(48). 

The dentine was segmented from the enamel in Amira 6.0.1 using semi-automatic 

techniques. The 3D surface models of the EDJ were cropped at the best-fit plane of the 

cervical margins. Afterwards, they were imported into RapidForm XOR2 (INUS 

Technology), the cervical plane being parallel to the XY plane
 
(47). Premolars were 

rotated so as to align the buccal ridge at the EDJ parallel with the X-axis. Molars were 

rotated so as to align their cervical mesial aspect parallel to the Y-axis. The CEJ outline 

was collected from each crown at the cervical plane and was imported in Rhinoceros 4.0 

Beta CAD (Robert McNeel & Associates, Seattle, WA). The centroid for each outline 

area was calculated and 24 equiangularly (15
o
) spaced radii originating from the centroid 

http://evan-society.org/
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were drawn. The intersection of the 24 radii with each of the outlines resulted in 24 

pseudolandmarks describing the CEJ outlines of both molars and premolars. 

Landmarks and curve semilandmarks were collected also on the EDJ occlusal 

area. Four landmarks were identified for P
3
s and P

4
s. For the P

3
s (fig. S6), protocone 

dentine cusp tip, paracone dentine cusp tip, deepest point of the mesial fossa, and deepest 

point of the distal fossa were taken. In the case of the P
4
s, since the last two landmarks 

were not consistently identifiable, we used instead the deepest point along the marginal 

edge of both mesial and distal margins. In case the marginal edge was straight, we took 

the mid-point. For both premolars, ten semilandmarks were collected on the mesial 

marginal ridge and ten semilandmarks on the distal marginal ridge. For the M
2
s (Fig. 3B), 

seven landmarks were used: the dentine cusp tips of the protocone, paracone, metacone, 

hypocone, the deepest point of the central fossa, the deepest point of the distal fossa and 

the lowest point between the protocone and the hypocone along the marginal ridge. In 

addition, 43 curve semilandmarks were considered along the EDJ marginal ridge. 

Landmark collection and sliding were carried out using EVAN Toolbox 1.71. The 

occasional occurrence of additional cusps (e.g. cusp 5 on molars) is not captured by our 

protocol since all specimens in the data set need to possess the same number of 

homologous landmarks. 

2D landmark collection on M
1
s 

Occlusal photographs of M
1
s were rotated and aligned using Photoshop 

software according to the following protocol: buccal cusps oriented upwards and parallel 

to the X-axis, the buccal groove was positioned parallel to the Y-axis. Teeth that were 

damaged or extensively worn were excluded from the analysis. All left molars were 



 

 

7 

 

mirror imaged to the right, so all analyzed teeth were of right side. Crown outline was 

identified and digitized as a spline. In case of interproximal wear, the worn area was 

corrected using a pen tool in Photoshop software. The resulting outline was exported as a 

path to Rhinoceros 5 software (Robert McNeel & Associates, Seattle, Wash) where 30 

pseudolandmarks were identified by crossing the outline with array of equiangular lines 

drawn from its centroid outwards, counting from the upper midbuccal point and 

clockwise. In case the image was taken from a micro-CT scan (different resolutions, 

different scanners, from multiple sources), the surfaces were first reconstructed in Amira 

6.2.0 software (FEI software, Hillsboro, Oregon, USA), and then the best fit plane of the 

digitized CEJ curve was aligned parallel to XY plane. A screenshot was taken and the 

same protocol was used for alignment and measurement as described above. The 

landmark coordinates of all specimens were then transformed using Generalized 

Procrustes Analysis (with rotation disabled because the specimens were already rotated), 

and Principal Component Analysis of shape space (size disregarded, table S6) was 

performed using PAST 3.14 software (Ųyvind Hammer, Natural History Museum, 

University of Oslo). 

GM analyses 

Cartesian coordinates were converted into shape variables by means of a 

Generalized Procrustes Analysis
 
(49, 50), which eliminates variation in orientation, 

location and size. Shape variables were then analyzed via Principal Component Analysis 

(PCA). Shape changes were visualized by Thin Plate Spline warping
 
in EVAN Toolbox 

1.71.  

3D and 2D analyses 
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For the maxillary bone, P
3
, P

4
, and M

2
 we used three-dimensional data based on 

landmarks and semilandmarks. These capture the actual geometry of the whole structure 

at once and thus represent a comprehensive image of the anatomical units in question
 

(45). In particular, the combined data set for the teeth used here, consisting of the 

occlusal EDJ topography and the cervical outline (the base of the crown), accurately 

captures crown shape (see Fig. 3 and fig. S6) for the placement of landmarks and curves). 

The GM toolkit allows warping shape differences between specimens and groups using 

the Thin Plate Spline algorithm. It is thus possible to recognize where shape differences 

on a structure occur between individuals or groups, and the height of crowns and cusps is 

accurately included. One drawback of the approach is the limited sample size available 

for analysis since specimens with significant wear affecting the EDJ or showing 

fragmentation of the cervical rim cannot be used. This same limitation applies, to a lesser 

extent, to 2D analyses. Nevertheless, we added a 2D GM analysis of M
1
 because this 

tooth type carries important taxonomic information. Since it is the first permanent tooth 

erupting in the upper jaw, its wear stage is most often beyond the limits for using 3D data 

of the EDJ. The 2D study for the M
1
 includes a large and taxonomically diverse sample. 

It leads to the same conclusion as the 3D analyses, namely that Misliya-1 is 

unequivocally modern-like.  

Uranium-series (U-series) and combined US-ESR dating of human fossil remains 

Material 

A fragment of enamel from the lateral incisor (sample #3532) and a bone 

fragment (sample #3533) were removed from the human maxilla (Misliya-1), which was 

found in the upper part of Unit 6 of the Upper Terrace.  
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Methods: U-series analysis  

Laser ablation U-series analyses were carried out at the Research School of Earth 

Sciences of the Australian National University (Australia), using a custom-built laser 

sampling system interfaced between an ArF Excimer laser and a Finnigan Neptune Multi-

collector Inductively Coupled Plasma Mass Spectrometer MC-ICP-MS (for details, see 

(51)), following principles and procedures described in Grün et al.
 
(52). Tooth enamel 

and dentine were analyzed on separate lines. No individual age calculation was carried 

out when the U-concentrations were below about 0.5 ppm and/or detrital 
232

Th was 

observed (elemental U/Th ratios below 300). The bone was analyzed along lines 

perpendicular to the outer surface on their cortical sections. For the tooth, the analytical 

data of the enamel and dentine sections were integrated to provide the data input for the 

ESR age calculations. U-series results are shown in table S1. 

Methods: ESR measurements 

An enamel fragment was extracted from the Misliya-1 lateral incisor (sample # 

3532) and measured by ESR following the analytical procedure of Grün et al.
 
(53). Doses 

were evaluated by a single aliquot additive dose method with a calibrated 
137

Cs gamma 

source (dose rate = 7.05 Gy/min) using a sub-exponential dose step distribution with 0, 

14, 42, 99, 212, 437, 861, 1707, 6263, 10495, 15574, 21923, 30388 and 36786 Gy. ESR 

measurements were carried out at the CENIEH (Burgos, Spain), with an EMXmicro 6/1 

Bruker ESR spectrometer coupled to a standard rectangular ER 4102ST cavity. ESR 

measurements were performed at room temperature with the following acquisition 

parameters: 5-30 scans, 1 mW microwave power, 1024 points resolution, 15 mT sweep 

width, 100 kHz modulation frequency, 0.1 mT modulation amplitude, 20 ms conversion 
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time and 5 ms time constant. To ensure reproducible measurements, the fragment was 

mounted in a parafilm mould within a Teflon holder in a single position
 
(53), which can 

be inserted into a Bruker ER 218PG1 programmable goniometer. Because the ESR 

signals of fragments show very strong angular dependences, ESR spectra were recorded 

in 10º increments over 360º for each dose step. ESR intensities were extracted from T1-

B2 peak-to-peak amplitudes of the ESR signal of enamel, and normalized on the number 

of scans.  

Methods: Dose evaluation 

Fitting procedure was carried out with the Microcal OriginPro 9.1. software using 

a Levenberg-Marquardt algorithm by chi-square minimisation. Data were weighted by 

the inverse of the squared ESR intensity (1/I
2
). DE values were obtained by fitting the 

ESR intensities either with a single saturating exponential (SSE) or a double saturating 

exponential function (DSE)
 
(54).  

For the human enamel fragment 3532, ESR spectra were recorded in 10º 

increments over 360º for each dose step. Because of the preferential orientation of the 

hydroxyapatite crystals within the fragment, the shape and intensity of the ESR signal 

varies depending on the position of the fragment relative to the external magnetic field, 

which may affect the DE value obtained for each angle (fig. S2). Dose Response Curves 

(DRCs) were obtained by merging the spectra of the different angles and measuring their 

T1-B2 intensities (fig. S2). The DE values for the human tooth were derived from the 

DSE fitting procedure. For comparison, SSE fitting with 5<Dmax/DE<10 as suggested by 

Duval and Grün (54) yield consistent DE results within 1σ for sample #3532 (table S3). 

Methods: Dose rate evaluation 
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For the dose rate calculations, the following parameters were used: an alpha 

efficiency of 0.13±0.02 (55), Monte-Carlo beta attenuation factors from Marsh
 
(56), 

dose-rate conversion factors from Adamiec and Aitken
 
(57), an estimated water content 

of 5±3 wt. % in dentine and 10±5 wt.% in sediment. Variations of the external dose rates 

within Unit 6 were assessed through a combination of in situ dosimetry measurements 

with thermoluminescence (TL) dosimeters and the collection of several complementary 

sediment samples. U, Th and K concentrations in raw sediment were determined by ICP-

OES and ICP-MS analysis of the samples collected on site (table S3). These values were 

used for the external beta dose rate evaluation. We identified three TL dosimeters located 

within the upper part of Unit 6 in the vicinity of sample # 3532 that could be used to 

estimate the gamma dose rate. They provided values of 431, 359 and 368 µGy/a (11) 

yielding thus a mean gamma dose rate of 386+23 µGy/a (1 standard error). Valladas et al.
 

(11) estimated the cosmic dose rate of 140 µGy/a for the samples of the upper part of 

Unit 6. A 5% relative error was assumed for the cosmic dose rate. Since it is not possible 

to remove an outer layer from the human tooth enamel, alpha doses from the sediment 

have to be considered. The external infinite matrix dose rate of a 50 μm thick enamel 

layer is 7.8% and 6.4% for the Th and U decay chains, respectively
 
(58). Using the 

measured thicknesses of two fragments, the alpha efficiency and the sediment data, the 

average external alpha dose rates to the total enamel volume of both fragments is 

estimated to be less than 3 μGy/a. 

