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Abstract

Morphological evidence suggests that European Middle Pleistocene hominins share a common phylogenetic history, yet
they display a substantial morphometric variability. In particular, MIS 7—5 hominins have been proposed to exhibit a
distinctive combination of traits differentiating them from both earlier and later Neanderthal populations. However, the
scarcity of fossil remains from this period limits our understanding of Neanderthal evolutionary dynamics and regional
variability. Here, we present a morphometric reassessment of the dental remains from Payre (n=9), combining external
morphological descriptions, geometric morphometrics of the EDJ, and analysis of the dental tissue proportions. We test
whether the Payre sample can be distinguished from earlier populations (e.g., Atapuerca-Sima de los Huesos) and from
later Neanderthal groups (MIS 5—3), and we evaluate morphological variation across stratigraphic levels. Our results
show that the Payre teeth align more closely with the MIS 7 samples from Biache-Saint-Vaast and Montmaurin-La Niche
(France) than with later Neanderthals, although the observed traits are also widely shared with Atapuerca-Sima de los
Huesos. Importantly, the assemblage exhibits internal variability, with less derived morphology primarily confined to
anterior teeth from the lower stratigraphic levels. The Payre dental record documents persistent regional variability within
the Neanderthal clade during MIS 7. This variability may reflect localized demographic processes, possibly including
small-scale admixture associated with climatic fluctuations during the Middle Pleistocene.
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Introduction

The origin and evolution of the Neanderthal clade remains
one of the most intricate topics in the field of human
evolution. Recent paleogenetic and paleoanthropologi-
cal evidence indicates that the roots of the Neanderthals
extend as far back as MIS 12, represented by the Ata-
puerca-Sima de los Huesos population whose hominins
show clear morphological and genetic affinities with later
Neanderthals (e.g., Arsuaga et al. 2014; Martindén-Torres
et al. 2012; Meyer et al. 2016; Meyer et al. 2014). Mor-
phological data further suggests that several European
Middle Pleistocene (MP) populations share a common
phylogenetic history (e.g., Arsuaga et al. 2014; Daura et
al. 2017; Vialet et al. 2018; Zanolli et al. 2018). However,
despite this common history, European MP hominins
display substantial morphometric variability. This vari-
ability has been interpreted as reflecting complex popula-
tions interactions resulting in different lineages within the
Neanderthal clade (e.g., Bermadez de Castro et al. 2019;
Martinez de Pinillos et al. 2020; Roksandic et al. 2011,
Verna et al. 2020; Vialet et al. 2018), rather than a linear
evolutionary process (e.g., Hublin 2009). Increasingly,
morphometric evidence supports a scenario involving
repeated population dispersals, regional fragmentation,
and gene-flow within Europe during the Middle and Late
Pleistocene (Dennell et al., 2009, 2011; MacDonald et
al. 2012). Genomic data further complicate this picture.
Neanderthal genome document episodes of gene flow not
only among Neanderthals but also between Neanderthals
and other hominin groups, including H. sapiens and Den-
isovans, indicating that Neanderthal evolution occurred
within a network of interacting populations, which may
have influenced patterns of morphological diversity (e.g.,
Posth et al. 2017; Priifer et al. 2017; Slon et al. 2018).

Particularly debated are hominins dating to MIS 7—5,
which have been argued to display a distinctive combi-
nation of traits that differentiate them from both earlier
(MIS 12-38) and later (MIS 4—3) Neanderthal popula-
tions (e.g., Arsuaga et al. 1997; Couture and Hublin
2005; Dean et al. 1998; Guipert et al. 2011). Yet the lim-
ited fossil record from this period in Europe represents
a major challenge to understanding the evolution of the
Neanderthal clade, from the earliest representatives to
the most recent classic Neanderthals. Continued study of
new fossil discoveries together with the reassessment of
previously studied fossils, is therefore essential to refin-
ing our understanding of the variability within the MP
hominins and, ultimately, the evolutionary history of the
Neanderthal clade.
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Fig. 1 Stratigraphic sequence of the Payre site, showing the different}
units, Marine Isotope Stages (MIS), and the position of the human
remains (indicated by black stars).Modified from Valladas et al. (2008).

Background on Payre site

The Payre site is located in the Rhone valley (South-East,
France). The cave was transformed into a shelter by erosive
processes with cryoclastic events and collapse of the cave roof
(Moncel et al. 2002; Moncel 2008). Excavations carried out
by M.H. Moncel uncovered archaeological levels (A-I) cover-
ing 20 to 50 m? and 5 m in thickness. The 16 human remains
(twelve teeth, two fragments of parietal bones and two frag-
mentary mandibles) were discovered in several levels, mainly
F and G (Fig. 1). The archaeological sequence extends from
MIS 9 to the end of MIS 6 based on ESR-U series, TL and
TIMS (Condemi and Moncel 2008; Moncel et al. 2019; Val-
ladas et al. 2008). The average TL ages published by Valla-
das et al. (2008) for levels G (247+29 ka) and F (251425 ka)
provide a similar chronological time for the occupations (end
of MIS 8-beginning of MIS 7), in agreement with ESR/U-
series on teeth and bones, ranging from 139+ 16 ka (D) and
265459 ka (G) (Richard et al. 2021).

The cave was predominantly occupied by humans,
although it also served intermittently as a den for carnivores
and Ursus. The highest density of bears is for level F (alternat-
ing occupation by bears and humans) when the size of the cav-
ity decreased, while level G was more anthropic (less density
of bears and carnivores remains). The oldest stratigraphic unit
containing archaeological material (unit G, comprising two
phases of occupation, layers Ga and Gb) dates to approxima-
tively 250 ka, MIS 7 (Valladas et al. 2008). Most of the human
remains, including teeth, mandibular and parietal bones,
derive from this unit. Layer Gb yielded three teeth and layer
Ga five teeth, two fragments of parietal and two mandibules
(Cavillac et al. 2025). The second unit (unit F divided in 4 sub-
levels, Fa to Fd), provided evidence of less densely distributed
occupations and is also dated to MIS 7. This unit yielded three
human teeth and one tooth at the top covered by a major col-
lapse of the cave (level E). The unit F was sealed by a major
collapsing event, corresponding to the end of MIS 6. The final
occupations occurred beneath the rock shelter (Fig. 2).

The faunal assemblage is dominated by herbivores,
including Equus ferus, Stephanorhinus kirchbergensis,
Stephanorhinus hemitoechus, Elephas, Bos primigenius,
Hemitragus bonali, Cervus elaphus, Capreolus capreolus,
Castor fiber, and Ursus spelaeus, as well as carnivores such
as Panthera leo spelaea, Cuon priscus, Felis silvestris, Lynx
lynx, and Vulpes vulpes. Faunal remains indicate consistent
patterns of human activity throughout the sequence, with
evidence of hunting primarily targeting Cervus elaphus
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Fig.2 2 A. Location of the Payre site in France. 2B. Plan view of the
site showing the spatial distribution of all human remains. Teeth in this
study, include: Payre 9-29 (stratigraphic level E); Payre 14-336, Payre
10482 and Payre 13—717 (stratigraphic level F); Payre 8-344, Payre

ssp., Bos primigenius and Equus cf. mosbachensis, while
rhinoceroses and elephants were likely scavenged. Some
bear bones also show signs of human exploitation (Lateur
et al. 2024). Zooarchaeological analyses suggest repeated,
short-term, seasonal occupations longer for levels G and D
than for level F, in agreement with the density of remains
of Ursus for level F (Rivals et al. 2009). Evidence of fire
use was found in all levels, and an ashy lens was identified
at the top of Layer Ga, although no clear hearth structure
was documented (Moncel 2008). Bone remains were inten-
sively fractured, and some exhibit burning traces, as flint
artefacts (Moncel 2008).

@ Springer

Payre II

W82
a*8520
@n*

(o] n*33s
n'16 ° @ n*4

24
w09 O 112
a23%9

6—127 and Payre 11-633 (stratigraphic level Ga); Payre 3-250 and
Payre 2-237 (stratigraphic level Gb). For further details on the dental
collection included in this study see Table 1

The presence of remains of species such as Bison sp.,
Capreolus capreolus ssp., Megaloceros sp., Capra ibex,
Hemitragus sp., Rupicapra sp. and Sus scrofa ssp.. indi-
cates various ecosystems around the site: open in the
vicinity of the cave and forested in the valley (Rivals et
al. 2009). Isotopic analyses of both human and animal
remains indicate a stable subsistence strategy over time
and a reliance on local resources for humans, although
some evidence of human mobility has been documented
for instance through the analyse of lead into child teeth
(Bocherens et al. 2016; Ecker et al. 2013; Moncel et
al. 2019; Smith et al. 2018). The lithic assemblages are
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attributed to the Early Middle Paleolithic (Baena et al.
2017; Carmignani et al. 2017), with flint being the pre-
dominant raw material, supplemented by local stones. The
core technology is mostly discoidal and orthogonal and
the retouched artefacts are scrapers and points. Some large
tools (bifaces, bifacial scrapers, simple scrapers) are made
on quartzite, limestone and basalt pebbles or large flakes.
Micro-wear studies demonstrate the diversity of activities
on the site (Hardy and Moncel 2011; Moncel 2008; Ped-
ergnana et al. 2018).

