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Summary - One of the main concerns of paleoanthropologists is to make a correct interpretation of
the variability observed in the fossil record. However, the current knowledge about sexual dimorphism in
the human lineage comes mainly from the study of modern human, Neanderthal and pre-Neanderthal
populations, whereas information available abour the intrapopulation variability of the groups that
preceded these taxa is still ambiguous. In this preliminary study, Homo antecessor dental sample was
assessed with the aim of trying to evaluate the degree of variability of their permanent canines’ dental tissue
proportions. Microtomographic techniques were here employed in order to measure and compare the crown
volumes and surface areas of their enamel caps and dentine-pulp complexes. Then, the Pearson s Coefficient
of Variation and the Euclidean Distance were assessed to evaluate of intrapopulation variability of dental
sample. The values obtained were also compared with those of the dental samples from Sima de los Huesos
site (Spain), the Neanderthal site of Krapina (Croatia), as well as from a broad forensic collection of known
sex. Our results showed a marked intrapopulation variability in the dental tissues measurements of the
canines of the individuals HI and H3 from this site. This variability may be interpreted as an indicator of
sexual dimorphism. If this is the case, HI may be considered as a male individual, whereas H3 would be
a female. Future discoveries of new fossils in the level TDG6.2 of Gran Dolina site might help to confirm or
refute this hypothesis.
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Introduction

Sexual dimorphism is an important part of
the total variability observed in the fossil record
(e.g., Stringer 1986; Johanson et al. 1987;
Wood 1992; Antén 2003; Skinner et al. 20006).
However, in most cases the scarcity of fossils
hinders an accurate assessment of the intrap-
opulation variability in extinct groups and, as
a consequence, the sex estimation of isolated
specimens. Likewise, when only small fragments
of the skeleton are available, it is difficult to
evaluate certain features such as the size of the

supraorbital torus, the morphology of the pel-
vis or the robustness of the muscle attachments
that may be potentially useful for sex estimation.
In addition, many of these secondary sexual
traits are indistinguishable in the skeleton of sub-
adult individuals, who have not already reached
adolescence (Dirkmaat 2012). In this cases, it is
not easy to discern whether we are dealing with
a female individual or a male individual who has
not yet completed his development. Fortunately,
thanks to their chemical composition, teeth are
usually found in a good state of conservation in
geological deposits. Additionally, these skeletal
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structures also offer the advantage of complet-
ing their formation early in an individual life.
Therefore, sexual estimation techniques based on
dental features can be especially useful in paleo-
anthropology for estimating the sex of immature
individuals. In particular, methodologies based
on permanent canines, the tooth that presents
the greatest degree of sexual dimorphism in the
human dentition (e.g., Harris and Bailit 1988;
Hillson 1996; Iscan and Kedici 2003; Peckmann
et al. 2015), allow estimating the sex of indi-
viduals from the age of six, which is the age at
which the canine crown completes its formation
(Moorrees et al. 1963).

On the other hand, while the information
about modern human populations, Neanderthals
and pre-Neanderthals is relatively abundant (e.g.,
Wolpoff 1979; Smith 1980; Trinkaus 1980;
Arsuaga et al. 1997; Rosas 1997; Lorenzo et al.
1998; Rosas et al. 2002; Garcfa-Campos et al.
2020) the scarcity and geographically scattered
pre-Middle Pleistocene fossil record prevents a
proper understanding of extinct hominins vari-
ability (e.g. McHenry 1991, 1994; Richmond
and Jungers 1995; Reno et al. 2003, 2010;
Harmon 2009, 20006). In this context, it is par-
ticularly interesting to attempt an assessment of
the variability of the hominin sample from Gran
Dolina-TD6.2 site, from the Sierra de Atapuerca
archaeological complex.

The TD6.2 level of the Gran Dolina cavity
has provided a large number of archaeological
and paleontological remains which have allowed
to document the presence of human activity in
this hill range for at least the last million years
(Carbonell et al. 2008; Rodriguez et al. 2011).
This has made of this site one of the most
important references for Quaternary research
(Carbonell et al. 1999). The human fossil remains
found in Gran Dolina-TD6.2 have been studied
by several authors (e.g., Bermtdez de Castro et
al. 1997, 1999, 2003, 2008, 2015; Arsuaga et al.
1999; Lorenzo et al. 1999; Carbonell et al. 2005;
Goémez-Robles et al.  2012; Martinén-Torres
et al. 2012, 2019; Martin-Francés et al. 2018,
2020). Concerning the taxonomy and phyloge-
netic position of the population to which these

