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Abstract

Objectives: Grotta-Riparo di Uluzzo C (Apulia, southern Italy) is a pivotal site for
investigating the evolution of the Middle Paleolithic and the earliest phases of the
Upper Paleolithic in southern Italy, as the extensive stratigraphic record of this site
includes a thick Mousterian sequence followed by the Uluzzian. Here, we investigate
the taxonomic affinity of seven unpublished deciduous human teeth retrieved from
the site of Uluzzo C in 1960.

Materials and Methods: The teeth are represented by seven plaster dental casts,
which are housed at the Museo Civico di Paleontologia e Paletnologia in Maglie
(Lecce, Apulia). The location of the original specimens remains unknown, rendering
these casts the only human remains evidence yielded by Uluzzo C to date. Based on
occlusal-view photographs and digital models of the casts, we examined the external
morphology and morphometry of the teeth, comparing them to Homo sapiens and
H. neanderthalensis samples. Through geometric morphometric methods and statisti-
cal analyses, we analyzed the crown outline of the deciduous molars.

Results: The teeth show morphological and morphometric features that are variably
found in H. neanderthalensis, H. sapiens, or both. Specifically, crown outline analysis
shows that all molars fall within H. neanderthalensis variability, except for Uluzzo
853 (lower right deciduous first molar), which falls within H. sapiens variability.
Discussion: This study provides the first taxonomic assessment of the hominin teeth
from Uluzzo C. The results contribute additional insights into the Paleolithic peopling
of southern Italy during a crucial period marked by the persistence of post-

Tyrrhenian Neanderthal techno-complexes and the arrival of H. sapiens.
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1 | INTRODUCTION

Southern Italy has yielded few, albeit very important, fossil remains
attributable to H. neanderthalensis (hereafter: Neanderthal) and
H. sapiens dating to the crucial period between 45 and 40 ka BP
(MIS3). This period marks the phase in which the two human groups
coexisted in Europe, before the final demise of Neanderthals around
40 ka years ago (Benazzi et al., 2015; Benazzi, Douka, et al., 2011;
Douka et al., 2014; Higham et al., 2014; Hublin et al., 2020; Marciani
et al., 2020). Currently remains exclusively consist of deciduous teeth
from the sites of Grotta del Cavallo, in Apulia (one tooth from Mous-
terian and two teeth from Uluzzian deposits; Benazzi, Douka,
et al, 2011; Fabbri et al., 2016; Moroni et al., 2018; Palma di
Cesnola & Messeri, 1967) and Roccia San Sebastiano, in Campania
(one tooth from Mousterian and one tooth from Uluzzian deposits;
Oxilia et al., 2022). These and other southern sites (e.g., Grotta-Riparo
di Uluzzo C, Grotta Bernardini, Serra Cicora, Grotta di Castelcivita,
and Grotta della Cala) are crucial for understanding the replacement
of Neanderthals by H. sapiens in Italy between 45 and 40 ka BP, as
they document this phase based on both cultural and/or anthropologi-
(Arrighi et al, 2020; Boscato, &
Gambassini, 1997; Gambassini, 1997; Marciani et al., 2020; Martini
et al., 2018; Spinapolice et al., 2022).

In addition to the extraordinary discovery in Apulia of the famous

cal evidence Benini,

“Uomo di Altamura,” more than 130 ka years old (Profico et al., 2023),
other sites in southern Italy that have yielded Neanderthal remains
are: Grotta di Santa Croce (a femur; Mallegni et al., 1987), Fondo Cat-
tie (one tooth; Borgognini Tarli, 1983), and Grotta delle Tre Porte (one
tooth; Benazzi et al., 2013; Blanc, 1961) in Apulia; Archi (a juvenile
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mandible; Mallegni & Trinkaus, 1997) in Calabria; Grotta del Poggio
(a tooth; Messeri, 1975), Grotta Taddeo (four teeth; Benazzi, Viola,
et al., 2011; Messeri & Palma di Cesnola, 1976), and Riparo del Molare
(a juvenile mandible; Mallegni & Ronchitelli, 1989) in Campania. Some
of these sites are fundamental for reconstructing the Middle Paleo-
lithic culture in the Mediterranean area, as they show multi-layered
anthropic  deposits from MIS6 (i.e, Grotta del Poggio;
Gambassini, 1995) and post-Tyrrhenian MIS5 (i.e., Grotta del Cavallo,
Riparo del Molare; Boscato et al., 2002; Zanchetta et al., 2020). These
deposits attest to significant cultural changes including the introduc-
tion of new technological production strategies, such as the Levallois
(Carmignani et al., 2021).

Such findings testify to the presence of Neanderthals in southern
Italy from at least 130 ka years ago until the arrival of H. sapiens
around 44-43 ka (Douka et al., 2014). Considering Grotta del Cavallo
(Nardo, Lecce, Apulia), where the Uluzzian techno-complex was
described for the first time by Palma di Cesnola (Palma di
Cesnola, 1965, 1966, 1993), anthropological evidence clearly attests
to the transition between Neanderthals and H. sapiens. Indeed, in this
site, an incisor from the latest Mousterian deposit was attributed to a
Neanderthal individual (Fabbri et al., 2016), while the two deciduous
molars found in the earliest Uluzzian layers were attributed to
H. sapiens (Benazzi, Douka, et al., 2011).

Grotta-Riparo di Uluzzo C (Nardo, Lecce, Apulia), located in
Uluzzo Bay, very close to Grotta del Cavallo (Figure 1a,b), has been
documented for its stratigraphic sequence, lithic assemblages and fau-
nal remains, which were excavated between 1964 and 1966, and
2015 and 2018 (Borzatti von Léwenstern, 1963, 1964, 1965; Borzatti
von Léwenstern & Magaldi, 1966; Silvestrini et al., 2022; Spinapolice
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Ionian
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(a)

Grotta-Riparo di Uluzzo C. (a) Map of Italy with Nardo (Apulia) highlighted by the red dot. (b) Detailed view of Uluzzo Bay with the

three sites described by Carlo Cosma: Grotta del Cavallo (red dot), Grotta-Riparo di Uluzzo C (yellow star), and Grotta di Uluzzo B (blue dot).
(c) The external deposit is highlighted by the red line. The inner cave is highlighted by the blue arrow. Map was created with QGIS 3.36 and raster

files were obtained from Jarvis et al. (2008).
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et al., 2022). Recent reassessment of the faunal and lithic material
from this site led to the rediscovery of the casts of seven human tooth
crowns at the Museo Civico di Paleontologia e Paletnologia “Decio
De Lorentiis” in Maglie (Lecce, Apulia). The original teeth were found
in 1960 in the deposit of the shelter (Figure 1c; Cosma, 1960). The
complex and, in some respects, mysterious history of these teeth is
described in detail below. The aim of this study is to analyze the size
and shape of these dental remains using the available casts to assess
the minimum number of individuals (MNI) and their taxonomic attribu-

tion to either H. sapiens or Neanderthal.

1.1 | Grotta-Riparo di Uluzzo C and the research
history

Grotta-Riparo di Uluzzo C (also called “Grotta Cosma,” after the name
of its discoverer) is located in Uluzzo Bay, on the lonian coast (Nardo,
Lecce, Apulia, southeastern ltaly), about 15 m above sea level.

The site was visited and formally described for the first time by
Carlo Cosma (a member of the Gruppo Speleologico Salentino) in
1960. Stratigraphic excavations started in 1964 by the Istituto Italiano
di Preistoria e Protostoria (IIPP), under the scientific direction of Prof.
Edoardo Borzatti von Léwenstern (Borzatti von Léwenstern, 1963,
1964, 1965; Borzatti von Lowenstern & Magaldi, 1966) and they con-
tinued until 1966. Since 2015, the site has been the subject of rein-
vestigation involving the Universities of Bologna and Roma “La
Sapienza.” Currently, the site consists of a narrow central hall (the pre-
sent cave) with a smaller cavity on the right side (Silvestrini
et al., 2022; Spinapolice et al., 2022) and of an adjacent shelter
(Figure 1c). The cave and the shelter were originally part of a much
larger cavity, the vault of which is now almost completely collapsed.
Professor Edoardo Borzatti von Lowenstern carried out the excava-
tions in the central hall. The deposit includes a ca. 6.40 m thick conti-
nental sequence lying atop a marine deposit (layer L). The continental
succession identified by Borzatti von Lowenstern includes
(in stratigraphic order): a thick Mousterian sequence (spits 21-6 corre-
sponding to layers H-E) followed, after a discontinuous thin layer of
volcanic sediments (layer y), by the Uluzzian (layers D-C) and Roma-
nellian occupations (layer A), which are separated from each other by
sterile sediments (layer B), with the latter containing a basal layer of
pomiceous sand (layer f). At the very top of the sequence there is also
evidence of a disturbed Bronze Age occupation (Figure 2; Borzatti

FIGURE 2 Stratigraphic sequence of Grotta-Riparo di Uluzzo

C: A, Romanellian; B, sterile; C-D, Uluzzian (in yellow); E, Mousterian
with some Uluzzian inclusions; F-H, Mousterian (in green); |, large
rock blocks smoothed by wave motion and showing traces of
bioerosion (lithodomes); and L, cemented marine beach (modified
after Borzatti von Lowenstern, 1965, Borzatti von Lowerstern, 1966).
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FIGURE 3 Original tags found with the dental casts housed at the
Museo Civico di Paleontologia e Paletnologia “Decio de Lorentiis”,
Maglie (Lecce), Italy.

von Lowenstern, 1965; Borzatti von Lowenstern & Magaldi, 1966).
The continental deposit directly rests on a layer (layer 1) of large lime-
stone rock blocks smoothed by wave motion and exhibiting signs of
bioerosion (lithodomes). This layer, in turn, overlies a cemented
marine beach (layer L). During recent research, optically stimulated
luminescence (OSL) dating was obtained from Mousterian layers F
and G (46 + 4.0 ka and 42 + 2.7 ka, respectively), and Uluzzian layers
C and D (42.7 + 2.6 ka and 38.1 + 2.2 ka, respectively). OSL and C**
dating are also available from layer B (OSL 224 +2ka and
C'* 25310 + 77 BP; Spinapolice et al., 2022). There is, instead, no
absolute chronology for the lowermost Mousterian layers (spits 21-
6). So far, the only points of reference for spits 21-6 are the U/Th
dates obtained from the nearby Grotta del Cavallo, where the base of
layer M, overlying a deposit fully comparable with layers | and L
of Uluzzo C, is dated to 116 + 0.7 ka and 117 + 0.7 ka. This provides
a post-Tyrrhenian chronology for the entire Mousterian occupation of
Grotta del Cavallo (Zanchetta et al., 2020; for a different view see
Sarti & Martini, 2020) and most probably also of Uluzzo C.

