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Summary - Scenarios for the dispersal of Homo sapiens in Southern Europe and in the Mediterranean
basin have been uncertain, given the scarceness of osteological samples and the simplicity of the proposed
archaeologically-based settlement hypotheses. According to available data, the first anatomically modern
humans entered Sicily during the Late Pleistocene, coming from the Italian peninsula. A presumably small
Late Epigravettian population colonised coastal sites. Later, North-Western archaeological horizons gave
hospitality to a significant Mesolithic expansion. In order to verify a hypothesis of continuity in the peopling
of the island, we analyzed Sicilian skulls from the Late Epigravettian site of San Teodoro, Eastern Sicily
(AMS "“C dated at 14,500 BP) and from the Mesolithic period (14C dated from 9,500 to 8,500 BP)
coming from various sites (Uzzo, Molara, Grotta d Oriente) located on the North Western coast of the
island. The aims were to test the biological variability through time within the island as well as to evaluate
the relationships of Sicilian Pleistocene hunter-gatherers with Old World populations. We also evaluated
the Sicilian Mesolithic uniformity especially between the Uzzo and Grotta d'Oriente sites, given their
vicinity and accessibility during the Early Holocene. We applied 3D geometric morphometric methods to
assess shape variation as well as geographic and diachronic morphological patterns. All analyzed specimens,
plus a comparative sample from the Old World dated from the Upper Paleolithic to recent periods, were
transformed in digital images and standard craniofacial landmarks were extracted from the 3D models.
Our results underline a high variability among the Mesolithic specimens, as well as a large craniometric
distance from the presumed founder Paleolithic settler representatives (San Teodoro specimens) that have
closer morphological affinities with other European Upper Paleolithic specimens.

Keywords - Sicily, Upper Paleolithic/Mesolithic transition, Cranial shape, Geometric Morphometrics.

Introduction Mesolithic archeological periods. More pre-

cisely, an Upper Paleolithic craniofacial sample

Among the twenty administrative regions
of Italy, only Sicily (the largest island in the
Mediterranean Sea) has returned multiple sam-
ples of complete or near complete human adult

crania dated to both the Upper Paleolithic and

comes from Late Epigravettian archeological
horizons dated to the Late Glacial period of
the Upper Pleistocene (ca. 17,000-11,700 cal.
years BP), and several Mesolithic samples come
from post-glacial, Early Holocene archeological
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horizons (ca. 11,700-8,200 cal. years BP). Since
craniofacial morphology, analyzed by geometric
morphometric methods, is commonly used as a
proxy for assessing genetic relationships among
populations (e.g. Relethford & Harpending,
1994; Roseman, 2004; Harvati & Weaver,
2006; Manica et al., 2007; Betti et al, 2009;
von Cramon Taubadel, 2009a,b, 2011a,b, 2014;
von Cramon Taubadel & Weaver, 2009; Galland
& Friess, 2016; Galland ez al, 2016; Reyes-
Centeno et al., 2017; Matsumura et al., 2018,
2019; Relethford & Smith, 2018), the Sicilian
record provides an opportunity to search for
morphological affinities or differences between
the two dated samples, in order to verify if sig-
nificant morphological - and, consequently, bio-
logical - changes occurred on the island during
the transition between the two periods.

If a Mesolithic transition took place - at
least in Sicily - through a meaningful cultural/
biological shift in local populations, it should
be analyzed in connection with the climatic and
environmental changes that occurred during the
transition from the Pleistocene to the Holocene
epochs, which could have caused the condi-
tions for a new package of ecological pressures
and resources available to humans. Indeed, the
final part of the Pleistocene and the transition
to the Holocene was characterized by increasing
climate stability that created opportunities for
hunter-gatherer groups to cyclically occupy areas
in a move towards a mobile-forager/semi-seden-
tary ecology (Sineo ez al., 2015). By summariz-
ing results of several studies carried out using
both terrestrial and marine records, Incarbona ez
al. (2010) reported a review on the climate and
environment in Sicily over the last 20,000 years.
According to the authors, all the reconstructions
of surface temperatures of the seas and of the air
surrounding Sicily, point out severe climatic con-
ditions during the last glacial period. Vegetation
was characterized by a steppe or semi-steppe
environment, but some surviving mesophilous
and thermophilous species could have favored
the rapid central Mediterranean re-colonization
once climate amelioration happened (Sadori ez
al., 2008; Incarbona et al., 2010).

Paleo-Mesolithic skulls from Sicily

In the late Glacial, a period between 17,000
and 11,700 cal. years BP after the end of Last
Glacial Maximum (LGM) associated with an
overall climatic amelioration and the slow retreat
of continental ice sheets in Europe, a “large”
Sicily (due to the retraction of the sea water it
was marked by an increase of about a third of the
current emerged surfaces) was initially character-
ized by a cool and arid climate with a steppe-like
ecology that lasted up to about 14,700 cal. years
BP (Oldest Dryas stadial). The following transi-
tional period toward the onset of the Holocene
was punctuated by at least two abrupt subor-
bital climatic fluctuations, the Belling-Allerad
interstadial (a warm phase between 14,700 and
12,900 cal. years BP) and the Younger Dryas sta-
dial (a cold phase between 12,900 and 11,700
cal. years BP), as recognized in the marine sedi-
ments (Incarbona et al., 2010).

After the end of the Pleistocene, the Sicilian
Mesolithic peoples who lived during the onset
of the postglacial (Pre-Boreal and Boreal) in the
Early Holocene (between 11,700 and 8,200 cal.
years BP), experienced ecologically changing con-
ditions characterized by increasing average tem-
peratures and aridity of the climate (Zanchetta
et al., 2007; Sadori et al., 2008; Incarbona et al.,
2010), with repercussions for faunal represen-
tation and human foraging that have been well
documented in some key sites (Piperno, 1985).

Archeological evidence for Pleistocene
human presence in Sicily is a highly debated
topic (cf. e.g. Vaufrey, 1928; Graziosi, 1950,
1968; Bianchini, 1969, 1971; Passarello, 1970;
Biddittu & DPiperno, 1972; Alimen, 1975;
Segre et al., 1982; Holloway, 1991; Bonfiglio
& Piperno, 1996; Chilardi ez al., 1996; Tusa,
1997, 1999; Villa, 2001; Martini, 2003; Martini
et al., 2009; Lo Vetro & Martini, 2012; Sineo
et al., 2015). According to the present state of
our knowledge, the earliest secure archeologi-
cal record belongs to the late Upper Paleolithic
period and is represented by stone artifacts
related to the Late Epigravettian culture found
sometimes in association with human skeletal
remains. Well-excavated Mesolithic horizons lie
in several sites, mainly caves, with conventional
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14C dates on archeological material ranging
between 9,580+100 and 7,040+55 uncal. years
BP, or between 9,250 and 6,480 cal. years BP
(Lo Vetro & Martini, 2012; Sineo et al., 2015).
Atthe present state of our knowledge, the skel-
etal record is reliably documented since the Late
Glacial period of Upper Pleistocene (Sineo et al.,
2015); it represents a suitable evidence to study
the early peopling of the island and to allow for
some interpretative hypotheses concerning the
history of its settlement. However, many remains
are extremely fragmentary (see Supplementary
Online Material Tab. S1 and the following text).
The paucity of these finds does not allow much
to be inferred concerning the physical aspect and
the genetic relationships of the first inhabitants
of Sicily, and highlights the importance of the
most significant Late Pleistocene Sicilian site,
the Grotta di San Teodoro (Acquedolci, Messina
province). Several skeletal remains and archeo-
logical evidence of human frequentation were
found in this cave site between 1937 and 1942, in
association with faunal remains of the final Late
Pleistocene Castello Faunal Complex and a Late
Epigravettian lithic industry (Graziosi, 1947).
The human osteological sample consists of seven
adult individuals in various states of preservation,
numbered as San Teodoro 1-7 (Mallegni, 2005¢)
(Supplementary Online Material Tab. S1). The
geological age of the human skeletal remains was
initially based on the typological features of the
associated lithic industry attributed to Late (or
Final) Epigravettian (between about 14,000 and
10,000 uncal. years B.P) (Vigliardi, 1968; Bietti,
1990; Mussi, 2001). An AMS-**C dating essay
has been performed directly on San Teodoro 1
specimen, obtaining a conventional radiocarbon
age of 12,580+/-130 years BD, with a calendar
age (2s, 95.4%) of 13,283-12,177 cal. years BC
or 15,232-14,126 cal. years BD, thus confirming
a Late Glacial, Late Epigravettian age (Mannino
et al., 2011). A conservative estimate of 15,000-
11,000 years BP remains the most probable
date for San Teodoro individuals 2-4. A similar
date is likely for individuals 6 and 7, although
there is no precise information concerning
their stratigraphic provenance. Individual 5, on
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the contrary, was recovered from a higher level
(Graziosi, 1947) and maybe could be a little
more recent (D’Amore et al., 2006). Six out of
the seven individuals preserve craniofacial and/
or mandibular parts, and five are sufficiently
complete to have been included in previous gen-
eral comparative studies of late Paleolithic and
Mesolithic craniofacial morphometric evolu-
tion (e.g. Bianchi ez al, 1980; Henke, 1989).
More recently, D’Amore e al. (2009) restudied
the whole cranial sample by using linear cra-
niometric traits and compared it to an array of
both prehistoric and recent samples through
different multivariate techniques. The result-
ing patterns of phenetic relationships illustrated
the possible role played by San Teodoro peo-
ple in the settlement of Sicily during the latest
part of Pleistocene, favouring the hypothesis
that they probably came from peninsular Italy
by sea during the Late Pleistocene. A less prob-
able hypothesis was that they descended from
immigrants that arrived by land during a low sea
level episode corresponding to the Last Glacial
Maximum regression, about 18,000 years uncal.
BP. Gene flow then caused these populations to
become morphologically homogenous with the
populations of peninsular Italy.

