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Abstract

Balma Guilanya shelter (north-eastern Iberian Peninsula, Spain) contains a stratigraphic sequence spanning the Late Upper
Palaeolithic to early Holocene. During excavations from 1992 to 2008, seventeen human teeth, and several cranial and
postcranial bones were unearthed from the layer E (Late Glacial). In this contribution, we report new unpublished dental
remains, which add to the previously dental assemblage from level E at Balma Guilanya. The purpose of this article is to
provide an updated description of the morphology of this material, as well as an analysis of the MNI, age at death, and the
presence of several pathologies, approaching it from a holistic vision of the teeth assemblage from the Late Glacial. This
review has made it possible to diagnose a dens invaginatus, the persistence of a deciduous upper central incisor (possibly
caused by a mesiodens), teeth with cavities, deep occlusal pits conducive to cariogenesis, an atypical lower second molar and
several molars with fused roots. This pattern of dental anomalies attributed to a single individual (Individual III) is not usual
among hunter-gatherers who lived 13,000 years ago. Likewise, the presence of enamel hypoplasia in several teeth allows us
to discuss this aetiology. These new identifiers derived from the review of the dental assemblage from Balma Guilanya can
help extend our knowledge of dental pathologies and stress markers in Late Glacial Homo sapiens populations in Western
Europe. Additionally, an accumulation of teeth attributed to two individuals found in a confined area of the excavation was
examined. Potential scenarios were assessed regarding the arrangement of this grouping, which presents challenges in attrib-
uting its formation to post-depositional or natural processes. This pattern would have the potential to elucidate behavioural
funerary practices among late glacial hunter-gatherer populations.
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Introduction

The remains of Late Pleistocene Homo sapiens are crucial to
anthropologically, demographically and genetically recon-
structing Western European hunter-gatherers (Posth et al.
2023; Villalba-Mouco et al. 2019; Villalba-Mouco et al.
2023). These proxies originate from skeletal remains found
in intentional burials, often containing single individuals,
although instances of double or multiple burials exist. These
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burial contexts, which offer crucial palaeoanthropologi-
cal and cultural insights, are relatively uncommon (Pettitt
2011; Orschiedt 2018). Conversely, the discovery of iso-
lated human remains, typically challenging to correlate with
funerary practices, is a more common phenomenon (Arenas
del Amo et al. 2024). There is growing interest in this type
of remains since it cannot be ruled out that they correspond
to crypto-funerary behaviours that are difficult to explain
(Kerner 2018). However, taphonomic, contextual and cul-
tural processes mask the diversity of factors at work on the
archaeological record, making it difficult to identify the peri/
post-mortem treatment of these individuals (Fahlander and
Oestigaard 2008; Orschiedt 2013).

The interpretation of human remains retrieved from
ancient excavations or poorly documented contexts poses
challenges due to potential ambiguities. However, while
employing direct '*C dating could effectively resolve
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uncertainties regarding their age, these analyses are infre-
quently conducted. This circumstance may impact the com-
prehension of human remains discovered at Balma Guilanya.
While their antiquity remains undisputed, elucidating their
cultural significance has proven elusive (Meiklejohn 2009;
Peyroteo 2016). The assemblage was recovered from an
archaeological level that several 14C (AMS) dates, includ-
ing two direct dates on human remains, confirming them
as being Late Glacial. However, the causes related to the
formation of this accumulation may be the result of natural
processes, or alternatively, they could be associated with
mortuary practices (Garcia-Guixé et al. 2009; Martinez-
Moreno and Mora 2009).

This article reviews the contextual and chronometric
data justifying the attribution of the human remains to the
Late Glacial. Our review focuses on the dental assemblage
to evaluate the count of individuals, revising previous esti-
mates (Lalueza 1996; Ruiz et al. 2005). In addition, prelimi-
nar identified dental pathologies (Lalueza 1996) have made
it possible to diagnose new dental anomalies that are little
known in hunter-gatherers. These results extend the record
of stress indicators and oral pathologies in Late Pleistocene
human populations in Western Europe.

General setting of the human tooth
assemblage from Level E at Balma Guilanya

Balma Guilanya is located in the Serra de Busa (X=385087
Y=4660546, UTM H31N ED50) at 1,157 m above sea level,
on the first escarpment of the southern slopes of the Prep-
yrenees, in Lleida in the north-eastern Iberian Peninsula
(Fig. 1A). This Eocene conglomerate shelter was partially
destroyed by the construction of a forest road (Fig. 1B),
exposing a 15x 5 m sedimentary deposit. The lithic techno-
complexes allow us to differentiate an Upper Unit, assigned
to the Early Holocene, and a Lower Unit, assigned to the Late
Glacial; these attributions have been validated radiometrically

(Martinez-Moreno et al. 2006; Martinez-Moreno and Mora
2009). In this 2.5-3 m thick sequence, several block falls can
be detected, and at the archaeostratigraphic level, there was
a collapse of the conglomerate wall shelter overhang on the
roof of the Lower Unit, on top of which the Upper Unit is
located. This event prevents the vertical migration and mix-
ing between Late Glacial and Holocene artefacts and bones
(Martinez-Moreno and Mora 2009, Fig. 2).

The excavation of a 25 m? area made it possible to define
five stratified archaeological units. In the Upper Unit, Meso-
lithic levels C and C1 were identified, while in the Lower
Unit, occupations E, EJ and K, attributed to the Azilian,
followed one another. These assemblages contain lithic
remains (Martinez-Moreno and Mora 2009), fauna (Mar-
tinez-Moreno and Mora 2011), charcoal (Allué et al. 2012),
and in level E were recovered some marine shell ornaments
(Dentalium sp., Columbella rustica, Cyclope neritea, and
Nassarius incrassatus) that come from more than 100 km
away (Martinez-Moreno et al. 2010).

In these levels there are no indicators related to the instal-
lation in the shelter of features related to dwelling as hearths;
however, fire use is evidenced by abundant charcoal, as well
as burned lithics and bones. No pit construction was identi-
fied, and the archaeological material were found integrated
into the sediment. Level E is below the before mentioned fall
of the shelter ledge and has an average thickness of 25-30
cm. This vertical dispersion suggests repeated seasonal vis-
its to the shelter to hunting wild goats (Martinez-Moreno
and Mora 2011). These materials, including human remains,
form low-resolution palimpsests accumulated from several
events that took place over an imprecise time range. On the
top of level E, within a confined area of approximately 20
cm? and exhibiting minimal vertical dispersion, an intrigu-
ing collection of nine isolated human teeth was recovered
proximate to a fragmented and poorly preserved cranial
vault. The archaeological record indicates potential distur-
bance from the construction of a rural road in the vicinity
of the site. However, the impact of this disturbance on the

Fig. 1 General setting. A) Location of Balma Guilanya on the southern slope of the Pyrenees, north-eastern Iberian Peninsula. B) General view

of the rock shelter
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Fig.2 Calibrated 14C ASM intervals. The grey area corresponds
to the date UBAR-367 which is not relevant to the discussion. The
Ua-34297 and Ua-34298 distributions correspond to the direct dates

archaeological deposit will be considered in the analysis of
the teeth accumulation processes. Apart from this consid-
eration, no evidence of natural depressions or deliberately
excavated pits indicative of intentional deposition of these
human remains was discerned during surface excavation.
Notably, the human teeth were found interspersed with lithic
and faunal remains originating from the same stratigraphic
level (Terradas et al. 1993).