remains belong, initial studies showed that this
population exhibited a unique combination of
primitive characters (in their dental morphol-
ogy) and derived traits (in their facial morphol-
ogy) which led to the definition of a new spe-
cies: Homo antecessor (Bermutdez de Castro et
al. 1997), the oldest species described so far in
the Early Pleistocene of Europe. Later studies
highlighted the expression of certain features
shared with other Eurasian populations and,
in particular, with those that lived during the
Middle and early Later Pleistocene (Martindn-
Torres 2006; Bermidez de Castro et al. 2015;
Martinén-Torres et al. 2019). This unique
mosaic of skeletal and dental characteristics sug-
gested that this species might be phylogenetically
close to the divergence between Neanderthals
and modern humans (Bermudez de Castro et al.
2015). In 2020, in an innovative study carried
out by Welker and colleagues, the dental enamel
proteomes of H. antecessor were analyzed. This
research provided evidence that the TD.2 homi-
nids belonged to a close sister lineage to subse-
quent Middle and Late Pleistocene hominins,
including modern humans, Neanderthals and
Denisovans (Welker et al. 2020). Regarding the
paleodemography of this population, the study
of the maxillar, mandibular and dental samples
from this site resulted in a minimum number of
eight individuals, although given the small area
excavated so far, it is suspected that this num-
ber could be higher (Bermidez de Castro et al.
2006). The high percentage (75 %) of imma-
ture individuals in the hypodigm of TDG6.2 is
noteworthy (Bermidez de Castro et al. 2015).
Despite the various research lines developed with
this fossil sample (e.g., Bermddez de Castro et al.
1997, 2003, 2008, 2015; Arsuaga et al. 1999;
Bermtdez de Castro et al. 1999), there were no
studies in which the sexual dimorphism of this
population was assessed. This is mainly because
most individuals included Gran Dolina-TD6.2
sample has not completed their development,
which complicates their sexual estimation.
In this preliminary study, microtomographic
techniques have been employed to analyze two
human maxillary permanent canines from Gran
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Fig. 1 - Stratigraphy of the Gran Dolina site. On the left, the sub-unit TD6.2 is indicated in the image
of the Gran Dolina site (photo taken by M. A. Martin). On the right, the main lithostratigraphic units
described in the section uncovered of the site (image taken from Campaiia et al. 2017).

Dolina-TD6.2 for trying to evaluate the degree
of variability of their dental tissue proportions
and whether this variability can be attributed to
sexual dimorphism.

Several studies have shown that the den-
tal tissue proportions of permanent teeth
are a dimorphic feature, not only in modern
humans but also in other hominoid species
(e.g.» Schwartz and Dean 2001; Schwartz et al.
2005; Saunder et al. 2007; Feeney et al. 2010;
Garcfa-Campos et al. 2018a,b, 2020; Sorenti
et al. 2019). Particularly, female individuals
tend to have smaller canines and a distinctive
histological pattern characterized by the rela-
tive predominance of the enamel component
and a smaller dentine-pulp complex than the
males from the same population (Saunder et al.
2007; Feeney et al. 2010; Garcfa-Campos et al.
2018a,b, 2020; Sorenti et al. 2019). In modern
humans, the differences observed in the volumes
and three-dimensional surfaces of permanent
canines’ dental tissues have turn out to be a use-
ful tool to estimate the sex (Garcia-Campos et
al. 2018a,b) with rates of success comparable to
those of other traditional metric and non-metric
methods based on the cranial and postcranial
skeleton (e.g., Ates et al. 2006; Acharya and
Mainali, 2008; Hassett 2011; Zorba et al. 2013).

This sexually dimorphic pattern has been also
employed for sex estimation in past populations.
In a study by Garcfa-Campos et al. (2020), den-
tal histology was successfully used to estimate the
sex and the degree of sexual dimorphism present
in the Middle Pleistocene population of the Sima
de los Huesos (SH) site of the Sierra de Atapuera
(Spain), as well as in the dental sample from the
Neanderthal site of Krapina (Croatia).

In order to evaluate the degree of variation
of H. antecessor teeth we employed the Person
Variability Coefficient (CV) on one hand, and a
Principal Component Analysis and the Euclidean
Distance assessment on the other. We compared
our results with those obtained in previous stud-
ies about from Sima de los Huesos site (Spain),
the Neanderthal site of Krapina (Croatia), and
a large forensic sample of known sex (Garcia-
Campos et al. 2020).