After the earliest settlement, a fairly large
human skeletal record is available for the subse-
quent Early Holocene period. Precisely, this skel-
etal sample constitutes the richest one from the
whole Italian country associated with Mesolithic
archeological context. Sites such as Grotta della
Molara (province of Palermo), Grotta dell'Uzzo
(province of Trapani) and Grotta d’Oriente
(Favignana island in the Egadi archipelago)
returned as many as seventeen individuals (listed
in Supplementary Material Tab. S1). Direct
14C dating (see Tab. 1) are available for Molara
2 (8600100 years BP), Uzzo 5 (9,270100
years BP) and Oriente B (9,377+25 years BP)
individuals. Multidisciplinary research revealed
many bio-anthropological aspects related to
lifestyles, dietary habits, health conditions and
subsistence strategies of these ancient peoples.
Data mainly collected for the abundant Uzzo
sample (Borgognini Tarli et al., 1993) suggested
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that adult individuals were a morphologically
and metrically homogeneous population, char-
acterized by low stature, low degree of sexual
dimorphism and limb lateralization, but also by
marked skeletal stoutness. Analysis of skeletal
indicators of functional stress indicated a utili-
zation of upper limbs in repetitive activities and
intense involvement of lower limbs, load trans-
portations for dorsal portion of vertebral column
and overloading of the lumbar portion, and
habitual squatting position. Dental wear/micro-
wear and trace elements analysis suggested regu-
lar consumption of animal proteins, especially of
marine origin (including whales and dolphins),
but with relevance of vegetal components and
a relatively sugar intake (Borgognini Tarli er al.
1993). Finally, good nutritional and health con-
ditions were inferred, but with a high frequency
of dental caries, anomalies and a strong wear.
Previous craniometric studies appeared
to favour a continuity model. According to
D’Amore et al. (2009, 2010), the whole San
Teodoro cranial sample displays a morphomet-
ric pattern close to Western European groups
of similar antiquity, in particular those from
Central and Southern Italy, with their morpho-
logical affinities suggesting an origin from pen-
insular Italy during the Late Pleistocene. The
whole Sicilian Mesolithic sample, on the other
hand, appeared morphologically very close to
an Iralian Late Upper Paleolithic comparative
group including San Teodoro. D’Amore ez al.
(2010) used linear craniometric traits for the
whole Mesolithic adult cranial sample available
from Sicily in order to assess the morphologi-
cal affinities of the Oriente B skull in a com-
parative analysis with other late Paleolithic and
Mesolithic samples from Italy and neighboring
European areas. Multivariate techniques and
significance tests were used in order to assess
the role played by gene flow and drift to pro-
duce the resulting pattern of variation and rela-
tionships. Biodistance analyses showed that the
Sicilian Mesolithic sample was morphologically
very close to an Italian Late Upper Paleolithic
comparative group; additionally, a general simi-
larity among Western/Central European late

Paleo-Mesolithic skulls from Sicily

Paleolithic and Mesolithic groups was detected,
thus suggesting a major role played by gene
flow. R-matrix analysis confirmed that intensive
gene flow among hunter-gatherer populations
could account for the close resemblances among
European late Paleolithic and Mesolithic groups.
Instead, a chronologically decreasing trend of
gene flow among populations, as detected by
R-matrix analysis, for the transition from the
late Paleolithic to the Mesolithic, and even
more for the following main cultural transitions,
could indicate the beginning of a certain level of
regional characterization, with an increasing cul-
tural and genetic isolation.

This research explores the key topic of dia-
chronic biological variability within prehistoric
Sicily (with a focus on the Upper Paleolithic-
Mesolithic transition) as well as the relationship
of Sicilian Pleistocene hunther-gatherers with
other Old World populations and the degree of
Sicilian Mesolithic population uniformity. The
aim of the present study was to investigate if
Early Holocene Mesolithic hunter—gatherers of
Sicily could be the result of local evolution of
Paleolithic individuals who migrated to the island
during the Late Pleistocene or be the result of the
overlapping of different and more recent migra-
tions. In the first case Paleolithic gene flow from
the Italian peninsula could have been the primer
of human distribution on the island, producing
a relatively uniform local characterization, as a
result of similar ecological scenarios. Paleolithic
hunter—gatherers could represent the effective
genetic base of ancient Sicily while Mesolithic
ones represent a cultural transition. In the second
case, a relatively different gene flow (Mesolithic)
could have contributed different people, their
evolution inside the island having been shaped
by the same ecological pressures.

Materials

Upper Paleolithic and Mesolithic crani-
ofacial specimens from Sicily used in this
study come from four sites (Fig. 1): Grotta di
San Teodoro (Late Glacial, Late Epigravettian
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Fig. 1 - Map showing the area of the four Sicilian sites analysed and left lateral views of skulls from
San Teodoro, Uzzo, Molara and Grotta d’Oriente. The colour version of this figure is available at the

JASs website.

Upper Paleolithic), Grotta della Molara, Grotta
d’Oriente and Grotta dell’'Uzzo (Early Holocene,
Mesolithic) (see Supplementary Online Material
for archaeological and anthropological evalua-
tions). An updated inventory shows that as many
as nine Upper Paleolithic and twelve Mesolithic
adult specimens, preserving the craniofacial por-
tion and not consisting of isolated mandibular
specimens only, are available for Sicily, whereas
only a few Mesolithic specimens are available
from all the other Italian administrative regions
(see in Alciati et al., 2005). However, we were
able to include in our analysis only two Upper
Paleolithic and seven Mesolithic specimens (Tab.
1), because of the need to select sufficiently com-
plete skulls or at least skullcaps, and because of
some samples being unavailable at institutions
where some other complete specimens are actu-
ally housed.

Our comparative sample included 53 speci-
mens from Upper Paleolithic and Mesolithic
sites on the Italian peninsula and of other geo-
graphical regions of the Old World and Australia

(Tab. 1), and 210 specimens from 12 recent
groups (Tab. 2). The absolute dates of Upper
Paleolithic and Mesolithic specimens range from
5,480 to >153,00 years BP, although the oldest
date for the Liujiang 1 cranium from China is
presently debated, and it could actually be much
more recent. Geographical provenances are
from Italy, France, Germany, Czech Republic
and Latvia in Europe; from Sudan in Northern
Africa; from Israel in Western Asia; from China,
Japan and Laos in Eastern Asia; and finally from
Australia.

Methods

Data collection

surface-scanned
www.nextengine.com;

All  specimens
(Nextengine ~ HD,
Breuckmann Smartscan stereo, www.breuck-
mann.com) or surface models were obtained from
CT scans using a General Electric LightSpeed
VCT 64 Slice CT multidetector scanner, with a

were



156 Paleo-Mesolithic skulls from Sicily

Tab. 1 - Details about the Upper Paleolithic and Mesolithic craniofacial sample listed by geographical
region (Sicily, Italy, Europe, Middle East and Australasia). UP= Upper Paleolithic; Me= Mesolithic.

SITES AND SPECIMENS ABBR. LOCALITY  PERIOD DATE YEARS BPA  REF. N. SKULLS MISSING DATA (%)°
San Teodoro 1, 2 ST Sicily UP 12,580+130 Mannino et al. (2011) 2 1.28
Uzzo1,2,5,6,9 Uzz Sicily ME 9,270£100; Belluomini & Delitala 5 18.8 (crania);

9,365+40; (1983);
8,856+37 Mannino et al. (2015) 24.91
(neurocrania)
Molara 2 Mol Sicily ME 8,600+100 Gowlett et al. (1987) 1 2.56
Grotta d’'Oriente B OB Sicily ME 9,377+25 Mannino et al. (2012) 1 0
Arene Candide 2, AC Italy UP between Formicola (2005); 3 5.98
3,4 9,925+50 and Formicola et al. (2005)
10,735%55
Villabruna 1 Vil Italy UP 12,140+70 Alciati & Formicola 1 0
(2005b)
Mondeval de Sora1 MS Italy ME 7,425+£55 Alciati & Formicola 1 0
(2005a)
Abri Pataud 1 AP France UP 20,535 Brewster et al. (2014) 1 0
Bruniquel 24 Bru France UP 15,290+150 Brewster et al. (2014) 1 0
Chancelade 1 Cha France UP Magdalenian, Brewster et al. (2014) 1 0
11-12,000 as
Oberkassel?
Cro-Magnon 1,2 CM France UP 27,680+270 Brewster et al. (2014) 2 10.25
Rond-du-Barry 1 RB France UpP 17,100+150 Brewster et al. (2014) 1 0
Brno 3 Brn Czech UP Gravettian, Brewster et al. (2014) 1 0
Republic 23,680+200 as
Brno 2?
Mladec 1 Mla Czech UP 31,190+400 Brewster et al. (2014) 1 0
Republic
Predmost 3 Pre Czech UP 26,595 Brewster et al. (2014) 1 0
Republic
Oberkassel 1, 2 Obe Germany UP 11,570+110; Brewster et al. (2014) 2 12.81
12,180+110
Zvejnieki 9, 37, 160, Zve Latvia ME 5,480-7,730 Zarina (2006); 9 3.59
199, 211, 241, 242, Brewster et al. (2014)
252, 269
El Wad 10256, EW Israel UP Natufian, Bocquentin (2003); 2 2.56
10260 12,950-10,700 Cheronet et al. (2016)
Kebara Keb Israel UP Natufian, Bocquentin (2003) 1 7.69
12,470-11,150
Ohalo 2 Oha Israel upP 19,000 Hershkovitz et al. 1 0
(1995)
Wadi Halfa (6B36), WH Sudan ME 10,000-13,000 Green & Armalagos 7 14.65
14, 20, 25, 32, 34, (1972); Galland et al.
35, 37 (2016)
Liujiang 1 Liu China UP >67,000; Mizoguchi (2011) 1 0
~111,000-
139,000;
>153,000
Minatogawa 1 Min Japan UP 18,250-16,600; Mizoguchi (2011) 1 0
19,200