There are six '*C AMS dates for the assemblage, obtained
from two pieces of charcoal, one Corylus shell, the collagen

from the human remains. The blue line marks the Gi 1a/ Gs 1 bound-
ary (Rasmussen et al. 2014). Image produced using OxCal v4.4.2
(Bronk Ramsey 2020)

from a molar of Capra pyrenaica, and two samples of col-
lagen extracted from human remains (right M! (E-3998) and
a skull fragment (E-NC)) (Table 1). This series of BP dates
has been calibrated with the IntCal 20 atmospheric curve
(Reimer et al. 2020) and transformed into 28 chronomet-
ric intervals using OxCal v4.4.2 software routines (Bronk
Ramsey 2020).

We have integrated these dates into our discussion of the
chronometry of Level E, except UBAR-367, with a radio-
metric range very imprecise. Although the human tooth

Table1 14C ASM series from Level E at Balma Guilanya. Chronometric intervals with 28 obtained with IntCal20 (Reimer et al., 2020) using

OxCal v4.4.2 (Bronk Ramsey, 2020)

#Reference  # laboratory ~ BP 5 Bc  calBP25 Sample Bibliography

E-1303 UBAR-367 11460 230 -25.7 13799 - 12847  charcoal nd. Lalueza 1996

E-11124 Beta-247706 11110 40 -23.6  13105-12913  charcoal nd. Martinez-Moreno and Mora 2009
E-3998 Ua-34297 11095 195 -19.6 13395-12721 collagen H. sapiens tooth E-3998  Garcia-Guixé et al. 2009

E-1732 Beta-252286 10940 60 -18.9 13058 - 12750  collagen tooth C. pyrenica This study

E-4231 Beta-210729 10940 50 -26.4 13053 - 12750  seed Corylus Garcia-Guixé et al. 2009

BG-s/n Ua-34298 10195 255 -199 12676-11221 collagen H. sapiens crania E_NC  Garcia-Guixé et al. 2009
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collagen date E-3998 (Ua 34297) also has a high 9, its chron-
ometric range is compatible with the ranges derived from the
charcoal samples (Beta-247706), Corylus (Beta-210729),
and the collagen from the molar of a Capra treated with
ultrafiltration (UF) (Beta-252286), which situate the Level E
occupations between 13,100-12,750 cal BP. The high 6 date
obtained from the human skull fragment (Ua 34298) pre-
sents a notable deviation from the rest of the sample series,
affirming its antiquity while also suggesting potential issues
with collagen preservation owing to bone damage by signifi-
cant root activity. This date, although indicative of antiquity,
warrants caution and could benefit from further investigation
during subsequent site visits. Direct radiometric dating of
human crania yields broad and imprecise temporal ranges,
underscoring the need for refined dating methods. Employ-
ing collagen purification protocols, such as those outlined by
Bronk Ramsey et al. (2004), not utilized in previous analyses
at the Uppsala laboratory, could provide a clearer under-
standing of the temporal scope of Level E. The application
of ultrafixation protocol on tooth collagen from a Capra
pyrenaica specimen (Beta-252286) highlight the potential
for improved dating precision and warrant consideration in
future analyses.

The chronometric position of Level E is not a secondary
issue. In previous studies, we have proposed Level E -and
consequently the human bones- should be integrated in the
end of the Gi la chronozone (Allerod) (Martinez-Moreno
and Mora 2009). Following the chronostratigraphic review
proposed by the INTIMATE group, the onset of Gs 1 in the
NGRIP core was defined as 12,896 + 4 b2k (Rasmussen
et al. 2014). In line with this new boundary, the formation
of Level E would be interpolated between the end of Gi
la interstadial and the beginning of Gs 1 stadial (Fig. 2).
Assuming this event of abrupt climate change affected
deeply ecosystems and humans, it is a notion not easy to
evaluate from the archaeological palimpsest of Level E.
However, some dental pathologies detected in this paleo-
anthropological set, allow discussing the possible impact of
environmental degradation over the human populations as
it has been proposed for central Europe hunter-gatherers in
this period (Weber et al. 2011).

Material and methods

The palaeoanthropological assemblage from Level E com-
prises the mentioned poorly preserved cranial vault, where
fragments of the temporal, parietal, and parietal-temporal
suture have been identified along with three manual pha-
langes, and a radius diaphysis. The 17 teeth, central focus
of this revision, have been the subject of several studies,
with a focus on their odontological identification and the
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estimation of the number of individuals (Lalueza 1996; Ruiz
et al. 2005).

The initial findings in 1992 of nine permanent teeth were
presented in a first study by Lalueza (1996). Based on the
dental wear and eruption, as well as the morphology of the
postcranial bones, Lalueza proposed that all the assemblage
could be attributed to a unique individual, specifically a
woman of between 20 and 25 years old. He mentioned sev-
eral teeth affected by various pathologies, including mild
hypoplasia affecting almost all teeth, carious perforations on
an upper right third molar (NE-3381), and an upper decidu-
ous canine (E-1184) interpreted as an impacted tooth on the
permanent canine (Table 2).

A later study reported four recently discovered teeth
(E-3998, E-4111, E-4182, E-5020). The identification, den-
tal repetition and dental wear degree on the fourteen teeth,
were attributed to one individual aged between 25 and 35; a
second between 17 and 25, and a five years old child. How-
ever, the wear on some of the teeth could be compatible with
a possible fourth individual. That study mentions no dental
pathologies, and the deciduous canine is defined as an upper
central incisor (Ruiz et al. 2005).

Subsequently, three skeletal remains that do not neces-
sarily correspond to the same individual were analysed for
13C/N stable isotope content (Garcia-Guixé et al. 2009).
Isotopes were extracted from the radius diaphysis (E-1204)
at the Dept. of Archaeological Sciences at the University of
Bradford (UK), while an upper molar (E-3998) and a cranial
fragment (E-NC) were investigated at the Archaeological
Research Laboratory at Stockholm University (Sweden).
The collagen extracted of a tooth and a cranial fragment
were dated by 14C AMS in-dated by the Radiocarbon Lab-
oratory in Uppsala (Sweden), and these results have been
discussed above.