At Uluzzo C, an external deposit characterized by the same strati-
graphic sequence as the cave is present in the shelter. The surface of
this deposit is sloping toward the sea, possibly because it was
washed-out over time. However, the remaining layers appear to be in

situ and the seven human teeth described in this study were discov-
ered by Carlo Cosma at the very top of this external deposit, together
with a large quantity of Mousterian artifacts, during his survey of
Uluzzo Bay in 1960. In his 1960 report, Cosma clearly described the
karstic cavities he visited, which were later named Uluzzo A (Grotta
del Cavallo), Uluzzo C (Grotta-Riparo di Uluzzo C or Grotta Cosma),
and Uluzzo B (Grotta di Uluzzo) by Prof. Arturo Palma di Cesnola and
Prof. Edoardo Borzatti von Lowenstern (Palma di Cesnola, 1961). This
description (Cosma, 1960) shows that lithic artifacts, bones, and “six
distinctly human teeth” were recovered from the external deposit of
Uluzzo C (Figure 1c; Translated from Italian into English).

The details provided by Cosma refer to the site of Uluzzo C, and in
particular to its external deposit (Figure 1c). In 1960, Cosma hypothe-
sized that the teeth could be attributed to a Neanderthal individual and
suggested their transfer to the Istituto Italiano di Paleontologia Umana
for study. Today, the location of the original teeth is unknown, and only
the casts of the human tooth crowns, housed at the Museo Civico di
Paleontologia e Paletnologia “Decio De Lorentiis” in Maglie (Lecce,
Apulia), are available. These were rediscovered during the revision of
the whole set of materials from past excavations carried out at Uluzzo
C. The casts undoubtedly represent the teeth found by Carlo Cosma,
as they were found associated with their original tags indicating the
name of the discoverer, the place and year of discovery, and a brief
description (Figure 3). It should be noted that there are seven tooth
casts, as opposed to the six teeth that are mentioned in Cosma's text.
Unfortunately, we have not found any information in the literature that
could explain this discrepancy. It must be highlighted that the exact
layer in which the teeth were retrieved is unknown, and we are unable
to ascribe even an approximate relative age to these remains as they
could come from any of the layers of the Uluzzo C deposit. However,
their age can be reasonably circumscribed between MIS5d-MIS3
(around 117 and 40 ka). In addition, based on Cosma's description of
the finds, we are confident that future fieldwork research will help to

further circumscribe their stratigraphic provenance.

2 | MATERIALS AND METHODS

21 | The dental plaster casts

The seven plaster casts of the human tooth crowns housed at the
Museo Civico di Paleontologia e Paletnologia “Decio de Lorentiis” in
Maglie are the subjects of the present study. Although working with
casts differs from working on real teeth due to potential shrinkage
over time, it has been shown that the size differences between plaster
casts and real teeth are negligible (Bailey & Tryon, 2023; Hubbard
et al, 2022). Moreover, although the casts were made after 1960
(when the original teeth were discovered by Cosma), they were made
with great attention to anatomical details to closely replicate the origi-
nal teeth. The pursuit of reliability as study materials is further evi-
denced by the precision with which each cast was painted in a brown
shade, paying particular attention to nuances in cavities and depres-
sions, adding further levels of accuracy to the replication process
(Figure 4). Unfortunately, in some cases, the casts do not allow us to
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FIGURE 4 Dental plaster casts of
Uluzzo C housed at the Museo Civico di
Paleontologia e Paletnologia “Decio De
Lorentiis” in Maglie (Lecce, Apulia):
Uluzzo 850 (a), Uluzzo 851 (b), Uluzzo
852 (c), Uluzzo 853 (d), Uluzzo 854 (e),
Uluzzo 855 (f), and Uluzzo 856 (g).

determine if the entire crown was formed (e.g., the upper lateral inci-
sor, see Section 3.1 for more information), which limits the accuracy
of any age estimates.

2.2 | Virtual acquisition and optimization of the
dental casts

The virtual acquisition of the seven casts was performed at the Museo
Civico di Paleontologia e Paletnologia “Decio De Lorentiis” in Maglie
using a high-resolution 3D blue light handled scanner Artec Space Spi-
der (Artec 3D, San Diego, California, USA). The casts were scanned
with a resolution of 0.1 mm, a 3D point accuracy of 0.05 mm and a
3D accuracy over distance of 0.05 mm + 0.3 mm/m, a volume cap-
ture zone of 2.000 cm?, a linear field of view HXW of 90 x 70 mm
(closest range) and 180 x 140 mm (furthest range), and an angular
field of view HxW of 30 x 21°. The texture resolution is 1.3 mp with
a data acquisition speed of 1 mLn points/s and a 3D exposure time of
0.0002 s. The 3D models of the dental casts were then optimized in
Geomagic Design X (3D Systems Software, Rock Hill, South Carolina,
US) to refine the triangles in the edges, close the holes in the surfaces,

and remove the plaster cast bases.

2.3 | Dental morphology

First, the tooth class of each specimen was identified (Hillson, 1996).
The description of the crown morphology was based on the original
casts, high-resolution occlusal images, and digital models. The assess-
ment of non-metric trait expression is based on Hanihara (1961), the
Arizona State University Dental Anthropology System (ASUDAS;
Turner |l et al.,, 1991), Bailey and Hublin (2006), Bailey et al. (2011),
Harvati et al. (2015), Tillier (1979) and Toussaint et al. (2010). In addi-
tion to comparisons with data in the literature, unpublished data
recorded on Neanderthals (N), early H. sapiens (EHS), Upper Paleo-
lithic H. sapiens (UPHS), and recent H. sapiens (RHS) deciduous teeth
were also evaluated (Bailey, unpublished data). The list of the individ-
uals used in the comparative samples is shown in Table S1.

(e) (f) I (9)

2.4 | Metric comparison

Maximum mesiodistal (MD) and buccolingual (BL) crown diameters
were measured directly from the digital models in Geomagic Design X
(3D Systems Software, Rock Hill, South Carolina, US). These measure-
ments were compared to those of N, EHS, UPHS, and RHS, obtained
from literature (Arnaud et al., 2016; Bailey & Hublin, 2006; Becam &
Chevalier, 2018; Benazzi, Fornai, et al, 2011; Bermuldez de Castro
et al., 2017; Frayer, 1978; Hershkovitz et al., 2016; Riga et al., 2018;
Romandini et al., 2020; Toro-Moyano et al., 2013; Zanolli et al., 2012).

25 |
analyses

Geometric morphometrics and statistical

The geometric morphometrics (GM) analysis of the crown outlines
was carried out following published protocols (Bailey et al., 2016;
Bailey et al., 2020; Benazzi, Douka, et al., 2011; Benazzi et al., 2012).
Each digital model was aligned and rotated in Geomagic Design X
(3D Systems Software, Rock Hill, South Carolina, USA), with the cervi-
cal plane parallel to the xy-plane of the Cartesian coordinate system
and rotated around the z-axis, in order to have the lingual aspect par-
allel to the x-axis. Once each digital model was oriented, the crown
outline was extracted and saved as an .igs file. The teeth from the
right side were mirror-imaged, because the teeth in our comparative
sample were either from the left side or mirror-imaged to represent
the left side. The extracted crown outline of each tooth was centered
on its centroid in Rhinoceros v.5 (Robert McNeel & Associates, Seat-
tle, WA). The outline was subdivided by 24 pseudo landmarks,
obtained from the same number of equiangularly spaced radial vectors
originating from the centroid. The first radius was buccally directed
and oriented parallel to the y-axis. This led to the formation of pseudo
landmarks scaled to the unit centroid size, which became the Procrus-
tes shape coordinates used to explore shape variation through princi-
pal component analysis (PCA; Bailey et al., 2016, Bailey et al., 2020;
Benazzi, Douka, et al., 2011; Benazzi et al, 2012). Crown outlines
were projected into the shape-spaces of our comparative samples
consisting of N, EHS, UPHS, and RHS from published (Bailey
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TABLE 1  Number of teeth in the Uluzzo C sample and in the
comparative samples used for the crown outline analysis.

Specimen dm,? dm?® dm,©
Uluzzo 1 1 2
RHS 103 15 58
UPHS 9 5 16
EHS 4 - 5
N 15 8 23

Abbreviations: dm, lower deciduous first molar; dm?, upper deciduous
first molar; dm,, lower deciduous second molar; EHS, early Homo sapiens;
N, Neanderthal; RHS, recent Homo sapiens; UPHS, Upper Paleolithic Homo
sapiens.