Tam Hang 3 (North), TH Laos upP 15,700+800 Shackelford and 10 15.64

2,3,4,7,10, 11, Demeter (2012)

13, 14, 22 (South)

Upper Cave 101,103 UC China UP 10,000; Mizoguchi (2011) 2 1.28
18,000;
24,000-34,000;

Wadjak 1 Wad Indonesia UP 37,400-28,500 Storm et al. (2013) 1 0

Keilor 1 Kei Australia ME 15,000; Mizoguchi (2011) 1 0
12,900; 12,000

Total 61

AUncalibrated date; ® Missing data estimated using Thin-Plate-Spline interpolation



M. Galland

157

Tab. 2 - Details about the recent comparative sample.

GROUP ABBR. LOCALITY N SKULLS MISSING MUSEUM®
DATA
(%)~
Ainu Ainu North Japan 11 1.63 AMNH, MNHN, NHM
Andaman And Andaman Islands 16 0.16 MNHN, NHM
(India)
Australian Aus Australia 25 0.82  MNHN, NHMV
Czech Cz Czech Republic 19 4.18 MNHN
Egyptian Eg Egypt 24 0.32 MNHN
French Fr France 13 0 MNHN
Tanzanian Tz Tanzania 13 0.39 Dw
Hungarian Hg Hungaria 11 0 NHMV
Mongolian Mg Mongolia 31 2.23  MNHN
Romanian Rom Romania 10 0 MNHN
South African SA South Africa 13 1.77 DCwWU
Swedish Sw Sweden 24 2.35 MNHN
Total 210

A

Missing data estimated using Thin-Plate-Spline interpolation

B Abbreviations: AMNH = American Museum of Natural History (New York); MNHN = Muséum National d’Histoire
Naturelle (Paris); NHM = Natural History Museum (London); NHMYV = Natural History Museum of Vienna (Vienna);
Dw = Duckworth Collection (Cambridge); DCWU = Dart Collection Witwatersrand University (Johannesburg).

gantryrotation time of 0.6 s, aslice thickness of 0.6
mm, and maximum intensity projection (MIP)
utilized for integration. Data were saved as bit-
map files in Digital Imaging and Commutations
in Medicine (DICOM) format and processed
and segmented using the open-source software
3D Slicer (Fedorov ez al., 2012). Shape data were
then captured in the form of three-dimensional
coordinates of osteometric points. Thirty-nine or
twenty-two landmarks were respectively placed
on each cranium or neurocranium for incom-
plete specimens by a single observer (MG) using
the Landmark Editor software (Wiley, 2005).
Anatomical descriptions of all landmarks are
presented in Supplementary Material Table S2.
Missing bilateral landmarks were estimated by
mirroring-imaging and missing landmarks in the
sagittal plane or bilateral landmarks missing on
both sides were estimated by the tps (Gunz ez al.,
2009) by deforming a sample average of the most
similar configurations onto the deficient config-
uration (Schlager, 2012). All cranial and neuro-
cranial landmark configurations have less than
20% of missing data (MD) with the exception of

Uzzo specimens (24.91% on average: 40.9% for
U1A, 27.27% for U7, 33.33% for U1B, while
10.25% for U4A and 12.82% for U4B) (Tabs. 1,
2). In sum: in Upper Paleolithic (37 specimens)
21 specimens have MD, in Mesolithic (25 speci-
mens) 19 specimens have MD, in Recent (210
specimens) 51 specimens have MD. Specimens
missing the whole face were only included in
the analyses based on neurocranial configura-
tions. Repeatability was assessed through five
non-consecutive landmarks collection on ten
specimens. The standard deviation (mean 0.779
mm; Tab. S3) was below reported standard errors
in craniometrics (Briuer & KnufSmann, 1988).
The estimation of missing landmarks and all
statistical analyses were performed using R (R
Development Core Team, 2016).

Geometric morphometrics and multivariate
analyses

Both sets of landmarks (complete skulls
and neurocrania) were subjected to generalized
Procrustes analysis (GPA, Gower, 1975; Rohlf,
2000) which allows the separation of geometric
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shape from overall (isometric) size. Craniofacial
landmark configurations were translated to a
common centroid, scaled to unit centroid size,
rotated by least squares fitting and then subjected
to tangent space projection. This work focused
only on the symmetric component of shape vari-
ation so all analyses are based on the averaged
Procrustes coordinates of each landmark con-
figuration and its mirror image (Klingenberg ez
al., 2002). Patterns of shape variation and mor-
phological affinities were explored with Principal
Components Analyses (PCA). Shape differences
were visualized along the PCA axes. Unrooted
neighbor-joining trees (Saitou & Nei, 1987) were
computed based on Procrustes distances to eval-
uate morphological affinities among specimens
and groups without making assumptions about
ancestry. The branch lengths of the tree also
give indication about the degree of dissimilarity
between groups. Neighbor-Joining trees based
on Procrustes distances were computed also on
a subset of 17 European Upper Paleolithic and
Mesolithic groups in order to make a comparison
with only geographically proximal specimens to
the Sicilian ones and to see what patterns may
emerge without the effect of the vast geographic
and temporal distances.

A partial Mantel test (Smouse ez al., 1986)
was performed in order to explore the correla-
tion between the Procrustes distance matrix and
geographic distance matrix while controlling
for the effect of the temporal distance matrix,
as well as to explore the correlation between the
Procrustes distance matrix and temporal distance
matrix while controlling for the effect of the geo-
graphic distance matrix. A significant correlation
between the Procrustes and geographic matrices
is expected if gene flow was the main evolution-
ary factor producing the observed pattern of
morphological relationships, and a significant
correlation between the Procrustes and temporal
matrices is expected if time had a major impact
in producing the observed pattern of morpho-
logical relationships. Partial Mantel tests were
performed with 9,999 permutations through the
program zt Version 1.1, written and kindly made
available on the web by E. Bonnet.

Paleo-Mesolithic skulls from Sicily

Geographic distances D between all the
groups were calculated as great circles, distances
in km according to the formula:

Vhav (O)

D =2R earctan ———
V1-hav (©)

where

hav(©)= sin? © ﬁ+ cos O, ® cos §, ® sin’ &%
2 2

with o, 8, and 0, 3, being the average latitu-
dinal and longitudinal coordinates, respectively,
for groups 1 and 2, and R being the radius of the
Earth (6371 km) (Ramachandran ez 2/ 2005).

Temporal distances were obtained by calcu-
lating the difference in average dating between
groups. In order to further investigate the relation-
ships between Sicilian Upper Paleolithic and other
samples, we compared the shape distance that
separates the Sicilian Upper Paleolithic from the
Sicilian Mesolithic to the distribution of pairwise
distances within and between other subsamples.
According to the hypothesis of a major change
between Upper Paleolithic (San Teodoro material)
and Mesolithic (Uzzo, Oriente B and Molara)
in Sicily, the distance between these two groups
is expected to be higher than the average within
Mesolithic and within Upper Paleolithic distance.

Results

Cranial variation among Upper Paleolithic and
Mesolithic specimens

Results based on a Principal Components
Analysis on complete crania and neurocrania (Fig.
2) highlight the variability of Sicilian material
and how these specimens do not form a distinct
cluster among Upper Paleolithic and Mesolithic
Old world fossils. Both datasets clearly separate
Upper Paleolithic San Teodoro specimens from
Molara, Uzzo and Oriente Mesolithic groups
along the first axis. Shape changes show that San
Teodoro specimens have a more prognathic and
narrower face, especially ST1, a more projected
glabella, a much narrower cranial vault, especially
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Fig. 2 - PCA based on Procrustes coordinates with shape changes among Upper Paleolithic and
Mesolithic samples for crania (left) and neurocrania (right). Landmark configurations (lateral, frontal
and superior views) represent the highest (bold) and the lowest (grey) scores. Polygons outline the
distribution of the most numerous groups: Zvejniecki (black line), Wadi Halfa (dark grey line) and
Tam Hang (light grey line). Abbreviations are in Tab. 1. The specimens numbers are indicated only in
the case of several specimens by site. The colour version of this figure is available at the JASs website.