Thus, in addition to the previously published teeth, we
report four additional dental remains discovered in 2008
(E-13146, E-11259, E-11710, E-12040). These unpub-
lished teeth were found at the same level E as the rest of
the assemblage, as suggested by their contextual and spatial
distribution and location within the stratigraphy of the site.
Therefore, the complete assemblage consists of 16 perma-
nent teeth, and one deciduous molar (Figs. 3, 4, 5, and 6).

To describe them, the non-metric characters of the
deciduous and permanent dentition were assessed fol-
lowing the morphometric guidelines defined by Nelson
(2020). The criteria of Zoubov (1968) were applied for
tooth wear Zoubov (1968), who expanded Gerasimov
(1955) tooth wear assessment system. While maintaining
the scale, Zoubov altered certain aspects in the develop-
ment of crown components, and proposed separate scales
for premolars/molars and incisors/canines. We used the
classification proposed by the FDI (1992) for enamel hypo-
plasia defects. In the permanent teeth of modern humans,
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Fig.3 Tooth from Individual I from Balma Guilanya: left M; (E-5020). Views from left to right are occlusal, buccal, mesial, lingual, and distal.

B: buccal, M: mesial

dental chronology is estimated from tooth eruption, tem-
poral root resorption sequences and developmental pat-
terns assessed according to Moorrees et al. (1963), which
was modified by AlQahtani et al. (2010) in four stages of
classification detailed with descriptions and illustrations
that highlight changes in enamel, dentin, and pulp.

Crown dimensions (height, and mesiodistal and bucco-
lingual diameter), neck dimensions (mesiodistal and buc-
colingual diameter), and vertical curvature measurements
(root length, and mesial and distal curvature of the cervi-
cal line) were recorded using a standard digital calliper
with an accuracy of 0.01 mm. The dental nomenclature in
the text, figures and tables employs superscripts to denote
maxillary teeth and subscripts to denote mandibular teeth.

Bivariate crown plots obtained from the mesiodistal
(MD) and buccolingual (BL) diameters were compared
with measurements for Homo sapiens from various chro-
nologies (late Pleistocene and early Holocene, Neolithic,
and medieval times) compiled at http://anthropological
data.free.fr (Voisin et al. 2012) (SM Table 1). This com-
parative analysis excluded remains for which the full
dimensions of the crown could not be obtained or with
extreme wear. The data were processed with Past 4.03
software (Hammer et al. 2001).

Eleven remains were scanned using high-resolution RX-
XWT computed microtomography (uCT) at the Laboratory
for the Non-Destructive Analysis of Geological Materials-
CORELAB (Univ. Barcelona, Spain). The X-ray tube was
set at 70kV and 30 mA using an aluminium filter (0.5 mm
thick) and teeth were scanned at a magnification of 8.46, for
between 16 and 19 minutes. The volumetric data was recon-
structed using isometric voxels ca. 15 mm, being treated
with Avizo software (FEI-Visualization Sciences Group
Inc.) to generate 2D and 3D reconstructions as well as 3D
digital models to examine the internal structure of the teeth.
These elements bring the catalogue of dental pieces up to
date and make it possible to identify new odontological diag-
nostic elements and define morphological elements, con-
servation status and taphonomic alterations more precisely.

@ Springer

These descriptions were compared metrically with other
prehistoric populations.

Results

MNI

The minimum number of individuals (MNI) and age-at-
death were estimated, as well as several dental pathologies,
emphasising their diagnosis. Based on the degree of devel-
opment, dental wear and associated anomalies, the 17 teeth
from Balma Guilanya allow us to estimate a minimum of
three individuals, with two groups of teeth attributed to two
adult individuals, and one isolated tooth that belonged to
a child (Table 3). Nevertheless, while we propose a tenta-
tive MNI, it is crucial to discuss the possibility of a fourth
individual represented, given the differences in taphonomic
alteration and the slight morphological difference of two
lower molars. Even when our hypothesis is supported by the
exhaustive description of teeth, considering the absence of
maxilla or mandible remains, we acknowledge the need for
further contextual data to our conclusions.

Here we will summarize the key morphological charac-
ters of the Balma Guilanya dental assemblage. A detailed
description and visual material of each tooth can be found
in the Supplementary Material (SM Text 1 and SM Fig-
ures 1-29) and the basic metric parameters are presented in
Supplementary Material (SM Table 2).

Individual |

The only tooth that corresponds to Individual I is the left
M, (E-5020) (Fig. 3). The root of M, is in the formative
stage with only the coronal third and the bifurcation area
visible, close to grade R1/4 of Moorrees et al. (1963), a
stage that corresponds to an age at death of approximately
5 years + 9 months based on dental development standards
for modern humans (AlQahtani et al. 2010). Due to its


http://anthropologicaldata.free.fr
http://anthropologicaldata.free.fr

Archaeological and Anthropological Sciences (2024) 16:147 Page70f22 147

Fig.4 Teeth from Individual II from Balma Guilanya. From top to bottom: left I! (E-13146), left I, (E-5019), right I, (E-1232), right C,
(E-5018), left P* (E-4111), left M, (E-4182). Views from left to right are occlusal, buccal, mesial, lingual, and distal. B: buccal, M: mesial
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Fig.5 Teeth from Individual III
from Balma Guilanya. From top
to bottom: left i' (E-1184), left
P, (E-1224), left P* (E-11259),
right P, (E-1216), right M
(E-3998), right M, (E-5016),
right M2 (E-1173), right M,
(E-5017), right M? (E-3381),
left M; (E-11710 and E-12040).
Views from left to right are
occlusal, buccal, mesial, lingual,
and distal. B: buccal, M: mesial.
The holes visible in the root of
M!, M? and M? show a perfora-
tion made to extract samples for
stable isotope analysis (Garcia-
Guixé et al. 2009)

@ Springer




Archaeological and Anthropological Sciences (2024) 16:147

Page90of22 147

, [mm]

[mm]

Fig.6 Three-dimensional digital models of it (E-1184). B: buccal, O: occlusal, M: mesial, S: section

recent eruption, crown wear is non-existent (grade 0). The
mesial surface of the mesio-buccal cusp has a small con-
tact surface with the left m,. The differences in the dental
chronology with respect to the rest of the assemblage point
to a child represented by a single remain.

Lower left first molar with well-preserved crown and
still-forming root with only the coronal third. Considering
the root finishes its formation at 9-10 years of age and the
crown is completely calcified, this could correspond to a
child of 5 years + 9 months. Due to its recent eruption,
crown wear is non-existent (grade 0). The mesial surface

of the mesio-buccal cusp has a small contact surface with
the left m2 (SM Figure 1).