Previous analyses of the morphometric characteristics
of the Payre dental remains have identified a combina-
tion of traits, encompassing features typical of MIS 12—8
populations alongside traits characteristic of later “clas-
sic” Neanderthals (MIS 4-3), thereby underscoring the
morphological variability within the Neanderthal clade
(e.g., Moncel and Condemi 2007; Moncel 2008). In this
context, we present a morphometric reassessment of the
Payre dental remains. By incorporating new approaches,
including morphometric characterization of the EDIJ,
dental tissue proportions, and expanded comparative
datasets, we aim to identify additional traits that may
clarify the affinities of the Payre sample with earlier and
later Neanderthal populations or if the dental morphol-
ogy of the Payre population differentiates them from both
earlier and later Neanderthal groups. More broadly, this
study seeks to contribute to our understanding of the evo-
lutionary dynamics of the Neanderthal clade within the
framework of European population fragmentation and
regional differentiation.

Morphologically, the Payre dental remains are expected
to align with fossils from the MIS 7—5 such as those from
Montmaurin-La Niche, Biache Saint-Vaast (BSV), and
Krapina. Moreover, based on chronological grounds, we
hypothesize that dental remains from lower levels, cor-
responding to MIS 7 will exhibit greater similarities with
earlier Neanderthals, while those from upper levels, cor-
responding to the end of MIS 6, will display more simi-
larities with later members of the Neanderthal clade.

Material

The sample from the Payre site analysed in this study com-
prises nine isolated maxillary and mandibular dental remains
from 4 archaeological levels (E, F, Ga, Gb). Here we provide
both sets of specimen identifiers: Payre 1 to 15, as designated
by Verna and colleagues (2020), and their corresponding
excavation numbers as reported by Condemi and Moncel
(2008). Three specimens, Payre 5, Payre 7, and Payre 15,
were excluded from the present study. Payre 5 has been attrib-
uted to H. sapiens and considered intrusive to the site (Smith
etal. 2018); Payre 7 is a left parietal bone fragment and Payre
15 is a mandible described by Verna and colleagues (2020).
Two additional human remains were identified more recently:
Payre 16, a left part of an edentulous mandible, and Payre 17,
a fragment of left parietal (Cavillac et al. 2025).

The specimens considered in this study include: Payre
10-482 (RC’), Payre 13-717 (RP?), Payre 3-250 (RI),
Payre 2-237 (R1,), Payre11-633 (RC,), Payre 8-344 (LP;),
Payre 6-127 (LP,), Payre 9-29 (RP;), and Payre 14-336
(LM,). According to Moncel and Condemi (2007) teeth rep-
resent five individuals (see Table 1). Payre 9-29 was initially
classified as a P, (Moncel and Condemi 2007). However, its
rhomboidal contour, globular metaconid, occlusal projec-
tion of the buccal cusp and compressed occlusal polygon are
more characteristic of a P; than a P,. Consequently, Payre
9-29 has been reclassified as a right P;.

We did not include the complete sample from Payre in
all the analyses due to their preservation and wear degree
(Table 1 includes wear scoring following Molnar 1971). The
comparative sample in this study consists of 356 teeth from
several groups, including the Middle Pleistocene samples
from Sima de los Huesos (SH), Arago, Biache-Siant-Vaast
(BSV), and Montmaurin-La Niche; Neanderthals from
Krapina; fossil H. sapiens from Qafzeh, and recent mod-
ern humans of African and European origin. Table 2 details
the full dental sample used in this study and specifies the
specimens included in each analysis (for the complete list of
specimens see SI Table 1).

Table 1 Payre teeth included in this study (tooth type, associated individual, stratigraphic level, Marine Isotope stage, wear score) and type of
analysis performed (OES morphology by ASUDAS scoring, GM of the EDJ rim, and, tissue proportions and distribution)

Specimen Tooth Individual Stratigraphic level MIS Wear (Molnar 1971) ASUDAS GM Enamel thickness & Cartographic maps
Payre 9-29 LP; A E 5 3 X
Payre 14-336 LM, B F 7 4 X
Payre 10482 RC’ C F 7 4 X
Payre 13-717 RP* C F 7 2-3 X
Payre 8-344 LP; D Ga 7 2 X
Payre 6-127 LP, D Ga 7 2 X
Payre 11-633 RC, D Ga 7 3 X
Payre 3-250 Rl E Gb 7 4-5 X
Payre 2237 RI, E Gb 7 4-5 X
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Table 2 Complete sample (original and comparative) included in this study used for morphometric analyses
Sample Site Locality Chronology MIS N EDJ GM of Enamel Reference
Morphol- the EDJ  Thickness
ogy (N total) (N total)
(N total)
Middle Payre France 7-5 9 9 3 3 Original data
Pleistocene
Homo
Mauer Germany 15 1 1 Weber et al., 2016
Montmaurin-  France 7 1 1 Martinez de Pinillos et al.
La Niche 2020
Biache 7 2 2 1 Martin-Francés et al., 2023
Saint-Vaast
Arago France 12 12 11 4 4 Martinez de Pinillos 2017
and Original data
Atapuerca- Spain 12 86 62 20 41 Garcia-Campos et al. 2019
Sima de los Martin-Francés et al. 2020,
Huesos 2023, submitted and
Original data
Visogliano Italy 12 2 2 Zanolli et al. 2018
Qesem Cave  Israel 15 1 1 Hershkovitz et al., 2016
Weber et al., 2016
Mala Balanica Serbia 10-11 1 1 Roksandic et al. 2011
Skinner et al. 2016
Early Krapina Croatia Late 5 40 32 13 14 Original data from NES-
Neanderthals Pleistocene POS website
Late Gibraltar Europe 2-3 1 Martinez de Pinillos et al.
Neanderthals Devil’s Tower 2014 and 2017
La Quina France 4-3 1 1 1 Original data from NES-
POS website
Sima de las Spain 3 2 2 Bayle et al. 2017
Palomas
Regourdou France Sc 2 1 1 Martinez de Pinillos et al.
2014 and 2017
Bayle et al. 2017
Engis Belgium 3 1 1 Original data from NES-
(Schmerling POS website
Caves)
Oliveira Portugal 3 1 1 Willman et al., 2012
Fossil H. Qafzeh Israel 5b-5 2 3 3 Original data from ESRF
sapiens website
Modern H. Sudan Holocene 1 55 36 30 27
sapiens
South Africa 28 28
Europe 114 44 25 45 Martin-Francés et al., 2024
Methods Dental Anthropology Group (GAD) database at CENIEH

Scanning of the samples

We employed high-resolution pnCT images for the analy-
sis of the samples. The original sample from Payre was
scanned at the Muséum national d’Histoire naturelle, France
(AST-RX Platform) using a GE 103 Phoenix v/tome/x L
450 instrument, with the following parameters: 120 kV
and 180 pA, 0.5 mm Cu filter and isometric voxel size of
22 pm. The pCT data from the SH, Arago, BSV sites, as
well as the recent modern human sample, are part of the

@ Springer

and has been previously published in various studies (e.g.,
Martinez de Pinillos et al. 2020; Martin-Francés et al. 2020,
2022, 2025; Garcia-Campos et al. 2019). The remaining
fossil samples, including the specimens from Krapina and
Qafzeh, were downloaded from ESRF (http://paleo.esrf.eu/)
and Nespos (https://nespos.org) websites.

Virtual segmentation

The 3D virtual segmentation of the dental tissues (enamel,
dentine and pulp) was performed using Amira (6.3.0, FEI
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Inc.) with the semiautomatic, threshold-based segmen-
tation tool. These were employed for the characteriza-
tion of the enamel-dentine junction (EDJ) morphology,
tissue proportions, and enamel thickness topographic
distribution.

Morphological characterization of the OES and EDJ

We assessed the morphological variation of the outer enamel
surface (OES) and the enamel-dentine junction (EDJ) in
the sample using the modified version of the Arizona State
University Dental Anthropological System (ASUDAS) of
Martinén-Torres et al. (2012) and references therein. The
scoring systems of Martinez de Pinillos et al. (2014) and
Martinon-Torres et al. (2014) were employed to evaluate the
expression of the trigonid and talonid crests. In addition, we
followed Martin et al. (2017) for the assessment of cusp tip
position relative to the marginal ridge, and Compton and
Stringer (2015) for the evaluation of distal occluso-lingual
clefts and buccal vertical grooves.

Geometric morphometrics of the EDJ

Geometric morphometrics (GM) analyses of the EDJ were
conducted on the virtual surfaces of three specimens from
Payre (13-717 RP%, 86-344 LP;, 6-127 LP,). Specimens
exhibiting large dentine patches (Molnars’ category >3
for premolars and >4 for molars) were excluded from
the analysis, as reliable reconstruction of the dentine
horns is not possible. The comparative sample includes
specimens from the Middle Pleistocene assemblages of
SH, BSV and Arago, Neanderthals from Krapina and La
Quina, fossil H. sapiens from Qafzeh and recent modern
humans of African and European origin (Table 2). Com-
parative specimens were mirrored according to the side
of the preserved teeth from Payre.

To explore patterns of dental morphology and group
affinities, we performed both standard Principal Compo-
nent Analysis (PCA) and between-group PCA (bgPCA).
We used the B-spline module in Amira (v. 6.3.0, FEI Inc.)
to place one landmark at each of the dentine horn tips of the
main cusps of upper (protocone and paracone) and lower
premolars (protoconid and metaconid), along with 49
semilandmarks along the marginal ridge. Geometric mor-
phometric analyses were performed in R (v. 4.4.0; R Core
Team, 2024). We conducted the weighted PCA and bgPCA
based on the Procrustes and deformation-based shape
residuals (Mitteroecker and Bookstein 2011). Allometry
was assessed using the coefficient of determination (R?) of
a multiple regression analysis (Bookstein 1991), with cen-
troid size as the independent variable and (bg)PC scores as
dependent variables (Mitteroecker et al. 2013).

