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The systematic excavation of the Sima de los Huesos (SH) site in Sierra de Atapuerca (Burgos, Spain) has
yielded the largest hominin collection worldwide for the Middle Pleistocene. The dental sample now
consists of more than 500 teeth that provide exceptional opportunities to define the dental morpho-
logical pattern of a Middle Pleistocene population as well as develop hypotheses about the origins of the
Neanderthals. The dental collection has now increased to over 533 specimens (525 permanent and 8
deciduous teeth), necessitating new morphological assessments. Thus, we present a detailed morpho-
logical description of the SH permanent dentition recovered up to 2007, accomplishing comparisons with
European Middle Pleistocene hominins, Neanderthals, and early and contemporary Homo sapiens. We
find that SH dentitions present all the morphological traits that, either in their degree of expression,
frequency, or particular combination, are usually considered as typical of Homo neanderthalensis. This
study ratifies the deep roots of the Neanderthal lineage in the Middle Pleistocene of Europe. In addition,
SH teeth are morphologically “more Neanderthal” than other penecontemporaneous Middle Pleistocene
samples such as Mauer or Arago, and even more derived than some classic Neanderthal samples. Thus,
our study would not sustain the linearity of the accretion process hypothesized for the origins of the
Neanderthals, and we suggest that other evolutionary models and scenarios should be explored for the
Middle and Upper Pleistocene of Europe. We propose that more than one hominin lineage may have
coexisted during the Middle Pleistocene in Europe.

Introduction

Castro and Pérez, 1995; Cunha et al., 2004), and development
(Bermudez de Castro and Nicolas, 1995; Bermudez de Castro and

Publications on hominin dental samples from Sima de los
Huesos (Sierra de Atapuerca, Spain} during the last two decades
have been abundant and diverse, addressing a varied range of
topics such as systematics and phylogeny (e.g., Bermidez de Castro,
1986, 1987, 1988, 1993; Bermudez de Castro et al,, 2003a, 2004a,
2009; Martinén-Torres, 2006; Martinén-Torres et al, 2006,
2007a,b; Gomez-Robles et al., 2007, 2008), sexual dimorphism
(e.g., Bermidez de Castro et al, 1993, 2001; Rosas et al., 2002),
paleoecology (e.g., Bermudez de Castro et al., 1988, 2003b; Pérez-
Pérez et al, 2003; Lozano-Ruiz et al, 2004; Lozano et al, 2008),
paleodiet (Pérez-Pérez et al., 1999), paleodemography (Bermuidez
de Castro and Nicolas, 1997; Bermuadez de Castro et al., 2004b,c),
pathology (Bermuidez de Castro and Diez, 1995; Bermudez de

Rosas, 2001; Bermudez de Castro et al., 2003c). However, since
the last detailed morphological study was carried out (Bermudez
de Castro, 1993), the number of dental specimens that have been
discovered has increased from 133 to 525, mandating new assess-
ments of these samples and promoting tests of new hypotheses
regarding human evolution. Because variation in dental form is
highly heritable, palecanthropologists consider teeth the “safe box”
of the genetic code; thus, teeth may be more useful than other
skeletal elements for assessing the affinities of extant and extinct
human populations (e.g., Turner, 1969; Irish, 1993; Irish and
Guatelli-Steinberg, 2003; Martinén-Torres et al.,, 2007b).

The Atapuerca-Sima de los Huesos site is a small cavity of
8 m? x 4 m? that belongs to the Cueva Mayor-Cueva del Silo karst
system, from which 80% of the entire Middle Pleistocene Homo
fossil record has been recorded. To date, the human fossil assem-
blage recovered from this locality comprises approximately 6500
remains assigned to at least 28 separate individuals (Bermudez de



Castro et al., 2004a,b,c). Previous radiometric studies (U-series) of
a 14 cm thick in situ speleothem overlying the fossil-bearing level
provided an age estimate of >350 ka for the SH hominins (Bischoff
et al., 2003). The recent analysis of another speleothem that over-
lies this level provided a minimum age of 530 ka (Bischoff et al.,
2007). The presence of an archaic form of Ursus deningeri, Pan-
thera leo cf. fossilis, and Clethrionomys acrorhiza are in agreement
with these dates and would suggest that SH corresponds to Marine
Isotope Stage (MIS) 15/16 (500—600 ka} (Garcia and Arsuaga, 2010).
The fact that all the fossils were deposited during the same sedi-
mentation episode (Bischoff et al., 1997), together with their rela-
tive homogeneity, supports the hypothesis that all the individuals
belong to the same biological population. This site has been put
forth as the first hominin evidence of anthropic accumulation
possibly associated with a symbolic ritual, which is based on the
discovery of a handaxe with exceptional characteristics (Carbonell
et al., 2003). Thus, the SH fossils have become the most represen-
tative sample for the Middle Pleistocene worldwide, providing an
incomparable opportunity to address intra-population variability
(e.g., Arsuaga et al, 1997a; Lorenzo et al, 1998; Martinon-Torres
et al, 2006; Gémez-Olivencia et al, 2007; Gémez-Robles et al.,
2007, 2008, 2011a; Gémez-Olivencia, 2009). In addition, this
locality provides the best and possibly earliest example of a homi-
nin population with clear Neanderthal traits (e.g., Bermudez de
Castro, 1986; Arsuaga et al., 1991, 1993, 1997b,c}); and contributes
extraordinary data to the debate on the origins of Homo nean-
derthalensis. According to Arsuaga et al. (1997c: 276), “Middle
Pleistocene Europeans and Neandertals represent the same
‘evolutionary’ species, an ancestral-descendant sequence of pop-
ulations without rupture of the reproductive continuity.” In this
context, SH hominins have been assigned to Homo heidelbergensis
(Arsuaga et al, 1991, 1993, 1997¢; Bermudez de Castro et al., 2004b),
understood as a chronospecies of the European Neanderthal
lineage (Arsuaga et al., 1991, 1993, 1997c). Thus, H. heidelber gensis
could be defined by a combination of primitive traits (plesiomor-
phies) not found in later Neanderthals, incipient Neanderthal-like
traits (mesomorphies), and typical Neanderthal traits (apomor-
phies) (Arsuaga et al.,, 1997c). It has also been suggested that many
of the so-called typical Neanderthal traits are not Neanderthal
autapomorphies but primitive features that, because of their high
frequencies and degrees of expression, and their distinctive
combination, become typical of H. neanderthalensis species (e.g.,
Patte, 1962; Franciscus and Trinkaus, 1995; Bailey, 2002g;
Martinon-Torres et al., 2006; Bailey et al., 2009; Hublin, 2009).
Thus, the origin of the Neanderthal lineage would imply increasing
frequencies of Neanderthal traits throughout time, favored by
isolation due to glacial conditions (Arsuaga et al, 1993; Hublin,
1996, 1998; Dean et al.,, 1998). This is the basis for the formula-
tion of the “accretion model,” in which Neanderthal distinctions
would accumulate gradually in populations (Dean et al., 1998;
Hublin, 1998), so that earlier Middle Pleistocene populations
should be “less Neanderthal” than later populations. However, the
present chronological and fossil evidence indicates that the Nean-
derthal morphological pattern may not have appeared quite as
progressively and ordered, as has been suggested, and therefore
other models should also be explored (Bermtdez de Castro et al,
2009; Dennell et al, 2010). In this context, we present a detailed
and updated description and comparison of the Sima de los Huesos
dental sample, and we explore their degree of Neanderthal affinity
by comparing them to Homo sapiens, H. neanderthalensis, and other
Middle Pleistocene samples from Europe.