Methods: Age calculation (US-ESR dating) 

Combined US-ESR ages were calculated with USESR, a MATLAB-based 

program
 
(59).  
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Results: U-series dating 

U-series results on skeletal materials generally have to be regarded as minimum 

age estimates
 
(52). The bone sample (sample # 3533) taken from the maxilla could not be 

dated because of high detrital 
232

Th content (table S1). The tooth sample (# 3532) yielded 

a minimum age of 70.2+1.6 ky for the dentine, while no age could be obtained for the 

enamel given the very low U-concentration (<0.5 ppm; table S1).  

Results: The role of thermally unstable gamma induced CO2
- radicals in the ESR dose 

evaluation 

Joannes-Boyau and Grün
 
(60) showed that laboratory gamma irradiation may 

produce additional thermally unstable non-oriented CO2
- radicals (NOCORs) compared 

to natural irradiation, which may lead to dose underestimations if this contribution is not 

removed. In contrast to enamel powder, fragment measurements allow the estimation of 

the relative distribution of NOCORs and anisotropic CO2
- radicals (AICORs) (e.g., (53). 

We followed Method 3 of Joannes-Boyau
 
(61) for the extraction of the NOCORs from 

the main radiation-induced ESR signal. Because of the AICORs, T1-B2 intensities vary 

over 360º reaching a maximum (Imax) and a minimum value (Imin) which are offset by 

about 90º (fig. S2). If the ratio of Imax/Imin is constant for each dose step, the relative 

distribution of NOCORs and AICORs is the same. However, it is often observed that the 

Imax/Imin ratio becomes smaller with increasing gamma doses, implying higher 

contributions of NOCORs in the overall ESR signal, which can be quantified from the 

change in the Imax/Imin ratios. 

Sample 3532 (lateral incisor) shows a continuous decrease of Imax/Imin from 1.26 

to 1.21, particularly over the first 400 Gy (fig. S2). This means that additional NOCORs 
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are created by gamma irradiation in 3532, the proportion of unstable NOCORs increasing 

from around 7% at 14 Gy to around 21% at 437 Gy (fig. S2); after that the relative 

NOCOR contribution remains more or less constant for doses of up 36 kGy. Assuming 

that all gamma induced NOCORs are unstable, the DE value would increase by 26% (fig. 

S3 and table S3). However, Joannes-Boyau and Grün
 
(60) argued that about half of the 

gamma-induced NOCORs convert into AICORs. Correcting for a 50% unstable NOCOR 

component, a DE value of 112.6±1.8 Gy is obtained (12% higher than without 

correction), which we regard as the best dose estimate for sample 3532 (fig. S3 and table 

S3).  

Results: Combined US-ESR age estimate 

The human tooth (lateral incisor) fragment from the Misliya-1 maxilla yielded a 

combined US-ESR age of 174+10 ky (fig. S3). Because U-series data measured for the 

enamel were beyond secular equilibrium, the uptake parameter was fixed to -1 (assuming 

an Early Uptake), which generates the maximum dose possible for this tissue. This has, 

however, little impact on the final age result, as internal dose is less than 3% of the total 

dose rate. Because of the low U concentrations, the dental tissues actually contribute less 

than 5% to the total dose rate. The main issue with sample 3532 stems from the fact that 

the maxilla had been µCT-scanned three times in different institutions before the ESR 

dating analyses. Duval and Martin-Frances (62) recently showed that the magnitude of 

the X-ray dose given to the fossils during those µCT-scan experiments was highly 

variable, depending on the instrument and analytical procedure employed. For this 

reason, it is virtually impossible here to accurately assess the total X-ray dose absorbed 

by the tooth enamel of Misliya-1 during those µCT-scan analyses. As a consequence, 



 

 

14 

 

because the DE value obtained for sample # 3532 may include a small contribution (of 

unknown magnitude) of this unwanted laboratory X-ray dose, the US-ESR age result of 

174+10 ky should be regarded as a maximum possible estimate. In other words, the true 

age of the Misliya-1 maxilla is either similar to or younger than the US-ESR age 

obtained. 

 

 

Summary: Age of the Misliya-1 specimen 

No U-series age could be obtained for sample 3533 (bone fragment from the 

maxilla). In contrast, the age of the human tooth (#3532) from the Misliya-1 maxilla is 

constrained by a U-series age of 70.2+1.6 ky (table S1) and a combined US-ESR age of 

174+10 ky (fig. S3) which should be considered as minimum and maximum possible 

ages, respectively.  

U-Th dating of calcitic crust  

Material 

The studied sample includes calcitic crust covering the maxilla (Misliya-1) and 

archaeological artifacts derived from the same EMP layer. From the maxilla, 8 samples 

were collected from a small deposition under the zygomatic arch, other 13 samples were 

collected from crust depositions on animal bones or flints (table S2).  When discovered, 

the maxilla was covered by hard sediment, cleaned with acetic acid and washed using 

distilled water, in order to remove the covering sediment. A small chisel and a dental 

driller were used to take the samples. The calcite crusts were composed of authigenic 

calcite and authigenic and detrital clays evident by significant amounts of Si, Al, K. 
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Samples rich in detrital material were disaggregated in about 200 ml of distilled water 

using MISONIX XL2020 ultrasonic probe for about 2 minutes. The ultrasonification 

forced the clay-rich fine fraction into suspension and this fraction was decanted to 

remove it from the sample.  

U-Th method 

The Th dating techniques utilized and the age correction methods applied for the 

U-Th dates were  described in detail in Hershkovitz et al (35). 

U-Th dating was performed on 0.2-0.3 g of material.  The powder was dissolved 

in 7M HNO3 and HF, and a 
229

Th/
236

U spike was added. This solution was evaporated to 

dryness and dissolved in 4ml of 7M HNO3. The solution was then loaded onto mini-

columns that contained 2 ml Bio-Rad AG 1X8 200-400 mesh resin. U was eluted by 1M 

HBr and Th with 6M HCl, into different beakers. The U and Th beakers were placed on a 

hot plate set on 215ºC, and the solutions were evaporated to complete dryness and the 

residue dissolved in 2 ml and 5 ml of 0.1M HNO3, respectively. U-Th dating was 

performed using a Nu Instruments Ltd (UK) Multi-Collector-Inductively-Coupled-

Plasma-Mass-Spectrometer (MC-ICP-MS) equipped with 12 Faraday cups and 3 ion 

counters. Each sample was introduced to the MC-ICP-MS through an Aridus® micro-

concentric desolvating nebulizer sample introducing system. The instrumental mass bias 

was corrected (using exponential equation) by measuring the 
235

U/
238

U ratio and 

correcting with the natural 
235

U/
238

U ratio. Calibration of ion counters relative to Faraday 

cups was performed using several cycles of measurement with different collector 

configuration in each particular analysis. 
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The main assumptions of the uranium-series dating method are that all 
230

Th 

present in the calcite is formed in-situ by radioactive decay of U, and that the uranium-

series radionuclide system is closed. However, initial 
230

Th, which is the decay product of 

234
U, can also be present in samples in association with the detrital component of the 

crusts. The detrital component may be composed of clays, alumino-silicates or Fe-

oxyhydroxides with strongly absorbed Th
4+

 (35, 63, 64). The amount of 
232

Th in the 

sample can be used as an indicator for the amount of contamination, since it is not one of 

the decay products in the U-series decay chain. 

In the case of samples that contain substantial amounts of detrital components rich 

in 
232

Th, the initial 
230

Th concentration is also expected to be significant, and there is a 

problem of correcting for this 
230

Th. Therefore, we consider the samples to be a mixture 

of two end members: pure carbonate with high 
230

Th/
232

Th and a detrital end member 

with substantial amount of 
232

Th and initial 
230

Th. All the dated samples from Misliya are 

very rich in 
232

Th,
 
implying that they must have originated with a high concentration of 

initial 
230

Th, thus an age correction must be made for the presence of 
230

Th, 
238

U and 
234

U 

in the detrital component
 
(65). This correction is made using a correction factor, which is 

the molar ratio of 
232

Th/
238

U in the detrital component. In this work, we use a correction 

factor of 3.8, which is the average crustal value, because Misliya Cave is part of a 

complex of open prehistoric caves along the western slopes of Mount Carmel, and 

therefore it is most likely that water was carried into the cave detrital material from 

various sources.  

U-Th results 
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The dating results are summarized in table S2. All dated samples contain very 

high detrital material, as evidenced by the very low 
230

Th/
232

Th ratios ranging between 

0.9 to 3.3. Therefore, some caution is warranted in interpreting the ages. The results of 

the 7 crust samples (one could not be dated) taken from the maxilla yielded (corrected) 

ages ranging from 19.4±2.5 ky (2ϭ) to 185 ± 8.0 ky (2ϭ). Nevertheless, the dates are not 

randomly distributed along this time-range but rather are grouped: young dates 19-24 ky 

(2 samples), intermediate dates 45-70 ky (4 samples) and an old date 185.0 ky (1 sample). 

Similar distribution of dates was obtained for the 11 crust (2 failed to yield results) 

removed from animal bones and tools: 15-30 ky (6 samples), 50-60 ky (2 samples), >170 

ky (2 samples). This may suggest three major growth periods of the crusts in Misliya 

Cave: 22.7±5.5 ky (n=8); 58.7±7.7 ky (n=6); 178.0±6.0 ky (n=2). Two dates were 

excluded as they yielded a ± greater than 20ky. 

This result suggests that the crust started to build on the Misliya-1 maxilla 

between 172 to 185 ky ago (or 185 ± 8.0 ky if we use only the data from the maxilla), 

lending further support to the antiquity of the specimen. The fact that this specimen was 

found in a distinct archaeological layer, far from the cave wall, excludes the possibility of 

contamination with host-rock or detrital material, and support the reliability of the older 

ages. The younger ages most likely represent a later period of the crust growth (yet 

excluding the possibility of recent intrusion).  

How old is Misliya-1?  

- All six EMP stratigraphic units in Misliya Cave contain only an Early Levantine 

Mousterian lithic industry (Tabun D-type). This industry is dated between 250 ky to 140 
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ky based on radiometric data obtained from Misliya Cave (11), Tabun Cave (13) and 

Hayonim Cave (12). 

- The TL ages of 9 burned flints from the upper part of the EMP archaeological layer 

from squares close to the location of the fossil (N12, L10), yielded a calculated mean age 

of 179±48 ky (n=9; 2σ error) (raw data taken from Valladas et al. (11)). 

- Direct dating of Misliya-1 provides a U-series age of 70.2±1.6 ky (2σ error) and a 

combined US-ESR age of 174±20 ky (2σ error). Because (i) Uranium uptake may be 

quite delayed after death of the organism, and (ii) the difficulty in accurately evaluating 

the amount of radiation absorbed by the tooth during previous CT-scanning of the 

specimen, these two ages should be regarded as minimum and maximum possible age for 

the fossil, respectively. 

 - The U-Th finite age estimates derived from the calcitic crusts covering fossil remains 

and flints from the EMP layers at Misliya Cave, range from 243±11/-10 ky to 19±2.5 ky. 

