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Levantine cranium from Manot Cave (Israel)
foreshadows the first European modern humans
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Reuven Yeshurun16, Hila May2,17, Mark G. Hans12, Gerhard W. Weber18,19 & Omry Barzilai20

Akey event in human evolution is the expansion ofmodern humans
of African origin across Eurasia between 60 and 40 thousand years
(kyr) beforepresent (BP), replacing all other formsofhominins1.Ow-
ing to the scarcity of human fossils from this period, these ancestors
of all present-day non-African modern populations remain largely
enigmatic. Here we describe a partial calvaria, recently discovered
atManot Cave (Western Galilee, Israel) and dated to 54.76 5.5 kyr
BP (arithmeticmean6 2 standard deviations) by uranium–thorium
dating, that sheds light on this crucial event. The overall shape and
discretemorphological features of theManot 1 calvaria demonstrate
that this partial skull is unequivocally modern. It is similar in shape
to recentAfrican skulls aswell as toEuropean skulls from theUpper
Palaeolithicperiod, but different frommost other early anatomically
modern humans in the Levant. This suggests that the Manot people
could be closely related to the first modern humans who later suc-
cessfully colonized Europe. Thus, the anatomical features used to
support the ‘assimilationmodel’ in Europemight not have been in-
herited fromEuropeanNeanderthals, but rather fromearlier Levan-
tine populations. Moreover, at present, Manot 1 is the only modern
human specimen to provide evidence that during the Middle to
Upper Palaeolithic interface, both modern humans and Neander-
thals contemporaneously inhabited the southernLevant, close in time
to the likely interbreeding event with Neanderthals2,3.
Manot is an active karstic cave located 40 kmnortheast of theMount

Carmel cave sites (Fig. 1). Archaeological material retrieved in five ex-
cavation seasons (2010–2014) currently indicates that the cave was in-
tensively occupied during the early Upper Palaeolithic period4, and, to
a lesser extent, during the Initial Upper Palaeolithic and late Middle
Palaeolithic periods (Supplementary InformationAandExtendedData
Figs 1 and 2). The original cave entrancewas blocked following the col-
lapse of the roof, probably between 30 kyr and 15 kyr ago4. The archae-
ological evidence from the cave indicates two major cultural events.
The first is associatedwith the earlier dispersal of anatomicallymodern
humans (AMHs) (Middle Palaeolithic), best represented in the Near
East by the Qafzeh and Skhul fossils (,120–90 kyr ago)5. The second
corresponds to the colonization of the Eastern Mediterranean region
by ‘modern humans’ ,45 kyr ago (Upper Palaeolithic), presumably
replacing the Neanderthals (for example, fossils from Amud, Kebara
and Dederiyeh) in the region (,65–50 kyr ago)6.

*These authors contributed equally to this work.

1TheDanDavid Laboratory for theSearchandStudyofModernHumans,Sackler Faculty ofMedicine, Tel AvivUniversity, POBox39040, Tel Aviv6997801, Israel. 2TheSteinhardtMuseumofNaturalHistory
andNational ResearchCenter, Tel Aviv University, POBox39040, Tel Aviv 6997801, Israel. 3ArchaeologyDivision, Ben-GurionUniversity of theNegev, POBox653, Beer-Sheva8410501, Israel. 4Geological
Survey of Israel, 30 Malkhe Israel Street, Jerusalem 95501, Israel. 5Max Planck Society-Weizmann Institute Center for Integrative Archaeology and Anthropology, D-REAMS Radiocarbon Laboratory,
Weizmann Institute of Science, Rehovot 76100, Israel. 6Department of Anthropology and Human Evolutionary Biology, Harvard University, 11 Divinity Avenue, Cambridge, Massachusetts 02138, USA.
7Department of Geography, The Hebrew University of Jerusalem, Jerusalem 91905, Israel. 8Institute of Archaeology, The Hebrew University of Jerusalem, Mount Scopus, Jerusalem 91905, Israel.
9Department of Human Evolution, Max-Planck-Institute for Evolutionary Anthropology, Deutscher Platz 6, D-04103, Leipzig, Germany. 10Department of Anthropology, Columbia University, New York
10027, USA. 11Department of Anatomy, CaseWestern Reserve University, Cleveland, Ohio 44106, USA. 12Department of Orthodontics, CaseWestern Reserve University School of Dental Medicine, 10900
Euclid Avenue, Cleveland, Ohio 44106, USA. 138 Dan Street, Modi’in 7173161, Israel. 14Institute of Earth Sciences, The Hebrew University of Jerusalem, Edmond J. Safra Campus, Givat Ram, Jerusalem
91904, Israel. 15Department of Archaeology, Simon Fraser University, 8888 University Drive, Burnaby, British Columbia V5A 1S6, Canada. 16Zinman Institute of Archaeology, University of Haifa, Haifa
3498838, Israel. 17Department of Anatomyand Anthropology, Sackler Faculty ofMedicine, Tel Aviv University, POBox 39040, Tel Aviv 6997801, Israel. 18Department of Anthropology, University of Vienna,
Althanstrasse12–14, A-1090Vienna, Austria. 19TheCore Facility forMicro-ComputedTomography,University of Vienna, Althanstrasse12–14, A-1090,Vienna, Austria. 20Israel AntiquitiesAuthority, POBox
586, Jerusalem 91004, Israel. {Present address: Department of Evolutionary Genetics, Max-Planck-Institute for Evolutionary Anthropology, Deutscher Platz 6, D-04103, Leipzig, Germany.