Individual Il

This individual is represented by left I' (E-13146), left
I, (E-5019), right I, (E-1232), right C, (E-5018), left P*
(E-4111) and left M, (E-4182) (Fig. 4). The contact facets
of I, and C are compatible, while the preservation, appear-
ance, hypoplastic lines and wear of I' (E-13146) and I,
(E-5019) are similar to the former. The wear of M, (E-4182)
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Table 3 Dental remains

dscriotions to individual Specimen ID Tooth Side Age-at-death (years) Pathologies/Anomalies Hypoplasia
adscriptions to individuals.
Anomalies detected from Level  pndividual 1 E-5020 M, L  5x9months
E at Balma Guilanya Individual I E-13146  I' L 40 Lines
E-5019 I, L 40 Lines
E-1232 I, R 40 Lines
E-5018 C, R 40 Lines and pits
E-4111 P* L 40
E-4182 M, L 40
Individual I E-1184 di! L 20-25 Overretention
E-1224 P; L 20-25 Dens invaginatus Pits
Deep occlusal fossae
E-11259 p L 20-125 Deep occlusal fossae ~ Lines
E-1216 P, R 20-25 Deep occlusal fossae ~ Lines
E-3998 M! R 20-25 Fused roots Groove
E-5016 M, R 20-125
E-1173 M? R 20-25 Fused roots Lines
E-5017 M, R 20-25 Caries Fused roots
Atypical morphology
NE-3381 M3 R 20-25 Incipient caries Fused  Lines
roots Deep occlusal
fossae
E-11710 M; L 20-25 Deep occlusal fossae ~ Lines
E-12040 Lines

is compatible with the anterior teeth and points to an adult
individual of about 40 years of age. Although only a minor
portion of the P* (E-4111) and M, (E-4182) has been pre-
served, they exhibit subtle characteristics for their identifi-
cation. The lingual fragment from the P* exhibits a longer
mesial side of the lingual cusp, distinguishing it from a buc-
cal fragment. Meanwhile, the fragment from the M, reveals
the mesio-lingual and part of the disto-lingual cusps. Nota-
bly, it presents extensive wear (grade 4) and retains traces of
the contact point with the lower left fourth premolar.

Individual 1l

The following dental remains are assigned to Individual III:
lefti' (E-1184), left P, (E-1224), left P* (E-11259), right P,
(E-1216), right M! (E-3998), right M, (E-5016), right M?
(E-1173), right M, (E-5017), right M? (E-3381), and two
fragments from the same left M; (E-11710 and E-12040)
(Fig. 5). Several dental anomalies are assigned to this indi-
vidual, including the prolonged persistence of i' in the max-
illa (maybe as a consequence of an odontoma or mesiodens).
Equally the dens invaginatus of P; (Beynon 1982; Hegde
et al. 2014; Morfis 1993; Ruprecht et al. 1986; Shifman and
Tamir 1979) can correspond with the abnormal development
of the deep pits observed in P*, P;, P,, M? and the two frag-
ments of M;. This pattern of anomalies will be discussed
below (see Discussion). The contact points between M!, M?
and M? articulate perfectly and show a degree of dental wear
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suggesting an age of 20-25 years. Although deciduous tooth
i' could be linked to Individual I, the excessive wear and
lack of root resorption contrast with the apical resorption of
the permanent incisor that occurs at around 5 years of age.

The morphological characteristics displayed by the right
M, (E-5016) and the right M, (E-5017) could suggest the
presence of a fourth individual. These teeth notably differ
from those attributed to Individual II in terms of occlusal
wear, tooth dimensions, and preservation status. Conversely,
they align more closely with those of Individual III. How-
ever, these two teeth seem to have undergone taphonomic
processes that have altered their surface morphology. Their
preservation status notably differs from the other pieces
attributed to Individual III, despite being discovered along-
side the teeth assigned to Individuals II and IIT within a
confined area of 20 cm?. If these two teeth indeed belong
to Individual III, they should exhibit occlusal wear facets
consistent with the right M' (E-3998) and the right M?
(E-1173), both attributed to this individual. However, such
facets are not discernible on the occlusal surface of the lower
molars, possibly due to their poor preservation status. Nev-
ertheless, considering their dimensions, degree of wear, and
radiographic characteristics, it is plausible to assign these
teeth to Individual III. Given the use of a minimum number
of individuals and the absence of substantial evidence to
introduce an Individual IV based solely on these two teeth,
we decided to maintain a conservative stance, proposing a
minimum number of three individuals.
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Metric comparison

This issue has been previously addressed (Ruiz et al. 2005)
and we thought it appropriate to return to it. The comparative
metric data of MD and BL crown diameters for the upper
(SM Table 2) and lower dentition (SM Table 3) indicate that
the Balma Guilanya teeth are slightly small, although they fit
within the variability of Holocene humans (HH). The plots
indicate that the Balma Guilanya teeth are smaller than other
Pleistocene specimens but close to European populations
from the Late Pleistocene and Holocene (SM Fig. 30-41).
The crown dimensions of M, (E-5017, BL 11.3 mm) are
at the upper end of the HH range and fall within those of
Upper Palaeolithic populations of Homo sapiens (UPHS).
However, the BL diameters of I, (E-5019, 5.35mm) and I!
(E-13146, 6.48mm) appear at the lower end of the HH range,
these being small teeth within their respective tooth classes.

Dental anomalies

In this catalogue, the anomalies detected in il and P; stand
out and should be discussed in more detail.

i' (E-1184)

This significant tooth in the study was diagnosed as an upper
decidual canine (Lalueza 1996). It presents very advanced
wear (grade 6) with a small cervical portion of the crown
preserved where a thin layer of enamel can be distinguished
delimiting the CEJ whose measurements, as mentioned,
are consistent with the average for deciduous upper central
incisors in modern humans (Black 1897). The root is wider
mesiodistally than buccolingually, and the above measure-
ments rule out a decidual canine (Fig. 6). Although it could
be mistaken for a microdontic definitive upper incisor, the
prominent cervical enamel ridges, the very thin enamel and
the unaccentuated curvature of the cervical line correspond
to a deciduous left upper incisor. The X-ray examination
revealed a very wide root canal and narrow root walls. The
absence of root resorption and the advanced wear indi-
cate that it was a long-lasting functional tooth in an adult
individual.

Hyperdontia defines an excessive number of teeth in
relation to the normal dental configuration. One or more
teeth may appear in the dental arch, either unilaterally or
bilaterally on the mandible or maxilla, or both, and may
be erupted or unerupted. One of the reasons of persistence
of primary teeth are lack of space caused by the presence
of a mesiodens (supernumerary tooth) and an odontoma
(Brin et al. 1982; da Costa et al. 2008; Mercedes Gallas and
Garcia 2000). These are often associated with other anom-
alies such as dens invaginatus (SM Text 2). In European
populations the incidence of this is estimated to be between

0.1-3.8% (Rajab and Hamdan 2002), with mesiodens being
the most frequent supernumerary tooth (prevalence between
0.15%-1.9%), usually between the maxillary central incisors
(Sedano and Gorlin 1969). Other possible causes could be
bone or mucosal barriers that interfere with normal eruption,
dilacerations caused by traumatic injury to deciduous teeth,
ectopic development of the permanent germ or the strength-
ening and enlargement of the follicle around the tooth (Brin
et al. 1982; Manilla and Katagiri 2017; Tanaka et al. 2008;
Becktor et al. 2002; Savage and Kokich 2002).