Materials

Gran Dolina site is a large cavity, 27 meters
deep and with a maximum width of 17 meters,
located in the so-called Trinchera del Ferrocarril
of the Sierra de Atapuerca archaeological com-
plex (Burgos, Spain). The stratigraphic sequence
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Fig. 2 - Permanent canines of Gran Dolina-TD6.2 included in the study. The upper row shows the
maxilla of individual H3 which includes the upper canine ATD6-69, the frontal view on the left and
the lower and lateral views on the right. In the lower row, the left maxillary canine of individual H1,
ATD6-13 is observed (buccal, mesial and occlusal view).

of the Gran Dolina cave is divided into eleven
levels numbered in an increasing order from the
base to the top: TD1-TD11 (Parés and DPérez-
Gonzdlez 1999). In the TD6.2 (Fig. 1) nearly
170 human fossils belonging to at least 8 indi-
viduals were found (Bermudez de Castro et al.
1997; Carbonell et al. 2010). Regarding the geo-
chronology of this level, the analysis of ESR dat-
ing applied to quartz grains from TDG6 yielded a
date that ranges between 600 + 90 ka and 950 =+
90 ka (Moreno et al. 2015). In a new thermolu-
minescence study Arnold and Demuro (2015) a
weighted mean age of 840 + 60 ka was obtained
for this level. Finally, a recent ESR analysis per-
formed directly on the human remains provided

4

a final estimated age range of 720- 950 ka for the
fossils from this site (Duval et al. 2018). In con-
clusion, taking into account the results obtained
from all of these studies, as well as the biostrati-
graphic information from this level (Cuenca-
Bescés et al. 1999; Cuenca-Bescés et al. 2015),
the TD6 hominis can be confidently assigned to
MIS (Marine Isotope Stage) 21.

The Gran Dolina-TD6.2 dental sample com-
prises 46 permanent and eight deciduous teeth,
which includes two upper (ATD6-13 and ATD6-
69) and two lower (ATDG-1 and ATDG6-6) per-
manent canines. The canines ATD6-1, ATD6-6
and ATD6-13 belong to individual H1 (the holo-
type of H. antecessor) and the canine ATD6-69,
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included within the maxilla ATD6-69, belongs to
individual H3 (Bermuidez de Castro et al. 2015, see
Fig. 2). In this study, two upper canines (ATD6-
69 and ATD6-13) were analyzed. These teeth were
selected for their good state of conservation. The
canine ATD6-69 has not reached the occlusal plane
and therefore does not present wear facet. In addi-
tion, the crown of this tooth has a linear hypoplasia
that is not very marked. On the other hand, the
canine ATDG6-13 presents an oval wear facet on its
occlusal surface, but it does not reach the dentine.

As a comparative sample, we employed the
specimens analyzed by Garcia-Campos et al.
(2020). This sample includes a total of 86 max-
illary canines from: the Sima de los Huesos
site from Spain (n = 16), the Krapina site from
Croatia (n = 12) and a sample of modern humans
with different geographical origin (n = 58). We
considered the results obtained from those teeth
with a wear degree equal or lower than 3 (Molnar
1971) and only one antimere were assessed. The
sexual estimations of the fossil samples was taken
from Garcfa-Campos et al. (2020) who used
a combination of two approaches: the Mean
method and a Hierarchical cluster analysis. The
final sex estimation was established through a
comparison of the results of both approaches.
The modern human sample was composed by
forensic samples of known sex. For more details
on the sexual estimation techniques see Garcia-
Campos et al. (2020).

Methods

The isolated tooth TD6-13 was scanned
using the Scanco Medical AG Micro-Computed
Tomography 80 housed at the Centro Nacional
de Investigacién sobre la Evolucién Humana
(CENIEH) in Burgos. Scans were performed
employing two 0.1 mm Copper filters and using
a voltage of 70 kV and an amperage of 114 pA.
The resultant slice thickness was 18 micrometers
(um). ATDG6-69, which is included in a maxil-
lary fragment, was scanned using a Phoenix v/
tome/x s (GE Measurement & Control) avail-
able in the same research centre. In this case, the

scan was performed with two 0.1 mm Copper
filters, 100-120 kV voltage and 110-140 pA
amperage, resulting isometric voxel of 37 um.
The subsequent image processing was performed
using the Amira 6.0.0 software (Visage Imaging,
Inc.). Dental tissues (enamel and dentine-pulp
complex) were semi-automatically segmented
using the Watershed Segmentation Tool and
through manual editing. Following the proto-
col described in Garcfa-Campos et al. (2018a,b,
2019, 2020), we considered the cervical line as
the fundamental morphological feature to isolate
the crown and the root.

Next, on the virtually isolated crowns, we
quantified the following absolute variables: the
volume of the enamel cap (Ve, in mm?); the vol-
ume of the crown dentine including the crown
pulp (Vedp, in mm?); the surface area of the
enamel-dentine junction (EDJS, in mm?); the
outer surface of the enamel cap (OES, mm?);
and the basal surface of the crown (BS, in mm?).
These values were subsequently used to compute
the 3-D average enamel thickness index B3DAET
= Ve/EDJS, mm); the 3-D relative enamel thick-
ness index (3DRET = 3DAET/) x 100, scale-
free); the crown volume (Ve = Ve + Vedp, mm?);
the percentage of crown volume that is dentine
and pulp (Vedp/Ve = Vedp/Ve x100, percentage
scale); and relative outer enamel complexity ratio
(OES/ED], free-scale). Due to ATD6-69 has no
already finished the root formation the volume
of the root dentine including the pulp (Vr, mm?)
was not assessed. These variables were described
by Olejniczak et al. (2008a,b) and Skinner et
al. (2008). They were previously employed by
Garcia-Campos et al. (2018a,b) to estimate the
sex in modern human samples, reaching accu-
racy rates of up to 92.3%. Likewise, they were
also used to estimate the sex of Neanderthal and
pre-Neanderthal fossil samples (Garcia-Campos
et al. 2020).