Ust’-Ishim

CioclovinaCro-Magnon

Kent’s Cavern

Jebel Irhoud

Dederiyeh
Ksar Akil
Manot Cave

Shanidar

Manot Cave

Hayonim Cave

Amud Cave

Haifa

Qafzeh CaveSkhul Cave

Tabun Cave
Kebara Cave

0 10,000 metres
Aduma

Omo

Figure 1 | Geographical location of Manot Cave, Israel. Middle Palaeolithic
and Upper Palaeolithic sites with human remains are marked. Manot 1 is
penecontemporaneous with the nearby Neanderthals of Amud and Kebara
Caves (insert map) and older than all European Upper Palaeolithic specimens
(largemap). The nearby sites of Skhul, Kebara and TabunCaves are situated on
the western slope of Mount Carmel. The modern city of Haifa is shown
(black triangle).
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TheManot calvaria (Manot 1)was foundon a flowstone ledgewithin
a side chamber in the northern-most area of the cave (Supplementary
Information A and Extended Data Fig. 1). A thin calcite patina mixed
with detritalmaterials,mainly clay and oxides/hydroxides, covers both
its interior and exterior surfaces. The average corrected uranium–thorium
(U–Th) age was obtained from 11 samples taken from different loca-
tions throughout the calcite patina (Extended Data Fig. 3). The results
indicate aminimumage of 54.76 5.5 kyr ago (arithmeticmean6 2s);
or 51.86 4.5 kyr ago (weighted mean6 2s) (Table 1, Supplementary
Information B, Supplementary Table 1, Extended Data Table 1 and
ExtendedData Figs 4 and5).Thenumerous speleothems inside the cave
indicate that the cave was continuously wet. Thus, the calcitic crust
covering the calvaria probably formed close in time to the skull’s ori-
ginal deposition in the cave, suggesting that the minimum age closely
reflects the true age of the calvaria.
Manot 1 (Fig. 2a–d) comprises the uppermost part of the frontal bone

(broken 3–5 cm anterior to the coronal suture; glabella and supraciliary
regions are missing), two nearly complete parietal bones and the occi-
pital bone (broken immediately inferior to the external occipital pro-
tuberance). The calvaria is relatively small and gracile in appearance,
featuring thin cranial bones (Supplementary Information C). On the
basis of the synostosis of the cranial sutures, Manot 1 is the skull of an
adult individual. Any determination of sex is overly speculative on the
basis of the existing remains.Cranial capacity is estimated tobe,1,100ml
(Supplementary Information D).
The parietal bosses are pronounced and, in superior view, they taper

gradually towards the broad frontal bone (Fig. 2a). The broadest area
of the skull is high on the parietal bones, the cranial surface is flattened
where the parietal bones meet along the sagittal suture, and both side
walls of the skull are parallel and vertically oriented (Fig. 2c). Manot 1
thusdisplays features typical ofmodernhumans (ExtendedDataTable2).
In contrast, in lateral aspect (Fig. 2b), the coronal suture is elevated on its
external surface (coronal keel). The parietals are short, and the bregma-
lambda chord and arc are small, falling outside the range of Upper
Palaeolithic European andmodernMediterranean human populations
(Extended Data Table 3).
The Manot occiput (Fig. 2b, d) has an occipital bun, a feature very