They suggest a succession of several crystallization events over time. The oldest sample 

derived from the crust covering the maxilla itself (#6 in table S2) indicates a minimum 

age of 185±8 ky (2σ error) ago for Misliya-1 (see similar applications in Arsuaga et al. 

(25), or Daura et al. (66)). 

An overview of the dating results using four different methods is displayed in Fig. 

2B. The U-series date of 70 ky on the Misliya-1 itself excludes the possibility of recent 

intrusion. Three methods (combined US-ESR, U-Th, TL) yielded mean dates which 

coincide (they are in a range from 174 ky to 185 ky). The age range for Misliya-1, 
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calculated based on the dates directly connected with the fossil (U-Th on crust provides 

the minimum age and combined US-ESR on the enamel of I
2
 the maximum age), is 

between 177 ky (=U-TH 185 ky-8 ky) and 194 ky (=US-ESR 174 ky+20 ky) (2ϭ 

confidence interval, dark band in Fig. 2B). This age range is again well within the age 

range (250 ky-140 ky) of the EMP sequence in the Levant.  

In summary, the remarkable consistency of the dating results deriving from 

independent methods (carried out in three different independent laboratories) indicates 

the robustness of the chronological constraints of the Misliya-1 fossil. 

Supplementary Text 

Comparative analysis of Misliya-1: maxillary morphology 

Dental arcade and palate: The dental arcade can be tentatively reconstructed by 

mirroring the preserved left side. However, points to define the mid-sagittal plane are 

restricted to the anterior part which leaves a slight degree of uncertainty. Nevertheless, 

we are confident that the specimen shows a parabolic shape of the dental arch, with the 

tooth rows diverging posteriorly. Anteriorly, the dental arcade shows an even curvature, 

contrasting with some Neanderthal specimens which show anterior teeth that are aligned 

in a rather straight mesiodistal line. The length of the dental arcade (Prosthion to the 

distal edge of the M
3
 alveoli measured along the midline) is 57.0 mm, while the breadth 

of the dental arcade (M61) is 60.5 mm. Given the slight degree of uncertainty (up to 

2mm) that exists for this latter measurement due to the mirroring procedure, the dental 

arcade breadth may range from 58.5 mm to 62.5 mm. The resulting dental arcade index in 

Misliya-1 is high (91.2-97.4), falling above the values reported in Neanderthals 
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(Range=63.5-85.4, n=8) and is within the range of variation in our recent human sample 

(Range=70.6-99.6, n=31). 

Both internal and external alveolar margins progressively diverge from the 

midline as far posteriorly as M
3
. Posterior to M

1
, nearly vertical alveolar processes meet 

the palatine processes abruptly. Anterior to P
4
, the palatal surface slopes steeply inferiorly 

to the alveolar margin throughout the anterior dental region. The palate surface lacks any 

distinctive features, beside a bony spur opposite M
1
 and remnants of the groove for the 

greater palatine nerve and vessel.  

The incisive foramen is placed relatively anteriorly, approximately 7.0 mm 

posterior to the Orale (the midline point on the hard palate posterior to the central incisor 

alveoli). This placement in Misliya-1 is more anterior than that reported for specimens 

attributed to Homo erectus/ergaster (ca. 10 mm)
 
(67, 68) and Neanderthals (12 mm)

 
(69, 

70)
 
but not as anterior as in Homo antecessor (ca. 5 mm)

 
(71). While no data for 

Pleistocene H. sapiens have been published, the value in Misliya-1 is very close to the 

mean and clearly within the range of our modern human comparative sample (6.8±1.2 

mm; range = 4.5-9.1 mm; n = 31).  

Zygomatic root: The insertion of the zygomatic root is at the level of the M
1
. This 

is a relatively anterior placement (see the results of the GM analysis in main text) and is 

similar to the condition reported to characterize recent H. sapiens, where the zygomatic 

process root is located anterior to the M
2
 in >95% of cases

 
(72, 73). Neanderthal 

specimens, in contrast, show a more posteriorly placed zygomatic root
  
(46, 74), either at 

the M
2
 (e.g., Shanidar 2, 4) or at the M

2
-M

3
 septum (e.g., La Ferrassie 1, La Chapelle-

aux-Saints 1, Shanidar 1, 5)
 
(72, 73).   
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Nasal Floor Morphology: Despite some damage in Misliya-1, the internal nasal 

floor morphology can be assessed. The nasal floor is clearly not depressed, and appears 

most consistent with a level configuration
 
(72). Although the anterior nasal margin is not 

preserved in Misliya-1, it is clear from the surrounding preserved portions that the 

predominant transverse plane of the posterior portion of the internal nasal floor is placed 

approximately level with or slightly inferior to the lowermost point of the nasal margin. 

The preserved nasal floor anterior and lateral to the incisive foramen is smoothly 

continuous with the posterior nasal floor. Thus, the preserved morphology anteriorly 

suggests a smooth entrance to the nasal cavity. The lowest preserved point of the internal 

nasal floor lies lateral to the midline and medial to the lateral wall of the nasal cavity and 

is located in the posterior 2/3 of the floor. This deepest point of the internal nasal floor is 

still, however, clearly higher than the lowest point of the inferior floor of the (exposed) 

maxillary sinus. 

A sloped internal nasal floor is considered a less common variant of the more 

prevalent level internal nasal floor configuration
 
(75). The distinction between these two 

is not always well-expressed, and depends to some extent on proper orientation of the 

maxilla in the Frankfort Horizontal plane. These two categories are occasionally 

combined for specimens in which the exact configuration is difficult to discern
 
(76). Due 

to the fragmentary state of the Misliya-1 maxilla, it was necessary to estimate the 

orientation of the specimen relative to the Frankfort Horizontal plane. Thus, while 

Misliya-1 seems to exhibit a level configuration, a sloped nasal floor cannot be ruled out, 

and we have conservatively scored the specimen as showing a level/sloped nasal floor 

configuration. Although variable, this trait characterizes H. sapiens (>80%) (75) and is 
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commonly seen in the Skhul/Qafzeh hominin sample (60%), while it is rare among 

Neanderthals (20%) who usually show a bi-level configuration (80%). The level/sloped 

nasal floor configuration may represent the ancestral condition within the genus Homo 

since it is predominant in early and middle Pleistocene fossils from Africa and Europe
 

(75). 

Comparative analysis of Misliya-1: dentition 

Upper Lateral Incisor: A shallow longitudinal depression is present along the 

marginal ridges on the lingual surface of the I
2
, indicating only very slight shoveling 

(ASUDAS grade 1). The I
2
 lacks a tuberculum dentale but a lingual groove is present. 

The buccal surface shows an enamel fracture on the distal portion of the tooth. Polishing 

of the edges of the fracture suggests that this occurred during the lifetime of the 

individual rather than resulted from post-mortem taphonomic factors. Although there is 

slight damage to the buccal surface, the tooth shows a flat labial face (ASUDAS grade 

0/1 based on the plaque for the I
1
) and straight incisal edge. The morphological details of 

the crown suggest a clear departure from the Neanderthal condition, which normally 

includes marked shoveling, labial convexity and presence of a lingual tubercle
 
(77, 78). 

Although the specific morphology may differ somewhat from that in Neanderthals, 

pronounced incisor shoveling is also a well-known feature of H. erectus incisors
 
(15, 79) 

and has also been reported in many Middle and Late Pleistocene Chinese specimens (e.g., 

Longtan, Panxian Dadong, Jinniushan, Chaoxian, Xujiayao and Huanglong)
 
(80–85). The 

degree of shoveling and labial curvature also seem slightly greater in the North African 

Middle Pleistocene specimen from Rabat than in Misliya-1. 
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Specific comparison of Misliya-1 with the I
2
 from Qesem Cave reveals a marked 

difference in crown morphology, with the Qesem Cave incisor approaching the 

Neanderthal condition more closely because of its marked shovel shape and labial 

convexity
 
(21, 78). In sum, the combination of flat labial surface, straight incisal edge, 

slight shovel shape and lingual groove seen in Misliya-1 are characteristics of H. sapiens 

and are also present in some Pleistocene H. sapiens specimens from Qafzeh and 

Huanglong. Although variation in the mesiodistal (MD) and buccolingual (BL) 

dimensions of the I
2
 do not consistently separate Homo taxa, the Neanderthals are 

characterized by a somewhat expanded BL dimension. The value for the BL diameter in 

Misliya-1 (7.7 mm) falls below the Zhoukoudian and Neanderthal ranges of variation, but 

is just encompassed within the variation seen in the Atapuerca (SH) sample (table S5). It 

is also within the variation of the Qafzeh/Skhul early H. sapiens hominins, yet 

considerably wider compared with recent modern Levantine populations (table S5). Thus, 

Misliya-1 seems to lack the BL expansion seen in Neanderthals.  

Upper Canine: The general shape of the canine is derived (incisor-like), without 

cingulum or pronounced shoulders. The distal marginal ridge is damaged and a piece of 

the crown is missing on the disto-lingual aspect. Mesial and distal marginal ridges are 

present, but the tooth shows only a slight shoveling (ASUDAS grade 1). The lingual 

surface shows a slight swelling at the base, but there is no tuberculum dentale. There is 

no distal accessory ridge, nor a mesial ridge. The lack of mass-additive traits (14) in the 

Misliya-1 canine makes it closer to H. sapiens than to any other Middle or Late 

Pleistocene specimen from Africa, Europe or Asia.   
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The degree of shoveling in Misliya-1 is like that reported for some Middle 

Paleolithic H. sapiens specimens, while Neanderthals uniformly show a more pronounced 

degree (ASUDAS grade 2+) (78). Specific comparison with the Middle Pleistocene upper 

canine from Qesem Cave
 
(21) reveals a strong contrast with the Misliya-1 canine. The 

former shows a much more pronounced degree of shoveling (similar to ASUDAS Grade 

6 for the I
1
 and Grade 4-5 for the I

2
 plaques), tuberculum dentale and mesial canine ridge 

(ASUDAS Grade 2), a constellation of features that is frequently found in Neanderthals 

and Middle Pleistocene populations from Europe (e.g., Atapuerca-SH) and some Asian 

specimens (e.g. Xujiayao)
 
(83). The combination of features in Misliya-1 is closer to 

recent humans (19) and Late Pleistocene H. sapiens fossils from Daoxian
 
(82), Qafzeh, 

and Huanglong. 

The MD (8.1 mm) and BL (9.0 mm) dimensions of the Misliya-1 canine are 

modest compared with the Qesem Cave, Rabat and Middle Pleistocene European 

specimens but are closer to the mean values in fossil H. sapiens samples and larger 

compared to recent Levantine populations (table S5). The measured crown area (MCA) 

in the Misliya-1 canine (54.4 mm
2
) falls below the values for Rabat (72.2 mm

2
) and 

Qesem (65.5 mm
2
) but is close to the mean for the Qafzeh sample (mean ± s.d. = 56.4 ± 

7.0 mm
2
; range = 48.6–63.0 mm

2
; n = 4). Although data for Neanderthals are not 

generally available in the literature, the upper canine MCA in the late Middle Pleistocene 

specimen from Bolomor Cave in Spain is larger (64.6 mm
2
) than in Misliya-1 (86). 