Statistical analyses were performed using the
SPSS software (v. 18.0, SPSS Science, Inc.). A
descriptive statistical analysis was applied con-
sidering the data obtained in this study from
the maxillary canines of H. antecessor, as well as
from SH, Krapina and a modern human sample
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Tab. 1 - Descriptive statistics for the measurements and indices associated included in this study. The
data from SH, KRA and RMH have been obtained from Garcia-Campos et al. (2020). The crown measure-
ments were assessed in the slightly worn upper canines (1-3 wear stage following Molnar, 1971).

MEAN (SD)
SAMPLE SUB- N VC BS VE VCDP OES EDJS 3DAET 3DRET VCDP/ OES/
SAMPLE (mm3) (mm2) (mm3) (mm3) (mm?) (mm2?) (mm) (SCALE vC EDJS
FREE) (%) (SCALE
FREE)
ATD6-13 -  371.17 72.30 143.24 227.43 258.80 196.43  0.73 12.01 157.88  1.32
ATD6-69 - 35549 51.04 165.36 190.13 243.98 159.75  1.04 18.00 114.98  1.53
HA
Total 2 36333 61.67 154.65 208.69 251.39 178.09  0.89 15.00 136.43  1.43
(11.09) (15.03) (15.15) (26.24) (10.48) (25.94) (0.22) (4.24) (30.33) (0.15)
Females* 3 287.60 46.14 130.35 157.26 208.93 149.64 0.87 16.13 54.71  1.40
(9.68) (2.25) (8.52) (1.62) (5.66) (2.55) (0.05) (0.76) (1.47) (0.02)
Males¥ 3  364.59 59.39 157.67 206.92 241.87 185.75  0.85 14.37 56.71  1.30
SH (18.59) (4.07) (9.67) (18.17) (16.49) (5.81) (0.04) (0.93) (2.97) (0.12)
Total 9 32756 51.87 146.81 180.75 226.75 166.39  0.88 15.68 55.10  1.37
(35.34) (6.37) (14.25) (23.62) (17.52) (16.41) (0.05) (1.19) (2.08) (0.08)
Females* 5 379.45 52.58 160.86 218.60 250.26 180.37 0.89 14.81 57.61  1.39
(15.05) (1.98) (7.57) (9.91) (3.15) (3.40) (0.04) (0.65) (1.15) (0.03)
KRA Males* 1 524.26 64.83 215.3 308.96 314.14 229.46 0.94 13.88 58.93  1.37
Total 6 403.59 54.62 169.93 233.66 260.91 188.56  0.90 14.65 57.83  1.39
(60.63) (5.31) (23.23) (37.94) (26.23) (20.27) (0.04) (0.69) (1.16) (0.03)
Females 27 22394 33.08 109.96 113.98 174.43 115.25 0.95 19.71 50.94 1.51
(35.93) (3.72) (20.04) (18.57) (18.64) (11.32) (0.12) (2.52) (3.36) (0.07)
Males 29 286.86 43.82 128.80 158.07 204.31 14243  0.90 16.61 55.54  1.43
RMH (57.05) (5.61) (34.77) (26.95) (29.61) (17.81) (0.17) (2.97) (4.64) (0.08)
Total 56 256.52 38.64 119.72 136.81 189.90 129.33  0.92 18.10 53.32  1.47
(57.21) (7.21) (29.93) (32.05) (28.94) (20.24) (0.15) (3.15) (4.66) (0.08)

* We take into account the sexual estimates of the fossil samples by Garcfa-Campos et al. (2020).

by Garcia-Campos et al. (2020). The mean and
standard deviation of each population were
assessed, as well as of the male and female sub-
samples within each group. We take into account
the sexual estimates of the fossil samples and the
actual sex in the case of forensic samples (see
Garcfa-Campos et al. 2020).

Because of the sample size, we could not
apply a comparative statistical analysis to assess

the magnitude of the differences described; nev-
ertheless, we performed other approaches to
evaluate the magnitude of the variability of H.
antecessor upper canines.