frequently found both in European Neanderthals and in the majority
of early Upper Palaeolithic modern humans. It also has a spherical su-
prainiac fossa (Supplementary InformationCandExtendedDataTable 2),
which involves only the external table, leaving the internal table un-
affected. The fossa is opposite the sagittal sinus bifurcation, similar to
the condition seen in some modern humans, but contrasting to that
usually encountered in Neanderthals. In shape, it resembles the fossae
found in some of the North African Epipalaeolithic skulls of Afalou/
Taforalt, and in the Upper Pleistocene skull from Aduma in Africa7,
but differs from some Levantine early AMHs, such as Qafzeh 6 or

Skhul 9 (ref. 8), and from the transversely elongated fossa typical of
Neanderthals9. The occipital plane convexity index is 22.3, similar to
that ofNeanderthals10 and different from that ofmodern humans (Ex-
tendedDataTable 3). The positionof opisthocranion iswell above inion,
and the low placement of the transverse sulcus indicates a cerebellum
that occupied less of theoccipital squama than inrecentmodernhumans
(Supplementary Information C). In Manot 1, inion is located below
endinion,whereas inNeanderthals inion is located superior to endinion,
and in recent modern humans the two landmarks usually coincide11.
Manot 1 has a well-developed superior nuchal line that extends across
the occipital bone, similar to the morphology seen in some European
Upper Palaeolithic specimens (for example, Cioclovina12), but unlike
themorphology found inNeanderthals, in which this line is often only
faintly expressed. Manot 1 lacks a horizontal occipital torus, a feature
commonly seen inNeanderthals, and it fails to show a genuine external
occipital protuberance. This latter feature is subtly expressed as a wide,
triangular and irregular tuberculum. There is, however, a pronounced
fossa between thenuchal lines for the insertionof the semispinalis capitis
muscle, as is commonly described in Neanderthals13 (Supplementary
Information C).

Table 1 | Detailed dating results of the calcitic crust covering the calvaria
Sample 238U

(p.p.m.)
Error Uncorr.

234U/238U
Error Corr.

234U/238U
Error Uncorr.

230Th/234U
Error Corr.

230Th/234U
Error 230Th/

232Th
Error Uncorr.

age (kyr)
2s
(kyr)

Corr.
age (kyr)

Error 2s
(kyr)

Inner 1 3.188 0.003 1.01712 0.00162 1.02553 0.00164 0.59892 0.00139 0.40695 0.00094 3.3 0.01 99.1 1.0 56.7 9.2
Outer 2 3.753 0.003 1.01669 0.00159 1.02131 0.00160 0.52718 0.00169 0.39903 0.00128 4.4 0.01 81.2 0.8 55.4 5.2
Inner 3 2.762 0.003 1.02060 0.00100 1.03179 0.00101 0.64550 0.00162 0.45883 0.00115 3.4 0.01 112.2 1.1 66.5 10
Outer 4 3.319 0.003 1.01540 0.00113 1.02128 0.00113 0.61236 0.00282 0.46765 0.00215 4.0 0.02 102.5 1.2 68.4 6.8
Inner 6 2.771 0.007 1.01228 0.00431 1.01598 0.00433 0.46292 0.00243 0.30355 0.00159 3.6 0.01 67.3 1.1 39.2 5.6
617 2.555 0.003 1.01330 0.00173 1.02000 0.00174 0.58259 0.00185 0.37654 0.00119 3.2 0.01 94.8 0.3 51.1 9.4
617 B
after US*

1.897 0.001 1.01201 0.00201 1.01785 0.00203 0.58704 0.00300 0.38947 0.00199 3.3 0.02 96.0 1.8 53.5 9.0

8A after
US

2.210 0.0015 1.02594 0.00126 1.03324 0.00127 0.45589 0.00184 0.30781 0.00124 3.9 0.02 66.0 0.7 39.9 5.2

8B after
US

1.343 0.0012 1.01278 0.00190 1.02083 0.00191 0.64095 0.00603 0.41945 0.00395 3.1 0.02 110.8 3.7 59.2 11.6