Upper Third and Fourth Premolars: The P
3
 shows a single main cusp on both 

the buccal and lingual sides. A wear facet has resulted in slight dentine exposure on the 

buccal cusp. The lingual cusp is distinctly smaller and lower than the buccal one. The 
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distolingual face of the crown is somewhat reduced and the lingual cusp is located more 

mesially than the buccal cusp (particularly viewed on the enamel-dentine junction (Fig. 

2). The essential crest of the lingual cusp presents a small bifurcation, and no accessory 

cusps or accessory ridges are present. The central furrow is fairly U-shaped and 

continuous, with only minor accessory grooves. No transverse crest is present. The angle 

of inclination of the occlusal part of the buccal surface is low relative to the vertical axis 

of the tooth, resembling H. sapiens P
3 

(87). 

The P
4
 crown morphology resembles that of the P

3
 in many details. The Misliya-1 

P
4
 shows a single main cusp on both the buccal and lingual sides of the crown, with the 

lingual cusp located more mesially than the buccal cusp. The lingual cusp is slightly 

smaller than the buccal, the mesial and distal crown margins are approximately parallel. 

The essential crest of the lingual cusp is bifurcated but there are no accessory cusps or 

mesial or distal accessory ridges present. The central furrow is U-shaped and continuous, 

with minor accessory grooves. Overall, both premolars show rather simplified crown 

morphology and resemble recent H. sapiens in the absence of accessory tubercles and 

ridges, and the lack of cingulum and/or buccal grooves.  

The expression of discrete morphological traits is not particularly discriminative 

among Middle/Late Pleistocene Homo, but H. sapiens are generally characterized by 

simple occlusal morphologies and low frequencies (or lack) of mesial and distal 

accessory ridges, accessory marginal tubercles, transverse crests and buccal cingula 

and/or grooves
 
(14, 77, 78). The Qesem P

3
 also shows a relatively simplified occlusal 

morphology, lacking a continuous crest joining the buccal and lingual cusps
 
(88), and less 

lingual cusp reduction than in Misliya-1. The occlusal surface of the North African 
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Middle Pleistocene specimen from Rabat is complicated by the expression of a mesial 

accessory cusp (P
3
) and a mesial accessory ridge (P

4
). These traits are also more frequent 

in Neanderthals, and the Middle Pleistocene populations from Europe and Asia
 
(14), 

where continuous transverse crests are also more frequent. Although the discrete traits 

may overlap in their expression, the GM analysis captures the diagnostic differences 

between Misliya-1 premolars and Neanderthals. Like in H. sapiens, Misliya-1 premolars 

display tall crowns and relatively expanded occlusal polygons. This morphology is even 

more distinct in Misliya-1 than in the Qafzeh specimens, which show a broader overlap 

with Neanderthals despite their attribution to H. sapiens.  

The MD and BL crown diameters in the Misliya-1 upper premolars are modest (table S5) 

. In particular, the BL dimensions in both teeth fall well below the means in all the fossil 

comparative samples and outside the Zhoukoudian and Atapuerca (SH) ranges of 

variation, but within the range of modern Levantine populations (table S5). The total 

crown base area for the Misliya P
3
 (51.6 mm

2
) and P

4
 (49.7 mm

2
) are also modest when 

compared with Pleistocene Homo specimens (e.g., P
4
: Rabat = 65.7 mm

2
; Cova Negra = 

55.8 mm
2
). In particular, the values in Misliya-1 fall below the lower limit of the range of 

variation in the Qafzeh/Skhul sample (P
3
: 55.7 - 68.6 mm

2
, n = 5; P

4
: 50.9 - 61.1 mm

2
, n 

= 4), but Misliya-1 is within the range of P
4 

variation in recent humans (53.9 ± 6.2 mm
2
) 

(89). 

Upper First Molar: The M
1
 in Misliya-1 shows four main cusps, with a large 

protocone and a small hypocone (ASUDAS grade 2). A small cusp 5 (metaconule) 

(ASUDAS grade 3) is also present, although wear of the enamel surface has obscured this 

feature somewhat. No Carabelli’s trait is found. The Misliya-1 M
1
 departs from the 
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Neanderthal condition by not showing the skewed rhomboidal crown outline and large 

and protruding hypocone that characterizes this clade (see 2D GM results). It is also 

different from the Middle Pleistocene populations from Asia, which are characterized by 

BL elongated mesial cusps and larger hypocones (e.g., Xujiayao, Hexian and Chaoxian)
 

(83, 84). The Misliya-1 M
1
 is more H. sapiens-like than Qafzeh in the degree of 

hypocone reduction and the pattern of cusp size (see below). The small size of the 

hypocone in Misliya-1 is notable. Hypocone reduction is defined by an ASUDAS score 

of 2 or below
 
(41). Thus, the hypocone size in Misliya-1 is reduced and the relative size 

of the hypocone is smaller than the Qafzeh sample, but approaches the values found in 

Daoxian and Upper Paleolithic H. sapiens specimens from Europe (Table S4). 

The total crown base area in Misliya-1 (109.2 mm
2
) is smaller than Rabat but similar to 

the mean values in most of the other fossil comparative samples (table S4). Only the 

Upper Paleolithic and recent H. sapiens teeth show considerably smaller crowns. 

Cusp proportions and occlusal polygon area of the M
1
:
 
The relative sizes of the 

cusps in the Misliya-1 M
1
 show the following order from largest to smallest: protocone, 

paracone, metacone, hypocone (table S4). Neanderthals are argued to show a derived 

combination of a much reduced metacone and large hypocone
 
(16), and this same derived 

condition has recently been found to characterize the Early Pleistocene M
1
s from the 

European site of Gran Dolina as well
 
(90). The Middle Pleistocene East Asian specimen 

from Chaoxian shows four main cusps which are all nearly equal in size. The Misliya-1 

M
1
 departs from the Neanderthal pattern by showing a much reduced hypocone (table 

S4). The hypocone reduction in Misliya-1 is even more pronounced than in the 
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Pleistocene H. sapiens samples from Qafzeh or Daoxian (table S4), and its morphological 

affinities with H. sapiens are clearly expressed.
 

The relative size of the occlusal polygon joining the cusp tips is reduced in 

Neanderthals, suggesting a relatively internal placement of the cusp tips on the M
1
. The 

relative occlusal polygon area in Misliya-1 (31.1) falls outside the Neanderthal range of 

variation (table S4). The value in Misliya-1 is, however, encompassed within the H. 

sapiens range of variation and is also similar to the values reported for African and Asian 

specimens attributed to H. erectus/H. ergaster
 
(16). The angles formed by the sides of the 

occlusal polygon joining the cusp tips have also been shown to vary taxonomically, with 

Neanderthals being distinguished by a high (open) angle centered on the metacone 

(Angle C)
 
(16, 91). The value for this angle in Misliya-1 (107º) falls closest to the mean 

values seen in fossil and recent H. sapiens, but is well above and below the means 

reported for specimens attributed to H. erectus/H. ergaster (96.8 degree) and the 

Neanderthals (120.9 degree), respectively (16). Thus, overall, the cusp proportions and 

relative size of the occlusal polygon in Misliya-1 all suggest its closest affinities lie with 

fossil and recent H. sapiens. 

Upper Second Molar: The M
2
 shows only three main cusps and the hypocone is 

very small at both the outer enamel surface and the EDJ (ASUDAS grade 1) (Fig. 2). As 

in the M
1
, a small cusp 5 (metaconule) (ASUDAS grade 2) again appears to be present, 

but there are neither mesial accessory cusps nor any expression of a Carabelli's trait. The 

presence of cusp 5 in the M
2
 does not discriminate Neanderthals and H. sapiens samples. 

Both the M
2
s from Xujiayao and Chaoxian show accessory cusps and a well-developed 

Carabelli’s trait. An ASUDAS grade of 0/1 for the hypocone (= hypocone "absence") is 
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found in similar frequencies in fossil (8.3%) and recent (14%) H. sapiens, and 

Neanderthals (10%) (17). The M
2
s from Rabat, Jebel Irhoud (2), Qafzeh/Skhul as well as 

the North African Aterian specimens from Dar es-Soltan and Grotte de Contrebandiers 

also show well-developed hypocones
 
(92). While a hypocone is missing in nearly 33% of 

the M
2
s in the Atapuerca (SH) sample

 
(17), these teeth can still be clearly differentiated 

from H. sapiens in their crown shape (see below and GM analysis). 

The BL dimension in the Misliya-1 M
2
 is similar to those in the comparative 

samples including modern human populations (table S5), and extreme reduction of the 

hypocone is responsible for the MD shortening. Total crown base area in Misliya-1 

(103.5 mm
2
) is smaller than in Rabat (124.2 mm

2
) and falls within the range of variation 

in the Qafzeh sample (mean = 98.5 mm; range = 79.7-112.1 mm; n = 3), as well as that of 

recent H. sapiens males (99.1 ± 11.7 mm
2
) and females (92.9 ± 10.4 mm

2
)
 
(93). 

In addition, the GM analysis of the EDJ shows that the Misliya-1 M
2
 falls within the 

range of variation of H. sapiens and does not overlap with the Neanderthal distribution. 

The latter are characterized by a relatively larger hypocone and the relative distal 

displacement of the lingual cusps. Even in the case of the Atapuerca (SH) specimens and 

their strongly reduced hypocones, they fall far from the Misliya-1 specimen because of 

their characteristic Neanderthal shape.   

Upper Third Molar: The M
3
 shows only three main cusps, like the M

2
, and the 

hypocone is absent (ASUDAS grade 0). The Misliya-1 M
3
 is reduced in size and lacks 

mesial accessory cusps but features a small cusp 5 (ASUDAS grade 3) along the distal 

margin of the tooth which is also visible on the EDJ (Fig. 2). There is no expression of a 

Carabelli's trait. The Qesem M
3
 also lacks a distinct hypocone, but does show a cusp 5 
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(ASUDAS grade 3) along the distal margin of the tooth
 
(21). Morphologically, the M

3
 is 

the most variable of the molars and the expression of crown traits is variable across taxa. 

As with the M
2
, the BL dimension in the Misliya M

3
 is similar to those in the 

comparative samples (table S5), and the loss of the hypocone seems to have mainly 

affected the MD dimension. The relative sizes of the cusps in the Misliya-1 M
3
 show the 

following order from largest to smallest: protocone, paracone and metacone. Total crown 

base area in Misliya-1 (78.4 mm
2
) falls within the range of variation in recent H. sapiens 

males (84.9 ± 8.9 mm
2
) and females (81.1 ± 12.6 mm

2
)
 
(86), but is larger than the Qafzeh 

3 (72.1 mm
2
) and Qafzeh 11 (71.4mm

2
) individuals.  