Firstly, to evaluate the variability of each vari-
able independently, the Pearson’s Coefficient of
Variation (V=(6 /u) x 100) was then assessed.
The CV is considered to be very highly corre-

lated with sexual dimorphism since when the
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difference between male and females means
increases it causes a proportional increase in
the standard deviation of the pooled-sex sample
(Fleagle et al. 1980). For this reason, this coef-
ficient has previously been used by other authors
to study the internal variability of the fossil
samples (e.g. Kay 1982; Leutenegger and Shell
1987; Arsuaga et al. 1997; Bermudez de Castro
et al. 2001). In order to avoid that differences
in sample size may interfere in the comparison
of the intra-population variability between mod-
ern human and fossil samples, a bootstrapping
with replacement was employed. It was simu-
lated 1000 random datasets with a sample size
of nine individuals from the original modern
human sample using R statistical software. Then,
we calculated the CV in each dataset. The mean
value obtained from the random samples, as well
as the 95% confidence interval of their distribu-
tion, were compared with the value of the fossil
samples.

Subsequently, a Principal Component Analysis
(PCA) was applied to assess the variability of all
variables as a whole. We only included absolute
and relative variables measured in teeth with a
wear degree equal or lower than 3 (Molnar, 1971).
Once the PCA results were obtained, the centroids
of each group were located and the Euclidean
Distance (d) between the centroids of the groups
formed by male and female individuals within each
population was assessed. The Euclidean Distance
between the canines ATD6-13 and ATD6-69 was
also calculated.

Results

The results of the measurement of the den-
tal tissues volumes and surface areas (Tab. 1 and
Fig. 3) show that the canine ATD6-13 displays
higher crown dimensions than ATD6-69. The
marked canine size variation is also reflected in
the absolute tissue dimensions. In ATDG6-69, the
enamel outer surface (OES) and the crown den-
tine-pulp complex dimensions (Vedp, ED]JS) are
also smaller, partially due to the lower size of its
crown, whereas in ATDG6-13 these variables are

ATD6-69

Fig. 3 - Virtual reconstruction of the analysed
teeth. In this figure are represented: the upper
left canine ATD6-13 (H1) and the upper right
canine ATD6-69 (H3). The right canine ATD6-69
has been mirrored in the image. Views: Buccal
(B), occlusal (0O) and distal (D).

larger. Despite this, ATD6-69 canine has abso-
lutely (Ve) and relatively (3DAET, 3DRET, and
OES/ED]S) greater enamel cap dimensions than
ATDG6-13. Lastly, ATD6-13 displays a higher
percentage of crown volume that is a dentine-
pulp complex.

The Pearson’s Coefficient of Variation (CV)
results obtained from H. antecessor (HA), Sima de
los Huesos (SH), Krapina (KRA) and the recent
modern human (RMH) samples are presented
in Figure 4. For all absolute variables recorded,
except for the crown basal surface (BS), the CV
values of the HA maxillary canines fall below the
mean value obtained from the 1000 recent mod-
ern human random samples, but near to the val-
ues obtained for SH and KRA. Among them, the
CV values for the variables V¢, Ve and OES fall
below to the recent modern humans 95% confi-
dence interval. The CV value obtained for the BS
of HA dental pieces overtakes the mean of RMH
variation, although it falls within the 95% con-
fidence interval. On the other hand, CV of the
all relative variables recorded (3DAET, 3DRET,
Vedp/Ve, OES/EDJS) in HA maxillary canines
are clearly higher than the values obtained in SH,
KRA and RMH samples, even surpass the 95%
confidence interval of the RMH variation range.
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Regarding the results of the Principal
Component Analysis, they are provided in Figure
5. The PCA analysis generated two principal
components which explain 90.14% of the total
variability observed in the sample. The results
of the PCA allow us to observe that, in general
terms, in each population the female individu-
als are displaced to the left quadrants with regard
to the male individuals. These quadrants com-
prise the negative values for the first compo-
nent which are obtained when the dental pieces
exhibit higher values for the variables 3DAET,
3DRET and OES/ED]S, as well as lower values
for the absolute variables and the Vedp/Ve index.
ATD6-13 and ATD6-69 appear separated in the
PCA, being the first displaced to the upper left
quadrant. The value for the Euclidean Distance
calculated using the coordinates of the two
points that represent the two maxillary canines of
Gran Dolina-TD6.2 in the PCA was 2.73. This
value is more than the double of those obtained
through the comparison of the centroids of the
point clouds formed by the female and male
individuals from the recent modern human sam-
ple (d = 1.11), the Sima de los Huesos sample (d
= 1.21) or the Krapina sample (d = 1.85).