9A after
US

1.595 0.0013 1.01574 0.00159 1.02395 0.00160 0.60011 0.00441 0.39663 0.00291 3.2 0.03 99.5 2.4 55.0 9.6

9B after
US

1.423 0.0012 1.01508 0.00152 1.02428 0.00153 0.62927 0.00507 0.40843 0.00329 3.0 0.03 107.5 3.0 57.0 11.2

Analytical errors on ages are reported as 2s; isotopic ratios are given as 1s. Uncorr., uncorrected; Corr., corrected; Inner and Outer, the inner and outer parts of the calvaria; after US, after ultrasonic treatment (see
explanation in Supplementary Information B.2).

a b

c d

Figure 2 | Various views of the Manot 1 calvaria. a, Superior view. Note
the coronal keel. b, Lateral view. Note the occipital bunning. c, Frontal view.
Note the vertical orientation of the lateral walls, the moderate arch of the
parietals towards the sagittal suture, and the flat sagittal area. d, Posterior view.
Note the presence of a suprainiac fossa and the pronounced superior
nuchal line.
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On the basis of thesemorphological features,Manot 1 demonstrates
a mosaic of ‘archaic’ and modern traits (Extended Data Table 2). The
taxonomic significance of this combination of features is not immedi-
ately clear, but hominins with similar combinations persist in the fossil
record across sub-Saharan Africa and the Levant until, and even after,
,35 kyr ago12,14,15.
Geometricmorphometricmethods16,17were used toplace theManot 1

fossil in the broader context of the fossil record (Supplementary Infor-
mation E and Extended Data Table 4). The first two principal compo-
nents of shape space (Fig. 3a, b) explain,62%of the total shape variance.
This analysis places Manot 1 within the cloud of recent and Upper
Palaeolithicmodern humans—namelyMladeč 1 (,35kyr cal. (calibrated
years) BP), Prědmostı́ 3 (,30–27 kyr cal. BP), Brno2 (,29–28kyr cal. BP),
Pavlov (,29 kyr cal. BP), and Oberkassel (,14.7–13.7 kyr cal. BP)—and
remote fromother fossils from theNear East, such as Shanidar 1, Skhul
5 or Qafzeh 6. A nearest neighbour analysis (Fig. 3c), based on the full
Procrustes distance, links theManot specimenwith recentAfrican skulls
andwithcentralEuropeanUpperPalaeolithic specimens, suchasMladeč 1.
WhereasQafzeh 9 plots close toManot 1 (Fig. 3a), several otherMiddle
Palaeolithic Levantine fossils, such as Qafzeh 6 and Skhul 5, and some
European Upper Palaeolithic fossils, such as Mladeč 5 and 6, are more
distant.This is possiblydue to amorepronounced expressionof archaic
traits, marked sexual dimorphism or even the existence of two different
morphs at the same site18. Ohalo 2 (,22.8–22.3 kyr cal. BP), discovered
50 km southeast of Manot, falls close to Upper Palaeolithic humans
from central Europe and to Manot 1 (Fig. 3a), but it is not among its
nearest neighbours considering the full Procrustes distance (Fig. 3b).
The combination of discrete andmetric data (Supplementary Infor-

mationC) leads to our classificationof theManot 1 calvaria as amodern

human.Manot 1 is thus the first direct fossil evidence thatmodern hu-
mans inhabited the Levantine corridor,55 kyr ago. This period coin-
cides with the timing predicted by genetic and archaeological models
for a wave of modern human dispersal out of Africa19–22.
The Manot 1 calvaria is similar in overall shape to early Upper Pa-

laeolithic European skulls, and its discrete features foreshadow those of
later Upper Palaeolithic humans in central Europe. This implies that
the Manot people could have given rise to the first modern humans to
colonize Europe successfully. Thus, the anatomical features used to sup-
port the ‘assimilation model’ in Europe (Neanderthal–AMH inter-
breeding)8 might not have been inherited from European Neanderthals
but may rather have originated from earlier Levantine populations.
The possible admixture betweenmodern humans andNeanderthals