ST2, more evident in the neurocranial dataset,
a less elongated occipital bone, shorter mastoid
processes and a nasal aperture slightly narrower.
While Mesolithic Sicilian specimens from the
three sites are very close, especially when the
neurocranium only is considered, craniofacial
results illustrate a distinction on the second axis
of variation between fossils from Molara and the
three fossils from Uzzo. Uzzo 2 and Uzzo 6 are
very close to each other and like Uzzo 5 have a
longer cranial vault, a more projected glabella, a
more elongated occipital bone, a lower face and
vault, lower and wider orbital apertures and a nar-
rower nasal aperture. Molara 2 presents a much
higher face than Oriente B and both are closer to
each other on neurocranial results. However, the
five Uzzo fossils are more distinct to each other
when only the neurocranium is considered. Uzzo
1 and Uzzo 5 totally overlap and have like Uzzo 2

a wider cranial vault. Uzzo 2 also presents a longer
and lower vault. Uzzo 6 and Uzzo 9 are closer
to Oriente B and San Teodoro 1; overall, all the
Sicilian specimens except Uzzo 2 have a higher cra-
nial vault. In general, the variability among Uzzo
specimens is similar to other Upper Paleolithic
and Mesolithic sites, as shown by the distribu-
tion of the samples from Zvejnieki (Latvia), Wadi
Halfa (Sudan) and Tam Hang (Laos).

Cranial variation and morphological affinities among
European Upper Paleolithic and Mesolithic groups
Results obtained considering only the com-
plete Upper Paleolithic and Mesolithic European
crania (Fig. 3) disclose that not only all the
Sicilian skulls (except San Teodoro 1), but also all
the Italian ones tend to concentrate together with

both the Oberkassel individuals, Cro-Magnon 2
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Fig. 3. Cranial variation among the subset of European Upper Paleolithic and Mesolithic groups,
including the Sicilian samples: a) PCA based on Procrustes coordinates with shape changes.
Landmark configurations (lateral, frontal and superior views) represent the highest (bold) and the
lowest (grey) scores. Abbreviations are in Tab. 1. The specimens numbers are indicated only in the
case of several specimens by site. b) Neighbor-Joining tree based on Procrustes distances (only
the group centroids are represented to improve the readability). Italian specimens are in bold. The
colour version of this figure is available at the JASs website.

and a few Zvejnieki specimens (Fig. 3a). Once
again, San Teodoro specimens appear partially
distinct from  Sicilian Mesolithic = specimens.
Shape changes show again that San Teodoro
specimens (especially ST1) have a more prog-
nathic, taller and narrower face, a much narrower
cranial vault and shorter mastoid processes. The
Neighbor-Joining tree computed on Procrustes
distances among specimens and groups (Fig. 3b)
reiterates the same observation with San Teodoro
and Mesolithic groups segregating within dif-
ferent clusters. San Teodoro shows its strongest
affinities with Brno; Uzzo is tied to Oriente B
and Molara to Villabruna, and they all together
are relatively close to other Upper Paleolithic
(Arene Candide) and Mesolithic (Mondeval de

Sora) Italian specimens.

Cranial variation and morphological affinities
among worldwide past and modern groups

Considering all samples (Fig. 4), the Sicilian
material fits within the global variability of Old
World past and extant specimens. San Teodoro
specimens are strongly distinct from Mesolithic
Sicilian sites and present much closer affinities
with Upper Paleolithic specimens and Australo-
Melanesian and African groups. They share a
much narrower cranial vault, longer vault, more
projected glabella, shorter and wider face, lower
and wider orbits (Fig. 4a). Mesolithic Sicilian
specimens are closer to other Mesolithic samples
(Mondeval de Sora especially) and European and
Asian samples. Uzzo and Mondeval de Sora have
shorter and narrower face, wider and longer cra-
nial vault.
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A Neighbor-Joining tree computed on
Procrustes distances among Upper Paleolithic
and Mesolithic specimens and groups (Fig. 4b)
underlines again the distinction between San
Teodoro and Mesolithic specimens. San Teodoro
presents affinities with Upper Paleolithic
European specimens, especially Brno (Czech
Republic). Oriente B and Uzzo are tied and
relatively close to Molara and other Mesolithic
specimens like Mondeval de Sora and Upper
Paleolithic Italian (Villabruna) and Israelian (El
Wad and Ohalo) specimens.

Although some of our landmarks capture
sexually dimorphic cranial areas (such as glabella
or inion), morphological differences between
males and females does not appear to have
strongly influenced the pattern of morphological

differences observed between groups since no
clear distinction was visually observable between
males and females from all sites. Furthermore,
male and female individuals from the same
site are often very close to each other (see

Supplementary Material Fig. S2).

Partial Mantel tests

A partial Mantel test calculated on Procrustes
and geographical distance matrices (control-
ling for temporal distances) for a subset of 17
European Upper Paleolithic and Mesolithic
groups only, produced a non statistically signif-
icant result, with r = -0.1309, and p = 0.205,
excluding again that gene flow was the major
mechanism influencing the variation among
these groups.
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A partial Mantel test calculated on Procrustes A partial Mantel test on Procrustes and geo-
and temporal distance matrices (controlling  graphical distance matrices (controlling for tem-
for geographical distances) for the subset of 17  poral distances) for all the 27 groups, resulted in a
European Upper Paleolithic and Mesolithic  correlation coefficient r = -0.055, with p = 0.380,
groups only, produced a quasi-statistically sig-  indicating that gene flow was not the main fac-
nificant result, with r = 0.234, and p = 0.065,  tor producing the pattern of morphological simi-
suggesting the occurrence of some morphologi-  larity and that morphological variation among
cal time-related differentiation (e.g. across LGM  groups is not distributed according to a simple
transition). model of isolation-by-geographic distance.
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Tab. 3 - Pairwise distances within and between samples.
Distance between ST1 and ST2: 0.094
Mean distance between ST1 and Sicily Mesolithic: 0.11
Mean distance between ST2 and Sicily Mesolithic: 0.1
Mean distance between Sicily Upper Paleolithic and Sicily Mesolithic 0.106
Mean distance between Upper Paleolithic and Mesolithic (all regions) 0.09
Mean distance within Mesolithic (all regions): 0.09
Mean distance within Upper Paleolithic (all regions): 0.087

A partial Mantel test on Procrustes and tem-
poral distance matrices (controlling for geograph-
ical distances) for all the 27 groups, resulted in a
correlation coefficient r = 0.085, with p = 0.275,
indicating that time had not a major impact in
producing the observed pattern of morphologi-
cal relationships and that morphological varia-
tion among groups is not distributed according
to a simple model of diachronic change.

Distribution of pairwise distances within and
between Upper Paleolithic and Mesolithic samples

The distance between Sicilian Upper
Paleolithic and Mesolithic is somewhat higher
than the average within Mesolithic and within
Upper Paleolithic distance (Fig. 5, Tab. 3). In
other words, the chance of finding two speci-
mens within any of these samples with a pair-
wise distance as high or higher than the distance
that separates San Teodoro from the Sicilian
Mesolithic is quite low and does support the idea
of a major change between the two periods in
Sicily. Accepting 0.05 as cut-off for an unlikely
value, the distance between San Teodoro (Sicilian
Upper Paleolithic) and Sicilian Mesolithic is
within the range of observed within-group dis-
tances, with the exception of Tam Hang, so San
Teodoro being part of that distribution cannot
be excluded.

When compared to more homogenous
subsamples (Tam Hang and European Upper
Paleolithic), the distance between Sicilian Upper
Paleolithic and Mesolithic is on the high side of
the distribution. Thus, the chance of finding an
equal or higher distance in Tam Hang is 2%,

while in the European Upper Paleolithic it is
10.5%. When compared to the pairwise distances
between Upper Paleolithic and Mesolithic, the
Sicilian Upper Paleolithic-Mesolithic distance is
higher, meaning that on a worldwide scale it is
less likely to find a pairwise distance as high as or
higher than the one between the Sicilian Upper
Paleolithic and the Sicilian Mesolithic. When
compared to the European Upper Paleolithic,
San Teodoro’s average distance is lower than it is
to the Sicilian Mesolithic. However, within the
Sicilian Mesolithic 27% of pairwise distances
are as high or higher than the one between San
Teodoro and the Sicilian Mesolithic, which con-
firms a certain heterogeneity within the Sicilian
Mesolithic.

All tests show then that the distance between
the two San Teodoro specimens on the one hand,
and the Sicilian Mesolithic specimens on the
other, exceeds other distances, most importantly
the distance between Upper Paleolithic and
Mesolithic specimens within Europe and across
all regions. However, they also show that the
distance separating the two San Teodoro speci-
mens from each other is quite high, higher than
the average within — Upper Paleolithic distance
across all regions, suggesting perhaps that this
population was highly diversified to begin with.
Overall however, the probabilities to find equal
or higher distances within and between other
subsamples, with the exception of Tam Hang,
do not meet the minimum statistical threshold
of 5%. Based on the relative difference in proba-
bilities, these results hint at population change in
Sicily, but do not strongly support it, statistically.
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Discussion

The attention to the first Homo migrations
in the ancient world has become a leit-motif
of anthropological and archaeological research,
favored also by recent developments in mor-
phological and biomolecular analytical method-
ologies. The timing and paths of ancient human
movements are now better understood, often
reserving many surprises and the overcoming
of preconceived ideas about the limited effec-
tiveness of the first people in pursuing their
objectives during their expansion movements.
Furthermore, the peopling of an island - with the
problems inherent to the crossing of the sea or of
stretches not entirely practicable on the ground,
as well as the population dynamics over time of
the insularized and isolated population - is cur-
rently of great interest, and more and more data,
sometimes controversial, is being collected.