Discussion

Several studies have documented that den-
tal tissue proportions in the permanent denti-
tion are sexually dimorphic not only in modern
humans but also in other species of hominoids
(e.g., Schwartz and Dean 2001; Schwartz et al.
2005; Saunders et al. 2007; Feeney et al. 2010;
Garcifa-Campos et al. 2018a,b, 2020; Sorenti et
al. 2019). These differences appear to have both
a genetic and a hormonal origin (e.g., Alvesalo
1997, 2009; Zilberman and Smith 2001;
Guatelli-Steinberg et al. 2008; Pentinpuro et
al. 2014, 2017). On one hand, the quantitative
and qualitative differences in the transcriptional
products of the amelogenin genes, present on
both the X and Y chromosomes, influence the
proportions in which hard dental tissues are
present (Salido et al. 1992; Schwartz and Dean

2005). Likewise, genetic alterations of these
genes cause different dental tissue defects (Hu et
al. 2012; Cho et al. 2014). On the other hand,
sex hormones not only seem to play an essential
role in the development of dental tissues, but also
may be behind of the changes in secondary den-
tin deposition produced over the lifetime of the
individual (Zilberman and Smith 2001; Guatelli-
Steinberg et al. 2008; Alvesalo 2009; Ribeiro et
al. 2012, 2013; Pentinpuro et al. 2014, 2017).

For this reason, the study of the dental tissue
volumes and surface areas of permanent canines
has been previously employed to estimate the
sex and degree of sexual dimorphism of modern
human populations (e.g., Saunders et al. 2007;
Feeney etal. 2010; Garcia-Campos et al. 2018a,b,
2020; Sorenti et al. 2019) as well as of some
Middle Pleistocene human groups of Europe,
such those from Sima de los Huesos (SH) and
Krapina (Croatia) (Garcfa-Campos et al. 2020).
The demographic structure of both SH and
Krapina is characterized by the predominance of
subadult and/or juvenile individuals (Bocquet-
Appel and Arsuaga 1999), which makes difficult
to obtain conclusive sexual estimates from their
cranial and postcranial remains (Bermadez de
Castro et al. 2001; Rosas et al. 2002; Arsuaga et
al. 2014). However, the assessment of the den-
tal tissue proportions of their permanent canines
has allowed not only the confirmation of the sex
allocation of individuals previously assigned in
the literature but also to estimate the sex of the
youngest individuals, which were not assessed in
previous studies (Garcfa-Campos et al. 2020). In
total, employing this methodology it was possi-
ble to estimate the sex of 15 out of the 17 indi-
viduals of the SH sample, as well as of all the
Krapina individuals of which permanent canines
were available (Garcfa-Campos et al. 2020). As
in the case of Sima de los Huesos and Krapina
samples, the Gran Dolina-TD6.2 population is
composed mainly of immature individuals. This
is a limitation that must be addressed when car-
rying out paleodemographic studies on this fossil
sample.

The sample of H. antecessor included in this
study is composed of two permanent canines: the
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left maxillary canine ATDG6-13, belonging to indi-
vidual H1, holotype of the species (Bermuidez de
Castro et al. 1997); and the left maxillary canine
ATDG6-69 of individual H3. The individual H1
is identified by a set of isolated permanent teeth,
as well as a fragment on the right side of a man-
dibular body with the molar series in-situ and a
small and deteriorated fragment on the left side
of a maxilla with the canine and first premolar
in-situ (Arsuaga et al. 1999, see Fig. 2). The H1
teeth are very large in the context of the variability
known for the European Pleistocene fossil record
(Bermtdez de Castro et al. 1999; Martinén-
Torres et al. 2019). In particular, the size of the
maxillary canine of H1 is at the upper limit of the
range of variation of the genus Homo (Bermuidez
de Castro et al. 1999; Martinén- Torres et al.
2019). For this reason, H1 was previously esti-
mated to represent a young male individual with
an age at death of 12.9 years old according to cur-
rent standards (Bermudez de Castro et al. 1999).
Likewise, the remarkable size difference between
the teeth of the mandibles ATD6-5 (H1) and
ATD6-96 (H7) makes Carbonell et al. (2005)
suggest that the former was probably a male,
whereas the latter mandible belonged to a female.
On the other hand, the individual H3 is identi-
fied by the specimen ATDG6-69, which consists
of an important part of the left side of the face,
the alveolar process of the maxilla, the anterior
portion of the palate and the vomer (Arsuaga et
al. 1999, see Fig. 2). The incisor, canine, first and
second premolars, first permanent molar on the
right side and the first premolar and the com-
plete molar series on the left side are preserved
in-situ (Bermudez de Castro et al. 2006; Martin-
Francés et al. 2018, 2020). Except for the alveo-
lar width, the facial dimensions of ATD6-69 are
small (Arsuaga et al. 1999). This fact has been
associated with the age of death of H3, which
according to current standards, could be between
10 and 12 years old (Bermudez de Castro et al.
1999). However, the results obtained in various
studies suggest that the 85% of maxillar size is
reached by the age of 6 (Enlow and Bang 1965;
Sperber et al. 2001; Vardimon et al. 2010), which
opens the door to the hypothesis that the size of

this individual maxilla may be due to the effect of
intersexual variability.