Tooth root shape and size: The root of the lateral incisor is convex and tapers 

almost evenly throughout the root toward the blunt apex, becoming narrower toward the 

palatal side. The mesial and distal root surfaces manifest a slight longitudinal depression 

(fig. S4). The labial surface of the canine root is convex, with a slight bending towards 

the palatal. The root is long, slender and conical. The apical third is narrow mesiodistally 

and the apex is pointed. A slight vertical longitudinal depression can be noticed on the 

distal surface (fig. S4). The mild vertical convexity of the buccal aspect of the root and a 

lingual narrowing of the single root canal as it approaches the apex tend to align the 

specimen with H. sapiens
 
(87). The tip is slightly bent distally. A clear depression along 

the mesial surface (starting at the middle third) and a weak depression on the distal side 

are evident. Obvious crown concavity on the mesial surface is noticed, which continues 

onto the root as a depression (fig. S4). The P
4
 also manifests a single root, albeit longer 

than the P
3
. The apical end of the root bends distally. Slight longitudinal depressions are 
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noticed on both sides of the root. Unlike the P
3
, the deeper mid-root depression is noticed 

on the distal, but not the mesial, aspect of the root. 

The M
1
 has three long roots that are nearly of the same length (the mesiobuccal 

root is the longest amongst the three roots). The roots converge into a broad cervical root 

trunk. The palatal root is curved when seen from mesial and distal views. There is a 

longitudinal depression on the inner (distal) aspect of the mesiobuccal root. A wide 

bucco-palatal spread of the mesiobuccal and the distobuccal roots is also noticed, 

especially of the mesiobuccal root. In the M
2
, the palatal root is fused with the 

mesiobuccal and the distobuccal roots to form a cone-shaped structure. Taurodontism (an 

enlarged pulp chamber), a common feature in Neanderthals, is absent in the Misliya-1 

upper molars (fig. S4). 

As roots of the anterior teeth are known to taxonomically distinguish 

Neanderthals from recent modern humans
 
(44, 94), we compared the Misliya-1 I

2
 and C

1
 

root lengths with those of Neanderthals and early and recent H. sapiens (fig. S4).   The 

length of the tooth root in the Misliya-1 I
2
 (15.3 mm) is short compared with 

Neanderthals (17.6 ± 1.9 mm, n = 18) and the Zhoukoudian sample (18.3 mm, n = 2), but 

longer than in recent humans (13.0 mm ± 1.4 mm, n = 22)
 
(15, 44). The tooth root of the 

canine is again short (18.3 mm) compared with Neanderthals (22.5 ± 2.5 mm, n = 12) and 

the Zhoukoudian sample (22.6 ± 0.6 mm, n = 4), but falls just above the range of 

variation in a recent human sample (16.1 ± 1.4 mm, n = 12)
 
(fig. S4) (15, 44).  

The archaeological context of the Misliya-1 hominin  

Misliya Cave is located on the western slope of Mount Carmel, at an elevation of 

ca. 90m, 12km south of the modern city of Haifa (fig. S1). The site is part of a series of 
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prehistoric caves situated along the western slopes of Mount Carmel. Seven km to the 

south is Nahal Me‘arot (Wadi el-Mughara) with the caves of Tabun, Jamal, el-Wad and 

Skhul
 
(95–99),

 
while further south is the cave of Kebara

 
(100).  

Today the site appears as a rock shelter or an overhang (fig. S1) carved into the 

cliff of the mountain, composed of a Cretaceous rudist reef. Strongly cemented 

archaeological sediments (breccias) are found on three terrace-like surfaces at the base of 

the cliff, all sloping gently to the west. Late Lower Paleolithic remains (Acheulo-

Yabrudian) were unearthed on the Lower Terrace
 

(101–103), while Early Middle 

Paleolithic (EMP) layers are widely exposed on the Upper Terrace, of which an area of 

ca. 25 m
2
 was excavated (Fig. 1A and B; fig. S1) (10, 29, 104). In the eastern part of the 

Upper Terrace, cemented layers change laterally into softer sediments (hence the soft 

sediments area "SSA" in Fig. 1B) which are more amenable to excavation and where 

lithics and animal bones can be extracted without the risk of being broken in the process. 

This area, where a series of well-preserved Middle Paleolithic hearths and abundant 

lithics and animal bones were unearthed, was the main focus of our excavation. Lying 

above the natural bedrock, the archaeological layers are quite thin in this area (ca. 1-1.5 

m) apart from the northern (squares I9-I10) and western (e.g., square L15) parts of the 

excavation where the layers are thicker, ca. 3.5-4m (Fig. 1) (104).     

The repeated construction of hearths, the rich faunal assemblages (105) and the 

high density of the finds (between 2,000 to 3,000 lithic artefacts larger than 2.5 cm per 

cubic meter) suggest intensive occupation at the site. The largest hearth excavated so far 

is about a meter in diameter and 20 cm in thickness, and exhibits an alternation of beds 

cemented by calcareous ash with calcite-free soft carbonaceous microlaminae. Burned 
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flints, bones and botanical material found in large quantities attest to the habitual use of 

fire at the site. The site also provided the earliest evidence for vegetal bedding
 
(104). 

Plant exploitation is also attested by use-wear analysis of the lithics
 
(106).

 

To date, ca. 50,000 EMP flint artefacts have been studied and no significant 

change in material culture along the archaeological sequence was observed
 
(10). The 

Early Levantine Mousterian/Tabun D-type industry is technologically diversified and 

contains abundant evidence for laminar production along with use of Levallois methods. 

Levallois reduction involves mostly a unidirectional convergent method for preparation 

of points and triangular flakes. The tool-kit is dominated by various types of points and 

retouched blades, the closest analogies of which are the Early Levantine Mousterian 

industries in Hayonim Cave Layer E and Hummal
 
(10).  

Though collapsed, the shape of the site, together with the remnants of enclosing 

walls, the presence of ancient flowstones and the numerous boulders within the lithified 

layers and along the slope, suggest that when inhabited, the cave was large. A detailed 

geo-archaeological study
 
(104) indicates that the last roof collapse occurred at the end of 

the EMP habitation of the site, after which the cave was abandoned. This is amply 

indicated by the exposure of EMP layers directly on the surface of the Upper Terrace and 

by the fact that no evidence for other technological entities was found at the site.  

The Misliya Cave faunal assemblage is overwhelmingly dominated by ungulate 

taxa, with Mesopotamian fallow deer (Dama mesopotamica) and mountain gazelle 

(Gazella gazella) being the most common prey species (105). Body-part analysis, age 

profiles and bone-surface modifications observed in this almost exclusively 

anthropogenic assemblage all attest to systematic ungulate hunting, carcass transport and 
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butchery. Hunting was performed using sophisticated gear, employing a large variety of 

points of different forms and sizes
 
(107).  

The EMP layers on the Upper Terrace are divided into six stratigraphic units from 

the top of the sequence to the bottom (Fig. 1C): Unit 1 - Cemented sediment (breccia); 

Unit 2 -Terra-rossa soil intrusion; Unit 3 - Heterogeneous, cemented calcareous sediment; 

Unit 4 - Soft homogeneous compacted sediment; Unit 5 - Homogeneous grayish-brown 

cemented sediment, which grades laterally (eastward) to the soft sediment of Unit 6; Unit 

6 – Relatively soft grayish-brown sediment with numerous indurated patches, containing 

a series of well-defined hearths (11). 

The Misliya-1 maxilla was retrieved from the upper part of Unit 6, in Square N9 

(Fig. 1A and B). In this area, the uppermost stratigraphic Units 1-3 were heavily eroded 

and Unit 4 is only a few cm thick.  

 

 

 

Enclosed is a summary of our major arguments against the possibility of Misliya-1 being 

a recent intrusion: 

1. Misliya-1 maxilla was found within undisturbed EMP sediments. 

2. The cave roof collapsed during the EMP period, making it unsuitable for human 

occupation.  
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3. There is no evidence of post-EMP use of the cave during prehistoric times. No 

ceramic sherds or other intrusive elements were found in the upper part of unit 6 (where 

the maxilla was found). 

4. The maxilla is covered with the same calcitic crusts as the surrounding EMP 

bones and artifacts. Such crusts would not have developed on the surface of the maxilla if 

it was a recent intrusion. 

5. The maxilla itself and the crust that covers it were both dated by radiometric 

dating methods. The dating confirms the antiquity of the bone. The Uranium Series date 

on dentine of ca. 70 ky is the minimum age of the maxilla and indicates it cannot be a 

recent intrusion. The combined US-ESR date of the maxilla, in combination with results 

from other methods (TL, U-series on calcitic crusts), clearly place it within the EMP 

chronological framework. 
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Fig. S1 

The geographical location of Misliya Cave, Israel and the excavation areas on the Upper 

Terrace of the cave. Left: Location map with major Early Middle Paleolithic (EMP) sites 

containing human remains contemporaneous with Misliya-1 (ca. 140-250 ky). Modern 

cities are symbolized by rectangles. Right: The Misliya collapsed cave site at the western 

cliffs of Mount Carmel. The border of the Upper Terrace (EMP occupation) is marked by 

a yellow line.  
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Fig. S2 

Electron Spin Resonance (ESR) data collected for the tooth sample #3532 taken from 

Misliya-1 specimen. (A) Merged ESR spectra over 360º for each dose step. The position 

of the T1 and B2 peaks used to extract the ESR intensities is indicated; (B) DE value 

obtained from the Dose Response Curves (DRC) derived from each angular measurement 

(every 10º). The solid line represents the mean DE value; (C) Final DRC based on the 

mean T1-B2 ESR intensity (error bars are 1 standard deviation) derived from the angular 

measurements. DSE = double saturating exponential function; (D) Evolution of the 

Imax/Imin ratio vs the dose for the sample 3532; (E) Proportion of the additional unstable 

NOCORs (non-oriented CO2- radicals) created by gamma irradiation in comparison with 

the natural spectrum. 
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Fig. S3 

Direct Combined U-series/Electron Spin Resonance (ESR) dating of the Misliya 1 

specimen. (A) Corrected and non-corrected ESR Dose Response Curves (DRCs) obtained 

for sample #3532 (Misliya 1 lateral incisor). The right graph (B) shows a zoom on the 

low dose region (<1000 Gy). Key: corrected1= assuming the creation of 100% unstable 

non-oriented CO2- radicals (NOCORs) by laboratory gamma irradiation; 

corrected2=creation of 50% of unstable NOCORs. Bottom (table): Combined US-ESR 

age and dose rate estimates obtained for the tooth sample. Key: (*) because apparent U-

leaching is observed in sample #3532 enamel, US-ESR age calculation was performed 

assuming an Early Uptake in this tissue. This has, however, very little impact on the final 

age result, as internal dose is less than 3% of the total dose rate (see further details in 

supplementary text). This combined US-ESR age should be considered as a maximum 

possible estimate for sample #3532, because of the impossibility to accurately evaluate 

the laboratory dose given to the tooth sample during the previous CT-scan analyses. In 
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other words, the true age of the Misliya-1 specimen should be either similar or younger 

than the calculated Combined US-ESR age estimate (see further details in supplementary 

text). 
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Fig. S4 

Roots shape and size with comparative data: A: direct view of the roots of the Misliya-1 