To the present state of our knowledge, the
hypothesis of a genetic discontinuity in Sicily
across the Upper Paleolithic-Mesolithic transi-
tion does not currently seem to be well sup-
ported by other independent lines of evidence.
In fact, much indirect evidence seem to support
the opposite hypothesis, one of genetic continu-
ity throughout the Upper Paleolithic-Mesolithic
transition.

First, according to paleo-biogeographical
reconstruction, significant episodes of sea level
drop during the LGM between about 25,000 and
17,000 cal. years BP, with sea level being between
126 and 107m below the present level (Antonioli
et al., 2014), connected Sicily to the Italian pen-
insula by exposure of a today submerged sill in
the Strait of Messina. These phenomena favored
the dispersion of faunal elements from south-
ern Italy, allowing the mammalian assemblage
of the island to undergo a large turnover as
well as a complete rearrangement (Masini ez al.,
2008). The first people who travelled to Sicily
took advantage of these episodes and presum-
ably moved along the Tyrrhenian coastal sites
in an ecologically dynamic phase during the
late Upper Paleolithic period, and might have
faced rapid and drastic ecological changes. All

Paleo-Mesolithic skulls from Sicily

the available dates of the earliest archeological
sites are in accordance with the paleontological
evidence of the arrival from continental Italy
of the Castello Faunal Complex, with the old-
est date of 23,000-20,500 cal. years BP based
on a 14C date for a specimen of Equus hydrun-
tinus from Grotta di San Teodoro (Antonioli ez
al., 2014). This suggests that human migration
into Sicily could have occurred during the LGM,
more precisely in the time span between 25,000
and 17,000 cal. years BP when the continuous
presence of a land connection is supported by
the most updated geological data accounting
for isostatic and tectonic movements and ero-
sion rate of the seafloor (Antonioli ez al., 2014).
After 17,000 cal. years BP, the land connection
through what is now known as the Strait of
Messina (currently occupying a minimum depth
of 81m) was interrupted by sea levels rising.
Nevertheless, an overland passage of the Strait
of Messina, as the one that presumably occurred
during the LGM, might not represent a necessary
condition for humans to reach Sicily: in fact, it
is well known that humans were potentially able
to cross substantial stretches of open sea (at least
90 km wide) at least since the time when they
colonized Australia, roughly 65,000 years ago
(Mellars, 2006; Clarkson et al., 2017). However,
as Antonioli ez al. (2014, p. 111) pointed out,
even ‘today the sea crossing to Sicily, although
it is less than 4 km at the narrowest point, faces
hazardous sea conditions, made famous by the
Homeric myth of Scylla and Charybdis”.
Second, according to archaeological evi-
dence, the Mesolithic of Sicily seems to be
tightly linked to the Late Epigravettian at least
in some typological facies (e.g., the Mesolithic
of Epigravettian tradition). Furthermore, the
combination of Late Epigravettian tradition
with external cultural influxes produced new
techno-typological tendencies both in Southern
Italy and in Sicily at the onset of the Mesolithic.
Northern Sauveterrian influxes combined with
the Late Epigravettian “armatures-prevalent
phylum” tradition produced a local Sauveterrian
facies (microlithism, “Sauveterre-like” bilateral
backed armatures) (Lo Vetro & Martini, 2012).
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Microlithic convex backed tools and microlithic/
ipermicrolithic geometrics are referred only in
Sicily to a further Mesolithic phylum related to
the local Late Epigravettian tradition (Lo Vetro
& Martini, 2012).

Also, funerary practices and subsistence pat-
terns seem to confirm the Late Epigravettian-
Mesolithic link: Mesolithic burials show many
features in common with the late Epigravettian
ones; they are single primary depositions,
interred in shallow graves in a variety of posi-
tions, and contained few or no grave goods, with
the presence of worked shells in some cases (e.g.
at Grotta d’Oriente), thus suggesting a variabil-
ity in funerary customs that could have resulted
from the development of intra-cultural diversity
between different Mesolithic groups (Mannino
etal.,2012). Mannino & Thomas (2009; quoted
by Mannino ez al., 2012, p. 9) suggested that
“archacological evidence of changes in aspects of
hunter-gatherer life ways as art and subsistence
strategies supports the notion that new territo-
rial divisions had developed in western Sicily by
the late Mesolithic, culminating in the establish-
ment of well-defined territories”. Mannino et a/.
(2012, p. 10) quoted also the study of Gazzoni &
Fontana (2011) on burial practices in the Italian
Peninsula and Sicily from the middle Upper
Paleolithic to the Mesolithic, pointing out that
“the most significant changes in funerary customs
took place in the Late Glacial and early Holocene,
probably as a result of social and territorial rear-
rangements, which might ultimately have been
caused by environmentally-driven changes in
subsistence strategies”. Concerning diet and sub-
sistence, study of faunal assemblages and isotope
analyses for late Upper Paleolithic and Mesolithic
sites of Sicily showed that hunter-gatherers liv-
ing in the island during the final stages of the
Late Pleistocene and the Early Holocene con-
sumed almost exclusively protein from terrestrial
mammals, such as red deer, European ass and
aurochs; only a slight increase in marine food
exploitation (mainly coastal resources such as
terrestrial and marine molluscs) occurred after
the transition to the postglacial, with fishing and
wildfowling constituting secondary activities
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until the late Mesolithic, when the exploitation
of marine resources increased and possibly even
included the meat of stranded cetaceans (Cassoli
& Tagliacozzo, 1982, 1993; Martini ez al., 2007;
Mannino & Thomas, 2009; Mannino ez 4l.,
2011, 2012, 2015).

Brewster ez al. (2014, p. 7), in their cranio-
metric analysis of the largest European Upper
Paleolithic and Mesolithic samples studied to
date, found a clear morphological discontinu-
ity only between pre-Last Glacial Maximum and
later (Late Glacial, Early and Middle Holocene)
groups, concluding that “there is morphological
continuity between late glacial and Holocene
populations, a view supported by the archaeo-
logical record, which shows that many aspects of
the Mesolithic extend back to the LGM (Bailey
& Spikins, 2008). The archaeological boundary
reflects a cultural response to post-glacial condi-
tions. The Mesolithic has been, and will likely
remain, a difficult period to define. Attempts
to find distinctively Mesolithic features have
repeatedly failed (Price, 1987). While micro-
liths are ubiquitous during the Mesolithic, they
are nonetheless present (albeit in smaller fre-
quencies) during the Upper Paleolithic (Straus,
2002)”. Brewster ez al. (2014, p. 8) wrote to con-
cur with Price’s (1987) view that the “Mesolithic
means simply early postglacial hunter-gatherers,
nothing more”, but they pointed out also that
“certain regions saw more intensive settlements
at this time, as overall population size increased
(Bocquet-Appel er al, 2005)”. In fact, bio-
archaeological evidence from several European
sites reveal a possibly significant increase in pop-
ulation density for the entire Mesolithic period:
estimates in the order of 0.02-0.07 people per
km? were proposed for late Mesolithic popula-
tions (Clark, 1977, quoted in Cavalli-Sforza
et al., 1994), whereas estimates in the order of
0.00168 (Aurignacian), 0.00183 (Gravettian),
0.00257 (Last Glacial Maximum) and 0.00722
(Late Glacial) people per km? were proposed for
Upper Paleolithic populations (Bocquet-Appel
& Demars, 2000; Bocquet-Appel ez al., 2005),
although these average figures could be severely

biased and challenged by the visibility of the
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sites, the recovery techniques, and errors in esti-
mating the number of humans at a given time
(Bar-Yosef, 2001).

The only line of indirect and independ-
ent evidence that could provide support for the
hypothesis of a genetic discontinuity during
the transition between Late Epigravettian/Late
Glacial and Mesolithic/Early Holocene periods,
might be represented by paleogenomic stud-
ies. In the last few years, developments in mas-
sive sequencing techniques allow the generation
of an unprecedented amount of genomic data
from past populations (e.g. Posth ez al., 2016;
Mathieson ez 4l., 2018). Up to now, only two
Palaco-Mesolithic Sicilian specimens have pro-
duced published data: a first palacogenetic study
on Oriente B individual (Mesolithic, directly
dated by AMS "C to 10,683-10,544 cal. years
BP), restricted to mtDNA HVRI region only,
suggested that humans living in Sicily during the
early Holocene could have originated from groups
that migrated from the Italian Peninsula around
the Last Glacial Maximum (Mannino ez al.,
2012). Catalano et al. (2019) generated a whole
genome ancient DNA data from the Oriente C
individual (putative stratigraphic date of 14,210-
13,770 cal. years BP). Results showed that
Oriente C belongs to haplogroup U2°3°4'7,8,9.
Genome-wide data show for Oriente C a strong
genetic relationship with Western European
Palaco-Mesolithic hunter-gatherers (Catalano ez
al., 2019), suggesting that the “western hunter-
gatherers” was a genetically homogeneous popu-
lation widely distributed from the Atlantic sea-
board of Europe in the West, to Sicily in the
South, to the Balkan Peninsula in the Southeast
(Mathieson e al., 2018). In the light of these
findings, Catalano er 2/ (2019) pointed out that
the Oriente B individual needs to be processed
by a genome-wide approach looking for continu-
ity or discontinuity with the Oriente C. At pre-
sent, our morphometric results seem to depict a
discontinuity scenario. This research focuses on
the geometric morphometrics of Sicilian Upper
Paleolithic and Mesolithic skulls in comparison
to a wide sample of contemporary European
and worldwide hunther-gatherers. Even if this
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approach is suitable and reliable, a strong limita-
tion of analyzing such ancient archeological hori-
zons could be represented by the small size of the
available sample.