Tissue proportions

We calculated the dental crown tissue proportions of
three specimens from Payre (11-633 LC, 8§-344 LP,,
6-127 LP,) and compared the results to those of SH,
Arago, Neanderthals from various locations, fossil H.
sapiens from Qafzeh, and recent modern humans of Afri-
can and European origin (Table 2 and see SI Table 1 for a
complete description of the specimens). For canines, we
followed the method developed by Garcia-Campos et al.
(2018b), based on the approach by Benazzi et al. (2014),
which uses the cervical curvature as the key morphologi-
cal feature to virtually isolate the crown and root. For
premolars, we followed the protocol of Olejniczak et al.
(2008), which defines the cervical plane by separating
the crown from the root at the plane halfway between
the most apical continuous enamel ring and the plane
containing the last hint of enamel. Finally, following the
protocols by Kono (2004) and Olejniczak et al. (2008),
we measured in Amira (v. 6.3.0, FEI Inc.): (i) the volume
of enamel (Ve in mm?); (ii) the volume of coronal den-
tine including the pulp enclosed in the crown (Vedp in
mm?); (iii) the total volume of the crown, including the
enamel, dentine and pulp (Vc in mm?); (iv) surface of the
EDJ (SEDJ in mm?). Then we calculated: (i) the 3D aver-
age enamel thickness (3D AET=Ve/SEDJ in mm); (ii)
3D relative enamel thickness (3D RET=100*3D AET/
(Vedpl/3), a scale-free measurement), and (iii) the per-
centage of dentine and pulp in the total crown volume
(Vedp/Ve=100*Vcedp/Ve in %).

Inclusion criteria

We included the C, in the enamel thickness analysis,
despite having a wear score of 3 (according to Molnar’s
categories, 1971). Traditionally, wear category 3, charac-
terized by the absence of the apex in the incisal border
and with exposure of a dentine point (Molnar 1971), is
regarded as the upper limit to consider them slightly worn
(Buti et al. 2017; Feeney et al. 2010; Garcia-Campos et
al. 2018a, b, 2019, 2020; Schwartz and Dean 2005). In
establishing wear recording procedures, Molnar (1971)
considered the original morphology of the tooth and evalu-
ated the canines and incisors together, separated from the
premolars and molars due to their multi-cusped morphol-
ogy. Wear category 3 in incisors and canines, due to the
size of their crests (conical and broader), is typically asso-
ciated with a wider dentine patch than in the premolars
and molars (see Fig. 1 of Molnar 1971). However, despite
the larger dentine exposure, when quantifying the loss of
enamel in those canines exhibiting wear category 3 and
varying degrees of dentine exposure, we estimated that the
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maximum enamel volume loss is 5.78% (see SI Table 1).
Furthermore, when selecting teeth with wear equivalent to
that of Payre specimen, we found that the results are simi-
lar to those obtained when using all teeth with a wear score
of 3 or lower (SI Fig. 1). Thus, although values should be
taken with some caution due to reconstruction limitations,
we believe a reasonable balance is achieved between the
degree of error and the amount of information gained in
the characterization of the Payre teeth.

Statistical analyses

For representation purposes, we computed standard
boxplots for the three enamel thickness variables (AET,
RET and percentage of dentine and pulp) for the origi-
nal sample from Payre and the comparative sample,
including SH, Arago, Neanderthals and recent modern
humans. To analyse the similarities in dental tissue pro-
portions between the Payre specimens and the compara-
tive sample, we performed an adjusted Z-score analysis.
The Adjusted Z-score test (Maureille et al. 2001; Scolan
et al. 2012) allows the comparison of unbalanced and
reduced samples (e.g., one specimen against a group) by
using Student’s inverse t-distribution. Adjusted Z-scores
for AET, RET and percentage of dentine variables were
calculated to compare 3D dental tissue proportions and
enamel thickness values of the three Payre specimens
with the means and standard deviations of the SH, Nean-
derthal and MH groups. In these Z-scores the —1.0 to
+1.0 interval comprises the 95% of the variation in the
reference samples.

Enamel thickness topographic distribution

We generated the 3D topographic maps using the surface
distance module (SDM) in Amira (6.3.0, FEI Inc.). The
distance between the OES and the EDJ are represented
using a chromatic scale from thinnest (blue) to thickest
(red) (Bayle et al. 2017; Macchiarelli et al. 2013). In addi-
tion to the Payre sample, we selected a comparative sam-
ple with minimal enamel wear, including specimens from
SH, Arago, Neanderthals from Krapina and recent modern
humans. For representation purposes, left premolars were
mirror-imaged.

Results
Morphological characterization of the OES and EDJ

We describe the degree of expression of key morpholog-
ical features at the OES and EDJ in the Payre sample,
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highlighting their similarities with the comparative sam-
ple (see Table 3 for the frequency of trait expression in
the sample and SI Table 1 for the individual trait scoring
of the complete sample). The description of the results is
organized by stratigraphic levels, from top (level E) to
bottom (level G).

For most features, Payre exhibits great similarities with
members of the Neanderthal clade, both in frequency and
degree of expression. Overall, there is a good correspon-
dence between the OES and EDJ surfaces. To avoid redun-
dancy, we only specifically refer to EDJ features in cases
where they do not correspond with the OES (in SI Table 3,
marked with an asterisk) (Fig. 3).

Stratigraphiclevel E

Payre 9-29 Left P; (Fig. 3A) This tooth is characterized
by a rhomboidal contour, with a marked projection of the
labial surface of the buccal cusp on the occlusal view, and
a small globular lingual cusp. This morphology, charac-
terized by the compression and lingual displacement of
the occlusal polygon, is more commonly observed in
European MP populations and Neanderthals than in mod-
ern humans. The tooth has a well-developed distal acces-
sory ridge (grade 1) and a continuous transverse crest
(grade 2), traits frequently recorded in SH, Neanderthals,
but rarely in modern humans (Martinon-Torres et al. 2012
and this study). No accessory lingual cusps are present;
instead, we observe a distolingual platform with a slight
ridge elevation (grade 2). This conformation is commonly
found in Neanderthals and early Neanderthal groups, in
contrast to the absence of lingual cusps and ridges seen
in H. sapiens (Martindn-Torres et al. 2012). Although the
labial surface is smooth, there is a basal bulging typical of
SH and most Neanderthal groups.

Stratigraphiclevel F

Payre 14-336 Left M, (Fig. 3B) This molar has five cusps,
although the hypoconulid is relatively small (grade 2). The
cusps are arranged in a cruciform pattern, a derived feature for
the genus Homo that is less frequent in Neanderthals than in
SH and H. sapiens, and tends to be associated with the cusp
reduction (Martinén-Torres et al. 2012; Skinner et al. 2016;
Scott et al., 2018, and this study). The expression of a short
and deep anterior fovea is particularly informative. Moreover,
the anterior fovea is pronounced (grade 2) a trait expressed
in over 70% in Neanderthals and early Neanderthals (Bailey
2002; Martinon-Torres et al. 2012), but rarely present in this
particular shape in early and H. sapiens. In addition, Payre
336 exhibits a continuous mid-trigonid crest at both the OES
and EDJ (type 10 of Martinez de Pinillos et al. 2014). The
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Table 3 Frequencies of the degrees of expression of main morphological traits in the EDJ surfaces of Payer specimens and the comparative
samples (SH: Sima de los Huesos, MP: Middle Pleistocene Homo, NEA: Neanderthals, FHS: fossil H. sapiens and MH: modern humans). See SI

Table 1 for the individual scoring of each specimen

I, Grade Payre SH MP NEA FHS MH
Labial convexity 0 0 0 0 8 (100%)
1 0 0 0 0
2 1 (100%) 7 (87.5%) 2 (100%) 0
3 0 1 (12.5%) 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
Total 1 8 2 8
Shovel shape 0 0 0 0 7 (87.5%)
1 1 (100%) 5(62.5%) 0 1 (12.5%)
2 0 3 (37.5%) 2 (100%) 0
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
Total 1 2 2 8
Tuberculum dentale 0 1 (100%) 7 (87.5%) 1 (50%) 7 (87.5%)
1 0 1 (12.5%) 0 1(12.5%)
2 0 0 1 (50%) 0
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
Total 1 8 2 8
I, Grade Payre SH MP NEA FHS MH
Labial convexity 0 0 0 0 8 (100%)
1 0 0 0 0
2 1 (100%) 8 (100%) 0 0
3 0 0 2 (100%) 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
Total 1 8 2 8
Shovel shape 0 0 0 0 7 (87.5%)
1 0 1 (12.5%) 0 0
2 1 (100%) 7 (87.5%) 0 1(12.5%)
3 0 0 1 (50%) 0
4 0 0 1 (50%) 0
5 0 0 0 0
6 0 0 0 0
Total 1 8 2 8
Tuberculum dentale 0 1 (100%) 8 (100%) 1 (50%) 8 (100%)
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0 0 1 (50%) 0
5 0 0 0 0
6 0 0 0 0
Total 1 8 2 8
ok Grade Payre ISH Mp LINEA ZFHS 'MH
Shovel shape 0 0 0 0 1 (6.66%)
1 0 0 0 4 (26.66%)
2 0 0 1 (9.09%) 4 (26.66%)
3 0 2 (25%) 3(27.27%) 3 (20%)
4 0 3 (37.5%) 3(27.27%) 3 (20%)
5 0 2 (25%) 3 (27.27%) 0
6 1 (100%) 1 (12.5%) 1 (9.09%) 0
Total 1 8 11 15
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Table 3 (continued)