M
1
 captured from the micro-CT scan, with comparative images of a recent modern 

human, Amud 1, and Krapina d171; B: direct view of the roots of the other Misliya teeth 

(I
2
,C',P

3
, P

4
, M

2
) captured from the micro-CT scan; C: comparison of root length (mm) 

of the lateral incisors and canines. 
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Fig. S5 

Ratio of BL dimensions of anterior (I
2
) to posterior teeth (M

1
). Note the location of 

Misliya-1 within the range of early modern humans from Skhul and Qafzeh and outside 

the Neanderthal range. 
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Fig. S6 

First two Principal Components (PCs) in shape space and associated warped surfaces at 

the extremities of the horizontal axes. Shape changes to note in the warpings are; A: P
3
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and B: P
4
; PC1  – crown height and width, buccolingual expansion or reduction of the 

crown base relative to the occlusal rim, lingual tapering of the distal aspect or subequal 

buccal and lingual aspects. On the left lower side of each of the plots, the landmark 

configurations used for the respective anatomical unit are represented (landmarks in red, 

semilandmarks and pseudolandmarks on curves in blue). Abbr.: AT=Atapuerca; 

Kr=Krapina; AM=Ain-Mallaha (Natufian); Hay=Hayonim Cave (Natufian); Grey 

dot=Modern human. 

 



Sample 3532 (from maxilla MC-Max-H-1) 

Spot 
U 

(ppm) 

Th 

(ppb) 
U/Th 230Th/238U 

230Th/238U 

error 
234U/238U 234U/238U error 

Age 

(ka) 

Age error 

(ka) 

1 0.2 411.09 0 1.0039 0.084 1.0456 0.0411 n/a    

2 0 7.93 1 2.9567 1.9578 1.4416 0.2724 n/a    

3 0 7.3 4 1.1793 0.3545 1.1118 0.1111 n/a    

4 0.9 18.57 51 0.5093 0.0229 1.1774 0.0168 n/a    

5 1.5 0.03 53743 0.5728 0.0212 1.1666 0.0195 72.3 4.2 

6 1.6 -0.13 -11777 0.5915 0.0177 1.1515 0.011 77.2 3.5 

7 1.7 0.3 5560 0.5946 0.0241 1.1612 0.0126 76.8 4.7 

8 1.8 -0.03 -56346 0.5414 0.0195 1.1913 0.0126 64.9 3.3 

9 1.8 0.14 12955 0.5465 0.0191 1.156 0.0153 68.7 3.6 

10 2 0 730755 0.5382 0.0165 1.1841 0.0136 65 2.9 

11 1.2 0.43 2840 0.5493 0.0228 1.1707 0.0152 67.9 4.1 

12 1.2 -0.03 -43328 0.5951 0.0225 1.147 0.0215 78.3 5 

13 1.3 -0.18 -6976 0.6148 0.0407 1.1398 0.0231 83 8.8 

14 1.4 0.23 6228 0.557 0.0237 1.1753 0.0176 68.8 4.4 

15 1.6 0.4 3954 0.5465 0.025 1.1662 0.019 67.8 4.6 

16 1.7 0.19 9070 0.5749 0.0222 1.146 0.0219 74.7 4.7 

17 1.7 4.11 404 0.5045 0.0166 1.1562 0.0119 61.7 2.9 

18 1.5 1.71 873 0.5215 0.0234 1.1578 0.0191 64.3 4.2 

19 0.6 9.31 68 0.5124 0.0462 1.1195 0.0257 n/a    

20 1.1 12.05 92 0.5411 0.0218 1.1626 0.0185 n/a    

21 0.7 7.3 96 0.5177 0.0258 1.1289 0.0251 n/a    

22 1 9.3 105 0.5841 0.0237 1.1373 0.0188 n/a    

23 0.8 7.23 112 0.5505 0.0293 1.1682 0.0176 n/a    

24 1.2 9.82 125 0.5725 0.0208 1.1209 0.0144 n/a    

Mean values for each dental tissue 

1-3 0.062 
    1.1054 0.097 1.0709 0.0475 n/a    

Enamel ±0.090 

5-18 1.558 
    0.5587 0.0088 1.163 0.0059 70.2 1.6 

Dentine ±0.124 

          

Sample 3533 (from maxilla MC-Max-H-1)

Spot 
U 

(ppm) 

Th 

(ppb) 
U/Th 230Th/238U 

230Th/238U 

error 
234U/238U 234U/238U error 

Age 

(ka) 

Age error 

(ka) 

1 1.5 22.73 65 0.451 0.0188 1.1053 0.0126 n/a    

2 1 29.82 33 0.5211 0.0234 1.1333 0.0186 n/a    

3 0.6 76.21 8 0.4809 0.0291 1.1067 0.0155 n/a    

4 0.8 43.28 18 0.4451 0.0281 1.1427 0.0182 n/a    

5 1.1 18.48 57 0.4438 0.0255 1.1523 0.0222 n/a    

6 1 24.74 41 0.472 0.0174 1.1304 0.0174 n/a    

7 0.9 43.72 21 0.4126 0.0159 1.1021 0.0153 n/a    

8 1.1 28.46 39 0.4088 0.0176 1.0915 0.0189 n/a    

 

Table S1. U-series results on the human bone and tooth from Misliya-1. No age calculations were carried out for U concentra-

tions of ≤ 0.5 ppm or an absolute value of U/Th ≤ 300 but not negative (indicated in italic). Negative U/Th are due to the back-

ground being higher than the measurement. All errors are 2-σ.



Table S2. Detailed dating results of the calcitic crust covering the maxilla, animal bones and lithic artefacts.

238
U Error Uncorrected Error Corrected Error Uncorrected Error Corrected Error 230

Th/
232

Th Error Uncorrected age 2s [ky] 2s [ky] Corrected age

No. Location [ppm] 234
U/

238
U

234
U/

238
U

230
Th/

234
U

230
Th/

234
U [ky] + -  (3.8) [ky]

1 Maxilla 1  0.910 0.001 1.12007 0.00241 1.18393 0.00254 0.54913 0.00336 0.34658 0.00212 1.5 0.01 85 0.8 -0.8 46

2 Maxilla 2 0.541 0.001 1.07099 0.00371 0.52541 0.00182 0.83774 0.00497 3.21120 0.01904 0.8 0.00 190 3.4 -3.3 31*

3 Maxilla 3 0.503 0.000 1.08354 0.00265 1.40571 0.00344 0.77633 0.00530 0.16269 0.00111 0.9 0.01 157 2.5 -2.5 19

4 Maxilla 4 0.648 0.001 1.09884 0.00144 1.30700 0.00171 0.80214 0.00233 0.48330 0.00141 1.1 0.00 168 1.2 -1.2 70

5 Maxilla 5 0.667 0.001 1.08507 0.00207 1.27354 0.00243 0.69623 0.00381 0.16776 0.00092 0.9 0.00 126 1.4 -1.3 24

6 Maxilla 6 0.535 0.000 1.10364 0.00275 0.85558 0.00213 1.11889 0.00553 0.78630 0.00389 0.6 0.00 equilibrium 8.0 -8.0 185

7 Maxilla 7 0.927 0.001 1.11644 0.00279 1.15567 0.00289 0.55097 0.00224 0.42009 0.00170 2.0 0.01 86 0.6 -0.5 58

8 Maxilla 8 2.108 0.001 1.12369 0.00209 1.13125 0.00210 0.46343 0.00188 0.43443 0.00176 7.5 0.03 67 0.4 -0.4 61

9 Sq=K11b; Ht=145-150 0.314 0.000 1.06803 0.00274 1.26243 0.00323 0.94751 0.00490 0.82871 0.00428 1.1 0.01 288 8.3 -7.7 172

10 Sq=K11b; Ht=100-105 (f) 1.509 0.001 1.07497 0.00104 1.09876 0.00106 0.40153 0.00150 0.22867 0.00086 1.5 0.01 55 0.3 -0.3 28

11 Sq=N9b; Ht=121-127 (b) 0.731 0.001 1.04914 0.00178 1.18007 0.00200 0.97876 0.00330 0.93079 0.00314 1.2 0.00 359 11.0 -10.0 243

12 Sq=N9b; Ht=105-108 (b) 1.239 0.001 1.03640 0.00238 1.06763 0.00245 0.54299 0.00275 0.17566 0.00089 1.0 0.01 85 0.7 -0.7 21

13 Sq=N9b; Ht=82-86 (b) 3.158 0.004 1.06636 0.00173 1.07787 0.00175 0.35581 0.00111 0.25210 0.00079 2.1 0.01 48 0.2 -0.2 31

14 Sq=N9b; Ht=108-113 (b) 0.844 0.001 1.03684 0.00191 1.08112 0.00199 0.61349 0.00446 0.18378 0.00134 1.0 0.01 103 1.3 -1.3 22

15 Sq=L9b; Ht=128-133 (b) 0.585 0.001 1.04423 0.00212 1.50656 0.00305 0.95988 0.00915 0.68150 0.00649 0.9 0.01 319 20.6 -17.3 114

16 Sq=N9b; Ht=113-118 (b) 1.014 0.001 1.02545 0.00221 1.07250 0.00231 0.70272 0.00261 0.19020 0.00071 0.9 0.00 131 1.0 -1.0 23

17 Sq=L9b; Ht=105-116 (b) 1.183 0.001 1.02925 0.00119 1.05783 0.00123 0.54429 0.00287 0.12337 0.00065 0.9 0.01 85 0.7 -0.7 14

18 Sq=M9b; Ht=108-115 (b) 0.872 0.001 1.03070 0.00188 1.10744 0.00202 0.82326 0.00375 0.42430 0.00193 1.0 0.00 185 2.4 -2.4 59

19 Sq=K11b; Ht=185-190 (b) 3.188 0.003 1.02253 0.00163 1.03314 0.00165 0.59819 0.00138 0.415089 0.00096 3.3 0.01 99 0.4 -0.4 58

20 Sq=L9 hearth: Ht=155-160 0.600 0.001 1.03006 0.00139 2.17349 0.00294 1.15075 0.00446 3.78927 0.01469 1.0 0.00 equilibrium equilibrium

Error of ages are reported as 2σ; isotopic ratios are 1σ. 

Sq=Square; Ht=Height below datum in cm.