has been extensively discussed2,3,8,23–25 (Supplementary Information C).
While perspectives based primarily onmorphological information gen-
erally point to Europe as the plausible location, genetic studies suggest
that interbreeding occurred in a restricted geographical area,most pro-
bably in western Asia2,3. Despite the differences in potential localities,
most predictions focus on a period later than ,100 kyr ago2,20, most
probably between 60 kyr and 50 kyr ago26. The close proximity, both in
terms of dates and geographical location, ofManot 1 and the Levantine
Neanderthals (for example, Kebara, Amud) means that the Manot 1
specimen could potentially represent a hybrid betweenAMHs andNe-
anderthals.However, any identificationofpotential hybrids based solely
on cranialmorphologymust be viewed cautiously (Supplementary In-
formationC). An earlier interbreeding, for instance, between theTabun
Neanderthals and theSkhulAMHswhomayhaveoverlapped in time27,28,
would be in disagreement with the genetic data3,19,20,25,26.
Manot 1 could alsohavebeen adirect descendant of earlyAMHpop-

ulations (such as Skhul/Qafzeh), but the differences in morphology
betweenManot 1 and themajority of fossils from these sites render this
possibility unlikely (Supplementary InformationC).However, it should
be noted that within- and between-groupmorphological variations in
these populations are extremely large18, rendering any conclusionbased
exclusively on morphology as tentative. Nevertheless, the absence of
other AMHspecimens in the Levant between the Skhul/Qafzehmater-
ial (,120–90 kyr ago) and the later appearing Manot 1 (,55 kyr ago)
doesnot support the hypothesis of continuous representation and local
evolution of AMHs in the Levant.
On the other hand, the considerably fluctuating climatic conditions

duringMIS 5 and4 (favouring an alteration of differently adapted pop-
ulations), the unequivocal presence of Neanderthals in the region in
the time gap between early AMHs and the Manot population, and the
continuing evolution of AMHs in Africa19 advocate for the most par-
simonious explanation,which is that theManot people re-colonized the
Levant from Africa, rather than evolved in situ.
To conclude, the Manot 1 partial calvaria represents the first fossil

evidence from the critical periodwhen genetic and archaeologicalmod-
els predict that African modern humans successfully migrated out of
Africa and colonized Eurasia. It also represents the first fossil evidence
that the Levant was occupied during the late Middle Palaeolithic not
onlybyNeanderthals (for example,Kebara/Amud), but also bymodern
humans. Manot 1 provides important clues about the morphology of
modern humans in close chronological proximity to a probable inter-
breedingeventwithNeanderthals3.Our shape analysis shows thatManot1
is a modern human, and links its morphology to recent African skulls
and to some European Upper Palaeolithic fossils. This suggests that
Manot 1 probably belongs to a population that had recently migrated
out ofAfrica and established itself in the Levantine corridor during the
late Middle Palaeolithic or Middle–Upper Palaeolithic interface. This
time span was favourable for human migration ‘out of Africa’, owing
towarmer andwetter climatic events over theNorthern Sahara and the
Mediterranean29. Recent evidence points to the arrival of AMHs inEu-
rope as early as,45 kyr cal. BP30. Thus, the descendants of the Manot
population could have later migrated from the Levant to Europe, es-
tablishing the early Upper Palaeolithic populations there.
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components (PC) in shape space (grey, recent modern humans of diverse
geographical origins; red, Neanderthals; blue, Upper Palaeolithic modern
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Online Content Methods, along with any additional Extended Data display items
andSourceData, are available in theonline versionof thepaper; referencesunique
to these sections appear only in the online paper.
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méconnu des néandertaliens et des prénéandertaliens. Anthropologie 84, 81–88
(1980).

14. Crevecoeur, I., Rougier, H., Grine, F. & Froment, A. Modern human cranial diversity
in the Late Pleistocene of Africa andEurasia: evidence fromNazlet Khater, Peştera
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ExtendedData Figure 1 | Plan ofManot Cave. The excavation areas are shown. The upper photograph shows the chamber in whichManot 1 was found (yellow
circle) (looking east). The lower photograph shows the stratigraphic profile of Area C (looking west). Note the eight different sedimentological units.
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Extended Data Figure 2 | Diagnostic flint and bone artefacts from Area C.
Upper Palaeolithic, a–k; Initial Upper Palaeolithic, l–n; Middle Palaeolithic,
o. a, Aurignacian endscrapers. b, Carinated endscrapers. c, Nosed endscrapers.
d, Curved–twisted bladelet. e, Antler spear points. f, Ahmarian blades.