I, Grade Payre SH MP NEA FHS MH
Tuberculum dentale 0 0 0 1 (9.09%) 7 (46.66%)
1 0 0 0 1 (6.66%)
2 0 0 1(9.09%) 5(33.33%)
3 0 0 0 0
4 0 0 2 (18.18%) 2 (13.33%)
5 0 6 (75%) 3(27.27%) 0
6 1 (100%) 2 (25%) 4 (36.36%) 0
Total 1 8 11 15
Distal Accesory ridge 0 1 (100%) 4 (50%) 6 (54.54%) 5(33.33%)
1 0 3 (37.5%) 4 (50%) 4 (26.66%)
2 0 1 (12.5%) 1 (12.5%) 6 (40%)
Total 1 8 11 15
Mesial Ridge 0 1 (100%) 0 8 (72.72%) 14 (93.33%)
1 0 2 (25%) 1(12.5%) 0
2 0 6 (75%) 2 (18.18%) 1 (6.66%)
Total 1 8 11 15
C, Grade Payre SH MP NEA FHS MH
Shovel shape 0 0 0 0 0
1 0 0 0 9 (60%)
2 1 (100%) 0 0 1 (6.66%)
3 0 0 2 (28.57%) 4 (26.66%)
4 0 6 (75%) 5 1 (6.66%)
5 0 2 (25%) 5(71.42%) 0
6 0 0 0 0
Total 1 8 7 15
Tuberculum dentale 0 1 (100%) 0 7 (100%) 11 (73.33%)
1 0 6 (75%) 0 2 (13.33%)
2 0 2 (25%) 0 2 (13.33%)
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
Total 1 8 7 15
Distal Accesory ridge 0 1 (100%) 6 (75%) 1 (14.28%) 10 (66.66%)
1 0 2 (25%) 1 (14.28%) 2 (13.33%)
2 0 0 5(71.42%) 3 (20%)
Total 1 8 7 15
Mesial Ridge 0 1 (100%) 1 (100%) 7 (100%) 14 (93.33%)
1 0 0 0 1 (6.66%)
2 0 0 0 0
Total 1 8 7 7
pP3 Grade Payre SH MP* NEA FHS MH
Distal Accessory Ridge 0 1 (100%) 1 (33.3%) 0 3 (60%) 4 (50%)
1 0 2 (66.6%) 3 (100%) 2 (40%) 4 (50%)
Total 1 3 3 5 8
Mesial Accessory Ridge 0 1 (100%) 2 (66.7%) 3 (100%) 4 (80%) 5 (62.5%)
1 0 1 (33.3%) 0 1 (20%) 3 (37.5%)
Total 1 3 3 5 8
Transverse Crest of Premolars 0 0 2 (66.7%) 0 1 (20%) 6 (75%)
1 0 0 2 (40%) 1 (20%) 2 (25%)
2 1 (100%) 1 (33.3%) 3 (60%) 3 (60%) 0
Total 1 3 5 5 8
Buccal Essential Crest or Ridge 0 0 0 0 0 0
1 0 2 (66.7%) 2 (66.7%) 3 (60%) 8 (100%)
2 1 (100%) 1 (33.3%) 1 (33.3%) 2 (40%) 0
Total 1 3 3 5 8
Lingual Essential Crest or Ridge 0 0 1(33.3%) 0 0 2 (25%)
1 0 1 (33.3%) 1(33.3%) 3 (60%) 6 (75%)
2 1 (100%) 1 (33.3%) 2 (66.7%) 2 (40%) 0
Total 1 3 3 5 8
P, Grade Payre SH MP NEA FHS MH
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Table 3 (continued)

I, Grade Payre SH MP NEA FHS MH

Distal Accessory Ridge 0 1 (50%) 3 (50%) 1 (50%) 0 1 (50%) 2 (14.28%)
1 1 (50%) 3 (50%) 1 (50%) 3 (100%) 1 (50%) 12 (85.71%)
Total 2 6 2 3 2 14

Mesial Accessory Ridge 0 2 (100%) 5(83.33%) 2 (100%) 3 (100%) 2 (100%) 8 (57.14%)
1 0 1 (16.66%) 0 0 0 6 (42.85%)
Total 2 6 2 3 2 14

Transverse Crest 0 0 1 (16.66%) 0 0 0 1 (7.14%)
1 1 (50%) 1 (16.66%) 0 1 (33.33%) 0 2 (14.28%)
2 1 (50%) 4 (66.66%) 2 (100%) 2 (66.66%) 2 (100%) 11 (78.57%)
Total 2 6 2 3 2 14

Lingual cusp variation 1 0 1 (16.66%) 0 1 (33.33%) 1 (50%) 3 (21.42%)
2 2 (100%) 0 1 (50%) 1 (33.33%) 0 0
3 0 4 (66.66%) 1 (50%) 1 (33.33%) 1 (50%) 9 (64.28%)
4 0 1 (16.66%) 0 0 0 2 (14.28%)
Total 2 6 2 3 2 14

P, Grade Payre SH MP NEA FHS MH

Distal Accessory Ridge 0 0 1 (9.09%) 0 3 (42.85%) 0 15 (51.72%)
1 1 (100%) 10 (90.90%) 1 (100%) 4 (57.14%) 1 (100%) 14 (48.27%)
Total 1 11 1 7 1 29

Mesial Accessory Ridge 0 1 (100%) 11 (100%) 1 (100%) 6 (85.71%) 1 (100%) 21 (72.41%)
1 1 0 0 1 (14.28%) 0 8 (27.58%)
Total 11 1 7 1 29

Transverse Crest 0 0 0 0 0 0 10 (34.48%)
1 0 1 (9.09%) 0 1 (14.28%) 0 12 (41.37%)
2 1 (100%) 10 (90.90%) 1 (100%) 6 (85.71%) 1 (100%) 7 (24.13%)
Total 2 11 1 7 1 29

Lingual cusp variation 1 0 0 0 0 0 8 (27.58%)
2 0 0 0 0 0 0
3 1 (100%) 2 (18.18%) 0 1 (14.28%) 1 (100%) 16 (55.17%)
4 0 9 (81.81%) 1 (100%) 5(71.42%) 0 5(17.24%)
5 1 0 0 1 (14.28%) 0 0
Total 11 1 7 1 29

M, Grade Payre SH MP NEA FHS MH

Fovea Anterior 0 0 0 1(11.11%) 0 1 (50%) 25 (73.52%)
1 0 0 2 (22.22%) 0 1 (50%) 4 (11.76%)
2 1 (100%) 10 (100%) 6 (66.66%) 9 (100%) 0 5 (14.70%)
Total 1 10 9 9 2 34

Trigonid Crest 1 0 1 (10%) 0 0 0 2 (5.88%)
2 0 2 (20%) 0 0 0 2 (5.88%)
3 0 0 0 1 (11.11%) 0 1 (2.94%)
4 0 0 3(33.33%) 0 2 (100%) 22 (64.70%)
5 0 0 0 0 0 0
6 0 0 0 1 (11.11%) 0 0
7 0 0 1 (11.11%) 1 (11.11%) 0 1 (2.94%)
8 0 0 0 0 0 3 (8.82%)
9 0 0 0 0 0 0
10 1 (100%) 1 (10%) 2 (22.22%) 2 (22.22%) 0 2 (5.88%)
1 0 0 0 0 0 0
12 0 3 (30%) 3(33.33%) 2 (22.22%) 0 0
13 0 4 (40%) 0 0 0 0
14 0 0 0 2 (22.22%) 0 1 (2.94%)
Total 1 10 9 9 2 34

Talonid Crest 0 1 (100%) 10 (100%) 9 (100%) 9 (100%) 2 (100%) 33 (97.14%)
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 1 (2.85%)
5 0 0 0 0 0 0
6 0 0 0 0 0 0
Total 1 10 9 9 2 34
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Table 3 (continued)
I, Grade Payre SH MP NEA FHS MH
Deflective Wrinkle 0 1 (100%) 10 (100%) 9 (100%) 9 (100%) 2 (100%) 34 (100%)
1 0 0 0 0 0 0
2 0 0 0 0 0 0
Total 1 10 9 9 2 34
Hypoconulid 0 0 3 (30%) 2 (22.22%) 1 (11.11%) 0 22 (64.70%)
1 0 1 (10%) 0 0 0 1 (2.94%)
2 1 (100%) 2 (20%) 2 (22.22%) 1 (11.11%) 0 1(2.94%)
3 0 3 (30%) 1 (11.11%) 4 (44.44%) 0 5 (14.70%)
4 0 1 (10%) 3(33.33%) 3(33.33%) 1 (50%) 2 (5.88%)
5 0 0 1 (11.11%) 0 1 (50%) 3 (8.82%)
Total 1 10 9 9 2 34
C6 (entoconulid) 0 1 (100%) 7 (70%) 7 (77.77%) 7 (77.77%) 2 (100%) 33 (97.05%)
1 0 1 (10%) 1 (11.11%) 1 (11.11%) 0 0
2 0 2 (20%) 0 0 0 0
3 0 0 1 (11.11%) 1 (11.11%) 0 1(2.94%)
Total 1 10 10 9 2 34
C7 (metaconulid) 0 0 2 (60%) 9 (100%) 9 (100%) 2 (100%) 34 (100%)
1 0 0 0 0 0 0
2 1 (100%) 0 0 0 0 0
3 0 8 (60%) 0 0 0 0
4 0 0 0 0 0 0
Total 1 10 9 9 2 34
Groove pattern 1(Y) 0 4 (40%) 3(33.33%) 3(33.33%) 1 (50%) 7 (20.58%)
2Xor+) 1 (100%) 6 (60%) 6 (66.66%) 6 (66.66%) 1 (50%) 27 (79.41%)
Total 1 10 9 9 2 34
Protostylid 0 1 (100%) 10 (100%) 8 (90%) 9 (100%) 2 (100%) 29 (85.29%)
1 0 0 0 0 0 2 (5.88%)
2 0 0 0 0 0 0
3 0 0 0 0 0 1 (2.94%)
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 1 (10%) 0 0 2 (5.88%)
7 0 0 0 0 0 0
Total 1 10 9 9 2 34