(b)=Crust on bone; (f)=Crust on flint.
*=unreliable date, since 230Th/234U > 3.0



Table S3. Top: Radioelement concentrations obtained for the raw sediment samples. In italics, mean values with corresponding 
1 standard error. These values were used for beta dose rate evaluation. Bottom: ESR fitting results obtained for the four different 
fitting functions and options. SSE = Single Saturating Exponential Function; DSE = Double Saturating Exponential Function; 
(*) DE results derived from the corrected ESR intensities assuming 100% of gamma-induced NOCORs; (**) assuming 50% of 
gamma-induced NOCORs. In bold, the equivalent dose (DE) values used for the final US-ESR age calculation.

Sediment 

sample  
Layer  

Corresponding 

tooth  

U 

(ppm)  
± 

Th 

(ppm)  
± 

K  

(%) 
± 

1 

Upper 

unit 6  

Lateral incisor 

(sample #3532)  

1.030  0.078  1.520  0.080  0.540  0.021  

2 1.520  0.087  1.620  0.083  0.552  0.022  

3 1.830  0.094  1.460  0.078  0.538  0.021  

4 1.280  0.082  1.980  0.096  0.624  0.025  

Mean    1.415  0.171  1.645  0.116  0.551  0.028  

Sample  Function  Adj.R2 Dmax  (Gy) DE error Dmax /DE 

lateral incisor 

(sample #3532)  

SSE  0.9999  861  98.7  1.302  8.7  

DSE  0.9999  36786  100.9  1.109  n/a  

DSE* 0.9996  36786  126.5  3.213  n/a  

DSE** 0.9998  36786  112.6  1.813  n/a  

 



Table S4. Total crown base area, relative cusp base areas and relative occlusal polygon area in the M1 in Misliya-1 and Pleisto-

cene and recent humans. 

 

 Total Relative Relative Relative Relative Relative 

 Crown Base Protocone Paracone Metacone Hypocone Polygon 

 Area (mm2) Area (%) Area (%) Area (%) Area (%) Area (%) 

 Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d. Mean ± s.d 

Specimen/Sample range (n) range (n) range (n) range (n) range (n) range (n) 

Misliya-1 109.2 35.3 27.4 22.8 14.5 31.1 

Rabat 122.0 26.2 25.0 19.1 29.7 28.4 

Chaoxian 1 131.8 26.6 25.1 24.2 24.1  
H. erectus/H. ergaster  115.5 ± 6.8 29.9 ± 2.2 24.9 ± 2.3 22.9 ± 1.7 22.3 ± 0.4 32.9 

 

105.2-124.1 

(5) 
26.4-31.8 

(5) 
21.8-27.7 

(5) 
21.3-25.7 

(5) 
21.8-23.0 

(5) (2) 

30.8-35.0

 

Atapuerca-SH 106.7 ± 11.9 34.8 ± 2.1 24.8 ± 1.1 22.9 ± 1.8 21.2 ± 1.7 25.2 ± 4.0  

 

84.1-129.8 

(11) 
31.8-37.2 

(11) 
23.1-26.5 

(11) (11) 

18.8-24.8

 

19.8-23.9 

(11) 
21.2-32.3 

(10) 
Non-SH Mid. Pleist. Europe 115.5 ± 17.0 31.1 ± 3.7 24.8 ± 0.9 20.1 ± 2.6 24.0 ± 1.6  

 

101.9-134.5 

(3) 
25.9-34.1 

(4) 
23.6-25.7 

(4) 
17.8-23.5 

(4) 
22.3-25.9 

(4)  
Neanderthals 112.3 ± 16.6 29.9 ± 2.4 25.8 ± 2.1 20.6 ± 1.8 23.7 ± 2.1 26.7 ± 1.8 

 

78.2-153.4 

(19) 
26.0-34.6 

(21) 
22.0-30.6 

(21) 
16.5-24.8 

(21) 
19.0-26.7 

(21) 
23.2-30.5 

(17) 
Qafzeh 111.3 ± 12.7 31.3 ± 2.3 24.8 ± 1.6 21.3 ± 2.5 22.8 ± 5.0 33.3 ± 2.7 

 

95.8-134.5  

(7) 
28.2-34.4 

(7) 
22.8-27.6 

(7) 
16.9-24.6 

(7) 
15.9-29.6 

(7) 
29.6-36.6 

(4) 
Daoxian 76.3±4.7 32.5 ± 1.0 25.9 ± 1.4 22.3 ± 1.3 20.3 ± 1.3 34.7 ± 1.3 

 

71.8-81.2    

(3) 
30.5-33.0 

(7) 
24.0-28.5 

(7) 
20.2-24.2 

(7) 
18.6-21.7 

(7) 
33.2-35.4 

(3) 

Upper Paleolithic H. 

sapiens 

99.6 ± 10.2 31.8 ± 1.5 25.7 ± 2.3 22.4 ± 1.7 20.1 ± 3.0 32.7 ± 1.9 

81.7-120.7 

(14) 
29.6-36.2 

(15) 
22.8-31.7 

(15) 
20.0-26.0 

(15) 
14.9-24.8 

(15) 
28.6-33.5 

(5) 
Recent H. sapiens 96.6 ± 14.0 31.0 ± 2.0 25.8 ± 2.1 22.9 ± 1.8 20.4 ± 2.5 37.5 ± 5.4 

  

71.7-138.6 

(59) 
24.9-35.8 

(59) 
21.4-31.9 

(59) 
18.0-26.9 

(59) 
14.8-26.9 

(59) 
27.0-50.4 

(24) 
Total crown base area is equal to the sum of the individual cusp areas     
Relative cusp areas = (Absolute cusp area/total crown base area) x 100     
Data for comparative samples (except Chaoxian and Daoxian) from Quam et al. (39); Martinón-Torres et al. (40)  
Data for Chaoxian from Bailey and Liu (80)       
Data for Daoxian from Liu et al. (9)       
Relative polygon area = (Absolute polygon area x 100)/Total crown base area

Data for H. erectus/H. ergaster relative polygon area from Bailey (16)
    

 



Table S5. Mesiodistal (MD) and buccolingual (BL) crown dimensions (mm) of the maxillary teeth of Misliya-1 compared with Pleistocene and recent humans. 

MD BL MD BL MD BL MD BL MD BL MD BL MD BL

mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d. mean ± s.d.

Specimen/Sample range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n) range (n)

Misliya-1 7.7 7.7 8.1 9.0 7.3 9.4 6.8 9.1 10.4 12.3 9.7 12.3 8.9 11.8

Qesem 7.4 7.6 8.8 9.8 7.8 9.9 9.7 11.1

Rabat 8.2 9.1 9.8 10.5 7.4 11.3 12.4 12.5 11.9 13.1

BOU VP 16/1 (R) 7.0 9.0 12.0 12.8 8.6 11.9

BOU VP 16/1 (L) 8.0 9.0 11.8 12.8 8.6 11.9

BOU VP 16/5 7.2 9.2

BOU VP 16/6 12.1 11.8

BOU VP 16/42 7.8 10.4

Daoxian 7.8 ± 0.2 8.3 ± 0.4 7.6 ± 0.3 10.1 ± 0.2 6.3 ± 0.2 9.1 ± 0.5 10.4 ± 0.5 11.3 ± 0.4 9.6 ± 0.5 11.4 ± 0.7 8.9 ± 0.6 10.3 ± 0.7 

7.6-8.0 (3) 7.9-8.7 (3) 7.3-7.9 (3) 9.9-10.2 (3) 6.2-6.5 (3) 8.5-9.8 (4) 9.8-11.0 (12) 10.2-11.8 (12) 9.0-10.0 (4) 10.5-12.0 (4) 8.3-9.5 (3) 9.7-11.0 (3)

Zhoukoudian 7.7 8.1 9.4 ± 0.7 10.1 ± 0.4 8.4 ± 0.6 11.6 ± 0.8 7.8 ± 0.6 11.4 ± 0.6 11.2 ± 0.9 12.5 ± 0.7 10.5 ± 0.7 12.6 ± 0.5 9.6 ± 0.5 11.5 ± 0.8

6.8-8.3 (3) 8.0-8.2 (3) 8.5-10.5 (5) 9.8-10.6 (5) 7.4-9.2 (6) 10.5-12.6 (7) 7.0-8.8 (11) 10.3-12.5 (11) 10.0-13.1 (8) 11.7-13.7 (7) 10.0-12.2 (8) 11.9-13.4 (8) 8.7-10.5 (10) 10.4-12.5 (10)

Atapuerca (SH) 7.8 ± 0.3 7.8 ± 0.3 8.6 ± 0.4 9.8 ± 0.6 7.9 ± 0.5 10.5 ± 0.6 7.6 ± 0.5 10.4 ± 0.6 11.1 ± 0.7 11.5 ± 0.7 9.9 ± 0.9 12.2 ± 0.8 8.6 ± 0.6 11.5 ± 0.9

7.2-8.2 (17) 7.3-8.3 (18) 8.1-9.6 (18) 9.0-10.7 (19) 7.2-8.9 (14) 9.6-11.8 (15) 7.0-8.8 (16) 9.5-11.5 (16) 9.9-12.3 (17) 10.3-13.0 (17) 8.1-11.6 (18) 11.0-13.8 (18) 7.4-9.3 (19) 10.1-13.0 (19)

Neanderthals 7.8 ± 0.6 8.3 ± 0.5 8.2 ± 0.5 9.5 ± 0.6 7.4 ± 0.6 10.4 ± 0.6 7.1 ± 0.5 9.9 ± 0.6 11.1 ± 0.8 11.9 ± 0.4 10.5 ± 0.8 12.3 ± 1.2 9.6 ± 0.7 12.0 ± 1.0

6.3-9.0 (15) 7.8-9.9 (15) 7.4-9.3 (20) 8.6-10.6 (21) 6.5-8.6 (19) 9.0-11.4 (19) 6.4-8.2 (20) 9.0-11.2 (20) 10.0-13.0 (22) 11.1-12.5 (22) 9.3-12.0 (19) 10.0-14.5 (19) 8.3-11.0 (16) 10.0-14.0 (16)

Qafzeh/Skhul 7.5 ± 0.8 7.4 ± 0.6 8.4 ± 0.5 9.2 ± 0.8 7.8 ± 0.5 10.4 ± 0.4 7.1 ± 0.4 10.2 ± 0.8 11.3 ± 0.6 12.2 ± 0.7 10.5 ± 1.1 12.0 ± 0.7 9.3 ± 0.2 11.7 ± 1.1

6.2-8.8 (10) 6.2-8.1 (11) 7.5-9.4 (11) 8.0-10.3 (11) 7.1-8.7 (8) 10.0-11.1 (9) 6.5-7.6 (9) 8.4-11.0 (10) 9.9-12.4 (18) 11.2-13.3 (18) 8.6-12.2 (10) 10.7-13.0 (10) 9.0-9.5 (6) 10.4-13.5 (6)