Unfortunately, reliable genome-wide data
from older Late Epigravettian (e.g. San Teodoro,
directly dated by AMS "C to 15,232-14,126 cal.
years BP) and Mesolithic individuals from Sicily
are presently unavailable; such data might allow
for a comparison with the results of Posth ez /.
(2016), who analyzed 55 complete human mito-
chondrial genomes of hunter-gatherers spanning
about 35,000 years of European prehistory, find-
ing not only an LGM genetic bottleneck, but also
a substantial population turnover in Europe in
coincidence with the climatic instability around
14,500 year ago. Reliable paleogenomic data
for San Teodoro, dated as slightly older than the
time of turnover of Posth ez 4/ (2016), and for
Mesolithic individuals from Sicily, if available,
could demonstrate that this island also experienced
a major population shift. Unfortunally repeated
recent attempts of obtaining aDNA from San
Teodoro specimens failed due to the absence of
collagen tissue.

Conclusions

The results reported here underline a certain
variability among the Sicilian Mesolithic speci-
mens, as well as an evident distance from the pre-
sumed founders represented by Upper Paleolithic
settlers (San Teodoro specimens) that have closer
morphological affinities with other European
contemporaneous individuals. It is important to
point out that this study is based on a small sample
size. It is hoped that a larger set of individuals will
be available in the near future, allowing to test the
hypothesis of population replacement between
Upper Paleolithic and Mesolithic, and to pro-
vide further insight about the biological history
of prehistoric Sicily. Nevertheless, results indicate
that the morphometric approach is extremely
precise for the definition of cranial diachronic
variability; this methodological approach allows
for a conservative study and the reconstruction of
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convincing phylogenetic scenarios that will find
more and more chances to be debated, with the
same degree of effectiveness, and by determining
the same interest, inside the scenarios obtained by
ancient genomic sequences after DNA extraction
from the most significant fossils.

Acknowledgements

The authors are grateful to the anonymous referees

for useful comments and suggestions. They thank
the curators and institutions for facilitating access
to the collections of Sicilian fossil samples: C. Di
Patti (Museo “G. Gemmellaro”, Palermo) for San
Teodoro skulls; V. Schimmenti and E Spatafora
(Museo Archeologico “A. Salinas”, Palermo) for
Molara, Oriente and Uzzo skulls; and to the cura-
tors and institutions for facilitating access to the
collections of comparative samples: A. Alberti and
C. D’Inca (Soprintendenza Archeologia, Belle Arti
e Paesaggio per la citta metropolitana di Venezia e
le province di Belluno, Padova e Treviso), D. Ton
(Museo Civico di Belluno) and M. Peresani (Uni-
versita di Ferrara) for Villabruna and Mondeval de
Sora skulls; V. Tiné, M. Conventi and E. Starnini
(Soprintendenza Archeologia, Belle Arti e Paesaggio
per la citta metropolitana di Genova e le province
di Imperia, La Spezia e Savona) for Arene Can-
dide 2, 3, 4 skulls; D. Van Gerven (Univ. Colorado,
Boulder); G. Zarina (Institute of Latvian History,
Riga); P Mennecier (Muséum National d’Histoire
Naturelle, Paris); Maria Teschler-Nicola (Naturbis-
torisches Museum, Wien), Bence Viola (Univ.
Toronto), Martha Mirazon-Lahr (Duckworth
Laboratory, Cambridge), H.E. Joachim (Rhbein-
isches Landesmuseum, Bonn). The authors thank
Massimo Molino (Ospedale Civico - Palermo) for
the kindness and great experience in performing
CT scan analysis on ST1 and ST2 samples. VSS
was funded by the Marie-Curie European Union
COFUND/Durham  Junior Research Fellowship
[under EU grant agreement number 267209/, by
the Wolfson Institute for Health and Wellbeing,
Durham, UK, and by the French State in the frame-
work of the Investments for the future” Program,
IdEx Bordeaux, reference ANR-10-IDEX-03-02.

167

References

Alciati G. & Formicola V. 2005a. Mondeval de
Sora. In G. Alciati, V. Pesce Delfino & E. Vacca
(eds): Catalogue of Ttalian human remains from the
Palaeolivhic to the Mesolithic. Supplement to the
Volume 83 (2005) of /. Anthropol. Sci., pp. 99-100.

Alciati G. & Formicola V. 2005b. Villabruna. In
G. Alciati, V. Pesce Delfino & E.Vacca (eds):
Catalogue of Italian human remains from the
Palaeolithic to the Mesolithic. Supplement to
the Volume 83 (2005) of J. Anthropol. Sci., pp.
157-158.

Alciati G., Pesce Delfino V. & Vacca E. (eds)
2005. Catalogue of Italian human remains from
the Palaeolithic to the Mesolithic. Supplement to
the Volume 83 (2005) of J. Anthropol. Sci.

Alimen M.H. 1975. Les «isthmes» hispano-ma-
rocain et siculo-tunisien aux temps acheuléens.
Anthropologie, 79: 399-436.

Antonioli E, Lo Presti V., Morticelli M.G. et 4.
2014. Timing of the emergence of the Europe-
Sicily bridge (40-17 cal ka BP) and its implica-
tions for the spread of modern humans. /. Geol.
Soc. London, Special Publications, 411: 111-144.

Bailey G. & Spikins P (eds). 2008. Mesolithic
Europe.  Cambridge ~ University  Press,
Cambridge.

Bar-Yosef O. 2001. From sedentary foragers to
village hierarchies: The emergence of social in-
stitutions. Proc. Br. Acad., 110: 1-38.

Belluomini G. & Delitala L. 1983. Datazione
dei resti ossei del Pleistocene superiore e
dell’Olocene dell’'area del Mediterraneo con
la racemizzazione degli aminoacidi. Geografia
Fisica e Dinamica del Quaternario, 6: 21-30.

Betti L., Balloux E, Amos W. ez /. 2009. Distance
from Africa, not climate, explains within-pop-
ulation phenotypic diversity in humans. Proc.
Royal Soc. B, 276: 809-814.

Bianchi E, Borgognini Tarli S.M., Marchi M. ez
al. 1980. An attempt of application of multi-
variate statistics to the problems of the Iralian
Mesolithic samples. Homo, 31: 153-166.

Bianchini G. 1969. Manufatti della “Pebble cul-
ture” in Sicilia. Rivista di Scienze Preistoriche,
24:171-180.



168

Bianchini G. 1971. Risultati delle ricerche sul
Paleolitico inferiore della Sicilia e la scoperta di
industrie del gruppo della “pebble culture” nei
terrazzi quaternari di Capo Rossello in territorio
di Realmonte. A#ti della XIII Riunione Scientifica
dell Istituto Italiano di Preistoria e Protostoria, pp.
89-109.

Biddittu I. & Piperno M. 1972. Nuove segnalazi-
oni di “pebble culture” in Sicilia. Quaternaria,
16: 67-70.

Bietti A. 1990. The late Upper Paleolithic in Italy:
an overview. /. World Prebist., 4: 95—-155.

Bocquentin E 2003. Pratiques funéraires, paramétres
biologiques et identités culturelles an Natoufien: une
analyse archéo-anthropologique. These de doctorat
en Sciences du Vivant, Géosciences et Sciences
de I'Environnement, Université Bordeaux 1.

Bocquet-Appel J.-P & Demars P-Y. 2000.
Population kinetics in the Upper Palaeolithic in
Western Europe. /. Archaeol. Sci., 27: 551-570.

Bocquet-Appel ].-P, Demars P-Y., Noiret L. e al.
2005. Estimates of Upper Palaeolithic meta-
population size in Europe from archeological
data. /. Archaeol. Sci., 32: 1656—1668.

Bonfiglio L. & Piperno M. 1996. Early faunal
and human populations. In R. Leighton (ed):
Early Societies in Sicily. New Developments in
Archaeological Research, pp. 21-29. Accordia
Specialist Studies on Italy, Accordia Research
Centre, University of London, London.

Borgognini Tarli, S.M., Canci A., Piperno M. ez al.
1993. Dati archeologici e antropologici sulle sepol-
ture mesolitiche della Grotta dell'Uzzo (Trapani).
Bollettino di Paletnologia ltaliana, 84: 85-179.

Briuer G. & KnufSmann R. 1988. Grundlagen der
Osteometrie. In R. KnufSmann (ed): Anhropologie.
Handbuch der vergleichenden Biologie des Menschen.
Band I, 1, pp. 129-159. Teil. Springer, Stuttgart.

Brewster C., Meiklejohn C., von Cramon-
Taubadel N. ¢z al. 2014. Craniometric analysis
of European Upper Palaeolithic and Mesolithic
samples supports discontinuity at the Last
Glacial Maximum. Nature Comm., 5: 4094.
DOI: 10.1038/ncomms5094.

Cassoli PE & Tagliacozzo A. 1982. La fauna della
Grotta di Cala dei Genovesi a Levanzo. Rivista
di Scienze Preistoriche, 37: 48—58.

Paleo-Mesolithic skulls from Sicily

Catalano G., Lo Vetro D., Fabbri RE ez 2/ 2019.
Late Upper Palacolithic hunter-gatherers in the
Central Mediterranean: new archaeological and
genetic data from the Late Epigravettian burial
Oriente C (Favignana, Sicily). bioRxivorg, pre-
print first posted online Jul. 4, 2019. DOLI:
http://dx.doi.org/10.1101/692871.