2Compared with published (Bailey et al., 2020) and unpublished sources.
bCompared with published (Benazzi, Douka, et al., 2011) and unpublished
sources.

“Compared with published (Bailey et al., 2016 and Benazzi et al., 2012
updated with Lugli et al., 2022) and unpublished sources.

et al, 2020; Benazzi, Douka, et al., 2011; Bailey et al., 2016 and
Benazzi et al., 2012 updated with Lugli et al., 2022) and unpublished
sources. The list of the individuals used in the comparative samples is
shown in Table 1 and Tables S2-54. A permutation test (R package
Morpho v. 2) was performed using the first three principal compo-
nents (PCs) (N = 10.000) on the comparative samples (excluding
Uluzzo C teeth) to identify differences in crown shapes that are
potentially significant (p < 0.05) between groups. Several Shapiro-
Wilk tests were carried out to investigate the normality of the distri-
bution of the Procrustes shape coordinates for each group in the com-
parative sample, ensuring compliance with the assumption necessary
for linear discriminant analysis (LDA). Because the assumption of nor-
mality of variance was violated, the “leave-one-out” cross-validation
quadratic discriminant analysis (QDA) was performed to investigate
the probability of discriminating Neanderthal and H. sapiens groups,
based on the crown outline and to derive posterior probabilities (Ppost)
of taxonomic attribution of the Uluzzo C deciduous molars to one of
these groups. In the QDA analysis EHS was excluded due to its small
sample size. For the QDA, we used a different number of PCs for each
tooth, selecting the minimum number of combination of variables
describing the highest variance within the range of 70%-90% of varia-
tion (Bailey et al., 2020; Jolliffe, 2002). The data were processed and
analyzed in R v. 4.1.2 (R Development Core Team, 2021).

3 | RESULTS

3.1 | Morphological description

Based on the assessment of the crown morphology (Figure 5;
Table 2), we determined that all teeth are deciduous and represent
one incisor, two canines, and four deciduous molars. The dental
classes assigned to each specimen are as follows: Uluzzo 850-Rdi?,
Uluzzo 851-Rdc?, Uluzzo 852-Ldc!, Uluzzo 853-Rdm,, Uluzzo
854-Rdm?, Uluzzo 855-Rdm,, and Uluzzo 856-Ldm,. Despite their
high quality, only the crowns were cast. Therefore, it was not

possible to assess age at death beyond the age of crown formation.
It appears that most of tooth crowns were completely developed.
However, it is important to note that the cervix is not preserved in
any of the casts. As a result of this missing information, in at least
one case (Uluzzo 850-Rdi?) the crown could be either complete or
at an intermediate stage between crown 34 and crown complete.
The sharp cusp tips suggest that the crowns either were not in
functional occlusion or were only in functional occlusion for a short
time before the death of the individual.

Uluzzo 850 is an upper right deciduous lateral (second) incisor
(Rdi®). The crown is somewhat asymmetrical, with the mesial edge
higher and shorter than the distal edge. The lingual surface exhibits
weak shoveling (Grade 2). The mesial marginal ridge is moderately
developed while the distal marginal ridge is weak. The crown exhibits
strong labial convexity (Grade 4). No tuberculum dentale is present.

Uluzzo 851 is an upper right deciduous canine (RdcY). It shows
shoveling (Grade 2) and the mesial and distal marginal ridges merge
into a moderately developed cingulum. The crown is weakly asymmet-
rical with a mesial edge slightly shorter than the distal one.

Uluzzo 852 is an upper left deciduous canine (Ldch). Like its anti-
mere, the crown is weakly asymmetrical and it shows shoveling
(Grade 2). Unlike the Rdc?, the mesial and distal marginal ridges do
not extend to the basal cingulum.

Uluzzo 853 is a lower right deciduous first molar (Rdm,). The pro-
toconid and metaconid are connected by their essential ridges to form
a continuous transverse crest. The well-developed mesial marginal
ridge, together with the transverse crest, define a deep and wide ante-
rior fovea. The metaconid is nearly as high as the protoconid, while
the two distal cusps are low. The distobuccal cusp (hyponconid) is
larger than the distolingual (entonconid) cusp. There is no tuberculum
molare. The lingual aspect is straight, while the buccal aspect bulges
considerably. The cusps are internally placed, well-developed and
appear to be unworn.

Uluzzo 854 is an upper right deciduous first molar (Rdm?). The
mesiobuccal aspect shows a moderate tuberculum molare. The cusps
appear internally placed. The protocone is slightly lower than the
paracone. There is also an incipient metacone (grade 3 M1). This is
indicated by a weak occlusal ridge connecting the distal portion of the
paracone to the protocone. No groove or furrow defining a hypocone
is present. In occlusal view the crown is trapezoidal, narrower distally
than mesially. A weak mesial marginal ridge and an open distal fovea
are present.

Uluzzo 855 is a lower right deciduous second molar (Rdm,). The
crown is ovoid in occlusal view and is slightly wider distally than mesi-
ally. The five main cusps are well-developed and no accessory cusps
(C6 or C7) are present. The cusp tips appear unworn and internally
placed. The protoconid and metaconid are joined by a low but contin-
uous middle trigonid crest (MTC; Grade 2). The MTC and mesial mar-
ginal ridge circumscribe a wide anterior fovea (Grade 3). No distal
trigonid crest is observed. The buccal grooves separating protoconid
from entoconid and entoconid from hypoconulid are deep and extend
one-third to one-half the crown height.

Uluzzo 856 is a lower left deciduous second molar (Ldm,). Like its
antimere, only five main cusps are present. They are well-developed
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FIGURE 5 Teeth from Uluzzo C in labial/buccal (a), lingual (b), mesial (c), distal (d), and occlusal (e) views. Uluzzo 850-Rdi?, Uluzzo 851-Rdc?,
Uluzzo 852-Ldct, Uluzzo 853-Rdmy, Uluzzo 854-Rdm?, Uluzzo 855-Rdm,, and Uluzzo 856-Ldms,. Scale bar: 1 cm.

and internally placed. The cusp tips appear to be unworn. The moder-
ately developed mesial marginal ridge and weak MTC (Grade 1) cir-
cumscribe a wide anterior fovea (Grade 3). No distal trigonid crest is
present. The entoconid may have had a split/doubled dentine horn or
this morphology could be the result of an artifact during the making

of the cast.

3.2 | Metric comparison

Table 3 presents the MD and BL diameters of the teeth of Uluzzo C
and the comparative samples. In general, the dimensions of all teeth
from Uluzzo C fall within the N ranges. However, overlap can be seen
as some teeth also fall within the EHS (Uluzzo 851, 852, 853, 855,
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TABLE 2 Dental morphological traits observed in the teeth of Uluzzo C compared to fossil and recent human groups (Bailey,

unpublished data).

N EHS UPHS RHS
Non-metric dental traits Uluzzo % presence (n) % presence (n) % presence (n) % presence (n)
di? shovel (grade 2+) P 100 (7) - 0(1) 32 (50)
di? convexity (grade 2+) P 100 (7) 100 (2) 100 (1) 44.2 (52)
dc’ shovel (grade 2+) P 100 (5) - - 57.6 (66)
dc? distal accessory ridge (grade 2+) A 0(4) - - 1.8 (56)
dm? distal trigonid crest (any presence) P 92.9 (14) 100 (4) 71.4(7) 68.5 (54)
dm? hypocone (grade 4- or 4) A 66.7 (12) 100 (4) 33.3(9) 22.3(121)
dm? tuberculum molare (moderate) P 92.9 (14) 60 (5) 66.7 (9) 63.8 (152)
dmy tuberculum molare (moderate) A 37.5(8) 25 (4) 16.7 (6) 7.7 (130)
dm;, transverse crest (continuous) P 93.3 (15) 50 (6) 0(11) 1.7 (121)
dm;, anterior fovea (grade 2+) P 92.9 (14) 66.7 (3) 41.7 (12) 74 (12)
dm,, anterior fovea (grade 2+) P 84.2 (19) 50 (4) 33.3(12) 34.9 (106)
dm, middle trigonid crest (grade 2+) P 78.9 (19) 50 (6) 8.3(12) 3.8 (106)

Note: The symbol “-” indicates sample size is O.

Abbreviations: A, absence; di?, upper deciduous second incisor; dct, upper deciduous canine; dm?, upper deciduous first molar; dm4, lower deciduous first
molar; dm,, lower deciduous second molar; EHS, early Homo sapiens; N, Neanderthal; n, number of individuals in the comparative sample; P, presence;

RHS, recent Homo sapiens; UPHS, Upper Paleolithic Homo sapiens.

and 856), UPHS (Uluzzo 853, 854, 855, and 856), and RHS (Uluzzo
854 and 855) ranges.