Euro. UP H. sapiens 6.6 ± 1.1 7.3 ± 0.9 7.7 ± 0.7 9.4 ± 0.8 6.7 ± 1.1 9.5 ± 0.9 6.6 ± 1.0 9.5 ± 0.9 10.4 ± 0.6 12.0 ± 0.9 10.0 ± 1.0 12.5 ± 1.0 9.7 ± 1.1 11.8 ± 1.7

5.0-8.3 (9) 6.3-9.0 (9) 6.0-8.4 (10) 7.5-10.4 (10) 4.6-7.8 (10) 8.0-11.0 (10) 5.0-8.0 (10) 8.0-11.1 (10) 9.4-11.7 (11) 11.0-13.5 (11) 8.0-11.0 (11) 10.9-14.0 (11) 8.0-12.0 (9) 8.0-13.5 (9)

Recent Humans 6.8 ± 0.5 6.9 ± 0.5 7.8 ± 0.4 8.4 ± 0.6 6.9 ± 0.5 9.2 ± 0.4 6.7 ± 0.4 9.7 ± 0.5 10.4 ± 0.6 11.8 ± 0.6 10.0 ± 0.9 12.1 ± 0.7 9.2 ± 0.6 11.2 ± 0.7

5.7-7.8 (65) 5.8-7.1 (65) 6.6-8.2 (20) 6.4-9.2 (20) 6.4-7.8 (34) 7.7-9.9 (34) 5.6-7.7 (22) 7.8-10.3 (22) 9.8-12.5 (112) 10.7-12.5 (112) 9.2-11.4 (17) 10.1-12.8 (17) 7.4-10.3 (10) 8.9-12.4 (10)

Data for Misliya, Qesem, Rabat, Atapuerca (SH) and recent humans measured by the authors.

Data for Herto specimens from White et al. (4)

Data for Daoxian sample from Liu et al. (9)

Data for Zhoukoudian and Neandertal samples from Bermudez de Castro (108)

Data for Qafzeh/Skhul from McCown & Keith (109), Vandermeersch (110) and Tillier (111)

Data for Euro. UP H. sapiens from Vlćek (112), Sládek et al. (113) and Trinkaus et al. (114)

Recent humans = Bedouin teeth, Israel

M
3

I
2

C
1

P
3

P
4

M
1

M
2



Table S6. top) Eigenvalues and percentage of explained variance for the first 10 PCs in shape space for all four examined anatomical units; middle) Likelihood ratios 
(LRs) from the Quadratic Discriminant Analysis on ranges of principal component scores for the maxilla, P3, P4, and M2. LRs lower than 0.146 (bold) indicate likely 
affiliation to modern humans. LRs between 0.146 and 6.3 (italic) provide equivocal signals, and LRs above 6.3 indicate likely affiliation to Neanderthals. PC ranges 
up to 1-5 are reported; bottom) misclassified specimens and equivocal results of the QDA.

Principal Component  Analysis   (PCA)  -  Shape  Space

PC Eigenvalue Variance  % Eigenvalue Variance  % Eigenvalue Variance % Eigenvalue Variance % Eigenvalue Variance %
M

2
M

1 
(2D)Maxilla P

3
P

4

0,0019 13,9 0,00101 12,53 0,00092 11,89 0,00018 15,57 0,00152 14,21
0,0008 5,7 0,00088 10,93 0,00069 8,84 0,00013 11,20 0,00113 10,62
0,0007 4,6 0,00065 8,11 0,00061 7,90 0,00011 9,09 0,00097 9,07
0,0004 3,2 0,00041 5,15 0,00048 6,21 0,00006 4,78 0,00078 7,29
0,0004 3,0 0,00041 5,04 0,00044 5,69 0,00003 2,77 0,00051 4,81
0,0003 2,4 0,00029 3,64 0,00035 4,56 0,00002 2,03 0,00037 3,44
0,0002 1,9 0,00024 3,00 0,00025 3,18 0,00002 1,74 0,00032 3,03
0,0002 1,4 0,00018 2,19 0,00020 2,62 0,00002 1,54 0,00029 2,70
0,0001 1,1 0,00016 1,99 0,00014 1,77 0,00001 1,15 0,00023 2,17

0,0088 58,2 0,00279 34,68 0,00290 37,38 0,00053 45,45 0,00276 25,801

2

3

4

5

6

7

8

9

10

0.00821

0.00197

0.00087

0.00066

0.00050

0.00042

0.00036

0.00026

0.00022

0.00019

57.15

13.75

6.09

4.57

3.47

2.93

2.51

1.80

1.54

1.34



Table S7. Specimens used for 2D analyses of crown outline (M1), cusp relative area (M1), teeth reduction (BL-I2/M1 
index), 3D analyses of the maxilla and CEJ and EDJ in P3, P4 and M2.

 (n) = number of specimens used for a given analysis

As we also used isolated teeth for the current analyses, many sites lack individual number
  

 

 
Recent Modern Humans, Upper Paleolithic and 

Epipaleolithic Modern Homo 

Early Modern 

Humans 

(EMH) 

Neanderthals  
Early and Middle 

Pleistocene Homo  

3D 

Maxilla 

Ain Mallaha-23, Bmo-3, Combe Capelle, Dolni 

Vestonice-3, Liujiang, Mladec-1, Predmosti-3, Ohalo-

II-1, Africa (5), Asia (3), Australia (2), Bedouin (2), 
Europe (3), Papua-NG (2), (Total n=25) 

Qafzeh 9, 
Skhul-4, 5, 

Jebel Irhoud-1, 
(Total n=4) 

Amud-1, Saccopastore-1, 2, Saint 

Cesaire, Shanidar,  
(Total n=5) 

Atapuerca-SH5, Arago-

21, Kabwe-1, Petralona-1

(Total n=4)

 

3D 

Upper P3 

Ain Mallaha 23, 56, 67, 69, 101, HaYonim 12, 19, 25,  
Africa (14), Asia (3), Australia (4), Avar (7), Bedouin 

(5), Europe (8), Papua-NG (5), (Total n=54) 

Qafzeh 9, 15, 
26,  

(Total n=3) 

Krapina d39, d43, d45, d48, d52, 
d53, d110, d112, d114, d116, Obi-

Rakhmat, (Total n=11) 

Atapuerca AT-41, AT-

2036, 
(Total n=2) 

3D 

Upper P4 

Ain Mallaha 23, 56, 67, 69, 101, HaYonim 12, 19, 25,  
Africa (13), Asia (3), Australia (4), Avar (6), Bedouin 

(4), Europe (6), Papua-NG (6), (Total n=50) 

Qafzeh 9, 11, 
15, 26,  

(Total n=4) 

Amud-1, La Quina-5, Krapina 

d40, d41, d42, d44, d46, d47, d49, 
d115, d117, Obi-Rakhmat, (Total 

n=12) 

Atapuerca AT-746, 
AT-2070, 

(Total n=2) 

3D 

Upper M2 

Ain Mallaha 23, 56, 67, 69, 101, HaYonim 12, 19, 25, 
Liujiang, Africa (15), Asia (3), Australia (5), Avar (7), 
Bedouin (4), Europe (7), Papua-NG (8), (Total n=58) 

 

Qafzeh 9, 11, 
15, 26,  

(Total n=4) 

Amud-1, Krapina d96, d98, d135, 
d165, d166, d169, d172, d177 

(Total n=9) 

Atapuerca AT-12, AT-

960, 
(Total n=2) 

2D 

Crown 

Outline 

M1 

Abri Pataud (1), Abu Gosh-747, Africa (2), Australia 

(2), Avar (1), Bedouin (9), Dar es-Soltan H9, Early 

Arab (1), Ain Mallaha (4), Europe (2), Fontechevade 

(1), HaYonim (2), Laugerie Basse (1), Liujiang (1), 
Mladec-1, Nahal Oren-BD, Neolithic (2), Netiv 

HaGdud (1),  Papua-NG (2), Parpallo (2), Pekiin (10), 
San Nicolas (1), South America (2), Tabun (Series II 

Chimney II), Yiftahel (2),  (Total n=54) 

Qafzeh 4, 5, 6, 
7, 9, 10, 11, 
15, Skhul 1, 

Daoxian DX1, 
DX28, (Total 

n=11) 

Relative 

Cusp Area 

 

Qafzeh 4, 5, 6, 
9, 10, 11, 15, 
(Total n=7) 

Tooth Size 

Proportions 

BL - I2/M1 

Bedouin (19), Ain Mallaha (9), HaYonim (3), (Total 

n=31) 

Qafzeh 7, 8, 9, 
11, 15, Skhul 

1, 4, 5, 10, 
(Total n=9) 

 

Abri Pataud (2), Dolni Vestonice (1),  Europe (8), 
Fontechevade (1), Galeria Cisterna (1), La Madelaine 

(1), Laugerie-Basse (1), Les Rois (2), Mladec (2), 
North Africa (6), Northeast Asia (15), Oceania (17), 

Parpallo (2), St. Germaine la Riviere (2), Tabun (Series 

III) (1), Vachons (1), West Africa (13), (Total n=76) 

Cova Negra 42175, Krapina d100, 
d101, d134, d136, d171, d174, La 
Ferrassie 8, La Quina-5, Obi-Ra-

khmat, Petit Puymoyen 2, Mx6, 
Pinilla del Valle-Camino (1), 

Tabun 1, (Total n=14)

Atapuerca AT-16, 20, 
26, 138, 139, 196, 406, 

587, 812, 944, 959, 
2071, 2076, 3177, 
3424, 4317, 5840, 

5899, Chaoxian (1), 
Hexian (1), Steinheim 

(1), Tubo PA1471, 
Xujiayao PA1480, 

Rabat (1), (Total n=24)

Arcy-sur-Cure 39, 45, Cova Negra 
CN 42175, Krapina d100, d101, 

d134, d171, A, C, D, Kulna (1), La 
Ferrassie 8, La Quina 18, Le 
Moustier (1), Monsempron h, 

Obi-Rakhmat (1), Petit Puymoyen 2, 
Pinilla del Valle-Camino (1), 

Saccopastore 2, St. Cesaire (1), 
Taddeo (1), (Total n=21)

Arago 31, Atapuerca 
AT-20, 138, 196, 406, 
812, 959, 2071, 3177, 

3178, 4317, 5804, 
Chaoxian 1, Gran Dolina 
ATD6-11, 6-69, 6-103, 
Petralona (1), Pontn-

ewydd 4, Sangiran 4, 
7-3, 7-9, 7-37, Steinheim 
(1), Zhoukoudian L140, 
Rabat (1), (Total n=25)

Hortus 8, Krapina C, D, F, M, 
La Quina-5, Le Moustier (1), 
Monsempron h, Shanidar 1, 2, 

Tabun 1, (Total n=11)

Atapuerca TD6, AT-20, 
Rabat (1), (Total n=3)
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