MP*: We only scored the complete set of traits in Arago and BSV specimens. In the rest of specimens due to dental wear, we could only score

the transverse crest trait

combination of a deep, fissure-like anterior fovea with a high,
continuous mid-trigonid crest is a typical Neanderthal feature,
with variable frequencies in Middle Pleistocene specimens. It
is present in a 74% of the SH hominins M, (Martin6n-Torres
et al. 2012), Mountmarin-La Niche, and Arago 6 and 10, but
absent in Mauer, and Mala Balanica (Bailey 2002; Hanegraef
et al. 2018; Martinez de Pinillos 2017; Martinez de Pinillos
et al. 2014, 2020; Martinon-Torres et al. 2007). However, the
mid-trigonid crest of the Arago M,s (Hanegraef et al. 2018)
is weaker and lower than in the Neanderthal clade and Payre
14-336. Despite the degree of occlusal wear exhibited by
Payre 14-336, the centrally positioned wear facet may indi-
cate a central placement of the metaconid cusp and dentine
horn, a trait observed in Neanderthals (Martin et al. 2017; Bai-
ley 2004). In contrast, the buccal surface of the molar does
not exhibit buccal vertical grooves, a feature described by
Compton and Stringer (2015) as frequently occurring in Euro-
pean Middle Pleistocene specimens, including SH and Pont-
newydd, and in Neanderthals. The concomitant expression of
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both features (a short, deep or pit-like anterior fovea and a con-
tinuous mid-trigonid crest) is virtually absent in H. sapiens.

Payre 10-482 Right C) (Fig. 3C) This tooth is robust and
exhibits mass-additive features, typical of the Neander-
thal clade, in contrast to the more simplified morpholo-
gies found in the H. sapiens clade. Payre 10482 exhibits
a grade 6 (Martinon-Torres et al. 2012) of both shovel
shape and tuberculum dentale, with the tuberculum den-
tale taking the shape of an independent cusp, delimited
by short grooves from the mesial and distal marginal
ridges, with a free apex. This conformation contrasts
with the simplified, incisor-like morphologies found in
contemporary modern humans (Martinon-Torres et al.
2012 and this study). However, within the Middle Pleis-
tocene specimens, there is a substantial variation in the
expression of the tuberculum dentale, being moderate in
Mountmarin and faint in Arago (Martinon-Torres et al.
2012 and this study). No distal accessory ridge or mesial
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Fig. 3 Payre dental remains A
organized according to the indi-
viduals. 3A. Level E, Payre 9-29
LP, (; B. Level F, Payre 14-336
LM,; C. Level F, Payre 10482
RC’ and Payre 13717 RP3; D.
Level Ga Payre 8-344 LP;, Payre
6-127 LP, and Payre 11-633 RC,
E. Level Gb, Payre 3-250 R,
and Payre 2-237RI, (A, B, C, D
and E=refers to the individuals’
naming; O= occlusal, B= buccal,
L= lingual)

Payre 9-29 LP,

@

Payre 10-482 RC’

Payre 11-633 RC,

E

canine ridge are present. The mass-additive character of
this tooth is further evinced by the presence of several
ridges at the EDJ surface, including a continuous crest
between the buccal and the lingual cusps.

Payre 13-717 Right P? (Fig. 3C) In this tooth, the buc-
cal cusp is larger than the lingual cusp with the buccal
and lingual cusps positioned opposite one another. Both
main cusps present bifurcated essential ridges (grade 2)
a conformation more commonly observed in Neander-
thals (with the exception of Krapina D112 and Hortus 1X)
than in H. sapiens. This pattern shows greater variability
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within Middle Pleistocene groups. The bifurcated buccal
crest is present in Arago (Bermtdez de Castro et al. 2019),
Wezmeh (Zanolli et al. 2019), BSV (Martin-Francés et al.
2022) and Visogliano (Zanolli et al. 2018) but is absent
in Mountmaurin and rare in SH (23.5%, Martin6n-Torres
et al. 2012). The expression of a continuous transverse
crest at the EDJ (grade 2) is a rare trait, observed in the
Middle Pleistocene hominin from BSV (Martin-Francés
et al. 2022), Visogliano (Zanolli et al. 2018) and one SH
individual (Martinon-Torres et al. 2012 and this study).
Interrupted thin crests connecting both cusps are more
common, though still relatively rare, occurring in 5% of
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individuals in the SH population and 6.7% in Neander-
thals (Martinon-Torres et al. 2012).

Stratigraphic level Ga

Payre 8-344 Left p3 (Fig. 3D) This tooth exhibits a rhom-
boidal contour with a slightly mesially displaced metaconid
tip. The buccal surface of the buccal cusp is less projected in
the occlusal view compared to Payre 9-29, and the lingual
cusp is not expressed as a globular, independent cuspule
but rather as a small ridge attached to the mesial marginal
ridge. This pattern is predominantly observed in SH and MP
groups, 52.9% and 40%, respectively (Martinon-Torres et
al. 201 and this study). However, this trait shows significant
variability across groups. While some Neanderthals, such
as Krapina D111 (this study), display the same pattern as
Payre 8-344, Neanderthals also show the highest propor-
tion of specimens with two or even three additional lingual
cusps. Moreover, the tooth exhibits a distal occluso-lingual
groove cleft, a trait observed in Middle Pleistocene homi-
nins, among others SH and Pontnewydd (Compton and
Stringer 2015). Unlike Payre 9-29, specimen Payre §—344
lacks a transverse crest, features a smooth and flat labial sur-
face, and does not exhibit basal bulging.

Payre 6-127 Left P, (Fig. 3D) This tooth displays a round,
asymmetrical contour, with a distolingual bulge due to the
expression of a talonid. The lingual cup is mesially dis-
placed relative to the buccal cusp tip, a feature commonly
found in the Neanderthal clade when compared to H. sapi-
ens. Both mesial accessory and distal accessory ridges are
present, visible at both the OES and the EDJ. While the
mesial accessory ridge is consistently present in all groups,
except for SH, the distal accessory ridge is remarkably more
frequent in all samples, except for contemporary modern
humans (Martinén-Torres et al. 2012). The two main cusps
are connected by a continuous transverse crest (grade 2),
a feature expressed in high percentages within the Nean-
derthal clade (75% in SH, 69% in Neanderthals; Martin6n-
Torres et al. 2012 and this study) and showing more variable
frequencies across Middle Pleistocene groups (present in
Arago 28 but absent in Mauer and Pontnewydd 5). Payre
6-127 also displays a distolingual talonid, with up to three
accessory cusps in the OES and two at the EDJ. The pres-
ence of two (grade 4) or more (grades 5) accessory lingual
cusps is commonly recorded in MP hominins from SH and
Arago as well as Neanderthals (Martindn-Torres et al. 2012
and this study), in contrast to the simplified occlusal sur-
faces found in H. sapiens. Overall, Payre 6127 shows a
conformation that is typically found in H. neanderthalensis
and most of the European Middle Pleistocene populations
(Bailey 2002; Bailey and Lynch 2005; Martinon-Torres et
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al. 2006), characterized by an asymmetrical contour, a tal-
onid is restricted to the distolingual aspect (with the absence
of the distobuccal portion), the presence of more than one
accessory distolingual cusp, mesial displacement of the
metaconid and a continuous transverse crest.

Payre 11-633 Right C, (Fig. 3D) The morphology of Payre
11-633 is relatively simple, lacking the typically mass-
additive features characteristic of Neanderthal populations,
except for a pronounced distal marginal ridge (grade 3) ver-
sus a faint mesial one (grade 1), conforming an asymmetri-
cal shovel shape. While shovel shape grades 3 and 4 are
more frequent in Neanderthals and MP populations (60%
and 80%, respectively, with a 74% for SH), grade 1 are rare
outside early and contemporary H. sapiens (23.5% and 31%
versus 5.3% in SH, and 12% in Neanderthals). Neither a
distal accessory ridge nor a mesial canine ridge is present.
Both the labial and lingual surfaces are smooth, and despite
a small basal bulge in the cingular region, no tuberculum
dentale is expressed. Apart from the moderate shovel shape
in the distal marginal ride, the lack of mass-additive features
and simplified aspect is more common in modern humans
than in fossil hominin samples.

Stratigraphic level Gb

Payre 3-250 Right I, (Fig. 3E) This tooth shows a weak
labial convexity (grade 2), which is the predominant pattern
in SH but also present in variable frequencies in the rest of
the analysed groups. The shovel shape is faint (grade 1), a
feature observed in similar percentages in SH, Neanderthals
and modern humans, although the absence of shovel shape
is more prevalent across all groups (Martinon-Torres et al.
2012 and this study). Similarly, the tuberculum dentale is
absent, consistent with the majority of the SH, Neanderthal
and modern human samples (Martinén-Torres et al. 2012
and this study). Overall, this dental class is not taxonomi-
cally discriminative. Except for a few cases where the Nean-
derthal clade can show moderately pronounced degrees of
tuberculum dentale (grades 2 and 3), there are no morpho-
logically distinctive features among groups.