The present study focuses on the morphology of the permanent
dentition. Previous studies have revealed that the SH hominins
showed aremarkable imbalance between the size of theirlowerand
upper anterior (II-P3} and posterior (P4-M3) teeth in relation to

other Pleistocene hominins and modern humans (Bermuidez de
Castro, 1993). These studies have also pointed out that SH homi-
nins had mandibular posterior teeth that were smaller in absolute
terms than those of Plio-Pleistocene hominins (Bermudez de Castro,
1986) and were comparable in size to those of modern humans,
apart from other traits such as similar intermolar size ratios and the
frequent absence of a hypoconulid (Bermudez de Castro and Nicolas,
1995; Goémez-Robles, 2010; Goémez-Robles et al., 2011a). This
pattern of dental reduction could be related to the absolutely and
relatively delayed development of posterior teeth in later Homo
species. The decrease of the rate of cell proliferation, which affected
the later-forming crown regions to a greater extent, may be the
biological process responsible for the general and differential dental
size reduction in this group, and thus, it might reflect ontogenetic
changes (Bermudez de Castro and Nicolas, 1995; Bermudez de
Castro et al., 2003c; Bermidez de Castro and Rosas, 2001). As
a result of the large sample size now available, and because our
morphological comparison focuses on taxonomic and phylogenetic
factors, we have decided to present metric comparisonsina separate
paper with special attention to the biological processes that were
responsible for the dental reduction. Consequently, references to the
size of molar cusps in this paper are based on qualitative ranked
scales (see Methods Section), and not the measures themselves. Still,
the buccolingual (BL) and mesiodistal (MD) diameters of each tooth
and the mean and standard deviation for each tooth class for the
Sima de los Huesos sample are also provided, although they will not
be compared.

Materials
The SH dental sample

The total dental sample from the SH site up to 2007 comprises
525 permanent and 8 deciduous teeth (Table 1, SOM Table 1). Since
the last detailed morphological study conducted in 1993
(Bermudez de Castro, 1993), the dental collection has increased
from 133 to 533 specimens, and, therefore, a new morphological
assessment was deemed necessary.

Analyses of maxillae, mandibles, and isolated teeth provide the
best method for obtaining the minimum number of individuals
(MNI) represented in the sample. We considered the fit of isolated
teeth in their corresponding alveoli, tooth size, morphology (anti-
meres), wear, the nature of the interproximal and occlusal wear
facets, and matching hypoplastic enamel defects with alterations in
the perikymata spacing in other teeth from the same individual.
The evaluation of MNI has been ongoing since the first excavation
season (Bermudez de Castro, 1986; Bermuidez de Castro and
Nicolas, 1997). With this increased hypodigm, our latest assess-
ment is that the MNI is 28 (Bermidez de Castro et al, 2004a),
leaving 101 isolated teeth unassigned. With this conservative
assessment, the individual formerly identified as XXXI is now
designated as individual XXVIII (Table 2).

Table 1
Summary table of the Sima de los Huesos dental sample by
tooth class.
Maxillary (N) Mandibular (N)
31 11: 30
1% 28 I2: 32
C: 30 C:31
P3: 29 P3: 36
P4 28 P4: 37
M 29 Mi: 42
MZ 30 Mgz 41
M3 31 Ms: 40




Table 2

Summary table of the SH individuals with their age at death, sex estimamion, and
preserved teeth. L: left, R: right, Md: mandibular, Mx: maxillary. Age at death esti-
mation and sex esiimation are taken from Bermiidez de Castro et al. (2004a).