33 |
analyses

Geometric morphometrics and statistical

GM and statistical analyzes were performed on the deciduous molars
of Uluzzo C (853-Rdmy, 854-Rdm?, 855-Rdm,, and 856-Ldm,).
Uluzzo 853-Rdm Figure 6 illustrates the results of the shape-
space PCA (PC1-PC2) for the dm;. The first two PCs explain 50.1% of
the total variance. The range of variation of RHS is wide and evenly
distributed in all four quadrants of the PCA plot, overlapping with
UPHS, EHS, and N. However, while the N group primarily clusters
along the negative scores of PC1, the RHS group clusters more closely
along the positive scores of PC1, which accounts for a rectangular
crown outline shape, representing an asymmetrical shape of the
crown with a pronounced talonid. Uluzzo 853 falls along negative
scores of PC1, in an area covered by both RHS and N, owing to a trap-
ezoidal crown outline shape, which is projected at the level of the pro-
toconid. A permutation test (N = 10.000) carried out on the first
three PCs (62.1% of the total variance) reveals significant differences
between N and RHS (p = 0.001), RHS and UPHS (p = 0.001), N and
UPHS (p = 0.031), and between UPHS and EHS (p = 0.023; see
Table S5). Shapiro-Wilks test shows that RHS (W = 0.96971,
p < 0.05) group is non-normally distributed, while UPHS (W = 0.9338,
p>0.05), N (W=0.91025 p>0.05, and EHS (W =0.99054,
p > 0.05) groups are normally distributed; therefore, the QDA was
used instead of the LDA. The QDA based on the first six PCs (86.2%
of the total variance) distinguishes N, RHS, and UPHS (RHS and UPHS

not grouped together, EHS were excluded due to the small sample
size) with an accuracy of 74.6%, and Uluzzo 853 is classified as RHS
with a probability of nearly 100% (Table 4).

Uluzzo 854-Rdm? Figure 7 illustrates the results of the shape-
space PCA (PC1-PC2) of the dm®. The first two PCs explain 69.4% of
the total variance. RHS specimens fall mainly on the left side of PC1,
with negative scores. PC1 describes a buccolingually elongated shape
with convex mesial and distal aspects. N are mainly distributed along
the right of PC1 with positive scores, representing a triangular crown
shape with a buccally expanded paracone. Uluzzo 854 falls outside
the range of variability observed in RHS, UPHS, and N. Nevertheless,
it is closer to N with negative scores of PC1 and PC2. PC2 is charac-
terized by a significantly expanded paracone on the mesiobuccal sur-
face, accompanied by a mesiolaterally expanded buccal region and a
relatively reduced BL outline. A permutation test (N = 10.000) carried
out on the first three PCs (81.1% of the total variance) reveals signifi-
cant differences among all groups (N-RHS, p = 0.001, RHS-UPHS,
p = 0.013, and N-UPHS, p = 0.001; see Table S6). Shapiro-Wilks test
shows that RHS group (W = 0.83837, p < 0.05) is non-normally dis-
tributed, while UPHS (W = 0.9898, p > 0.05) and N (W = 0.95532,
p > 0.05) groups are normally distributed; therefore, the QDA was
used instead of the LDA. Table 4 shows the results of the QDA based
on the first three PCs (81.1% of the total variance). The QDA distin-
guishes N from RHS and UPHS (RHS and UPHS not grouped together)
with an accuracy classification of 67.9%, and Uluzzo 854 is classified
as N with a probability of 85.1%.

Uluzzo 855-Rdm, and Uluzzo 856-Ldm, Figure 8 illustrates the
results of the shape-space PCA (PC 1-PC2) of the left and right
dm,s. Uluzzo 855 was mirrored for comparison. The first two PCs

explain 53.8% of the total variance. The RHS dm,s are distributed in
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all four quadrants of the PCA plot, overlapping with N and fossil
H. sapiens, although N mainly cover the negative scores of PC2.
Uluzzo 855 and 856 fall along the negative scores of PC2, owing to
an expansion of the buccodistal portion of the crown outline. RHS
and UPHS groups cluster more closely together with positive scores
of PC2, which are associated with a reduction of the buccodistal
crown outline shape. A permutation test (N = 10.000) carried out on
the first three PCs (63.4% of the total variance) reveals significant dif-
ferences between N and RHS (p < 0.001), and between N and UPHS

PC2 (14.9%) =
S EHS
—— RHS
3 &= N
o = = UPHS
™ ° #*  Uluzzo 853

0.03

O

»

FIGURE 6 Principal component analysis (PCA) plot of dm, crown
outline. The green symbol represents Uluzzo 853 (mirror imaged)
projected in the morpho-space constructed on recent Homo sapiens
(RHS); Upper Paleolithic Homo sapiens (UPHS); early Homo sapiens
(EHS); and Neanderthals (N). Extreme shapes are shown on the axes
of each principal components (PC).

TABLE 4 Specimens % of correct classification and total accuracy.
RHS + UPHS RHS UPHS N
Tooth Correct Correct Correct
class PCs Correct % % % %
dm; PC - 79.4 334 66.7
1-6
dm? PC - 734 40 75
1-3
dm, PC 93.2 - - 86.9
1-7

TR \v |1 Fy Lo

(p =0.002), but not between RHS and UPHS (p =0.049; see
Table S7). Shapiro-Wilks test shows that RHS (W = 0.9088, p < 0.05),
UPHS (W =0.86707, p<0.05), and N (W =0.88277, p < 0.05)
groups are non-normally distributed, while EHS (W = 0.95341,
p > 0.05) group is normally distributed; therefore, the QDA was used
instead of the LDA. Table 4 shows the results of the QDA based on
the first seven PCs (85.6% of variance). The QDA distinguishes N
from H. sapiens groups (RHS and UPHS grouped together, EHS were

excluded due to the small sample size) with an accuracy of 91.7%, and
Uluzzo 855 and Uluzzo 856 are classified as N with a probability of
93.9% and 99.1%, respectively.

4 | DISCUSSION

In this study, we provide the first systematic examination and
description of the only human remains known from Uluzzo
C. These remains comprise seven teeth preserved in the form of
plaster casts. While not a perfect representation of the original
teeth (e.g., they do not preserve microwear, caries, or hypoplasia),
the size and morphology are accurate enough to compare them to
other fossil and recent human groups. Based on similarities in size
and morphology of the antimeres, non-duplication of elements, and
stages of crown development, the dental sample most likely
belongs to a single infant (suggested by the high and sharp cusp
tips) or if the Rdi? (Uluzzo 850) was still with the crown in forma-
tion, the MNI would be two individuals.

Table 2 provides a summary of crown characters in the Uluzzo
teeth and in those of comparative samples of Neanderthals, fossil, and
recent H. sapiens. It is important to keep in mind that it is the combi-
nation of dental traits, rather than individual traits, that distinguishes
Neanderthals from H. sapiens (Bailey & Hublin, 2013).

The combination of dental characters in the teeth from Uluzzo C
is consistent with Neanderthal attribution. On the anterior teeth these

characters include marked convexity and moderate shoveling on the

RHS + UPHS RHS UPHS N
Total Uluzzo
accuracy specimen Poost % Poost % Ppost % Ppost %
74.6 Uluzzo 853° - ~100 <0.001 <0.001
67.9 Uluzzo 854° - 14.9 <0.001 85.1
91.7 Uluzzo 855°¢ 6.1 - - 93.9
Uluzzo 856° 0.9 - - 99.1

Abbreviations: dm4, lower deciduous first molar; dm?, upper deciduous first molar; dm,, lower deciduous second molar; N, Neanderthal; PCs, principal
components; Ppost, post-probability; RHS, recent Homo sapiens; UPHS, Upper Paleolithic Homo sapiens.

#Compared with published (Bailey et al., 2020) and unpublished sources.

bCompared with published (Benazzi, Douka, et al., 2011) and unpublished sources.
“Compared with published (Bailey et al., 2016 and Benazzi et al., 2012 updated with Lugli et al., 2022) and unpublished sources.
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FIGURE 7 Principal component analysis (PCA) plot of dm? crown
outline. The green symbol represents Uluzzo 854 (mirror imaged)
projected in the morpho-space constructed on recent Homo sapiens
(RHS); Upper Paleolithic Homo sapiens (UPHS); and Neanderthals (N).
Extreme shapes are shown on the axes of each principal

components (PC).

Rdi? (Uluzzo 850) and both dc? (Uluzzo 851 and 852), as well as mod-
erate cingulum development on the Ldc! (Uluzzo 852). As regards the
posterior dentition, the distal trigonid crest that connects the Rdm?
(Uluzzo 854) paracone and protocone and the tuberculum molare are
observed in much higher frequencies in Neanderthals than in
H. sapiens. On the lower molars, the continuous transverse crest
observed on the Rdm; (Uluzzo 853) is nearly ubiquitous in Neander-
thals and much less frequent in H. sapiens. Likewise, the combination
of a wide and deep anterior fovea and a MTC observed on the dmys
(Uluzzo 855 and 856) occur much more frequently in those of Nean-
derthals than in those of H. sapiens. Although we could not quantify
cusp placement because of the difficulty in accurately locating cusp
tips on the plaster casts, we noted that the cusps of both dmys
(Uluzzo 855 and 856) and the dm® (Uluzzo 854) appear to be inter-
nally compressed. Tattersall and Schwartz (1999) observed that Nean-
derthal dmss can be distinguished from those of H. sapiens by their
internally compressed cusps. Bailey (2004) found that cusps of Nean-
derthal permanent upper first molars were significantly more inter-
nally compressed than were those of H. sapiens. We should note that
not all non-metric traits of the Uluzzo teeth are Neanderthal-like. The
single exception is the absent hypocone on the dm?! (Uluzzo 854),
which is present in a majority of Neanderthals (>60%) but present in
only 33% and 22% of Upper Paleolithic and recent H. sapiens, respec-
tively (Table 2).

Crown measurements of the Uluzzo teeth (MD and BL diame-

ters; Table 3) are also consistent with Neanderthal attribution, as
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FIGURE 8 Principal component analysis (PCA) plot of dm, crown
outline. The green symbols represent Uluzzo 855 (mirror imaged) and
856 projected in the morpho-space constructed on recent Homo
sapiens (RHS); Upper Paleolithic Homo sapiens (UPHS); early Homo
sapiens (EHS); and Neanderthals (N). Extreme shapes are shown on
the axes of each principal components (PC).

all MD and BL diameters fall within the Neanderthal range. How-
ever, tooth size is not a reliable discriminator between Neander-
thals and H. sapiens since their ranges overlap significantly
(Bailey & Hublin, 2005; Smith, 1982). Therefore, it should not be
surprising that, with the exception of the Rdi? (Uluzzo 850), the
Uluzzo crown dimensions also fall within the variability range of
H. sapiens.