P, (E-1224)

The analysis of the occlusal surface of the P; crown revealed
two abnormally deep pits, indicating the possible presence
of a dens invaginatus (or dens in dente). X-ray analysis con-
firmed modified tooth development resulting in the infolding
of the enamel and dentine towards the pulp, a malformation
that occurs during early morphogenetic stages prior to the
completion of tooth mineralisation (Fig. 7). Invagination
begins at the crown, manifesting as an opening on the coro-
nal surface that develops apically at different depths through
a pit, a tiny duct that ends in a fold, forming a pocket of
organic material beneath the enamel surface (SM Text 2).

High resolution pCT 2D and 3D images reveal a Type
II invagination that extends apically beyond the CEJ, gen-
erating a narrow canal that connects to a confined cavity
at the root (Oehlers 1957). The apical end of the root has
been partially destroyed by infection, and in life the tooth
was probably affected by pulpitis arising from the commu-
nication between the invaginated cavity and the pulp cavity,
infecting the dental pulp through the root canal to the apex.
This process would have led to apical periodontitis which
was responsible for the root defect (Kendrick 1971; Chen
et al. 1990; Whyman and MacFadye 1994). Additionally,
the internal cavity in P; shows reduced enamel density and
irregularity, indicating hypomineralisation and the altered
chemical structure of the enamel (Beynon 1982; Morfis
1993).

In present-day populations, the prevalence of dens invagi-
natus is between 0.3%-10% (Backman and Wahlin 2001;
Hamasha and Al-Omari 2004; Ezoddini et al. 2007). The
most typically affected tooth is the upper permanent lateral
incisor, accounting for up to 90% of cases, and to a lesser
extent in canines; its presence in maxillary premolars and
molars is extremely scarce (Conklin 1978; Hamasha and
Al-Omari 2004). Although cases have been reported in the
lower dentition, its incidence on mandibular teeth is rare.

The various known archaeological cases (SM Text 2)
confirm that the diagnosis of this aetiology on the left P,
is not only unusual, but it also dates this dental pathology
in human remains back to the end of the Pleistocene; at
13,000 years old, it is the first known case. This statement
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Fig.7 Three-dimensional digital models of P;. The invagination fossa has a coronal entrance and exceeds the cementoenamel junction (CEJ)

producing a cavity inside the root. M: mesial; O: occlusal; S: section

does not mean that invagination did not occur prior to this,
as this pathology does not result in easily visible external
elements, but it does highlight the need to observe inter-
nal tooth structures using radiological imaging, preferably
applying 3D computed tomography.
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Discussion

The study of the teeth assemblage recovered at Level E
shows that they correspond to at least three individuals:
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one tooth is attributed to a 5-year-old child (Individual I);
a second group consisting of six teeth are from an adult/
older individual of about 40 years of age (Individual II);
and ten dental remains are associated with a 20-25-year-
old adult (Individual IIT). Additionally, there is a possibil-
ity of a fourth individual constituted by two teeth, a right
M, (E-5016) and right M, (E-5017), based on their mor-
phological characteristics and the observed taphonomic
damage. This characterisation allows us to discuss the fol-
lowing aspects:

a) the integration of the dental assemblage in relation to the
process of dental reduction in Pleistocene and Holocene
populations;

b) the pathologies related to the pattern of anomalies seen
in Individual III;

c) causes of cariogenic processes;

d) other stress indicators;

e) contextual implications related to the tooth accumulation
from Level E.

Evolutionary trends in the Level E dentition
assemblage

The dentition assemblage is metrically consistent with the
mesiodistal and buccolingual dimensions of the Holocene
populations and fall slightly below the Pleistocene popula-
tions, and that is related to the reduction pattern affecting
the upper and lower dentition and their crown dimensions
(Pinhasi et al. 2006; Holt and Formicola 2008), a trend that
seems to increase from the Holocene onwards and which
is not very different from present-day populations. Except
for teeth M, (E-4182) and M, (E-5017), the buccolingual
dimensions observed in the Level E assemblage are in
the lower range for Pleistocene populations, especially I,
(E-5019) and I' (E-13146). This set confirms a moderate
trend in Late Pleistocene European populations towards a
reduction in the dimensions of dental crowns, which is more
accentuated in the buccolingual dimensions.

Dental Pathologies and Anomalies in Individual Il

A series of teeth exhibiting various pathologies have ten-
tatively been attributed to the same individual, although
the possibility of the existence of an additional individual
is suggested by the right M, (E-5016) and the right M,
(E-5017) within the assemblage that do not entirely con-
form to the characteristics of the rest of Individual III.
One of these teeth displays several pathologies (E-5017).
Considering the identification remains subject to potential
uncertainties, should the existence of a fourth individual
be confirmed, Individual III would not encompass all the
pathologies present in the teeth assemblage from Balma

Guilanya. Nonetheless, this combination of pathologies
within a relatively small assemblage is noteworthy, and
even in some cases, to our knowledge, is unprecedented
within the paleoanthropological record (see Trinkaus
2018; Lacy 2014). We propose to highlight the elements
that contribute to this pattern of anomalies while acknowl-
edging the need for cautious interpretation.

In view of their particular characteristics, the dental
pathologies attributed to Individual III should be described
in detail. At the odontological level, the identification of a
dens invaginatus in P5 stands out. This is a dental anomaly
that is difficult to diagnose and is detected by the presence
of abnormally deep pits on the occlusal surface of the crown.
X-ray and pCT imaging allow us to recognise a protrusion
inside the root forming an enamel-lined space that connects
the internal cavity with the outside of the tooth through a
narrow canal. This anomaly is not common in present-day
populations (less than 10%) and is rarely mentioned in the
archaeological record (SM Text 2), this being the first case
in which dental invagination has been described in popula-
tions of Homo sapiens from the Upper Palaeolithic. Rather
than a null prevalence in Upper Pleistocene populations, we
believe that detecting this pathology calls for the analysis of
the internal dental structure using radiological images and
3D computed tomography, a technique which is becoming
more widely used in odonto-palacoanthropological studies.

We propose that this pathology warns of a pattern of
dental alteration that affects other teeth. At the odonto-
pathological level, dental invagination is linked to the per-
sistence of dentition, and the appearance of supernumerary
teeth (Shifman and Tamir 1979; Beynon 1982; Ruprecht
et al. 1986; Morfis, 1993; Hegde et al. 2014). The i located
on the midline of the maxillary arch must have caused the
uneruption and impaction of the upper permanent central
incisor, preventing the normal exfoliation of the primary
incisors. Likewise, the abnormally deep pits observed in
the crowns of P? (E-1224), P, (E-1216), M; (E-11710), and
M3 (NE-3381) lead us to suggest that rather than cariogenic
alterations, as discussed in the following section, they could
be considered incipient invaginations congruent with dens
invaginatus (Fig. 8).