Individual Age at Sex Teeth
death (yrs)
i 16—18 F All Md except both Pss.
I 12.5-14.5 Md: all except both M3s.
Mx: both I's, both I%s, and LC.
111 15-17 F Md: all except RI4, RP4, and both M3s.
Mx: both P%, both M's, and LM
v 26—-32 F Mad: all except both I1s, both Izs,
both Cs, and RM1.
Mx: all except both I's, both I%s,
both Cs, both P3s, and LP*.
\Y% +35 All Mx except RI', RI%, and LC
VI 16—18 F Md: both P3s, LP4, LM1, LMz, and LM3.
vII 24-30 M Md: all except LMz and RM3.
Mx: all except both Is.
VI 18-20 M Mx: LP4, LM, and LM?.
IX 3-4 Md: RdC.
X 15417 F Md: RC, RP4, both M1s, and LMa.
XI 13-15 F Md: both Izs, LC, RP3, RPy4, both Ms,
and both M3s.
Mx: RC, both P3s, both P,
both M's, RM?, and RM3.
X 17-19 M Md: All except both I1s and LPa.
Mx: All except RI', RP%, and RM2.
Xl +35 Md: LMa.
X1V 12.5-14.5 Md: LP4, both M1s, and both Mas.
XV 17-19 F Md: All except Rly, both Pss,
LMy, LM3, and LM,
XVI 12.5-145 Md: All except Rl4, LIz, LM32, and LM3.
Mx: All except RC, LMY, and RM>.
XvII 20-25 Mx: RP3, RP, RM', and RM?.
XVII 9.5-11.5 M Md: All plus Rma.
Mx: All plus both m?s.
XIX 16—18 F Md: LM», both Mzs, and both M3s.
Mx: RM?, both M?s, and both LM3s.
XX 12.5—-14.5 M Md: All except Rly, LIz, and both M3s.
Mx: All except RP* and both M3s.
XXI +35 M Md: All except both I1s, both Izs,
and bothCs.
Mx: All except both I%s and both Cs.
XXII 20-26 M Md: All except LC.
Mx: All except both RI's and LC.
XXII1 14-16 F Mad: All except LI1.
XXIV 12.5-14.5 = Md: All except LI, RC, and both Pas.
Mx: RC and RM™.
XXV 11-13 F Md: All except LMz, LM3, plus both mas.
XXVI 16—18 F Md: both Mis, both Mzs, and RM3.
Mx: LP3, both M’s, both M?s,
and both M3s.
XXVII 20-26 M Md: All except both I1s, both Izs,
and bothCs.
Mx: both Cs, RP?, both P%s, RM!, and RMZ.
XXVIII 24-30 F Mad: All except Rz, RC, LP3, and both Pss.

Mx: Both I's, LI, both Cs, LM?, and LM3.

Estimation of sex for some of these 28 individuals was performed
by considering the variability of the teeth and mandible samples
(Rosas et al., 2002; Bermudez de Castro et al., 2004b,c). Estimation of
the age of immature individuals was based on dental development
(Bermudez de Castro et al., 2004b,c), and we employed methods
based on rates of tooth-wear in our estimation of age at death forthe
adult individuals (Bermudez de Castro et al., 2003b, 2004b,c).

When teeth are in situ they retain the inventory number of the
maxillafjmandible to which they belong. When mandibles are
composed of more than one fragment, teeth may possess the
inventory number of each of the fragments. However, the majority
of the teeth have been assigned their own inventory number
because they were initially recovered as isolated teeth, even though
they were later assigned to their respective mandibular and
maxillary specimens (SOM Table 1). The association of isolated

teeth with their respective mandible/maxilla was performed by
JMBC based on how well they fit into alveolar sockets, correspon-
dence with the interproximal contact facets of adjacent teeth, and
symmetry between antimeres.

Comparative sample

To explore the affinity of individuals in this sample with Nean-
derthals, the Sima de los Huesos teeth were compared to other
hominin fossils from the Middle Pleistocene of Europe
(H. heidelbergensis), a wide sample of Neanderthal fossils (H. nean-
derthalensis), and a H. sapiens collection including a contemporary
sample and several early, anatomically modern human specimens
(fossil H. sapiens). The taxon H. heidelbergensis was used to refer to
the European Middle Pleistocene populations. The separation
between H. neanderthalensis and H. heidelbergensis was based on
chronological criteria, assigning to H. neanderthalensis those spec-
imens belonging to the Upper Pleistocene. This comparative sample
consisted mostly of original fossils, but with some high quality
replicas also included (see Table 3).

Methods
Protocol for describing samples

Observations were made on the original specimens from Sima de
los Huesos. A detailed morphological description of the dental remains
by tooth class is provided as well as a general morphological
comparison with other hominin groups from the Middle and Upper
Pleistocene. Wear was assessed following the categories in Molnar
(1971). We describe the SH sample by tooth class, providing
a summary of the overall morphology of each tooth type and drawing
attention to individual specimens that showed any distinctive features.

Descriptions were made based on the assumption that teeth
were in their original anatomical position. The descriptive termi-
nology employed herein derives from a number of sources
including Carlsen (1987), Tobias (1991}, Turner et al. (1991}, Scott
and Turner (1997), and Martin6én-Torres et al. (2007b, 2008). The
basic terminology used for features of the dental crowns and the
grade-scales is provided in Table 4.

Table 3
Comparahive dental sample.

Species
H. heidelbergensis (HEI)*

Specimens

Arago®; Mauer®; Mountmarin®; Ponmnewydd,;
Steinheim.

Arcy-sur-Cure® (Renne, Hyéne, Loup, Bison);

La Quina 5; Malarnaud®; Petit-Puymoyen®;
Pinilla del Valle (Madrid, Spain)®;

Cabezo Gordo; Engis II; Fondo Cattie;
Saccopastore®;Tabun (Tabun C1°); Krapina;

Le Moustier 1, Monsempron; Saint-Césaire;
Shanidar; Sidrén (005, 008), Hortus.
Hispanic-Muslim medieval collection of

San Nicolas (Murcia, Spain)P;

Mesolithic North African sample® (Afalou, Tebessa,
Ain Meterchem, Gambetta, Ain Dokkara, Taforalt);
Mesolithic French sample® (Téviec and Hoédic);
Neolithic French sample® (Avize, Dolmens

de Bretons, Caverne de 'Homme Mort, ®rrouy).
Abri Pataud®; Dolni Véstonice®; St Germain

de la Riviere®; IsturitzP; Pavlov*; @afzehP:

Les Rois®; Espugo®; Almonda (Zilhdo, 1997);
Caldeirdo (Trinkaus et al., 2001); Predmoshi;
Brassempouy; Mlade&; El Wad; Skhul.