In contrast, there is much less overlap in the crown outlines of
Neanderthals and H. sapiens. Our analysis of crown outlines reveals
significant differences between Neanderthals and H. sapiens in the
shapes of molar crowns. The analyses assigned the Rdm?! (Uluzzo 854)
and the lower dm,s (Uluzzo 855 and 856) to Neanderthals with
moderate-to-high accuracy (67.9% and 91.7%, respectively; Table 4).
The moderate accuracy of the Rdm?' assignment is a little surprising,
given that previous studies have shown high accuracy discriminating
species for the upper deciduous molars compared to lower deciduous
molars (Bailey et al., 2020; Benazzi, Douka, et al., 2011; Benazzi et al.,
2012). Specifically, the dm* has shown 96%-100% accuracy in distin-
guishing Neanderthals and H. sapiens (Benazzi, Douka, et al., 2011).
The triangular shape of the Rdm? (Uluzzo 854), which results from the
lack of hypocone development (see morphology above) is, no doubt,
reflected in its moderate accuracy of Neanderthal attribution. A previ-
ous study showed that the crown outline of the dm, is not particularly
reliable for distinguishing the two species (Bailey et al., 2020). This
poor discrimination is likely due to the significant variability in the

shapes of recent H. sapiens, which can sometimes resemble those of

25UB0| SUOWILLIOD BA1IEBI0 3|eat e aU) Ag poLBAOB e D11 WO 58N 10 S3|N1 10} AIRIGITBUIIUO A3 1A UO (SUO 1 IPU-PUE-SLLLBI LI B 1M ARGl [puIU0y/:SdIy) SUONIPUOD PUE LB | 841395 *[202/60/2T] U ARIqIT8u1IUO A3|1M *B1fEBLRILP0D AQ 86612 d Ie/Z00T 0T/10p/LICO"AB| W ATRIGIIPUIIUO//STNY LI POpeo|umoq ‘T ‘Y202 T69.2692



SEGHI ET AL.

Neanderthals (Bailey et al., 2020). Therefore, it is not surprising that
while morphological traits of the Rdm4 (Uluzzo 853) fall within Nean-
derthal variability, it is assigned to RHS by the QDA with moderate
accuracy (74.6%; Table 4).

5 | CONCLUSION

The data and results obtained from this work contribute significantly
to the existing literature on Paleolithic human presence in southern
Italy. Despite the limitations inherent in studying dental casts, includ-
ing the inability to examine the internal morphology of the original
teeth, our results suggest the only known human remains from Uluzzo
C belong to Neanderthal species, adding to the already intriguing
array of discoveries in Uluzzo Bay (Benazzi, Douka, et al., 2011;
Benazzi et al., 2012; Fabbri et al., 2016; Moroni et al., 2018). The utili-
zation of a combination of methods, including non-metric dental traits,
metrics, and GM, allowed us to provide the analysis of these of human
remains, even in the absence of the original teeth. This strategy ulti-
mately maximizes the number of specimens available for examination
in paleoanthropological studies.

Our efforts to find authentic dental remains will continue. The
recovery of the original specimens would allow us to carry out a com-
prehensive set of analyses (digital and biomolecular), adding further
fundamental information regarding their taxonomic attribution and

association with a specific cultural horizon.

AUTHOR CONTRIBUTIONS

Francesca Seghi: Conceptualization (equal); data curation (equal); for-
mal analysis (equal); investigation (lead); validation (equal); visualiza-
tion (equal); writing - original draft (lead); writing - review and editing
(equal). Rita Sorrentino: Conceptualization (equal); data curation
(equal); formal analysis (equal); investigation (equal); validation (equal);
visualization (equal); writing - original draft (equal); writing - review
and editing (equal). Shara E. Bailey: Data curation (equal); investiga-
tion (equal); validation (equal); visualization (equal); writing - original
draft (supporting); writing - review and editing (supporting). Erica
Piccirilli: Validation (supporting); visualization (supporting); writing -
original draft (supporting); writing - review and editing (supporting).
Antonino Vazzana: Data curation (supporting); writing - review and
editing (supporting). Eugenio Bortolini: Writing - review and editing
(supporting). Owen A. Higgins: Writing - review and editing (support-
ing). Giulia Marciani: Writing - review and editing (supporting).
Medica A. Orlando: Resources (supporting); writing - review and edit-
ing (supporting). Enza E. Spinapolice: Writing - review and editing
(supporting). Adriana Moroni: Funding acquisition (supporting); inves-
tigation (supporting); project administration (supporting); validation
(supporting); writing - original draft (equal); writing - review and edit-
ing (supporting). Stefano Benazzi: Conceptualization (equal); funding
acquisition (lead); project administration (lead); resources (lead); super-
vision (lead); validation (equal); writing - review and editing

(supporting).

TR \v |1 Fy o

ACKNOWLEDGMENTS
We thank the Soprintendenza Archeologia, Belle Arti e Paesaggio

per le Province di Brindisi e Lecce for permission to study the mate-
rials and the Museo Civico di Paleontologia e Paletnologia “Decio
de Lorentiis” of Maglie (Lecce, ltaly) for access to the dental casts,
particularly Elisabetta Papadia and Giuseppe Leucci for their assis-
tance during the study of the collection at the Museum. We are
grateful to Matteo Romandini (University of Bologna) and the
Gruppo Speleologico Neretino for all the help and logistical support
during all these years of fieldworks in Uluzzo C. This research was
supported by the PNRR PE5-CHANGES-SPOKE 5 (awarded to Ste-
fano Benazzi) and funded by the European Union-Next Generation
EU PRIN 2022 TRACE project (awarded to Stefano Benazzi and
Adriana Moroni). Open access publishing facilitated by Universita
degli Studi di Bologna, as part of the Wiley - CRUI-CARE

agreement.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Francesca Seghi "> https://orcid.org/0000-0002-3506-2717

Rita Sorrentino "= https://orcid.org/0000-0002-6529-7250

REFERENCES

Arnaud, J., Benazzi, S., Romandini, M., Livraghi, A., Panetta, D.,
Salvadori, P. A,, Volpe, L., & Peresani, M. (2016). A Neanderthal decid-
uous human molar with incipient carious infection from the Middle
Palaeolithic De Nadale cave, Italy. American Journal of Physical Anthro-
pology, 162(2), 370-376. https://doi.org/10.1002/ajpa.23111

Arrighi, S., Marciani, G., Rossini, M., Pereira Santos, M. C., Fiorini, A,
Martini, 1., Aureli, D., Badino, F., Bortolini, E., Figus, C., Lugli, F.,
Oxilia, G., Romandini, M., Silvestrini, S., Ronchitelli, A., Moroni, A., &
Benazzi, S. (2020). Between the hammerstone and the anvil: Bipolar
knapping and other percussive activities in the late Mousterian and
the Uluzzian of Grotta di Castelcivita (Italy). Archaeological and Anthro-
pological Sciences, 12(271), 1-39. https://doi.org/10.1007/s12520-
020-01216-w

Bailey, S. E. (2004). A morphometric analysis of maxillary molar crowns of
Middle-Late Pleistocene hominins. Journal of Human Evolution, 47(3),
183-198. https://doi.org/10.1016/j.jhevol.2004.07.001

Bailey, S. E., Benazzi, S., Buti, L., & Hublin, J. J. (2016). Allometry, merism,
and tooth shape of the lower second deciduous molar and first perma-
nent molar. American Journal of Physical Anthropology, 159(1), 93-105.
https://doi.org/10.1002/ajpa.22842

Bailey, S. E., & Hublin, J. J. (2005). Who made the early Aurignacian? A
reconsideration of the Brassempouy dental remains. Bulletins et Mém-
oires de la Société d'Anthropologie de Paris, 17(1-2), 115-121. https://
doi.org/10.4000/bmsap.977

Bailey, S. E., & Hublin, J. J. (2006). Dental remains from the Grotte du
Renne at Arcy-sur-cure (Yonne). Journal of Human Evolution, 50(5),
485-508. https://doi.org/10.1016/j.jhevol.2005.11.008

Bailey, S. E., & Hublin, J. J. (2013). What does it mean to be dentally “mod-
ern”. In G. R. Scott & J. D. Irish (Eds.), Anthropological perspectives on
tooth morphology: Genetics, evolution, variation (pp. 222-249). Cam-
bridge University Press.