Payre 2-237 Right I, (Fig. 3E) The labial convexity is weak
(grade 2), although this feature never exceeds grade 3 in
either the Neanderthal clade or H. sapiens. The tooth lacks
a tuberculum dentale, and most specimens show a smooth
lingual surface or a basal eminence that is continuous with
the essential ridge, as observed in Payre 237. The shovel
shape is faint at the OES, but at the EDJ level, the elevation
of the marginal ridges become noticeable (grade 2). The SH
shows the highest degree of light shovelling (63.2% presents
grade 2), whereas H. sapiens exhibit the highest proportion
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of non-shovelled I,s (Martinon-Torres et al. 2012 and this
study). Among other MP specimens, light shovelling is
present in Arago but absent in Mauer (Martinon-Torres et
al. 2012 and this study).

Geometric Morphometrics

Overall, the results are largely consistent between the PCA
(SI Figs. 1, 2 and3) and the bgPCA (Figs. 4, 5 and 6), with
only minor differences in the position of the specimen Payre
6—127 (left P4). In both analyses, Payre 6—127 occupies
the negative end of PC1, within the region of morphospace
where teeth with more asymmetrical contours cluster (SI
Figs. 3 and 6). However, in the PCA this specimen falls
within the area of overlap between Neanderthals and mod-
ern humans (SI Fig. 3), whereas in the bgPCA it plots just
outside the Neanderthal cluster (Fig. 6). This discrepancy
likely reflects the different analytical objectives of the two
methods: PCA captures total variance within the sample,

while bgPCA maximizes between-group separation, par-
ticularly informative for assessing relative group affinities.
The broad agreement between the two approaches supports
the robustness of the observed morphological patterns in the
Payre sample (Figs. 4, 5 and 6; SI Figs. 1, 2 and 3). Given
that the primary aim of this study is to evaluate the affinities
of the Payre fossils within the Neanderthal clade, we focus
here on the bgPCA results, while the PCA plots (SI Figs. 1,
2 and 3) are provided in the Supporting Information.

Stratigraphic level F

Payre 13-717 Right P> The bgPC shows a clear differ-
entiation between H. sapiens and the other groups along
the PC1 (accounting for the 71.57% of the variation). All
Neanderthals and Middle Pleistocene specimens (BSV and
SH), except for Arago, together with Payre specimen fall
in the negative range of the axis, while modern humans
cluster towards the positive end (Fig. 4). These specimens
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Fig. 4 Between-group principal component analysis (bgPCA) of the
Procrustes shape coordinates of the Payre 13717 RP? EDJ compared
with those of those of Biache- Saint-Vaast (BSV), Sima de los Hue-
sos (SH), Arago (A), Neanderthals (NEA) and modern humans (MH).
The bgPC1 and bgPC2 wireframes, which schematically represent the
3D EDJ, illustrate the maximum morphological variation along each

axis. Figure 5. Between-group principal component analysis (bgPCA)
of the Procrustes shape coordinates of the Payre 8-344 LP; EDJ com-
pared with those of Sima de los Huesos (SH), Arago (A), Neanderthals
(NEA) and modern humans (MH). The bgPC1 and bgPC2 wireframes,
which schematically represent the 3D EDJ, illustrate the maximum
morphological variation along each axis
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Fig. 5 Between-group principal component analysis (bgPCA) of the
Procrustes shape coordinates of the Payre 8-344 LP3 EDJ compared
with those of Sima de los Huesos (SH), Arago (A), Neanderthals
(NEA) and modern humans (MH). The bgPC1 and bgPC2 wireframes,
which schematically represent the 3D EDJ, illustrate the maximum
morphological variation along each axis
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Fig. 6 Between-group principal component analysis (bgPCA) of the
Procrustes shape coordinates of the Payre 6127 LP, EDJ compared
with those of Sima de los Huesos (SH), Arago (A), Neanderthals
(NEA), fossil H. sapiens (FHS) and modern humans (MH). The bgPC1
and bgPC2 wireframes, which schematically represent the 3D EDIJ,
illustrate the maximum morphological variation along each axis

(including BSV, SH, and Neanderthals, the latter two largely
overlapping) are characterised by a pentagonal outline of the
occlusal rim, where the lingual cusp is comparatively nar-
rower than the buccal one, and the bucco-lingual diameter
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is larger than the mesio-distal one. In these groups, there is
also a marked difference in cusp height and the lingual cusps
is mesially displaced relative to the tooth contour. In com-
parison, H. sapiens, on the positive axis of the PC1, display
a more quadrangular-shaped EDJ rim. The variation along
the PC2 is not discriminative but is noteworthy the position
of the Arago specimen at the positive end, characterized by
a more quadrangular (mesio-lingually expanded) shape.

Stratigraphiclevel Ga

Payre 8-344 Left P; The bgPCA shows a clear separation
between the shape of the EDJ rim of extinct groups and the
majority of H. sapiens specimens along the PC1 (accounting
for the 47.87% of the variation). The Payre specimen falls
within the negative PC1 morphospace, closely aligning with
the distribution of SH and Neanderthal specimens (Fig. 5).
It exhibits a smooth, oval shape with a distolingual protru-
sion of the lingual cusp. This contrasts with the mesiodis-
tally more expanded EDJ rim of modern humans, where the
tips of the cusps tend to protrude inwards towards the center
of the tooth. The two Arago specimens show very disparate
conformations and while A75 is closer to the Neanderthal
clade distribution, A71 falls in the positive extreme of the
PC2 variation, with a distolingually protruding contour and
strong inward and mesial displacement of the lingual cusp.

Payre 6-127 Left P, The bgPCA shows a general separa-
tion between Middle Pleistocene groups and H. sapiens
along the PC1, accounting for the 75.26% of the variation,
although there is a considerable overlap between Neander-
thals and modern humans. (Fig. 8). Modern humans exhibit
the greatest morphological variability of all groups, with
specimens spanning both ends of the PC1. While Payre
6—127 falls within the H. sapiens group, it is positioned on
the negative axis of the PC1, alongside other fossils (SH,
Arago, all Neanderthals but one Krapina specimen) and
7 out 21 modern human specimens are located. These are
generally characterized by a an asymmetrical EDJ rim, with
mesial displacement of the metaconid and the distolingual
protrusion of the contour. The metaconid dentine horn is
mesially positioned on the lingual EDJ rim (not aligned with
the protoconid) and it protrudes towards the occlusal basin,
resulting in a bulging lingual rim.

To assess potential allometric effects, we performed Pear-
son’s correlations between shape and size. The results for
Payre 13-717 RP? (1> = 0.23, p=0.0083), Payre 8§-344 LP?
(r? = 0.19, p=0.0019), and Payre 6-127 LP* (r* = 0.06,
p=0.0903) indicate no significant allometric influence on
PCI1. Therefore, shape variation along PCI is not primarily
driven by size.
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3D Enamel Thickness

In the Payre sample we observed an increase of the enamel
thickness values (AET and RET) in distal direction within
the dental series (Table 4; Fig. 7). The AET and RET val-
ues for the C, (Payre 11-633) are low (0.73 mm and 13.20
respectively), resembling the Neanderthal mean values
and outside the 95% confidence interval of H. sapiens (3D
AET=0.72-0.80 mm; 3D RET=16.90-18.52.90.52, see
Fig. 1). The calculated values of enamel thickness in the
P, (Payre 8-344) (3D AET=0.96 mm; 3D RET=17.81)
are intermediate between the low Neanderthal and the high
RMH mean values, and closer to the Arago and SH mean
values (Table 4). Finally, the AET and RET values of the P,
(Payre 6-127) from Payre are high 3D AET=1.18 mm; 3D
RET=24.04) close to the mean values of the RMH sample
and the Arago specimen, within the range of variation of SH
sample but outside of the variation range of the Neanderthal
group (Table 4; Fig. 5).

These results are corroborated by the Z-score analysis
(Fig. 8). When comparing the values obtained for Payre
11-633 (C,) with the mean and standard deviation of each
population, Payre is closer to Neanderthals and then SH
than to RMH. The specimen Payre 8-344 (P5) is within the
95% interval of confidence of Neanderthals and RMH for
the three enamel thickness variables. On the contrary, the
specimen Payre 6-127 (P,) only falls within the 95% inter-
val of confidence of RMH for the three enamel thickness
variables.

Enamel thickness topographic distribution

Figures 9, 10 and 11 illustrate the pattern of enamel dis-
tribution in the Payre specimens and comparative sample.
Overall, the cartographic maps corroborate the 3D AET and
RET findings.

The distribution pattern of enamel thickness in Payre
11-633 closely resembles that observed in Krapina and SH
and different from that of RMH. In Payre 11-633, SH, and
Krapina, the enamel cap is thicker on the distal aspect than
on the mesial one, particularly at the level of the distal mar-
ginal ridge (Fig. 7). In contrast, the lower canines of RMH
show thicker enamel that extends along the buccal surface
on the incisal half from the distal surface up to the marginal
ridge on the incisal half.

In the P; we observed differences between the fossil
samples and RMH (Fig. 10). Although the thicker enamel
(represented by the red colour) is concentrated on the buc-
cal aspect of the crown across species, only RMH also have
thicker enamel on the mesial surface. Payre 8-344 and
Arago have thinner enamel on the occlusal surface com-
pared to SH and NEA specimens.

In the P, (Fig. 11), Payre 6-127, show similar enamel
thickness distribution to SH, Arago and RMH specimens.
These teeth show thicker enamel concentrated on the buccal
and lingual surfaces as well as at the rim and the occlusal
surfaces. On the contrary, the Neanderthal specimen from
Krapina exhibits the thicker enamel on the buccal surface
and some scattered red areas on the occlusal ridges.