g, Ahmarian blade cores. h, Retouched blade. i, Endscraper on a blade. j, Burin
on truncation on a blade. k, El-Wad points. l, Wide blade cores.m, Blades with
faceted butts. n, Endscraper. o, Levallois points and flakes.
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Extended Data Figure 3 | Crust sampling for dating. The outer (a) and inner (b) parts of the skull showing the locations of sampling for U–Th dating and the
dating results. Ages are in thousands of years, errors are at 2s.
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Extended Data Figure 4 | Dating results for Area C. a, U–Th dates (white
boxes) are of flowstone layers and the crust covering an archaeological artefact
(sample 1029). Radiocarbon dates (yellow box) are of the archaeological
accumulation between the flowstone layers of square M65. b, Dates of
radiocarbon samples from SquaresM65 and J65. Radiocarbon sample number,

material type, 14C age6 1s, calibrated range for 68.2% and 95.4% confidence
intervals, sample identity, percentage of carbon after pre-treatment and stable
carbon isotopes ratio are given. Samples from square M65 are ordered
according to absolute height above sea level.
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Extended Data Figure 5 | U–Th ages of stalagmites 1020, 1044, 1045 and
1048. a-d, Photographs of the stalagmites, showing the position of the dated
laminae. Ages are in thousands of years, errors are at 2s. e, U–Th ages of
the four stalagmites, plotted in stratigraphic sequence (open symbols,

uncorrected ages; solid symbols, corrected ages). Grey and black bars indicate
errors on uncorrected and corrected ages, respectively. f, 230Th/234U versus
232Th/234U isochron plots from eight different laminae, sampled from the
four speleothems.
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Extended Data Table 1 | Correction factors

Age correction factors and the average correction factor obtained using three methods: isochrons, correction based on comparison with non-corrected ages, and wiggle-matching.
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ExtendedData Table 2 | Manot 1 calvariamorphology comparedwith anUpper Palaeolithic European specimen,Neanderthals and present-
day humans

*The broadest region in the Manot 1 calvaria is more forward than in Mladeč 1.
{Following ref. 9.
{Following ref. 10.
1Following ref. 31.
IIn Manot 1 the most lateral part of the transverse sulcus passes through the postero-inferior angles of the parietal bone, similarly to modern humans but unlike Neanderthals and archaic humans.

31. Balzeau, A., Grimaud-Hervé, D. & Gilissen, E. Where are inion and endinion?
Variations of the exo- and endocranial morphology of the occipital bone during
hominin evolution. J. Hum. Evol. 61, 488–502 (2011).
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Extended Data Table 3 | Manot 1 calvaria measurements compared with other archaic and modern human groups

*Data from authors.
{Ref. 11.
{ Including La Chapelle-aux-Saints, La Quina 5, La Ferrassie 1, Spy 1, Spy 2.
1Ref. 32.
IRef. 33 and data from authors.
"Ref. 34.
#Occipital plane convexity (index) was measured as the length of the perpendicular projection (subtense) from the lambda–inion chord multiplied by 100, divided by lamdba–inion chord length.
qJ. J. Hublin, personal communication.
**Ref. 10.
{{Ref. 10 measured a mean of 12.763.5 for modern populations.
{{Ref. 35. M, male; F, female; Sk, Skhul; Qa, Qafzeh; Tb, Tabun, Am, Amud.

32. Hershkovitz, I. et al.Ohalo II H2: A 19,000-year-old skeleton from awater-logged
site at the Sea of Galilee, Israel. Am. J. Phys. Anthropol. 96, 215–234 (1995).

33. Arensburg, B. ThePeople in the Land of Israel from the Epipaleolithic to the Present
Times: A Study Based on their SkeletonRemains. PhD thesis, Tel Aviv Univ. (1973).

34. Takai, H. & Suzuki, F. The Amud Man and his Cave Site 123–206 (Univ. Tokyo,
1970).

35. Lieberman, D. E. How and why humans grow thin skulls: experimental evidence
for systemic cortical robusticity. Am. J. Phys. Anthropol. 101, 217–236 (1996).
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Extended Data Table 4 | Comparative data for the geometric morphometric analysis

The specimen abbreviations in the second column are used in the principal component analysis scores plot in Fig. 3.
*Coordinate measurements were taken on computed tomographic scans of the original.
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