25UB0| SUOWILLIOD BA1IEBI0 3|eat e aU) Ag poLBAOB e D11 WO 58N 10 S3|N1 10} AIRIGITBUIIUO A3 1A UO (SUO 1 IPU-PUE-SLLLBI LI B 1M ARGl [puIU0y/:SdIy) SUONIPUOD PUE LB | 841395 *[202/60/2T] U ARIqIT8u1IUO A3|1M *B1fEBLRILP0D AQ 86612 d Ie/Z00T 0T/10p/LICO"AB| W ATRIGIIPUIIUO//STNY LI POpeo|umoq ‘T ‘Y202 T69.2692


https://orcid.org/0000-0002-3506-2717
https://orcid.org/0000-0002-3506-2717
https://orcid.org/0000-0002-6529-7250
https://orcid.org/0000-0002-6529-7250
https://doi.org/10.1002/ajpa.23111
https://doi.org/10.1007/s12520-020-01216-w
https://doi.org/10.1007/s12520-020-01216-w
https://doi.org/10.1016/j.jhevol.2004.07.001
https://doi.org/10.1002/ajpa.22842
https://doi.org/10.4000/bmsap.977
https://doi.org/10.4000/bmsap.977
https://doi.org/10.1016/j.jhevol.2005.11.008

SEGHI ET AL.

uotte] WiLEY-

Bailey, S. E., Skinner, M. M., & Hublin, J. J. (2011). What lies beneath? An
evaluation of lower molar trigonid crest patterns based on both den-
tine and enamel expression. American Journal of Physical Anthropology,
145(4), 505-518. https://doi.org/10.1002/ajpa.21468

Bailey, S. E., Sorrentino, R., Mancuso, G., Hublin, J. J., & Benazzi, S. (2020).
Taxonomic differences in deciduous lower first molar crown outlines
of Homo sapiens and Homo neanderthalensis. Journal of Human Evolu-
tion, 147, 102864. https://doi.org/10.1016/j.jhevol.2020.102864

Bailey, S. E., & Tryon, C. A. (2023). The dentition of the early Upper Paleo-
lithic hominins from Ksar ‘Akil, Lebanon. Journal of Human Evolution,
176, 103323. https://doi.org/10.1016/j.jhevol.2022.103323

Becam, G., & Chevalier, T. (2018). Neandertal features of the deciduous
and permanent teeth from Portel-Ouest cave (Ariége, France). Ameri-
can Journal of Physical Anthropology, 168(1), 45-69. https://doi.org/10.
1002/ajpa.23719

Benazzi, S., Bailey, S. E., & Mallegni, F. (2013). A morphometric analysis of
the Neandertal upper second molar Leuca I. American Journal of Physi-
cal Anthropology, 152(2), 300-305. https://doi.org/10.1002/ajpa.
22355

Benazzi, S., Douka, K., Fornai, C., Bauer, C. C., Kullmer, O., Svoboda, J.,
Pap, I, Mallegni, F., Bayle, P., Coquerelle, M., Condemi, S.,
Ronchitelli, A., Harvati, K., & Weber, G. W. (2011). Early dispersal of
modern humans in Europe and implications for Neanderthal behaviour.
Nature, 479, 525-528. https://doi.org/10.1038/nature10617

Benazzi, S., Fornai, C., Bayle, P., Coquerelle, M., Kullmer, O., Mallegni, F., &
Weber, G. W. (2011). Comparison of dental measurement systems for
taxonomic assignment of Neanderthal and modern human lower sec-
ond deciduous molars. Journal of Human Evolution, 61(3), 320-326.
https://doi.org/10.1016/j.jhevol.2011.04.008

Benazzi, S., Fornai, C., Buti, L, Toussaint, M., Mallegni, F., Ricci, S.,
Gruppioni, G., Weber, G. W., Condemi, S., & Ronchitelli, A. (2012). Cer-
vical and crown outline analysis of worn Neanderthal and modern
human lower second deciduous molars. American Journal of Physical
Anthropology, 149(4), 537-546. https://doi.org/10.1002/ajpa.22155

Benazzi, S., Slon, V., Talamo, S., Negrino, F., Peresani, M., Bailey, S. E.,
Sawyer, S., Panetta, D., Vicino, G., Starnini, E., Mannino, M. A,
Salvadori, P. A., Meyer, M., Paibo, S., & Hublin, J. J. (2015). The makers
of the Protoaurignacian and implications for Neandertal extinction.
Science, 348, 793-796. https://doi.org/10.1126/science.aaa2773

Benazzi, S., Viola, B., Kullmer, O., Fiorenza, L., Harvati, K., Paul, T.,
Gruppioni, G., Weber, G. W., & Mallegni, F. (2011). A reassessment of
the Neanderthal teeth from Taddeo cave (southern ltaly). Journal
of Human Evolution, 61(4), 377-387. https://doi.org/10.1016/j.jhevol.
2011.05.001

Benini, A., Boscato, P., & Gambassini, P. (1997). Grotta della Cala (Salerno):
industrie litiche e faune uluzziane e aurignaziane. Rivista di Scienze pre-
istoriche, 48, 37-95.

Bermudez de Castro, J. M., Martinén-Torres, M., Martin-Francés, L.,
Martinez de Pinillos, M., Modesto-Mata, M., Garcia-Campos, C.,
Wu, X, Xing, S., & Liu, W. (2017). Early Pleistocene hominin deciduous
teeth from the Homo antecessor gran dolina-TDé bearing level (sierra
de Atapuerca, Spain). American Journal of Physical Anthropology, 163(3),
602-615. https://doi.org/10.1002/ajpa.23222

Blanc, A. C. (1961). Leuca I. Il primo reperto fossile neandertaliano del
Salento. Puglia meridionale, Italia. Quaternaria, 5, 271-278.

Borgognini Tarli, S. M. (1983). A Neanderthal lower molar from Fondo cat-
tie (Maglie, Lecce). Journal of Human Evolution, 12(4), 383-401.
https://doi.org/10.1016/S0047-2484(83)80166-3

Borzatti von Léwenstern, E. (1963). La Grotta di Uluzzo: campagna di scavi
1963. Rivista di Scienze Preistoriche, 18, 75-89.

Borzatti von Lowenstern, E. (1964). La Grotta di Uluzzo: campagna di scavi
1964. Rivista di Scienze Preistoriche, 19, 41-52.

Borzatti von Léwenstern, E. (1965). La Grotta-Riparo di Uluzzo C (cam-
pagna di scavi 1964). Rivista di Scienze Preistoriche, 20, 1-31.

Borzatti von Léwenstern, E., & Magaldi, D. (1966). Risultati conclusivi dello
studio paletnologico e sedimentologico della Grotta di Uluzzo C
(Nardo-Lecce). Rivista di Scienze Preistoriche, 21, 16-64.

Borzatti von Lowerstern, E. (1966). Alcuni aspetti del Musteriano del Sale-
nto. Rivista di Scienze Preistoriche, 21, 203-288.

Boscato, P., Cuomo, O., Ronchitelli, A., & Spadacenta, B. (2002). Il Riparo
del Molare (Salerno): applicazione di un G.1.S. alla paleosuperficie del
tg. 56. Andlisi informatizzata e trattamento dati delle strutture di abitato
di eta preistorica e protostorica (a cura di C. Peretto) (pp. 45-58). Firenze
IIPP.

Carmignani, L., Martini, I, Spagnolo, V., Dominici, C., Rossini, M.,
Scaramucci, S., & Moroni, A. (2021). Middle and early Upper Pleisto-
cene human occupations in southern Italy. A reassessment of the
assemblages from Cala d'Arconte, capo Grosso and Cala Bianca. Jour-
nal of Archaeological Science: Reports, 40, 103256. https://doi.org/10.
1016/j.jasrep.2021.103256

Cosma, C. (1960). Attivita del Circolo Speleologico “Pasquale de Lorentiis”
di Lecce: Le Grotte di “U Luzzu” in Agro di Nardo. In A. C. Blanc (Ed.),
Quaternaria, Storia Naturale e Culturale del Quaternario (Vol. 5,
pp. 363-364). Quaternaria.

Douka, K., Higham, T. F. G, Wood, R., Boscato, P., Gambassini, P.,
Karkanas, P., Peresani, M., & Ronchitelli, A. M. (2014). On the chronol-
ogy of the Uluzzian. Journal of Human Evolution, 68, 1-13. https://doi.
org/10.1016/j.jhevol.2013.12.007

Fabbri, P. F., Panetta, D., Sarti, L., Martini, F., Salvadori, P. A., Caramella, D.,
Fedi, M., & Benazzi, S. (2016). Middle paleolithic human deciduous
incisor from Grotta del Cavallo, Italy. American Journal of Physical
Anthropology, 161(3), 506-512. https://doi.org/10.1002/ajpa.23044

Frayer, D. W. (1978). Evolution of the dentition in Upper Paleolithic and
Mesolithic Europe (Vol. 10, p. 1). University of Kansas Press.

Gambassini, P. (1995). Grotta e Riparo del Poggio (Marina di Camerota-
Salerno). In Il Paleolitico dell'ltalia centro-meridionale, Guide Archeolo-
giche (pp. 58-65). A.B.A.C.O.

Gambassini, P. (1997). Il Paleolitico di Castelcivita: Culture e Ambiente.
Electa.