Cavalli-Sforza L.L., Menozzi P & DPiazza A.
1994. The history and geography of human genes.
Princeton University Press, Princeton.

Cheronet O., Finarelli J.A. & DPinhasi R. 2016.
Morphological change in cranial shape following
the transition to agriculture across western Eurasia.
Sci. Rep., 6: 33316. DOI:10.1038/srep33316

Chilardi S., Frayer D.W., Gioia 2. ez a/. 1996.
Fontana Nuova di Ragusa (Sicily, Italy): south-
ernmost Aurignacian site in Europe. Antiquity,
70: 553-563.

Clatk C. 1977. Population growth and land use.
The Macmillan Press Ltd, London.

Clarkson C., Jacobs Z., Marwick B. et al 2017.
Human occupation of northern Australia by
65,000 years ago. Nature, 547: 306-310.

D’Amore G., Bigazzi R., Di Marco S. ez al. 2006.
La nuova ricostruzione del cranio n. 5 della
Grotta di S. Teodoro (Acquedolci, Messina).
Archivio per Antropologia e la Etnologia, 136:
75-91.

D’Amore G., Di Marco S., Tartarelli G. et al.
2009. Late Pleistocene human evolution in
Sicily: comparative morphometric analysis of
Grotta di San Teodoro craniofacial remains. /.
Hum. Evol., 56: 537-550.

D’Amore G., Di Marco S., Di Salvo R. ez 2/. 2010.
The early peopling of Sicily: evidence from
the Mesolithic skeletal remains from Grotta
d’Oriente. Ann. Hum. Biol., 37: 403—426.

Fedorov A., Beichel R., Kalpathy-Cramer J. ez al.
2012. 3D slicer as an image computing plat-
form for the quantitative imaging network.
Magn. Reson. Imaging, 30: 1323-1341.

Formicola V. 2005. Arene Candide, 1940-1942,
1970-1971. In G. Alciati, V. Pesce Delfino &
E. Vacca (eds): Catalogue of Italian human re-
mains from the Palacolithic to the Mesolithic.
Supplement to the Volume 83 (2005) of J.
Anthropol. Sci., pp. 20-26.



M. Galland

Formicola V., Pettitt, PB., Maggi R. et al. 2005.
Tempo and mode of formation of the Late
Epigravettian necropolis of Arene Candide cave
(Italy): direct radiocarbon evidence. /. Archaeol.
Sci., 32: 1598-1602.

Galland M. & Friess M. 2016. A Three-
Dimensional Geometric Morphometrics View
of the Cranial Shape Variation and Population
History in the New World. Am. J. Hum. Biol.,
28: 646-661.

Galland M., Van Gerven D.P, Von Cramon-
Taubadel N. ez 2/ 2016. 11,000 years of crani-
ofacial and mandibular variation in Lower
Nubia. Sci. Rep. 6: 31040. DOI: 10.1038/
srep31040

Gazzoni V. & Fontana E 2011. Quelle morte?
Quelle vie? Pratiques funéraires et organisation
sociale des chasseurs-cueilleurs de la péninsule
italienne. Bull. Mem. Soc. Anthropol. Paris, 23:
52-69.

Gower J.C. 1975. Generalized Procrustes analysis.
Psychometrika, 40: 33-51.

Gowlett J.A.J., Hedges REM., Law LA. et al.
1987. Radiocarbon dates from the Oxford AMS
system: archaeometry datelist 5. Archacometry,
29: 125-155.

Graziosi P 1947. Gli uomini paleolitici della
Grotta di S. Teodoro (Messina). Rivista di
Scienze Preistoriche, 2:123-233.

Graziosi P 1950. Le pitture e i graffiti preistor-
ici dell'isola di Levanzo nell’arcipelago delle
Egadi (Sicilia). Rivista di Scienze Preistoriche, 9:
79-88.

Graziosi P 1968. Découverte d’outils du
Paléolithique inférieur en Sicile. Anthropologie,
72: 399-488.

Green D. L. & Armelagos G.J. 1972. The Wadi-
Halfa Mesolithic population. Department of
Anthropology, University of Massachusetts,
Amherst Research Report No. 11.

Gunz P, Mitteroecker P, Neubauer S. ez a/. 2009.
Principles for the virtual reconstruction of
hominin crania. /. Hum. Evol., 57: 48-62.

Harvati K. & Weaver T.D. 2006. Human cra-
nial anatomy and the differential preservation
of population history and climate signatures.
Anat. Rec., 288: 1225-1233

169

Henke W. 1989. Biological distances in late
Pleistocene and Early Holocene human pop-
ulations in Europe. In I. Hershkovitz (ed):
People and Culture in Change. Proceedings of
the Second Symposium on Upper Palaeolithic,
Mesolithic and Neolithic Populations of Furope
and the Mediterranean Basin, pp. 541-563. BAR
International Series 508(ii), Oxford.

Hershkovitz L., Speirs M.S., Frayer D. et al. 1995.
Ohalo II H2: A 19,000-Year-Old Skeleton
from a Water-Logged Site at the Sea of Galilee,
Israel. Am. J. Phys. Anthropol., 96: 215-234.

Holloway R.R. 1991. The Archaeology of Ancient
Sicily. Routledge, London.

Incarbona A., Zarcon G., Agate M. et al. 2010. A
multidisciplinary approach to reveal the Sicily
Climate and Environment over the last 20000
years. Cent. Eur. J. Geosci., 2: 71-82.

Klingenberg C.P, Barluenga M. & Meyer A.
2002. Shape analysis of symmetric structures:
quantifying variation among individuals and
asymmetry. Evolution, 56: 1909-1920.

Lo Vetro D. & Martini E 2012. Il Paleolitico e
il Mesolitico in Sicilia. At della XLI Riunione
Scientifica “Dai Ciclopi agli Ecisti: Societi e Térritorio
nella Sicilia Preistorica e Protostorica’, San Cipirello
(PA), 16—19 Novembre 2006. Istituto Italiano di
Preistoria e Protostoria, Firenze, pp. 19-47.

Mallegni E 2005a. Fontana Nuova. In G. Alciati,
V. Pesce Delfino & E. Vacca (eds): Catalogue of
lralian human remains from the Palacolithic to
the Mesolithic. Supplement to the Volume 83
(2005) of J. Anthropol. Sci., pp. 57-58.

Mallegni F. 2005b. Levanzo, Grotta dei Genovesi.
In G. Alciati, V. Pesce Delfino & E. Vacca (eds):
Catalogue of Italian human remains from the
Palacolithic to the Mesolithic. Supplement to the
Volume 83 (2005) of /. Anthropol. Sci., p. 90.

Mallegni E 2005¢c. San Teodoro. In G. Alciati, V.
Pesce Delfino & E. Vacca (eds): Caralogue of
Ttalian human rvemains from the Palaeolithic to
the Mesolithic. Supplement to the Volume 83
(2005) of J. Anthropol. Sci., pp. 133-136.

Manica A., Amos W., Balloux E et 2/ 2007.
The effect of ancient population bottlenecks
on human phenotypic variation. Nasure, 448:

346-348



170

Mannino M.A. & Thomas K.D. 2007. New radio-
carbon dates for hunter-gatherers and early farm-
ers in Sicily. Accordia Research Papers, 10: 13-33.

Mannino M.A. & Thomas K.D. 2009. Current
research on prehistoric human coastal ecology:
Late Pleistocene and Early Holocene hunter-
gatherer transitions in north-west Sicily. In
S. McCartan, , R. Schulting, G. Warren & .
Woodman (eds): Mesolithic Horizons, pp. 140—
145. Oxbow Books, Oxford.

Mannino M.A., Di Salvo R., Schimmenti V. et
al. 2011. Upper Palacolithic hunter-gatherer
subsistence in Mediterranean coastal environ-
ments: an isotopic study of the diets of the
earliest directly-dated humans from Sicily. /.
Archaeol. Sci., 38: 3094-3100.

Mannino M.A., Catalano G., Talamo S. et 4.
2012. Origin and Diet of the Prehistoric
Hunter-Gatherers on the Mediterranean
Island of Favignana (Egadi Islands, Sicily).
PL0S One, 7, ¢49802. DOI:10.1371/journal.
pone.0049802

Mannino M.A., Talamo S., Tagliacozzo A. et al.
2015. Climate-driven environmental changes
around 8,200 years ago favoured increases in
cetacean strandings and Mediterranean hunter-
gatherers exploited them. Sci. Rep., 5: 16288.
DOI: 10.1038/srep16288.

Martini F. 2003. Problemi e ipotesi sul Paleolitico
inferiore della Sicilia. Origini, 25: 7-18.

Martini E, Lo Vetro D., Colonese A.C. et 4l.

2007. LEpigravettiano Finale in Sicilia. In E
Martini (ed): Lltalia tra 15000 ¢ 10000 anni
fa. Cosmopolitismo e regionaliti nel Tardoglaciale.
Atti della Tavola rotonda, Firenze, 18 Novembre
2005, pp. 209-253. Museo Fiorentino di
Preistoria, Firenze.

Martini E, Colonese A.C., Di Giuseppe Z. ez al.
2009. Human-environment relationships dur-
ing the Late Glacial-Early Holocene transition:
some examples from Campania, Calabria and
Sicily. Méditerranée, 112: 89-94.