The analysis of the two upper canines of
Gran Dolina-TD6.2, belonging to individu-
als H1 (ATD6-13) and H3 (ATDG6-69), reveals
that the H1 canine has larger crown dimensions
(Tab.1 and Fig. 3). Previous studies have already
described differences in size between ATD6-13
and ATDG6-69 canines (Bermtdez de Castro
et al. 1999; Martinén-Torres et al. 2019). The
canine ATD6-69 is in process of eruption, which
has prevented that the mesiodistal (MD) and
buccolingual (BL) diameters of its crown could
be measured employing traditional techniques.
However, once the canine ATDG6-69 was virtu-
ally reconstructed in this study, it was possible to
measure the MD and BL diameters of its crown.
As it was expected, the values obtained (MD =
8.57 mm, BL = 9.73 mm) are lower than those
observed by Bermudez de Castro et al. (1999)
in ATD6-13 (MD = 8.9 mm, BL = 11.0 mm).
This is consistent with the results obtained from
the evaluation of the volume and surface areas of
the crown (Vc, BS, OES, ED]JS) of both dental
pieces. Interestingly, despite individual H1 upper
canine has larger crown dimensions than indi-
vidual H3, it displays lower volume and relative
enamel dimensions (3DAET, 3DRET and OES/
ED]S). This could be potentially attributed to
the slight dental wear of individual H1 canine
(degree of wear 2 according to Molnar, 1971)
whereas the crown of H3 is intact (Bermudez de
Castro et al. 1999). However, as it is explained
below, these differences are too large to be only
explained by the effect of dental wear.

The results obtained from the Pearson’s
Coefficient of Variation (CV) show that, for the
most of the absolute variables recorded, the CV
values of the H. antecessor maxillary canines fall
below the mean value obtained from the 1000
recent modern human random samples, but near
to the values obtained for SH and KRA (Fig.
4). However, for all relative variables recorded
(3DAET, 3DRET, Vedp/Ve, OES/EDJS) and
the area of the crown basal surface (BS), the
CV values of Gran Dolina-TD6.2 teeth are
clearly higher than the values obtained in SH,
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Fig. 4 - Frequency histograms of coefficients of variation (CV, percentage scale) of each absolute
variable and associated indices evaluated in upper canines, calculated from 1000 random samples of
individuals belonging to the recent modern human sample of the same size that the SH fossil-sam-
ple. The vertical red line marks the CV mean value of the whole recent modern human sample and
the red shaded area shows 95% confidence interval of this distribution. On the other hand, the black
line indicates the CV value Gran Dolina-TD6.2 (HA) hominid dental sample. Finally, the dashed black
lines indicate the CV the mean value of the Sima de los Huesos (SH) and Krapina (KRA) sample.

KRA and RMH samples, even surpassing the
95% confidence interval of the RMH variation
range (Fig. 4). Likewise, as it can be appreciated
in the scatter plot (Fig. 5), the two canines of
Gran Dolina-TD6.2 appear clearly separated
in the PCA. The canine ATDG6-69 falls within
the positive values of Principal Component 1
(PC1), but is closer to the ordinate axis than
ATDG6-13, which holds higher values for the
first component. For the Principal Component
2 (PC2), ATDG6-69 falls within the positive
area, whereas ATDG6-13 holds negative values.
The assessment of Euclidean Distance between
both dental pieces resulted in a value of 2.73,

more than double of those obtained through the
comparison of the centroids of the point clouds
formed by the female and male individuals from
the recent modern human sample (d = 1.11),
the Sima de los Huesos sample (d = 1.21) or the
Krapina sample (d = 1.85).