Another anomaly observed is the fusion of the roots
affecting molars M! (E-3998), M? (E-1173), M3 (NE-3381),
along with the M, (E-5017) provisionally ascribed to Indi-
vidual IIT (Fig. 9). Although this is not exceptional in the
case of a M?, which can develop one or two roots (Sidow
et al., 2000; Cosic et al., 2008), the prevalence of fused roots
in M! and M? (respectively 7% and 21%) and in lower first
and second molars (0.7% and 12.6%) is an interesting feature
(Martins et al., 2016). This phenomenon affecting the mor-
phology of the roots made it difficult to identify the E-5017
tooth, which could correspond to either M, or M5, while the
morphology of the occlusal face could correspond to that of
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Fig.8 3D digital models of M, P,, P, and M, showing the development of abnormally deep pits on the occlusal surface
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Fig.9 3D digital models of M2, M,, M! and M? showing fused roots

an M,. The M! and M? contact points confirm that this is an
"atypical" M,.

This combination of pathologies suggests a potential
aetiology that may indicate populations with a history of
inbreeding, a characteristic often associated with hunter-
gatherer groups inhabiting regions of low population density
(Holliday et al. 2014). This hypothesis could be evaluated
from paleogenetic studies on individuals from Level E.

Cariogenic processes
Carious lesions in living humans are most frequently ini-
tiated in the enamel of tooth crowns, particularly in the

occlusal surfaces of molars and the areas just below the
contact points between neighbouring teeth, known as the
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approximal areas (Hillson 2001). The occurrence of car-
ies in M, (E-5017) and M3 (NE-3381) is another anomaly
observed in Individual III. The progressive destruction of
the tooth by bacteria (e.g., Streptococcus mutans) has a
complex aetiology involving various factors such as saliva
components, tooth morphology, hygiene, hormone levels,
and dental plaque ecology (Nikiforouk 1985; Seif 1997;
Love and Jenkinson 2002; Lukacs and Largaespada 2006).
Its development is closely linked to diets rich in sugar and
carbohydrates (Hillson 2001; Hillson 2005; Pezo and Eggers
2010), while in hunter-gatherer populations, its frequency is
low due to the more varied diet (Oelze et al. 2011). How-
ever, it has been reported that hunter-gatherers in Western
Europe and the Near East processed carbohydrate-rich wild
plants prior to the widespread cultivation of cereals (Piperno
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et al. 2004; Revedin et al. 2010; Liu et al. 2013). The preva-
lence of caries in Taforalt (Morocco), 15-12.6 ka cal BP, has
therefore been related to the intake of carbohydrate-rich wild
acorns and pine nuts (Humphrey et al. 2014). Likewise, in
the Late Glacial sites of Villabruna and Fredian (Prealps,
Italy), a similar context to level E at Balma Guilanya, there
is evidence of intentional manipulation aimed at sanitising
decayed teeth (Oxilia et al. 2015; Oxilia et al. 2017).

Even so, the cariogenic capacity of sugars in honey and
sweet fruits in the diet of hunter-gatherers should not be
underestimated (Bernal et al. 2007; Nelson et al. 1999;
Neves and Cornero 1997). However, the ISN/13C stable iso-
tope results from three skeletal remains from Balma Gui-
lanya, including M! (E-3998) attributed to Individual III,
suggest little contribution from plant-based resources as
opposed to the intake of proteins obtained from terrestrial
herbivores (Garcia-Guixé et al. 2009), a diet with a typically
low cariogenic capacity (van Palenstein et al. 1996).

Therefore, in the current case, we suggest that the carious
lesions in both teeth should not be related to a sugar-rich diet

Oclusal caries

but rather to a dental morphological predisposition (Fig. 10).
The progression of carious lesions on occlusal surfaces fol-
lows a distinctive pattern, first with the appearance of tiny
opaque spots that gradually grow in size, leading to a slightly
roughened enamel surface. The carious process continues as
the enamel surface breaks down, forming a cavity. Further-
more, this cavity tends to widen as it reaches the enamel-
dentine junction (EDJ), with the enamel cavity's walls being
undermined (Hillson 2005).

M, and M? would have had small cavities in the enamel
that would be ideal for the accumulation of food debris ena-
bling the development of infection. The deep occlusal pits
of M? possibly indicate the origin of the infection that could
have caused caries to develop on the occlusal surface of
the premolars and molars (Hillson 2001; Hillson 2005). In
fact, an incipient caries is visible in a deep occlusal fossa of
M?, while the infection in M, overshadows the preceding
occlusal fossa. Also, one of the M5 fragments (E-11710)
has a small cavity underneath a small occlusal fossa (SM
Fig. 11). These indicators allow us to propose that the

Post-depositional
fracture

Oclusal pits

mn] 5 mm

Fig. 10 Molars assigned to Individual III. Upper row: M,; lower row:
M3. Photographs (a) and 3D digital model (b) in occlusal view, and
micro-computed tomography sections (c). Sections show a carious
lesion in the central fossa of the occlusal surface of the M, crown,

75 10 125

and the abnormally deep pits on the occlusal surface of M>. The
incipient caries has progressed within the small cavities; the infec-
tion has extended into the underlying dentine. B: buccal, M: mesial,
L: lingual, D: distal

@ Springer



147 Page 16 of 22

Archaeological and Anthropological Sciences (2024) 16:147

carious lesions identified in M® and M, derived from a pre-
existing dental pathology that favoured the development of
the disease in these teeth. These carious lesions result from
a complex interplay of factors, including bacterial activity,
dietary habits, tooth morphology, and ecological influences.
While the diet, particularly the consumption of sugars and
carbohydrates, has historically been implicated in the devel-
opment of dental caries, the dental morphology of Individual
I11, including deep occlusal pits in the M?, likely played a
significant role in facilitating the onset and progression of
caries. This case underscores the importance of consider-
ing both intrinsic and extrinsic factors in understanding
cariogenic processes. The historical dietary context of this
individual, as revealed by stable isotope analysis, further
emphasizes the role of diet in dental health. These find-
ings highlight the need for a comprehensive approach when
examining dental pathologies and their aetiology, consider-
ing both genetic predispositions and environmental factors.

The unique accumulation of pathologies detected in Indi-
vidual III, which contributed to the development of mor-
phogenic caries, raises intriguing questions about potential
genetic anomalies that favoured the development of infec-
tious processes, pulpitis and other oral diseases that would
have affected oral health and quality of life of this individual.
However, given the uncertainties surrounding the dental
assignation to a fourth individual, these observations warrant
further investigation and should be approached with cau-
tion. This issue could alter the interpretation of the develop-
ment of cariogenic processes in late glacial populations, and
should be the subject of future research, aiming to elucidate
the underlying factors influencing the dental health of Late
Glacial populations.