Morphometric comparison across stratigraphic
levels

The younger Payre 9-29 (a P; from level E, MIS 5-6)
exhibits a morphological configuration more commonly
seen in the SH hominins, e.g., basal eminence and a con-
tinuous transverse crest, compared to classic Neanderthals
(Martinon-Torres et al. 2012 and this study). The teeth
from level F (MIS 7), Payre 14-336 (M,), Payre 10-482
(C’) and Payre 13—717 (P?), exhibit a suit of morphomet-
ric traits that align these specimens particularly with the
SH and BSV groups. Notably, the combination of a deep,
fissure-like, anterior fovea combined with a high continu-
ous mid-trigonid crest seen in Payre 14-336 (M,) is widely
recorded in SH population but also present in Montmaurin-
La Niche and two Arago specimens (Martinon-Torres et al.
2007; Martinez de Pinillos et al. 2014, 2017, 2020; Hane-
graef et al. 2018). Additionally, the combination of con-
tinuous transverse crest and bifurcated buccal and lingual
essential crest observed in Payre 13-717(P?) is only shared
with the specimen 3 from BSV (Martin-Francés et al. 2022).
Furthermore, the EDJ rim conformation of Payre 13-717
(P?) is within the variability of SH. The teeth from level
Ga (MIS 7), specimens Payre 8-344 (P5), Payre 6127 (P,),
and Payre 11-633 (C,) mostly exhibit morphometric traits
aligning them with the Neanderthal clade. Although Payre
8-344 (P;) does not exhibit the typical suite of Neander-
thal morphological traits in its crown, such as a continuous
transverse crest or basal bulging in the lingual surface, the
morphology of the EDJ rim and the enamel thickness value
aligns this specimen with the SH group. Similarly, despite
the simpler morphology of Payre 11-633 (C,), which lacks
traits such as tuberculum dentale and distal accessory ridge,
this tooth is characterized by relatively thin enamel, a con-
dition shared with Neanderthals (Buti et al. 2017), includ-
ing the early group from SH (Garcia-Campos et al. 2019).
Moreover, the MD and BL diameters as well as the robus-
ticity index are within the Neanderthal variability and out-
side the range of H. sapiens (Condemi and Moncel 2008).
While the suite of morphological traits of Payre 6-127 (P,),
such as the continuous transverse crest and presence of a
talonid, align this specimen with MP groups, such as Arago
and SH, as well as later Neanderthals, this tooth is charac-
terized by relatively thick enamel, a condition shared with
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Table 4 3D enamel thickness variables assessed in Payre teeth and compared with extinct and extant populations (SH: Sima de los Huesos, A:
Arago, NEA: Neanderthals, RMH: Recent Modern Humans)

Sample Tooth N Ve (mm?®) Vedp (mm?) SEDJ (mm?) 3DAET  3DRET Vedp/Ve
Class (mm) (%)
C,
Payre 1 119.247 171.635 162.56 0.73 13.20 59.01
11-633
SH 12 Mean 107.15 137.42 140.46 0.76 14.88 56.11
SD 14.47 21.85 16.91 0.06 1.50 2.40
Range 86.12-133.11 104.22-184.23 118.08-177.94 0.66-0.87 12.79-17.19 53.03-60.22
95%  86.12-133.11 123.54-151.30 129.72-151.21.72.21  0.72-0.80 13-92-15.83  54.59-57.64
IC
A 1 166.55 196.98 181.83 0.92 16.17 54.19
NEA 4 Mean 139.77 213.66 179.38 0.78 13.06  60.38
SD 2135 213.66 22.16 0.04 0.65 1.39
Range 110.36- 159.25 166.65-249.88 149.86-197.97 0.74-0.82 12.10- 13.54 59.12-62.36
95%  105.79-173.79-74  153.63— 144.12-214.64.12.64 0.72-0.83 12.02-14.09 58.16—
IC 273.69.63.69 62.16-59
RMH 56 Mean 106.35 122.95 121.55 0.87 17.71 53.60
SD 2744 31.034 19.78 0.15 3.01 435
Range 63.40- 200.53 72.14- 215.04 93.51 173.11 0.58-1.19 11.09-24.11 46.58-64.01
95%  98.99-113.69.99.69 114.64— 116.25-126.85.25.85 0.83-0.91 16.91-18.52 52.44-54.76
IC 131.25.64.25
Py
Payre 1 127.96 157.71 133.01 0.96 17.81 55.21
8-344
SH 12 Mean 114.87 121.78 117.36 0.98 19.78 51.40
SD 13.94 17.35 11.08 0.05 1.05 135
Range 90.27-144.79.27.79 90.78-150.64.78.64 98.35-142.87.35.87 0.87-1.05 17.93-21.33 49.55-54.02
A 2 Mean 132.65 164.63 145.42 0.92 16.87 55.30
SD 12.99 21.60 12.26 0.17 3.79 5.66
Range 123.46- 149.36-179.90 136.75-154.09.75.09 0.80-1.04 14.19-19.55 51.29-59.30
141.83.46.83
NEA 8 Mean 115.56 148.43 137.74 0.84 15.87 56.97
SD 2428 34.97 24.08 0.10 2.45 3.13
Range 86.01-158.40 99.18-208.00 98.45-168.52.45.52  0.70-0.94 12.81-20.41 51.61-61.11
RMH 23 Mean 102.71 99.12 100.85 1.01 21.91 4923
SD  24.20 21.77 14.64 0.13 2.27 2.80
Range 64.37-143.88.37.88 65.04-138.00 76.94-127.73.94.73 0.76-1.18 17.10-  44.50—
25.96.10.96 55.54.50.54
P,
Payre 1 124.594 119.59 105.19 1.18 24.04  48.98
6-127
SH 17 Mean 122.88 112.40 235.28 1.10 2296  47.63
SD 17.05 19.65 36.14 0.06 1.32 1.59
Range 86.95-147.87.95.87 73.60-140.44.60.44 160.55-283.28.55.28 1.00— 20.73-25.12 45.38-50.33
1.22.00.22
A 1 190.71 168.71 146.14 1.30 23.62  46.94
NEA 6 Mean 141.32 173.36 153.05 0.93 16.68 54.99
SD 13.53 21.78 11.25 0.08 2.06 435
Range 122.02- 139.88- 139.56-166.04.56.04 0.81-1.03 13.83-19.92 46.68-59.66
159.77.02.77 197.89.88.89
RMH 20 Mean 121.68 102.95 103.18 1.17 24.94  46.17
SD  29.90 18.52 14.74 0.15 2.61 2.82
Range 77.90-175.02.90.02 70.36-144.60 77.99-132.34.99.34  0.92-1.50 20.22-31.83 40.84-51.80

@ Springer



Archaeological and Anthropological Sciences (2026) 18:142

Page 190f 26 142

Payre 11-633 C, Payre 8-344 P, Payre 6-127 P,

12
.
1,2 .
1,4
1,0 5
- 1,0 .
< - = V21
" \
0,8 ®
u H 1,0 .
_ [ 08 :
‘ .
06 0,8
0,6
¢ YR EFL ¢ v Q&R A A SIS S
& FES & FES & FES
— 28 30
5 26 .
24 25 .
il *
20 >
g 1 20
o<
o - H 20 .
T I S
‘ T 16 ’
14 U . 15
* I f 14
12 I 5
s 5 : 10
¢ TR &R ¢ T &R ¢ T R &R
&t SIS o FTIEL = FTEL
65 65
0
[
D 60
SOl ies J = 55
°\o°. ‘ 55 { % . 2 . o
g ss | ‘ B 01,
50 :
45 g
50
45 9 “ S

45 — - -
¢ T R &N ¢ Y Q& &N
5\‘ < é" QS“ 'b*( S e‘v st

ol Tl | O CHRN
$\< L)QQ,& &

Fig. 7 Box plots of the 3D crown values. 3D values depicting the aver-
age enamel thickness (3D AET), relative enamel thickness (3DLRET)
and the percentage of dentine and pulp in the crown (Vedp/Vc) of
Payre 14-633 (C,), Payre 8344 (LP3) and Payre 6127 (LP4) and the
comparative sample

the SH and Arago groups, but not with other Neanderthal
groups. In contrast, the configuration of the EDJ rim in
Payre 6127 is closer to the Neanderthal morphology than
to the SH and Arago. Finally, the older teeth from level Gb
(MIS 7) Payre 3-250 and Payre 2-237, two lower incisors,

Payre633 RC, Payre344 LP,

are characterized by a simple morphology that lacks Nean-
derthal-like traits, such as basal eminence, observed in early
populations from the SH and Visogliano sites as well as
some classic Neanderthals (Martinon-Torres et al. 2012;
Zanolli et al. 2018). Although this dental class is not taxo-
nomically discriminative due to the absence of morphologi-
cally distinctive features among groups, the metrics of these
two specimens from Payre do not fall within the ranges of
the Neanderthal clade. According to Condemi and Moncel
(2008), the two lower incisors are small in size compared to
the different groups of the Neanderthal clade, including SH
sample, with MD and BL diameters, as well as the robustic-
ity index falling only within the H. sapiens range.