Hanihara, K. (1961). Criteria for classification of crown characters in the
human deciduous dentition. Journal of the Anthropological Society of
Nippon, 69(1), 27-45. https://doi.org/10.1537/ase1911.69.27

Harvati, K., Bauer, C. C., Grine, F. E., Benazzi, S., Ackermann, R. R, Van
Niekerk, K. L., & Henshilwood, C. S. (2015). A human deciduous molar
from the middle stone Ave (Howiesons Poort) of Klipdrift shelter,
South Africa. Journal of Human Evolution, 82, 190-196. https://doi.
org/10.1016/j.jhevol.2015.03.001

Hershkovitz, I., Weber, G. W., Fornai, C., Gopher, A., Barkai, R., Slon, V.,
Quam, R, Gabet, Y., & Sarig, R. (2016). New middle Pleistocene dental
remains from Qesem cave (Israel). Quaternary International, 398, 148-
158. https://doi.org/10.1016/j.quaint.2015.08.059

Higham, T., Douka, K., Wood, R., Ramsey, C. B., Brock, F., Basell, L.,
Camps, M., Arrizabalaga, A., Baena, J., Barroso-Ruiz, C., Bergman, C.,
Boitard, C., Boscato, P., Caparrés, M., Conard, N. J., Draily, C,
Froment, A., Galvan, B., Gambassini, P., ... Jacobi, R. (2014). The timing
and spatiotemporal patterning of Neanderthal disappearance. Nature,
512, 306-309. https://doi.org/10.1038/nature13621

Hillson, S. (1996). Dental anthropology. Cambridge University Press.
https://doi.org/10.1017/CB09781139170697

Hubbard, A., Wilson, N., & Vercellotti, G. (2022). Assessing error in human
dental measurements: A comparison of resin casts, plaster casts, and
dental enamel. Dental Anthropology Journal, 35, 16-20. https://doi.
org/10.26575/daj.v35i1.329

Hublin, J. J., Sirakov, N., Aldeias, V., Bailey, S., Bard, E., Delvigne, V.,
Endarova, E., Fagault, Y., Fewlass, H., Hajdinjak, M., Kromer, B.,
Krumov, 1., Marreiros, J., Martisius, N. L., Paskulin, L., Sinet-
Mathiot, V., Meyer, M., P4ibo, S., Popov, V., ... Tsanova, T. (2020).
Initial upper Palaeolithic Homo sapiens from Bacho Kiro cave,

25UB0| SUOWILLIOD BA1IEBI0 3|eat e aU) Ag poLBAOB e D11 WO 58N 10 S3|N1 10} AIRIGITBUIIUO A3 1A UO (SUO 1 IPU-PUE-SLLLBI LI B 1M ARGl [puIU0y/:SdIy) SUONIPUOD PUE LB | 841395 *[202/60/2T] U ARIqIT8u1IUO A3|1M *B1fEBLRILP0D AQ 86612 d Ie/Z00T 0T/10p/LICO"AB| W ATRIGIIPUIIUO//STNY LI POpeo|umoq ‘T ‘Y202 T69.2692


https://doi.org/10.1002/ajpa.21468
https://doi.org/10.1016/j.jhevol.2020.102864
https://doi.org/10.1016/j.jhevol.2022.103323
https://doi.org/10.1002/ajpa.23719
https://doi.org/10.1002/ajpa.23719
https://doi.org/10.1002/ajpa.22355
https://doi.org/10.1002/ajpa.22355
https://doi.org/10.1038/nature10617
https://doi.org/10.1016/j.jhevol.2011.04.008
https://doi.org/10.1002/ajpa.22155
https://doi.org/10.1126/science.aaa2773
https://doi.org/10.1016/j.jhevol.2011.05.001
https://doi.org/10.1016/j.jhevol.2011.05.001
https://doi.org/10.1002/ajpa.23222
https://doi.org/10.1016/S0047-2484(83)80166-3
https://doi.org/10.1016/j.jasrep.2021.103256
https://doi.org/10.1016/j.jasrep.2021.103256
https://doi.org/10.1016/j.jhevol.2013.12.007
https://doi.org/10.1016/j.jhevol.2013.12.007
https://doi.org/10.1002/ajpa.23044
https://doi.org/10.1537/ase1911.69.27
https://doi.org/10.1016/j.jhevol.2015.03.001
https://doi.org/10.1016/j.jhevol.2015.03.001
https://doi.org/10.1016/j.quaint.2015.08.059
https://doi.org/10.1038/nature13621
https://doi.org/10.1017/CBO9781139170697
https://doi.org/10.26575/daj.v35i1.329
https://doi.org/10.26575/daj.v35i1.329

SEGHI ET AL.

Bulgaria. Nature, 581, 299-302. https://doi.org/10.1038/s41586-
020-2259-z

Jarvis, A., Reuter, H. I., Nelson, A., & Guevara, E. (2008). Hole-filled seam-
less SRTM data V4, International Centre for Tropical Agriculture
(CIAT), Available from: https://srtm.csi.cgiar.org

Jolliffe, I. T. (2002). Principal component analysis. Springer. https://doi.org/
10.1007/b98835

Lugli, F., Nava, A, Sorrentino, R., Vazzana, A., Bortolini, E., Oxilia, G.,
Silvestrini, S., Nannini, N., Bondioli, L., Fewlass, H., Talamo, S., Bard, E.,
Mancini, L., Mdller, W., Romandini, M., & Benazzi, S. (2022). Tracing
the mobility of a late Epigravettian (~ 13 ka) male infant from Grotte
di Pradis (northeastern Italian Prealps) at high-temporal resolution. Sci-
entific Reports, 12, 8104. https://doi.org/10.1038/s41598-022-
12193-6

Mallegni, F., Piperno, M., & Segre, A. (1987). Human remains of Homo sapi-
ens neanderthalensis from the Pleistocene deposit of Sants Croce cave,
Bisceglie (Apulia), ltaly. American Journal of Physical Anthropology,
72(4), 421-429. https://doi.org/10.1002/ajpa.1330720402

Mallegni, F., & Ronchitelli, A. T. (1989). Deciduous teeth of the Neander-
thal mandible from Molare shelter, near Scario (Salerno, Italy). Ameri-
can Journal of Physical Anthropology, 79(4), 475-482. https://doi.org/
10.1002/ajpa.1330790404

Mallegni, F., & Trinkaus, E. (1997). A reconsideration of the Archi 1 Nean-
dertal mandible. Journal of Human Evolution, 33(6), 651-668. https://
doi.org/10.1006/jhev.1997.0159

Marciani, G., Ronchitelli, A., Arrighi, S., Badino, F., Bortolini, E., Boscato, P.,
Boschin, F., Crezzini, J., Delpiano, D., Falcucci, A., Figus, C., Lugli, F.,
Oxilia, G., Romandini, M., Riel-Salvatore, J., Negrino, F., Peresani, M.,
Spinapolice, E. E., Moroni, A., & Benazzi, S. (2020). Lithic techno-
complexes in Italy from 50 to 39 thousand years BP: An overview of
lithic technological changes across the Middle-Upper Palaeolithic
boundary. Quaternary International, 551, 123-149. https://doi.org/10.
1016/j.quaint.2019.11.005

Martini, I., Ronchitelli, A., Arrighi, S., Capecchi, G., Ricci, S., Scaramucdi, S.,
Spagnolo, V., Gambassini, P., & Moroni, A. (2018). Cave clastic sedi-
ments as a tool for refining the study of human occupation of prehis-
toric sites: Insights from the cave site of La Cala (Cilento, southern
Italy). Journal of Quaternary Science, 33(5), 586-596. https://doi.org/
10.1002/jgs.3038

Messeri, P. (1975). Resti umani (denti e parti dell'arto inferiore) provenienti
da strati musteriani in grotta a Marina di Camerota (Salerno). In Atti
Riunione Scientifica Istituto Italiano di Preistoria e Protostoria (pp. 171-
185). Atti della XVII Riunione Scientifica dell'llPP.

Messeri, P., & Palma di Cesnola, A. (1976). Contemporaneita di Paleantropi
e Fanerantropi sulle coste dell'ltalia meridionale. Zephyrus, 26-27,
7-29.

Moroni, A., Ronchitelli, A., Arrighi, S., Aureli, S., Bailey, S., Boscato, P.,
Boschin, F., Capecchi, G., Crezzini, J., Douka, K., Marciani, G,
Panetta, D., Ranaldo, F., Ricci, S. Scaramucci, S., Spagnolo, V.,
Benazzi, S., & Gambassini, P. (2018). Grotta del Cavallo (Apulia-
Southern Italy). The Uluzzian in the mirror. Journal of Anthropological
Sciences, 96, 125-160. https://doi.org/10.4436/jass.26004

Oxilia, G., Bortolini, E., Marciani, G., Menghi Sartorio, J. C., Vazzana, A,
Bettuzzi, M., Panetta, D., Arrighi, S., Badino, F., Figus, C., Lugli, F.,
Romandini, M., Silvestrini, S., Sorrentino, R., Moroni, A., Donadio, C,,
Morigi, M. P., Slon, V., Piperno, M., ... Benazzi, S. (2022). Direct evi-
dence that late Neanderthal occupation precedes a technological shift
in southwestern Italy. American Journal of Biological Anthropology,
179(1), 18-30. https://doi.org/10.1002/ajpa.24593

Palma di Cesnola, A. (1961). Torre di Uluzzo. Rivista Scienza Preistoriche,
16, 258.

Palma di Cesnola, A. (1965). Il Paleolitico superiore arcaico (facies uluzzi-
ana) della Grotta del Cavallo, Lecce. Rivista Scienze Preistoriche, 20,
33-62.

TR \v |1 Fy Lo

Palma di Cesnola, A. (1966). Il Paleolitico superiore arcaico (facies uluzzi-
ana) della Grotta del Cavallo (Continuazione). Rivista di Scienze Preistor-
iche, 21, 3-59.

Palma di Cesnola, A. (1993). In Garlatti & Razzai (Eds.), Il Paleolitico super-
iore in Italia. Introduzione allo studio. Garlatti & Razzai, Firenze.

Palma di Cesnola, A., & Messeri, P. (1967). Quatre dents humaines paleo-
lithiques trouvees dans des cavernes de I'ltalie meridionale. L'Anthropo-
logie, 71, 249-261.

Profico, A., Buzi, C, Di Vincenzo, F., Boggioni, M., Borsato, A,
Boschian, G., Marchi, D., Micheli, M., Moggi-Cecchi, J., Samadelli, M.,
Tafuri, M. A, Arsuaga, J. L., & Manzi, G. (2023). Virtual excavation and
analysis of the early Neanderthal cranium from Altamura (ltaly). Com-
munication Biology, 6, 316. https://doi.org/10.1038/s42003-023-
04644-1

R Development Core Team. (2021). R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing.