H. neanderthalensis (NEA)

Contemporary
H. sapiens (SAP)

Fossil
H. sapiens (FSAP)

2 The Homo heidelber gensis denomination was employed to refer exclusively to
the European Middle Pleistocene fossils.
b Indicates that observalions were made on original fossils.



Table 4
Definiions and grades of expression for the main dental morphological waits analyzed in this study. For a more detailed explanation, see Carlsen (1987), Turner et al. (1991),
Scott and Turner (1997),and Martinén-Torres et al. (2007b, 2008).

Labial convexity: convexity of the labial surface when viewed from the occlusalaspect. A grade 5 was added to score labial convexities in maxillary incisors that are
more pronounced than the ASU UI1 labial convexity grade 4. This trait is scored in I*, I2, I3, and I.

0. Labial surface is flat
1. Labial surface exhibits wace convexity.

2. Labial surface exhibits weak convexity.

3. Labial surface exhibits moderate convexity.
4. Labial surface exhibits pronounced convexity.
5. Labial surface exhibits very strong convexity.

Shovel shape: presence of lingual marginal ridges and degree of expression. This wait is scored in maxillary (grades 0 to 6) and mandibular (grades O to 4) incisors.

0. Marginal ridges are not expressed.

1. Faint shovel shape. The mesial and distal aspects of the lingual surface can be seen and palpated.

2. Trace of shovel shape. Elevations of the marginal ridges are easily seen.

3. Moderate shovel shape. The marginal ridges are more pronounced and there is a tendency for ridge convergence.
4. Pronounced shovel shape. The marginal ridges are clearly pronounced.

5. Strong shovel shape. There is a swong development of ridges, which almost come into contact at the cingulum.

6. Marked shovel shape. Strongest development of the marginal ridges, which invade the lingual surface.

Tuberculum dentale: tubercles, ridges, or cusp-like features expressed in the cingular region of the lingual surface. This trait is recorded in I' (grades 0 to 4),
I (grades O to 6), C’ (grades O to 6), I1 (grades O to 4), Iz (grades O to 4), and C, (grades 0 to 4). Grade O refers to a smooth lingual surface and grade 1in both I's
includes those specimens with a clear basal eminence, regardless of whether or not it presents tubercles and/or crests on its surface.

0. No expression. Cingular region of the lingual surface is smooth.
1. Faint ridging.

2. Trace ridging.

3. Strong ridging.

4. Pronounced ridging.

5. Weakly developed cuspule with a free apex.

6. Strong cusp with a free apex.

Canine distal accessory ridge: ridge development in the distolingual fossa, between the tooth apex and the distolingual marginal ridge. This trait is recorded in upper

and lower canines.

0. The ridge is absent.

1. The ridge is weakly developed.
2. The ridge is pronounced.

Canine mesial ridge: relative development of the mesial ridge compared to the distal ridge. This trait is recorded in upper and lower canines.
0. Mesial and distal lingual ridges are the same size. Neither is attached to the tuberculum dentale if present
1. Mesial marginal ridge is larger than the distolingual and it may be weakly attached to the tuberculum dentale.

2. Mesiolingual ridge is much larger and incorporates the tuberculum dentale. (In the upper canines this is called Morris’ type.)

Buccal essential crest or ridge: degree of expression and possible bifurcation. This trait is recorded in P2s and P%.

0. The crest is absent.
1. The crest is single.
2. The crest is bifurcated.

Lingual essential crest or ridge: same scoring as the buccal essential crest.

Premolar distal accessory ridge: ridge development between the tooth apex and the distolingual marginal ridge. This wait is scored in upper and lower premolars.
0. The ridge is absent
1. The ridge is present

Premolar mesial accessory ridge: ridge development between the tooth apex and the distolingual marginal ridge. This wait is scored in upper and lower premolars.
0. The ridge is absent
1. The ridge is present.

Transverse crest of premolars: expression of a wansverse crest connecting the main cusps of the premolars. This wait is scored in upper and lower premolars.
0. The crest is absent. The sagittal fissure is continuous.

1. The crest is weak or it is interrupted by the sagittal fissure.
2. The crest is pronounced or the sagittal fissure is erased.
Metacone: refers to the expression of this cusp. This trait is scored in upper molars.
0. The metacone is absent
1. An attached ridge is present at the metacone site, but there is no free apex.
2. Afaint cuspule with a free apex is present.
3. A weak cusp is present
4. The metacone is large.
5. The metacone is very large.
Hypocone: refers to the expression of this cusp. This wait is scored in upper molars. The grade 3.5, as specified in Turner et al. (1991), was excluded.
0. No hypocone.
1. Faint ridging present at the site.
2. A small cuspule is present
3. A small cusp is present.
4. A large cusp is present
5. A very large cusp is present.
Cusp 5: refers to the expression of the metaconule. This trait is scored in upper molars.
0. This cusp is absent
1. The distal groove separating the hypocone and the metacone is erased.
2. A small cuspule is present
3. A small cusp is present.
4. A medium-sized cusp is present.
Crista obliqua: expression of an enamel crest connecting the protocone and the metacone. This trait is scored in upper molars.
0. The crest is absent or interrupted.
1. There is a continuous crest connecting the protocone and the metacone.
Transverse crest of molars: crest conneching the mesial aspect of the protocone and the paracone. This trait is scored in upper molars.
0. The crest is absent or interrupted.