Discussion

The scarcity of fossil remains during the MIS 7—-5 in
Europe complicates interpretations of Neanderthal evolu-
tion between earlier MP populations (e.g., SH, Arago, Viso-
gliano) and the emergence of the classic Neanderthals in
the Late Pleistocene. Different evolutionary models have
been proposed to explain this transition. The organismic
model (Rosas et al. 2006) suggests two distinct and succes-
sive phases in Neanderthal evolution involving organismic
integration processes, whereas the accretion model (Dean et
al. 1998; Hublin and Roebroeks 2009), proposes a gradual
accumulation of Neanderthal traits through time. Although
both frameworks accommodate the chronological pattern
of the lineage, they imply different taxonomic interpreta-
tions. In this scenario, some authors (e.g., Couture and Hub-
lin 2005; Guipert et al. 2011) have suggested that hominins
from MIS 7-5 display a unique combination of traits that
differentiates them from both earlier (MIS 12—8) and later
(MIS 4-3) Neanderthal groups. In this context, Payre hom-
inins would be expected to exhibit similar traits as coetane-
ous populations (such as Montmaurin-La Niche and BSV),
more derived compared to MIS 8—12 hominins (such as SH
and Arago) but primitive when compared to classic Nean-
derthals (such as La Quina, Regordou or Wezmeh). Over the

Payrel27 LP,

SH NEA MH SH NEA MH SH NEA MH
2 O AET
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Fig. 8 Adjusted Z score of the 3D variables: AET (black circles), RET
(red triangles) and percentage of dentine (green squares) assessed in
Payre 14-633 (C,), Payre 8344 (LP3) and Payre 6-127 (LP4) and
compared to the variation expressed by Sima de los Huesos (SH),

Neanderthals (NEA) and recent modern humans (RMH). The solid
line passing through zero represents the mean, and the other two lines
correspond to the estimated 95% limit of variation expressed for the
two comparative samples
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Fig. 9 Enamel thickness cartographies of the Payre 14-633 (RC,) and
compared with those of Sima de los Huesos, Arago, Neanderthal and
recent modern humans. Topographic thickness variation is rendered
by a pseudo-color scale ranging from thinner dark-blue to thicker red.
SH=Sima de los Huesos (AT-2783), A=Arago (A24), NEA=Nean-
derthal (Krapina D121) and RMH=recent modern human of Euro-
pean origin (UCMS51). O=occlusal, B=buccal, L=lingual. (When
needed specimens have been mirrored to the right to match the Payre
specimen)

past decades, dental studies of European MP hominins have
prompted alternative models for the Neanderthal evolution.
The early Neanderthal sample from SH is dentally almost
indistinguishable from later Neanderthals, with some traits
expressed at even higher frequencies and degrees than in
classic Neanderthals (e.g., Bermtdez de Castro et al. 2024a,
b; Martinez de Pinillos 2017; Martinez de Pinillos et al.
2014; Martinén-Torres et al. 2012). In contrast, contempo-
raneous groups, such as Arago, are less derived and lack
certain Neanderthal apomorphies (Bermudez de Castro et
al. 2019), while the sample from BSV (~350 ka) shows
closer affinities to SH than to later Neanderthals (Martin-
Francés et al. 2022). In this context, the “sink and source”
model proposes that climatic fluctuations structured popu-
lation dispersals and episodes of admixture, maintaining
high interpopulation variability (Bermudez de Castro and
Martinén-Torres 2013; Dennell et al. 2011; MacDonald et
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al. 2012), extending the “ebb and flow” framework of Hub-
lin and Roebroeks (2009). Consistent with this view, recent
evidence of high phenotypic diversity among European MP
groups followed by reduced variability in MIS 5 suggests
demographic bottlenecks during the Late Pleistocene (Urci-
uoli et al. 2025). Together, the dental record underscores the
importance of documenting variability within and between
MP populations to clarify the evolutionary trajectory of the
Neanderthal clade.

Since its discovery, multidisciplinary analyses of the
deposits of Payre cave have provided a comprehensive
understanding of the occupation. The cave was continuously
occupied from MIS 8—7 to the end of MIS 6-beginning of
MIS 5, as evinced by findings throughout the stratigraphic
sequence, including species replacement from Neander-
thals to H. sapiens (Griin et al. 2008; Moncel 2008; Val-
ladas et al. 2008). Stable carbon and oxygen isotope values
in herbivore teeth indicate climate stability in this region
(Ecker et al. 2013), in contrast to the fluctuations occurring
in other parts of Europe. In addition, Payre’s proximity to
diverse ecosystems (Moncel et al. 2002) suggests it may
have acted as a refugium, influencing population dynam-
ics. Palaeontological and archaeological analyses have
allowed the reconstruction of this group hunting and tech-
nological strategies, showing that these human activities
occurred locally within a 5-10/30 km radius (Baena et al.
2017; Bocherens et al. 2016; Fernandes et al. 2008; Moncel
2008; Rivals et al. 2009). Previous morphometric assess-
ment of the dental remains by Moncel and Condemi (2007)
and Condemi and Moncel (2008) already highlighted the
similarities between the Payre sample and the Neanderthal
clade. According to these studies, the Payre sample exhibits
morphological and metric similarities with early Neander-
thals as well as with later Neanderthals (Moncel and Con-
demi 2007). In order to test whether the Payre hominins
(MIS 5-7) were characterized by distinct morphological
features compared to earlier and later groups, for this study
we have extended the temporal frame of the comparative
sample, including early Neanderthal samples such as those
from SH and Arago. We have also applied additional ana-
lytical approaches including the morphological description
of the EDJ, GM of the EDJ ridge and enamel thickness
characterization.

Our results demonstrate that the Payre dental assemblage
captures the morphological variability documented within
the Neanderthal lineage. Teeth from the lower stratigraphic
levels display fewer derived Neanderthal features than those
of the upper levels, suggesting either temporal differentia-
tion within the site or coexistence of slightly distinct mor-
photypes. Despite this internal variability, the overall dental
configuration of Payre aligns more closely with MP popu-
lations, particularly with the MIS 7 from Montmaurin-La
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Fig. 10 Enamel thickness cartog-
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Fig. 11 Enamel thickness cartographies of the Payre 8-344 (LP;)
compared with those of Sima de los Huesos, Arago, Neanderthal and
recent modern human. Topographic thickness variation is rendered by
a pseudo-color scale ranging from thinner dark-blue to thicker red.
SH=Sima de los Huesos (AT-4100), A=Arago (A71), NEA=Nean-
derthal (Krapina D111) and RMH =recent modern human of European
origin (UCL67). O=occlusal, B=buccal, L=lingual. (When needed
specimens have been mirrored to the left to match the Payre specimen)

Niche and BSV the earlier MIS 12 population from the SH,
than with later Neanderthals (MIS 5—3).

These findings are consistent with previous assessments
of the Payre material (Moncel and Condemi 2007; Condemi
and Moncel 2008), which recognized its affinities with early
and later Neanderthals. However, our results refine this
interpretation by showing that Payre does not share a dis-
tinct set of traits exclusive to MIS7-5 Neanderthals. Instead,
most features are widely distributed within the Neander-
thal lineage. The affinities with SH are evident not only in
crown morphology but also in EDJ rim configuration and
enamel thickness. A similar enamel thickness pattern is also
observed at Arago. Payre further shares traits with contem-
poraneous MIS 7 samples from BSV and Montmaurin-La
Niche, although most of these traits (such as the morphol-
ogy of the M, or the conformation of the EJD rim of the P?)
are also present in SH. The only feature uniquely shared
between Payre and BSV is the morphological similarity
between P3s (Payre 13—717 and BSV specimen 3), although
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variability within the BSV assemblage has been documented
(Martin-Francés et al. 2022).

In contrast, the Payre dental remains show weaker affini-
ties with eastern European samples such as Mauer, Mala
Balanica and Krapina, reinforcing a pattern of western Euro-
pean affinities. Our results also corroborate the conclusions
of Verna and colleagues (2020) for Payre 15 (level Ga-MIS
7), a mandibular fragment whose morphology shows closer
affinities to the SH sample than with later (MIS 6 —3) Nean-
derthals, particularly in corpus thickness, anterior symphy-
sis morphology and the mylohyoid line position. The only
discrepancy concerns the comparison with Montmaurin-La
Niche, which differs from Payre 15 in features such as the
position of the lateral prominence and mental foramen as
well as the relative corpus height.

Although the Payre sample remains small, most dental
classes are represented by a single specimen, its variability
is noteworthy. Three teeth (Payre 237-1,, 250-1;, and 633-
C,) exhibit less derived Neanderthal morphology, empha-
sizing the mosaic character of the assemblage. If Payre
functioned as a climatic refugium during MIS 7, as previ-
ously suggested by Eckhert et al. 2013; Moncel et al. 2019;
this variability may reflect localized demographic dynam-
ics, including small-scale admixture between the long-term
southern residents and incoming groups retreating from
harsher northern environments. In this context, Payre docu-
ments the persisted of regional variability within the Nean-
derthal clade during the MP.

Conclusion

In this article, we have reassessed the Payre dental remains
to evaluate its position within the Neanderthal variabil-
ity and to determine whether it can be differentiated from
earlier groups, such as SH and Arago, or from later clas-
sic Neanderthals. We also examined potential variability
across stratigraphic levels. Our results indicate that the
Payre sample shows closer affinities to MIS 7 samples from
BSV and Montmaurin-La Niche than to later Neanderthals
(MIS 5-3). However, the traits observed in Payre are
also widely shared with the earlier SH population. At the
same time, the Payre sample exhibits internal variability
throughout the sequence. The less derived, or less Neander-
thal-like, morphology is observed in the anterior dentition
and is restricted to specimens from the lower stratigraphic
levels. Rather than representing a linear stage between ear-
lier and later Neanderthals, the Payre dental record docu-
ments morphological variability within the Neanderthal
clade, contributing to a broader understanding of regional
differentiation in the MP.
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