Other stress indicators

Enamel hypoplasia is another prominent pathology (Lal-
ueza 1996). This is a term used to describe a defect, or the
absence, of enamel on a region of the tooth. It has a wide
range of causes related to nutritional stress, infection, and
vitamin deficiencies during the formation of tooth enamel.
Lines or grooves corresponding to mild enamel hypoplasia
were identified on the buccal side of P, P, P, M, M3, and
M; of Individual III, and 1 I,, I, and C of Individual II.
These rare or not very severe alterations in the dentition
of European Upper Palaeolithic hunter-gatherers (Trinkaus
et al. 2006) increased in frequency during Late Glacial times
and have been associated with vitamin deficiencies at the
end of the Pleistocene (Holt and Formicola 2008), linked
to environmental crisis events such as the Younger Dryas
(Weber et al. 2011). In this possible scenario (chronometri-
cally, Level E is positioned at the boundary between Gi 1a/
Gs 1), we believe that hypoplasies in these individuals do
not show the consequences of degrading climate conditions
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affecting their quality of life. Alternatively, the appearance
of enamel hypoplasia may be linked to situations of nutri-
tional stress during childhood as a result of introducing solid
food into the diet (Hillson 2014). This transitional period
when breast milk is gradually withdrawn, and solid foods
are consumed in increasing quantities is known as ‘weaning’.

A significant divergence has been reported in the develop-
mental stress patterns related to enamel hypoplasia between
Upper Palaeolithic and Middle Palaeolithic populations
(Skinner 1996). Notably, the Upper Palaeolithic group
exhibits the highest stress levels during early infancy. This
distinction in stress patterns could suggest that Upper Pal-
aeolithic communities endured different stressors. Wean-
ing is known to trigger the highest metabolic stress during
early childhood in traditional societies (Moggi-Cecchi et al.,
1994). Insights from dental data indicate that the Late Upper
Palaeolithic population in western Europe displays the high-
est known prevalence of linear enamel hypoplasia (LEH),
affecting 7 out of 10 individuals, experiencing significantly
more stress in the first two years of life (Skinner 1986). Also,
an early enamel hypoplasia research revealed that individu-
als in contemporary populations primarily exhibited enamel
defects in the cuspal region, whereas those in the prehistoric
communities exhibited hypoplasia in the cervical part of the
enamel (Rose 1977), a pattern observe in some Balma Gui-
lanya teeth.

The report of osteopenia (bone mass deficiencies) in new-
born facial structures, suggests that weaning alone might not
be the sole factor at play. Research into this matter strongly
implicates vitamin A deficiency (Skinner et al. 1994). The
availability of vitamin A is influenced by maternal diet and
the exposure of both mothers and infants to diseases, known
to deplete vitamin A reserves (Stephensen et al. 1994). How-
ever, recent high resolution pollen studies in paleolakes on
the southern Pyrenean slope point to mild forests in the area
during Gi 1 (Rull et al. 2023). So, considering the relatively
stable growing seasons in Late Pleistocene Europe, the natu-
ral availability of vitamin A would likely remain constant.

Changes in climate conditions does not appear to provide
a satisfactory explanation for the observed stress patterns.
There are indications of a population expansion that might
have resulted in nutritional and demographic stress at some
point. Demographic simulations, based on ethnographic and
palaeoclimate data, suggest that climate was a major driver
of population dynamics, leading the population size to reach
about 330,000 people in 30,000 BP (Tallavaara et al. 2015).
Moreover, a noticeable uptick in the number and size of
archaeological sites during the Upper Palaeolithic has been
observed (Arenas del Amo et al. 2024). Nevertheless, later,
with the progressive cooling of temperatures, there was a
significant drop to 130,000 people. The contraction of Euro-
pean populations is consistent with genetic studies involv-
ing mtDNA with Y-chromosome patterns (Pala et al. 2012;
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Soares et al. 2010; Torroni et al. 2001). Even most of the evi-
dence supports the notion of a population increase during the
Pleniglacial Upper Palaeolithic, differential access to limited
dietary resources does not seem to be a possible explanation
of the observed pattern of stress in the Upper Palaeolithic
sample. In the chronological framework of Balma Guilanya,
Late Upper Palaeolithic populations were in a process of
recolonization and growth after the population decline dur-
ing the LGM, a growth that was likely gradual rather than
sudden (Posth et al. 2023).

It is also necessary to address the correction regarding
tooth wear in the European Upper Palaeolithic individuals,
as variations in dental wear within prehistoric populations
introduce a significant challenge in accurately interpreting
age at death based solely on tooth wear patterns. Dental wear
analysis, particularly in the context of Palaeolithic popula-
tions, is influenced by various factors such as diet, envi-
ronment, and innate dental characteristics. The prevalence
of dentine exposure, as observed in modern industrialized
societies, typically occurs around the age of 6 or 7 years,
with minimal exposure even among older children (Dug-
more and Rock 2004; Milosevic et al. 1994). However, in
Palaeolithic populations, a substantial proportion of chil-
dren exhibit exposed dentine on deciduous molars at a much
younger age, indicating accelerated dental wear (Bas et al.
2023). This early onset and intensity of dental wear are
attributed to dietary factors, with Palaeolithic diets being
significantly coarser and more abrasive compared to mod-
ern diets. Additionally, variations in dental wear within the
population suggest differences in childhood diets either at a
given time or over generations, reflecting the dynamic nature
of dietary practices. Therefore, while diet influences overall
wear intensity, the distinct wear patterns observed in UP and
Mesolithic samples suggest a more nuanced understanding
of dental use beyond dietary factors. Despite variations in
dental wear, it's crucial to acknowledge the limitations of
macroscopic analysis, as it may not fully capture underly-
ing factors such as innate differences in enamel thickness
and dental tissue proportions. Further research incorporat-
ing imaging of internal dental structures is needed to better
understand the interaction between genetic and environmen-
tal factors shaping dental wear in Palaeolithic populations.