Table 4 (continued)

1. The crest is present or conlnuous.
Carabelli's complex: tubercle of various degrees of expression on the lingual surface of the protocone. This trait is scored in upper molars following ASUDAS
(Turner et al, 1991).
0. The mesiolingual aspect of the protocone is smooth.
1. A groove is present.
2. A pit is present
3. A small Y-shaped depression is present.
4. A large Y-shaped depression is present.
5. A small cusp without afree apex is present.
6. A medium-sized cusp with an attached apex making contact with the medial lingual groove is present.
7. A large free cusp is present
Parastyle: tubercle of various degrees of expression on the buccal surface of the paracone. This trait is scored in upper molars following ASUDAS (Turner et al., 1991).
0. The buccal surface of the paracone and metacone is smooth.
A pit is present in or near the buccal groove between the paracone and metacone.
A small cusp with an attached apex is present.
A medium-sized cusp with a free apex is present.
A large cusp with a free apex is present.
Avery large cusp with a free apex is present.
6. An effectively free peg-shaped crown attached to the root of the third molar is present.
Mesial mar ginal accessory tubercles: presence of tubercles in the mesial marginal ridge of upper molars. Their expression is easily affected by wear.
0. Tubercles are absent.
1. Tubercles are present.
Lingual cusp variation of the lower premolars: refers to the number of lingual cusps, including main and accessory lingual cusps. Frequently, accessory cusps adopt
the shape of tubercles without a clear tip and are difficult to differentiate from enamel wrinkles.
0. No lingual cusp. A ridge may be present without a free tip.
1. @ne lingual cusp. It shows a free apex.
2. @ne lingual cusp, and a ridge or platform without a free apex, separated by a small fissure.
3. Two lingual cusps.
4. Three lingual cusps.
5. More than three lingual cusps.
Anterior fovea: refers to the expression of a fovea or groove on the anterior occlusal surface, distal to the mesial marginal ridge. This wrait is scored in lower molars.
0. Absence of an anterior fovea.
1. Slight linear depression in the mesial marginal complex.
2. Pronounced linear or pit-like depression in the mesial marginal complex.
Middle trigonid crest: refers to the expression of a crest connecting the mesial aspects of the protoconid and the metaconid.
0. The crest is absent
1. There is a weak crest but it is interrupted by the cenwral groove.
2. There is a continuous bridge-like crest connecting the mesial aspects of the protoconid and the metaconid.
Distal trigonid crest: refers to the expression of a crest connecting the distal aspect of the protoconid and the metaconid.
0. The crest is absent.
1. The crest is weak or interrupted by the cenwral groove. It may be identified by the expression of a short fissure in the protoconid, parallel to the buccolingual
fissure.
2. The crest is conspicuous and/or continuous. If it is interrupted, it may be identified by the expression of a short fissure that crosses both the protoconid and
the metaconid and is parallel to the buccolingual fissure.
Deflecting wrinkle: the essential crest of the paraconid is distally deflected. This wait is scored in lower molars.
0. The paraconid crest is straight.
1. The paraconid crest shows a midpoint constricsion or is slightly deflected, but it does not make contact with the hypoconid.
2. The paraconid crest is deflected distally forming an L-shaped ridge and contacts the hypoconid.
Hypoconulid size: refers to the size of the hypoconulid or the C5 in lower molars.
0. No occurrence of a hypoconulid.
1. The hypoconulid is present and very small. It may be identified by a distal bifurcation of the cenwal fissure.
2. The hypoconulid is small.
3. The hypoconulid is medium-sized.
4. The hypoconulid is large.
5. The hypoconulid is very large.
C6 (entoconulid or tuberculum sextum): the presence of a hypoconulid is not necessarily required to record a C6. When there is one single distal cusp and it
occupies a lingual posison, we consider it a C6.
0. The C6 is absent.
1. The C6 has the aspect of an enamel wrinkle. This grade also covers the expression of a deep distal fovea in distolingual position.
2. It has a moderate size and it is delimitated by two grooves.
3. The C6 is large.
C7 (metaconulid or tuberculum intermedium): this accessory cusp develops between the metaconid and the hypoconid.
0. The C7 is absent.
1. A faint, sipless C7 is present. It may be identified by the bifurcason of the buccolingual fissure.
2. The C7 is small.
3. The C7 is medium-sized.
4. The C7 is large.
Groove pattern: This trait is scored in lower molars.
1. A Y-pattern is present (C2 and C3 are in contact).
2. A groove pattern different from the Y-pattern is present (X: C1 and C4 are in contact, or +: four main cusps are in contact).
Protostylid: tubercle of various degrees of expression on the buccal surface of the lower molars. This trait is scored following ASUDAS (Turner et al., 1991).
0. No expression of any sort.
1. A pit occurs in the buccal groove.
2. The buccal groove is curved distally.
3. Afaint secondary groove extends mesially from the buccal groove.
4. The secondary groove is slightly more pronounced.
5. The secondary groove is swonger and can be easily seen.
6. The secondary groove extends across most of the buccal surface of cusp 1. This is considered a weak or small cusp.
7. A cusp with a free apex occurs.
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Our list of dental traits and grades are broadly based on the
Arizona State University Dental Anthropology System (ASUDAS;
Turner et al,, 1991), but we present some modifications to better
cover the variability observed in hominin species different from
H. sapiens. The ASUDAS was developed to cover dental variability in
modern populations, but it fails to cover the morphological vari-
ability observed in the genus Homo when Pleistocene fossils are
included. In somecases, the ASUDAS does not cover the full range of
expression that is observed for the analyzed traits (e.g.. the
maximum labial convexity of incisors that is registered in the
ASUDAS plaques is below the degree of labial convexity that is
usually observed in Neanderthals). In other cases, the identification
of the intermediate grades of some of the ASUDAS scales and pla-
ques (e.g., variation in the lingual cusps of premolars or canine
distal accessory ridge) is confusing or too subjective since hominin
species present their own anatomical variations. Thus, in most of
the cases we havesimplified the grade-scales. Our modified version
of the ASUDAS covers the dental variability of the anterior vs.
posterior dentition and the maxillary vs. mandibular dentition,
allowing for a complete appreciation of the whole dentition.