Masini E, Petruso D., Bonfiglio L. e al. 2008.
Origination and extinction patterns of mam-
mals in three central Western Mediterranean
islands from the Late Miocene to Quaternary.
Quat. Int., 182: 63-79.

Paleo-Mesolithic skulls from Sicily

Mathieson 1., Roodenberg S.A., Posth C. er al.
2018. The Genomic History of Southeastern
Europe. Nature, 555: 197-203.

Matsumura H., Shinoda K-i., Shimanjuntak T. ez
al. 2018. Cranio-morphometric and aDNA cor-
roboration of the Austronesian dispersal model in
ancient Island Southeast Asia: Support from Gua
Harimau, Indonesia. PLoS One, 13: €0198689.
https://doi.org/10.1371/journal.pone.0198689

Matsumura H., Hung H., Higham C. e 4l
2019. Craniometrics Reveal “Two Layers”
of Prehistoric Human Dispersal in Eastern
Eurasia. Sci. Rep., 9: 145. DOI:10.1038/
s41598-018-35426-z

Mellars P. 2006. Going East: New Genetic and
Archaeological Perspectives on the Modern
Human Colonization of Eurasia. Science, 313:
796-800.

Mizoguchi Y. 2011. Typicality probabilities of
Late Pleistocene human fossils from East Asia,
Southeast Asia, and Australia: implications for the
Jomon population in Japan. Anthropol. Sci., 119:
99-111.

Mussi M. 2001. Earliest Italy. An Overview of
the Italian Paleolithic and Mesolithic. Kluwer
Academic/ Plenum, New York.

Passarello P. 1970. Storia della presenza dell'uomo
in Sicilia. Rivista di Antropologia, 57: 191-204.

Piperno M. 1985. Some C14 dates for the pal-
aeoeconomic evidence from the Holocene lev-
els of the Uzzo cave (Sicily). In C. Malone &
S. Stoddart (eds): Papers in Italian Archaeology
1V, part III, Patterns in Protobistory, pp.83-86.
British Archaeological Reports International
Series 245, Oxford.

Posth C., Renaud G., Mittnik A. et al 2016.
Pleistocene Mitochondrial Genomes Suggest
a Single Major Dispersal of Non-Africans and
a Late Glacial Population Turnover in Europe.
Curr. Biol., 26: 827-833.

Price T.D. 1987. The Mesolithic of Western
Europe. J. World Prebist., 1: 225-305.

Ramachandran S., Deshpande O., Roseman C.C. ez
al. 2005. Support from the relationship of genetic
and geographic distance in human populations
for a serial founder effect originating in Africa.

Proc. Natl. Acad. Sci. USA, 102: 15942—15947.



M. Galland

R Development Core Team, 2015. R: a lan-
guage and environment for statistical computing.
Version 2.15.0. R Foundation for Statistical
Computing, Vienna.

Relethford J.H. & Harpending H.C. 1994.
Craniometric variation, genetic theory, and
modern human origins. Am. J. Phys. Anthropol.,
95: 249-270

Relethford J.H. & Smith EH. 2018. Cranial
measures and ancient DNA both show great-
er similarity of Neandertals to recent modern
Eurasians than to recent modern sub-Saharan
Africans. Am. J. Phys. Anthropol., 166: 1-9.
DOI: 10.1002/ajpa.23413

Reyes-Centeno H., Ghirotto S. & Harvati K.,
2017. Genomic validation of the differential
preservation of population history in modern
human cranial anatomy. Am. J. Phys. Anthropol.,
162: 170-179.

Rohlf EJ. 2000. Statistical power comparisons
among alternative morphometric methods. An.
J. Phys. Anthropol., 111: 463-478.

Roseman C.C. 2004. Detecting interregionally
diversifying natural selection on modern hu-
man cranial form by using matched molecular
and morphometric data. Proc. Natl. Acad. Sci.
USA, 101: 12824-12829

Sadori L., Zanchetta G. & Giardini M. 2008.
Last glacial to Holocene palacoenvironmental
evolution at Lago di Pergusa (Sicily), as inferred
from pollen, microcharcoal, and stable isotopes.
Quat. Int., 181: 4-14.

Saitou N. & Nei M. 1987. The neighbor-joining
method: a new method for reconstructing phy-
logenetic trees. Mol. Biol. Evol., 4: 406-425.

Schlager S. 2012. Morpho: calculations and visu-
alizations related to geometric morphometrics.
R package version 0.21. htep://sourceforge.net/
project/morpho-rpackage/

Segre A.G., Biddittu I. & Piperno M. 1982. 1l
Paleolitico inferiore nel Lazio, nella Basilicata
e in Sicilia. Atti della XXIII Riunione Scientifica
dell'Istituto Italiano di Preistoria e Protostoria,
pp- 177-206.

Shackelford L. & Demeter E 2012. The place of
Tam Hang in Southeast Asian human evolu-
tion. C. R. Palevol, 11: 97-115.

171

Sineo L., Petruso D., Forgia V. ¢t 2l. 2015. Human
peopling of Sicily during Quaternary. In L.D.
Ferndndez (ed): Geological Epochs, pp. 25-68.
AcademyPublish.org, Cheyenne.

Smouse PE., Long J.C. & Sokal R.R. 1986.
Multiple regression and correlation extensions
of the Mantel test of matrix correspondence.
System. Biol., 35: 627-632.

Storm P, Wood R., Stringer C. er al 2013.
U-series and radiocarbon analyses of human
and faunal remains from Wajak, Indonesia. /.
Hum. Evol., 64: 356-365.

Straus L.G. 2002. Selecting small: microlithic mus-
ings for the Upper Paleolithic and Mesolithic
of western Europe. Archeological Papers of the
American Anthropological Association, 12: 69-81.

Tagliacozzo A. 1993. Archeozoologia della Grotra
dell’'Uzzo, Sicilia. Da uneconomia di cac-
cia ad uneconomia di pesca ed allevamento.
Supplemento del Bullettino di Paletnologia
Italiana 84. Poligrafico e Zecca dello Stato,
Rome.

Tusa S. (ed) 1997. Prima Sicilia, alle origini della
societds siciliana. Ediprint, Palermo.

Tusa S. 1999. La Sicilia nella preistoria, 2nd ed.
Sellerio editore, Palermo.

Vaufrey R. 1928. Le paléolithique Italien. Archives
de Ulnstitute de Paleontologie Humaine, Paris.

Vigliardi A. 1968. Lindustria litica della grotta di
S. Teodoro in provincia di Messina. Rivista di
Scienze Preistoriche, 23: 33-144.

Villa P 2001. Early Italy and the colonization of
Western Europe. Quat. Int., 75: 113-130.

von Cramon-Taubadel N. 2009a. Revisiting the
homoiology hypothesis: the impact of pheno-
typic plasticity on the reconstruction of human
population history from craniometric data. /.
Hum. Evol., 57: 179-190.

von Cramon-Taubadel N. 2009b. Congruence of
individual cranial bone morphology and neu-
tral molecular patterns in modern humans. Am.
J. Phys. Anthropol., 140: 205-215.

von Cramon-Taubadel N. 2011a. Global hu-
man mandibular variation reflects differences
in agricultural and hunter-gatherer subsist-
ence strategies. Proc. Nat. Acad. Sci. USA, 108:
19546-19551.



172

von Cramon-Taubadel N. 2011b. The relative ef-
ficacy of functional and developmental cranial
modules for reconstructing global human pop-
ulation history. Am. J. Phys. Anthropol., 146:
83-93.

von Cramon-Taubadel N. 2014. Evolutionary in-
sights into global patterns of human cranial di-
versity: population history, climatic and dietary
effects. /. Anthropol. Sci., 91: 1-36.

von Cramon-Taubadel N. & Weaver T.D. 2009.
Insights from a quantitative genetic approach
to human morphological evolution. Evol.
Anthropol., 18: 237-240.

Wiley D.E 2005. Landmark v 3.0. Institute for
Data Analysis and Visualization, University of
California, Davis.

Zampetti D. 1984-1987. 1l Paleolitico superi-
ore del Riparo del Castello a Termini Imerese
(Palermo): analisi di una collezione. Origini, 13:
59-97.

Zampetti D. 1989. La question des rapports
entre la Sicile et I'Afrique du nord pendant

Paleo-Mesolithic skulls from Sicily

le Paléolithique Supérieur final: la contribu-
tion de l'archéologie. In I. Hershkovitz (ed):
People and Culture in Change. Proceedings of
the Second Symposium on Upper Palaeolithic,
Mesolithic and Neolithic Populations of Europe
and the Mediterranean Basin, pp. 459-476. BAR
International Series 508(ii), Oxford.

Zanchetta G., Borghini A., Fallick A.E. er 4l
2007. Late Quaternary palacohydrology of
Lake Pergusa (Sicily, southern Italy) as inferred
by stable isotopes of lacustrine carbonates. /.
Paleolimn., 38: 227-239.

Zarina G. 2006. Palacodemography of the Stone
Age Burials at Zvejnieki. In L. Larsson & 1.
Zagorska (eds): Back to the Origin. New research
in the Mesolithic-Neolithic Zvejnieki cemetery
and Environment, Northern Latvia, pp. 133-
147. Acta Archeologica Lundensia, Series 8, 52,
Almgvist and Wiksell International, Lund.

Associate Editor, Noreen von Cramon Taubadel

@ ® @ This work is distributed under the terms of a Creative Commons Attribution-NonCommercial 4.0
BY NG Unported License http://creativecommons.org/licenses/by-nc/4.0/