Riga, A., Oxilia, G., Panetta, D., Salvadori, P. A., Benazzi, S., Wadley, L., &
Moggi-Cecchi, J. (2018). Human deciduous teeth from the middle
stone age layers of Sibudu cave (South Africa). Journal of Anthropologi-
cal Sciences, 96, 75-87. https://doi.org/10.4436/jass.96005

Romandini, M., Oxilia, G., Bortolini, E., Peyrégne, S., Delpiano, D., Nava, A,,
Panetta, D., Di Domenico, G., Martini, P., Arrighi, S., Badino, F.,
Figus, C., Lugli, F., Marciani, G., Silvestrini, S., Menghi Sartorio, J. C,,
Terlato, G., Hublin, J. J., Meyer, M., ... Benazzi, S. (2020). A late Nean-
derthal tooth from northeastern lItaly. Journal of Human Evolution, 147,
102867. https://doi.org/10.1016/j.jhevol.2020.102867

Sarti, L., & Martini, F. (Eds.). (2020). Il Musteriano di Grotta del Cavallo nel
Salento (scavi 1986-2005). Culture e ambienti.

Silvestrini, S., Romandini, M., Marciani, G., Arrighi, S., Carrera, L.,
Fiorini, A., Lépez-Garcia, J. M., Lugli, F., Ranaldo, F., Slon, V.,
Tassoni, L., Higgins, O. A., Bortolini, E., Curci, A, Meyer, M,
Meyer, M. C,, Okxilia, G., Zerboni, A., Benazzi, S., & Spinapolice, E. E.
(2022). Integrated multidisciplinary ecological analysis from the Uluz-
zian settlement at the Uluzzo C rock shelter, south-eastern ltaly.
Journal of Quaternary Science, 37(2), 235-256. https://doi.org/10.
1002/jqgs.3341

Smith, F. H. (1982). Upper Pleistocene hominid evolution in south-central
Europe: A review of the evidence and analysis of trends. Current
Anthropology, 23, 667-703.

Spinapolice, E. E., Zerboni, A., Meyer, M. C,, Talamo, S., Mariani, G. S.,
Gliganic, L. A., Buti, L., Fusco, M., Maiorano, M. P., Silvestrini, S.,
Sorrentino, R., Vazzana, A., Romandini, M., Fiorini, A., Curci, A., &
Benazzi, S. (2022). Back to Uluzzo-Archaeological, palaeoenviron-
mental and chronological context of the Mid-Upper Palaeolithic
sequence at Uluzzo C rock shelter (Apulia, southern Italy). Journal of
Quaternary Science, 37(2), 217-234. https://doi.org/10.1002/jgs.
3349

Tattersall, 1., & Schwartz, J. H. (1999). Commentary hominids and hybrids:
The place of Neanderthals in human evolution. Proceedings of the
National Academy of Sciences USA, 96(13), 7117-7119. https://doi.
org/10.1073/pnas.96.13.7117

Tillier, A. M. (1979). La dentition de l'enfant Moustérien Chateauneuf
2 découvert a I'Abri de Hauteroche (Charente). L'Anthropologie, 83(3),
417-438.

Toro-Moyano, |., Martinez-Navarro, B., Agusti, J., Souday, C., Bermldez de
Castro, J. M. Martinén-Torres, M., Fajardo, B., Duval, M,
Falgueres, C., Oms, O., Maria Parés, J., Anadén, P., Julia, R., Garcia-
Aguilar, J. M., Moigne, A. M., Patrocinio Espigares, M., Ros-
Montoya, S., & Palmqvist, P. (2013). The oldest human fossil in Europe,
from Orce (Spain). Journal of Human Evolution, 65(1), 1-9. https://doi.
org/10.1016/j.jhevol.2013.01.012

Toussaint, M., Olejniczak, A. J., El Zaatari, S., Cattelain, P., Flas, D.,
Letourneux, C., & Pirson, S. (2010). The Neandertal lower right decidu-
ous second molar from Trou de I'Abime at Couvin, Belgium. Journal of

25UB0| SUOWILLIOD BA1IEBI0 3|eat e aU) Ag poLBAOB e D11 WO 58N 10 S3|N1 10} AIRIGITBUIIUO A3 1A UO (SUO 1 IPU-PUE-SLLLBI LI B 1M ARGl [puIU0y/:SdIy) SUONIPUOD PUE LB | 841395 *[202/60/2T] U ARIqIT8u1IUO A3|1M *B1fEBLRILP0D AQ 86612 d Ie/Z00T 0T/10p/LICO"AB| W ATRIGIIPUIIUO//STNY LI POpeo|umoq ‘T ‘Y202 T69.2692


https://doi.org/10.1038/s41586-020-2259-z
https://doi.org/10.1038/s41586-020-2259-z
https://srtm.csi.cgiar.org
https://doi.org/10.1007/b98835
https://doi.org/10.1007/b98835
https://doi.org/10.1038/s41598-022-12193-6
https://doi.org/10.1038/s41598-022-12193-6
https://doi.org/10.1002/ajpa.1330720402
https://doi.org/10.1002/ajpa.1330790404
https://doi.org/10.1002/ajpa.1330790404
https://doi.org/10.1006/jhev.1997.0159
https://doi.org/10.1006/jhev.1997.0159
https://doi.org/10.1016/j.quaint.2019.11.005
https://doi.org/10.1016/j.quaint.2019.11.005
https://doi.org/10.1002/jqs.3038
https://doi.org/10.1002/jqs.3038
https://doi.org/10.4436/jass.96004
https://doi.org/10.1002/ajpa.24593
https://doi.org/10.1038/s42003-023-04644-1
https://doi.org/10.1038/s42003-023-04644-1
https://doi.org/10.4436/jass.96005
https://doi.org/10.1016/j.jhevol.2020.102867
https://doi.org/10.1002/jqs.3341
https://doi.org/10.1002/jqs.3341
https://doi.org/10.1002/jqs.3349
https://doi.org/10.1002/jqs.3349
https://doi.org/10.1073/pnas.96.13.7117
https://doi.org/10.1073/pnas.96.13.7117
https://doi.org/10.1016/j.jhevol.2013.01.012
https://doi.org/10.1016/j.jhevol.2013.01.012

SEGHI ET AL.

o] WiLEY- R

Human Evolution, 58(1), 56-67. https://doi.org/10.1016/j.jhevol.2009.
09.006

Turner, C. G,, ll, Nichol, C. R., & Scott, G. R. (1991). Scoring procedures for
key morphological traits of the permanent dentition: The Arizona State
University dental anthropology system. In M. Kelley & C. Larsen (Eds.),
Advances in dental anthropology (pp. 13-31). Wiley Liss.

Zanchetta, G., Bini, M., Giaccio, B., & Mele, D. (2020). | livelli
vulcanoclastici: analisi chimica e considerazioni deposizionali. In L.
Sarti & F. Martini (Eds.), Il Musteriano di Grotta del Cavallo nel Salento
(scavi 1986-2005). Culture e ambienti: Vol. 23. Millenni. Studi di Archeo-
logia Preistorica (pp. 53-64). Firenze IIPP.

Zanolli, C., Bondioli, L., Mancini, L, Mazurier, A., Widianto, H., &
Macchiarelli, R. (2012). Brief communication: Two human fossil decid-
uous molars from the Sangiran dome (Java, Indonesia): Outer and inner
morphology. American Journal of Physical Anthropology, 147(3), 472-
481. https://doi.org/10.1002/ajpa.21657

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Seghi, F., Sorrentino, R., Bailey, S. E.,
Piccirilli, E., Vazzana, A., Bortolini, E., Higgins, O. A., Marciani,
G., Orlando, M. A,, Spinapolice, E. E., Moroni, A., & Benazzi, S.
(2024). Morphological and morphometric study of the hominin
dental casts from Grotta-Riparo di Uluzzo C (Apulia, southern
Italy). American Journal of Biological Anthropology, 185(1),
€24998. https://doi.org/10.1002/ajpa.24998

25UB0| SUOWILLIOD BA1IEBI0 3|eat e aU) Ag poLBAOB e D11 WO 58N 10 S3|N1 10} AIRIGITBUIIUO A3 1A UO (SUO 1 IPU-PUE-SLLLBI LI B 1M ARGl [puIU0y/:SdIy) SUONIPUOD PUE LB | 841395 *[202/60/2T] U ARIqIT8u1IUO A3|1M *B1fEBLRILP0D AQ 86612 d Ie/Z00T 0T/10p/LICO"AB| W ATRIGIIPUIIUO//STNY LI POpeo|umoq ‘T ‘Y202 T69.2692


https://doi.org/10.1016/j.jhevol.2009.09.006
https://doi.org/10.1016/j.jhevol.2009.09.006
https://doi.org/10.1002/ajpa.21657
https://doi.org/10.1002/ajpa.24998

	Morphological and morphometric study of the hominin dental casts from Grotta-Riparo di Uluzzo C (Apulia, southern Italy)
	1  INTRODUCTION
	1.1  Grotta-Riparo di Uluzzo C and the research history

	2  MATERIALS AND METHODS
	2.1  The dental plaster casts
	2.2  Virtual acquisition and optimization of the dental casts
	2.3  Dental morphology
	2.4  Metric comparison
	2.5  Geometric morphometrics and statistical analyses

	3  RESULTS
	3.1  Morphological description
	3.2  Metric comparison
	3.3  Geometric morphometrics and statistical analyses

	4  DISCUSSION
	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