The magnitude of the variability observed
in the Gran Dolina-TD6.2 dental sample might
make us think that the two teeth assessed in this
study may belong to individuals from different
taxa. Two- and three-dimensional assessment
of dental tissues, and specifically of the enamel
thickness, has been also used in taxonomic
studies to infer the identity and phylogenetic
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Fig. 5 - Principal Component Analysis (PCA) applied to the maxillary canines from Gran Dolina -TD6.2 (in
grey), Sima de los Huesos (in red), Krapina (in green) and the modern human (in blue) samples.
Above, the scatter plot represents the first two components of the PCA (PC1 and PC2), which explain
90.14% of the total variability observed in the sample. In the graph, each point appears referenced
concerning the centroid of each sub-sample. The values Euclidean distance (d) between the centroids
of the groups formed by male and female individuals within each population can be also seen in the
scatter plot. Male individuals in the Krapina sample are represented by a single tooth, whose coordi-
nates were employed to calculate the Euclidean distance. The Euclidean distance between the canines
ATD6-13 and ATD6-69 has been also assessed thought the values of their coordinates. Below, the
coefficients of each of the variables and index evaluated for each component can be seen.
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relationships of past hominid species (e.g., Kono
2004; Olejniczak et al. 2008; Smith et al. 2012;
Martin-Francés et al. 2018; Garcfa-Campos et al.
2019). In particular, the thinly enameled pattern
has been identified as a distinctive Neanderthal
lineage features (Olejniczak et al. 2008a; Bayle
etal. 2009; Smith et al. 2012; Buti et al. 2017;
Garcfa-Campos et al. 2019). However, neither
taphonomic nor morphological evidence seem to
support this scenario. On the one hand, ATDG6-
13 and ATD6-69, as well as the other dental and
cranial remains associated with both teeth, were
discovered in a small excavation area of only 6
m?, a survey performed in 1994 in the Gran
Dolina site (Bermtdez de Castro et al. 1999).
Likewise, all these remains come from the same
lithostratigraphic subunit, ATD6.2 (Bermidez
de Castro et al. 1997; Carbonell et al. 2010).
On the other hand, both upper canines share
some morphological traits that characterized the
mosaic pattern typical from H. antecessor denti-
tion, such as the asymmetry of the occlusal edge,
the reduction mesial cutting edge and the degree
of inclination of the distal one, or the loss of the
cingulum and associated structures (Martindn-
Torres et al. 2019). Therefore, the most parsi-
monious interpretation the results obtained here
is that the wide variability observed in the his-
tological pattern of the two canines from Gran
Dolina-TD6.2 is result of the intra-population
variability not of the inter-population variability.

The wide intra-population variability seen
in H. antecessor canines has also been described
in its posterior dentition by Martin-Francés et
al. (2018, 2020). On one hand, Martin-Francés
and colleagues describe that: “The individual
TD6-H1 upper premolars (P 3: ATD6-7 and
ATDG6-13, and P 4: ATDG6-8 and ATDG6-9)
exhibit thin enamelled crowns (...) On the con-
trary, the upper premolars (ATD6-69 specimens)
belonging to individual H3 exhibit the thick pat-
tern in their crowns”. Likewise, similar but less
marked differences could be appreciated in the
molars of both individuals (Martin-Francés et al.
2018). These authors support that this high vari-
ability would be compatible with H. antecessor
species being close to the last common ancestor

of the Neanderthal and modern human lineages
(Bermudez de Castro et al. 2016), which might
explain the presence of individuals with derived
and primitive conditions in their dentition within
the TD6.2 population. Another possibility is
that the differences observed in the dental tissue
proportions of HI and H3 individuals might
be due to the presence of sexual dimorphism.
The differences appreciated between ATDG6-13
and ATDG6-69 concur with the histological pat-
tern that tends to distinguish the dentition of
males and females in recent modern humans
(e.g., Feeney et al. 2010; Garcia-Campos et al.
2018a,b, 2020; Saunders et al. 2007; Sorenti et
al. 2019) as well as in other hominoid species
(Schwartz and Dean 2001; Schwartz et al. 2005;
Garcia-Campos et al. 2020). Numerous stud-
ies have shown that female individuals tend to
have smaller teeth, with a relative predominance
of the enamel component and a smaller dentin-
pulp complex than male individuals (Schwartz
and Dean 2001, 2005; Schwartz et al. 2005;
Smith et al. 2006; Saunders et al. 2007; Feeney
etal. 2010; Garcfa-Campos et al. 2018a,b, 2020;
Sorenti et al. 2019). Therefore, the presence of
this pattern in Gran Dolina TD6.2 canines,
premolars and molars would reinforce the idea
that the variability found in the TD6.2 sample is
likely due to sexual variation. If this is the case,
the pattern observed in H1 dentition would be
indicative that we are face on a male individual,
while H3 would be a female individual, which
would support the conclusions obtained by other
authors (Bermudez de Castro et al. 1999, 20006;
Carbonell et al. 2005).

Unfortunately, the small sample size of TD6.2
population prevents us from obtaining conclusive
inferences based on the dental tissue pattern of
their permanent canines. The discovery of new fos-
sils at this level of Gran Dolina could help to bet-
ter understand the intrapopulation variability of
this sample and, therefore, confirm or refute these
hypotheses. In any case, the results obtained in this
study demonstrate, once again, the usefulness of
the dental tissue proportions of permanent canines
for the sexual dimorphism assessment in mod-
ern and past human populations. In particular,
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the study of enamel and dentine dimensions can
be a particularly useful tool in palaeoanthropo-
logical contexts, where other bone structures are
often fragmented or absent, and especially in those
where their demographic structure has a greater
representation of subadult individuals.
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