Origin of teeth accumulation

The discovery of isolated human remains in contexts from
the end of the Upper Palaeolithic is an issue recently ana-
lysed in detail. Although in some cases various types of
peri/ post-mortem treatment or manipulations are identified
(see Kerner 2018; Marsh and Bello 2023; and references),
in many cases the causes that explain their presence in the
archaeological record are not evident. Within this perspec-
tive, the anthropological complex of Level E exemplifies

the difficulties related to the identification of processes and
agents involved in the configuration of this accumulation.
At the beginning of this article, we stated that we did not
question the Late Glacial dating for these remains, but it was
not easy to explain the contextual significance of the dental
assemblage. A portion of these remains, namely the frag-
ments of a poorly preserved cranial vault and nine isolated
teeth, form an intriguing grouping recovered in an area of 20
cm?, in a preliminary test pit made on the roof of Level E.
During the excavation, no natural or intentional depression
was detected to explain this accumulation, but contextual
observations provide elements to the discussion.
Archaeological remains appeared at the limit of the pre-
served surface of the shelter. In the archaeological sequence,
the vertical dispersion of the artifacts in a N-S direction
evidencing two stratigraphic levels separated by the massive
fall of the cornice, separating an archaeological sequence in
the upper part assigned to the Holocene, from another lower
archaeological assemblage that corresponds to the levels
assigned to Late Glacial. This conglomerate wall seals the
development of Level E preventing the vertical migration of
artifacts and bones between these sedimentary components.
At the same time, the vertical distribution suggests that
the archaeological record does not have continuity towards
the South and were destroyed during the construction of a
rural road that affects the upper sequence (Level C), and par-
tially the lower sequence (Level E). The position of the pale-
oanthropological complex on the roof of Level E and below
the fall of the block suggests that this accumulation would
correspond to an initial occupation of the shelter between the
end of Gi 1a and Gs 1 stadial during the Late Glacial. At the
same time, he warns that the human remains were affected
prior to the beginning of the fieldwork by the construction
of the road that led to the discovery of the shelter (Fig. 11).
The accumulation of human remains overrepresents
the abundance of fragmented skull remains systematically
identified as isolated points recovered during the excava-
tion. Adjacent to the cranial fragment were identified the
isolated upper and lower teeth, specifically i', P; (E-1224),
P, (E-1216), M, (E-5016), M? (E-1173) and M, (E-5017)
attributed to Individual III and I, (E-1232), I, (E-5019) and
C (E-5018) from Individual II. Although the P,, M, and
M, series from Individual III could correspond to a partial
mandibular remnant, the teeth appear disconnected with-
out retaining their respective anatomical order. The i' from
Individual III is slightly displaced with respect to the other
teeth with anomalies such as P (dens invaginatus) and P,
which has carious occlusal pits. However, the two fragments
that refit to form M; with this pathology are separated by
1 m and displaced by more than 2 m from the rest of the
accumulation (Fig. 11).
These observations indicate that this assemblage has
a complex taphonomic history. Apparently, the teeth are
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Fig.11 A) Schematic N-S vertical plot projecting the materials
of levels C and E on the axis Y=100.800 — 101.200 mm along the
squares Y= 511.000-507.000 (see orange box Fig. 12B). The con-
glomerate wall is positioned as well as the abrupt disruption to the
South of Levels C and E, affected by the construction of the rural
road. The position of human bone accumulation on the roof of Level

scattered randomly over the excavated surface, with no
specific dental arrangement, making it difficult to infer the
causes that explain the presence of the dental remains attrib-
uted to Individuals II and III in a discrete area in relation
to the excavated surface. It is not easy to pinpoint possible
causal agents of this accumulation possibly affected by the
construction of the rural road. There are no identifiable alter-
ations or marks on the dental remains, skull, or other skeletal
remains that would indicate the involvement of carnivores
or scavengers (taphonomical damage from vegetation roots

@ Springer

E is indicated. B) Plan of Level E showing the positions of the teeth
from Individuals I, II, and III. The positions of the M; refit fragments
(E-11710 and E-12040) are noted with a discontinuous red line.
Enlargement of the tooth accumulation located in the lower left cor-
ner (X=100, Y=509) showing the position of the isolated teeth attrib-
uted to Individuals II and III

has only been observed) acting on possibly inhumed bodies
or individuals that had died accidentally.

The presence of isolated teeth from Individuals II and IIT
that are not related to portions of the mandible or maxilla
makes it difficult to propose peri/post-depositional causes
that could have led to this grouping in a discrete area. Fur-
thermore, the potential existence of two individuals raises
several questions: did they both die in the same time interval,
and does this association correspond to some kind of mortu-
ary practice, as it has been revealed in similar chronocultural
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context (Kerner 2018; Marsh and Bello 2023). Although
there are no indicators to answer these questions, the contex-
tual information provided by this anomalous accumulation
should be the subject of future reflections.

Conclusions

The human remains of H. sapiens from the end of the Pleis-
tocene are the key to anthropologically, demographically and
genetically reconstructing Western Europe hunter-gatherers.
Level E at Balma Guilanya has yielded bioanthropological
indicators that provide information on the health conditions
of these individuals. This assemblage, formed at the end of
Gi la/start of Gs 1 (13,100-12,750 cal BP) comprises one
deciduous and 16 permanent teeth that show several patholo-
gies not commonly seen in Late Glacial hunter-gatherers.
Morphological analysis, developmental stage observations,
duplications, dental wear and the various pathologies point
to the presence of at least three individuals: a child aged 5
years + 9 months, a young adult aged 20-25 years, and a
40-year-old mature adult. This demographic composition is
interesting in a shelter located at an altitude of over 1150
m, which would be visited by groups of adults and children.
This diversity in age, rather than indicating the displace-
ment of task groups specialising in the capture of mountain
ungulates, suggests that domestic activities were also carried
out in the shelter.

The dental anomalies affecting Individual III revealing
a dens invaginatus, an overretention, and several teeth with
varying degrees of caries. We propose that dental invagina-
tion explains the incipient caries in some teeth indicated by
deep pits and advanced caries in two molars. In this case, we
suggest that this pathology is not related to the ingestion of
carbohydrates; instead, we believe that its aetiology is linked
to these dental anomalies. It is possible that a genomic study
of these remains could provide some explanation for the
origin of these dental alterations, which are little known in
Late Glacial human populations.

The record of enamel hypoplasia in a significant number
of teeth attributed to Individuals II and III is equally signifi-
cant. These indicate stressful situations related to seasonal
crises or famines that these individuals suffered during their
early childhood.

Finally, it is worth noting the anomaly represented by the
group of isolated teeth recovered in a limited zone of the
excavation. The assemblage of dental remains tentatively
assigned to three distinct individuals, were found intermin-
gled in a space in which no natural or constructed container
has been identified makes it difficult to explain the origin
and meaning of this accumulation. Rather than an unclear
context (Meiklejohn 2009; Peyroteo 2016), it seems that the
deposit was profoundly affected prior to the beginning of the

excavation of the site, making it difficult to identify possible
cultural processes involved in the formation of this accu-
mulation. However, we believe that these indicators merit
discussion to detect similar situations that could define pos-
sible crypto-funerary behaviour.

These issues indicate the importance of restudying the
odontological assemblage from Balma Guilanya Level E,
which has substantially expanded our knowledge of the liv-
ing conditions and pathologies of the Late Glacial hunter-
gatherers in Western Europe.
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