Along with a morphological description of the samples from the
SH site and their comparison by tooth class, the frequencies of the
grades of trait expression are also provided. Although both anti-
meres were analyzed when present, for the frequencies and the
comparative analyses we followed the individual count method,
including only the antimere with the highest degree of expression
for each trait in the case of asymmetry (Turner et al,, 1991).

Comparative analyses

The frequencies for each dental trait by group were determined.
This allows for a description of each group based on 90 traits, and
a simple qualitative comparison among samples.

To assess the similarity among groups, we performed a phenetic
analysis based on 31 dental traits (Table 5). Since the expression of
some dental features is correlated among teeth within a dental field
(Turner et al,, 1991 ), we only scored the dental trait on one specific
tooth rather than all teeth in a class. For descriptive purposes, it is
recommended to choose the most stable tooth of each dental field
(Dahlberg, 1945), as we expect that it will present the highest
expression of that trait. However, for comparative purposes, the
focal tooth may be different from the most stable one, as it is rec-
ommended to choose the one that shows a more characteristic
pattern of variation among the studied groups (Scott and Turner,
1997). In our study, the choice of the focal tooth was broadly
based on Scott and Turner’s (1997) protocol, with the following
exceptions: we have scored the middle and the distal trigonid
crests in Ms, deflecting wrinkle in M,, C6 in M, C7 in M3, and
multiple lingual cusps in P3, instead of in the most stable tooth of
the dental field, as their frequencies in those dental classes are
more informative to differentiate between H. sapiens and
H. neanderthalensis (see Bailey, 2002a,b; Martinén-Torres, 2006;
Bailey et al., 2011). Finally, in order to enlarge the sample size, we
have recorded the mesial marginal accessory tubercles and the
transverse crest in M2 and the C5 in M?, since these traits are easily
worn out in the M? and the M, respectively.

The comparative phenetic analysis among populations was
based on the mean measure of divergence (MMD) of C.A.B. Smith
{Berry and Berry, 1967), a commonly used distance statistic in
dental studies (e.g., Irish, 1998; Bailey, 2002b; Irish and Guatelli-
Steinberg, 2003; but see Irish, 2010, for its limitations). We
employed the MMD statistic program written by R.C. Williams.
MMD analysis provides a measure of phenetic similarity based on
the selected suite of dental traits, but it requires that the dental
traits are dichotomized into categories of either present or absent.

Table 5
List of dental traits included in the MMD analysis and the breakpoint for deter-
mining absence/presence.

Dental trait Tooth Presence
Labial convexity I} Grades 3—5
Dental tubercle 12 Grades 3-6
Shovel shape " Grades3—6
Mesial canine ridge C Grades 1-2
Dismal accessory ridge C Grades 1-2
Buccal esseniial crest p3 Grade 2
Lingual essenmal crest p? Grade 2
Transverse crest p3 Grade 2
Mesial accessory ridge p3 Grade 1
Distal accessory ridge p3 Grade 1
Metacone M? Grades 3—5
Hypocone M2 Grades 3—5
c5 M2 Grades 3—4
Crista obliqua M2 Grade 1
Transverse crest M3 Grade 1
Marginal accessory tubercles M3 Grade 1
Carabelli complex M Grades 3—7
Parastyle M3 Grades 3—6
Premolar lingual cusp P3 Grades 3—5
Transverse crest Py Grade 2
Mesial accessory ridge P3 Grade 1
Distal accessory ridge Py Grade 1
Anterior fovea M, Grade 2
Middle wigonid crest Ms Grade 2
Disml wigonid crest My Grade 2
Defleching wrinkle M; Grades 1-2
Hypeconulid M3 Grades 3—5
C6 M3 Grades 2—-3
c7 M3 Grades 2—4
Groove pattern Mz Grade 1
Protostylid M3 Grades 3—7

We followed standard procedures for defining breakpoints of
presence vs. absence (see Turner, 1987). However, to better differ-
entiate among samples, some high-frequency characteristic traits
were considered to be present at a higher rank (e.g., labial convexity
in 1! is considered to be present at grades 3—6). The dental traits
included in the phenetic comparison, and the absence—presence
breakpoint for each, are listed in Table 5 (for alternative break-
points, see Irish, 1993).

Divergence between two samples was considered significant at
the 0.25 level of probability when the MMD is greater than twice
the standard deviation (Sjevold, 1973). After the distance values
among samples were calculated, we presented them by multidi-
mensional scaling (PAST® software; Hammer et al., 2001 ), which is
considered one of the most parsimonious ways to illustrate these
distances (see Irish and Guatelli-Steinberg, 2003). The multidi-
mensional scaling procedure (MDS) is a data reduction technique
that attempts to find the structure in a set of distance measures
among cases. The distances among individuals are illustrated in
a plot, such as in a map (Kruskal and Wish, 1978) in which the
proximity between samples illustrates the levels of phenetic
affinity. The MDS procedure was also employed to explore Sima de
los Huesos intra-population variability. Thus, we calculated the
distance between each pair of individuals from the
H. neanderthalensis, H. heidelber gensis, and Sima de los Huesos
samples for each dental class. We employed the Gower coefficient
as it can combine ordinal and nominal variables. Through the
inspection of the MDS plot, we can compare the degree of “nean-
derthalization” of each individual from the H. heidelbergensis and
Sima de los Huesos samples and examine whether or not all of
them fall into the Neanderthal distribution. Those individuals with
more than one missing value were not included in the MDS anal-
ysis. In some cases, the number of variables included in the MDS
analysis was reduced in order to maximize the number of



individuals per hominin group, particularly in the case of
H. heidelber gensis.

Measurement definitions

In addition to dental morphological observations, the mesio-
distal (MD) and buccolingual (BL)} dimensions of the Sima de los
Huesos teeth were measured by JMBC to the nearest 0.1 mm,
following the methods of Flechier, Lefévre, and Verdéne (Lefévre,
1973; see Martinon-Torres et al, 2008, for a more detailed expla-
nation) (SOM Table 1). This method can be applied identically to
both isolated and in situ teeth. Additionally, this method has been
shown to have a low intraobserver error because it employs
a reference plane that can be easily identified by different
observers. Measurements were taken between the contact points
in normal occlusion or where these points would have been (in the
case of malpositioned teeth). The diameters of those teeth with
occlusal wear >6 (Molnar, 1971) were not included in the calcula-
tion of the average tooth class diameters (Table 6).

Results
Description of the SH teeth

Upper central incisors (I') All of the I's in the sample are generally
well-preserved (Figs. 1 and 2; Table 7). The enamel is chipped at the
incisal edge of AT-8 and in the distobuccal area of AT-146. The root
apices of AT-27, AT-2395, and AT-42 are missing.

From the labial and lingual aspects, the crowns are trapezoidal
with curved sides that become parallel toward the incisal edge. The
mesial incisal angle is slightly straighter than the distal angle. All I's
show some degree of shovel shape, but only 60% present moder-
ately developed marginal ridges (grade 4). In 30% of individuals, the
expression is mild (grade 3), and the highest grades of expression
for this trait (grades 5 and 6) are absent in the SH sample. The
shovel shape is generally symmetric, with a slightly thicker mesial
marginal ridge in some isolated cases (e.g., AT-3193, AT-3194, AT-
278). In general, there is no lingual fossa associated with the
shovel shape, due to the constant expression of alarge, round basal
eminence that occupies from one- to two-thirds of the lingual
surface. There is a moderate tuberculum dentale (grade 3) in the
shape of enamel folds and depressions in only 25% of the specimens
(e.g., AT-954, AT-280). From the occlusal aspect, all of the I's show
the highest degrees of mesiodistal convexity (grade >4). The
massive aspect of the tooth can be noted in lateral view.

Table 6
Average MD and BL diameters for each SH tooth class. Those teeth with occlusal
wear >6 were not included. Measures are in milimeters (mm).

Tooth class MD BL

Mean SD N Mean SD N
" 9.64 0.57 24 7.75 0.34 24
I2 7.78 037 24 7.76 0.28 24
C 8.75 0.38 23 9.88 0.52 24
p3 7.81 0.51 24 10.38 0.66 25
p4 7.55 0.53 24 10.27 0.65 26
M! 11.05 0.68 26 115 0.62 26
M? 9.94 0.94 28 12.18 0.73 28
M3 8.62 0.6 24 11.46 0.92 25
I4 5.59 0.18 26 6.56 0.31 26
I 6.61 0.27 30 73 0.34 30
€, 7.63 0.43 29 8.66 0.66 29
P3 791 0.39 33 8.98 0.54 32
P4 717 0.44 35 857 0.59 35
M, 11.25 0.49 39 1045 0.46 38
M, 11.06 0.56 39 10.23 0.67 39
M; 11.28 0.81 38 9.76 0.72 38

The root is single, long, robust, and subtriangular in transverse

section. The four surfaces (labial, lingual, mesial, and distal) are
well-defined. In general, there is a shallow longitudinal depression
along the distal surface. From the labial and lingual surfaces, the
apical third of the root diverges slightly distally.
Upper lateral incisors (I*) All of the SH I%s are well-preserved
(Figs. 3 and 4; Table 8). There is superficial enamel loss on the
labial surface of AT-53 and a slight loss of cement in the root of
AT-29. There is a fracture in the apical third of the roots of AT-
1124 and AT-283.

From both the labial and lingual aspects, the I> crowns show
a sub-rectangular contour with nearly parallel marginal ridges. All
of the specimens present a conspicuous and characteristic shovel
shape, where the marginal ridges are extremely thickened and
invade the lingual fossa, circumscribing in almost all of the speci-
mens a narrow longitudinal groove. This groove is usually centered,
but it can also be somewhat deviated mesially (e.g., AT-2769, AT-
2279, AT-1754). All of the I?s show a moderate basal eminence,
though this is less pronounced than in the I's. A moderate- to
strongly-developed tuberculum dentale (grade >3) is evident in
58% of specimens. This tubercle can adopt the shape of a rectan-
gular platform and cover the apical end of the longitudinal lingual
groove, delimiting the expression of a deep foramen caecum (e.g.,
AT-820). The tuberculum dentale can be continuous with the
marginal ridges (e.g., AT-7, AT-53) or separated by accessory mesial
(e.g., AT-1444), distal (e.g., AT-1962), or both mesial and distal
grooves (e.g., AT-820, AT-962).

From the occlusal aspect, all of the I*s present the maximum
degree of labial convexity (grade 5). This strong mesiodistal
convexity in combination with the deep longitudinal lingual groove
provides a characteristic “V” occlusal section, also known as
“triangular shovel shape” (Martinén-Torres et al, 2007a,b). Indi-
vidual XVIII presents a more classical shovel shape with a more
spacious lingual fossa, but the presence of a lingual longitudinal
groove of varied depth is consistent throughout the sample.

From the lateral view, a strong lingual inclination of the labial
surface can be ascertained from the basal portion toward the incisal
edge. The wear plane of the incisal edge is lingually inclined, sug-
gesting an edge-to-edge occlusion (Bermudez de Castro, 1987). The
cemento-enamel junction curvature is less pronounced on the
distal side. From this view, the massive aspect of the tooth is
obvious.

The root is robust, subtriangular in transverse section, and

mesiodistally compressed. The labial face is broader than the
lingual face, and its distal third is strongly inclined lingually. Broad
and shallow longitudinal grooves run across the mesial and distal
faces of the root.
Upper canines (C'}) The C's of the SH sample are excellently
preserved (Fig. 5 and Table 9). There is a small amount of superficial
enamel loss on the labial surface of AT-995, on the mesial surface of
AT-818, on the lower and mesial quadrant of AT-1475, and on the
labial aspect of AT-825. AT-3192 shows an enamel fracture and
superficial cement loss. The distal two-thirds of the AT-1942 root
are missing.

When the tooth is unworn or barely worn, the crown has
a pentagonal shape in labial view, with its base at the cemento-
enamel line and the vertex toward the occlusal rim. The mesial
arm of the upper triangle is slightly shorter than the distal one, and
the apex tends to be mesially displaced. This vertex can be totally
worn so that the crown adopts a trapezoidal shape with a recti-
linear occlusal rim.

From the lingual view, all of the C's exhibit moderate to strong
shovel shapes (e.g., AT-2151, AT-1942) (grade >3). The thickened
mesial and distal marginal ridges are round in cross-section and
well-developed, especially in the region of the basal eminence.




Figure 1. The SH I's. Lingual (a), mesial (b), labial (c), and occlusal (d) aspect of AT-5615 (R); occlusal (e), labial (f), mesial (g), and lingual (h) aspect of AT-8 (L); labial (i), distal (j),
lingual (k), and occlusal (I) aspect of AT-27 (L); occlusal (m), lingual (n), labial (0), and mesial (p) aspect of AT-54 (R); lingual (a), distal (r), labial (s), and occlusal (t) aspect of AT-197

(R); occlusal (u), labial (v), mesial (w), and lingual (x) aspect of AT-198 (L); buccal (y), mesial (z), lingual (aa), and occlusal (bb) aspect of AT-280 (L); occlusal (cc), labial (dd), distal
(ee), and lingual (ff) aspect of AT-854 (R). L: left, R: right. White bar = 1 cm.



Figure 2. The SHI's. labial (a), mesial (b), lingual (c), and occlusal (d) aspect of AT-165 (L); occlusal (e), labial (f), mesial (g), and lingual (h) aspect of AT-1143 (L); labial (i), mesial (j),
lingual (k), and occlusal (I) aspect of AT-2752 (L); occlusal (m), labial (n), mesial (0), and lingual (p) aspect of AT-3193 (R); labial (a), distal (r), lingual (s), and occlusal (t) aspect of AT-
3194 (L); occlusal (u), labial (v), distal (w), and lingual (x) aspect of AT-4320 (L); labial (y), mesial (z), lingual (aa), and occlusal (bb) aspect of AT-554 (L); occlusal (cc), labial (dd),
mesial (ee), and lingual (ff) aspect of AT-2395 (R). L: left, R: right. White bar = 1 cm.



Table 7

Frequencies of the degrees of expression of I' main morphological traits. SH: Simade los Huesos; HEL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

If Grade SH NEA FSAP SAP
Labial convexity 0 0 0 5(29.4%) 33(36.3%)
1 0 0 1(5.9%) 30 (33%)
2 0 0 6 (35.3%) 22 (24.2%)
3 0 1 (100%) 2 (9.5%) 3(17.6%) 6 (6.6%)
4 10 (50%) 10 (47.6%) 1(5.9%) 0
5 10 (50%) 9(42.9%) 1(5.9%) 0
Total 20 21 17 91
Tuberculum dentale 0 0 0 2(12.5%) 45 (50%)
1 10 (50%) 1(50%) 2 (9.5%) 3(18.8%) 21(23.3%)
2 5 (25%) 2 (9.5%) 7 (43.8%) 13 (14.4%)
3 5 (25%) 6 (28.6%) 3(18.8%) 8 (8.9%)
4 0 1 (50%) 11 (52.4%) 1(6.3%) 3(3.3%)
Total 20 21 16 90
Shovel shape 0 0 0 1(5.9%) 6 (17.6%)
1 1(5%) 0 1(5.9%) 28 (30.8%)
2 1 (5%) %) 2 (9.5%) 4 (23.5%) 27 (29.7%)
3 6 (30%) %) 5(23.8%) 7 (41.2%) 5 (16.5%)
4 12 (60%) %) 4 (19%) 4 (23.5%) 3 (3.3%)
5 0 7(33.3%) 0 1(1.1%)
6 0 3 (14.3%) 0 1(1.1%)
Total 20 21 17 91

When the shovel shape is pronounced, the marginal ridges are
differentiated from the canine essential ridge by clear marginal
grooves. In some cases, a lingual longitudinal groove, similar to the
groove expressed in the I%s, can be seen. This groove is different
from the interruption groove, which transects the basal eminence
and the root (Scott and Turner, 1997). With only one exception (AT-
1758), the mesial marginal ridge is always thicker than the distal
one, and in 79% of the sample, it is fused with the tuberculum
dentale (Morris’ type). The distal marginal ridge tends to be shorter
than the mesial one, and, in some cases, it adopts the shape of
a tubercle, ending in the apical third of the crown. The tuberculum
dentale presents great variability, ranging from medium in size or
grade 3 (28.6%) to more conspicuous forms (grade >4) in 42.8% of
the sample. In 9.5% of cases, only a swelling of the basal eminence
can be ascertained. In many specimens, the mesial marginal ridge
incorporates the tuberculum dentale, and, therefore, it cannot be
clearly identified. In 33% of the sample, the tubercle is clearly
differentiated by marginal grooves and presents a free apex (e.g.,
AT-2151, AT-1757, AT-958).

In half of the cases we examined, there is a distal accessory ridge
located between the essential ridge and the distal marginal ridge. In
14.3%, its expression is mild (grade 1), whereas in 35.7% of the
sample this ridge is pronounced (grade 2).

From the lateral view, some specimens show a moderate basal
swelling of the labial surface (e.g., AT-6, AT-144), but a cingulum is
not expressed. The labial surface is strongly inclined lingually from
the basal eminence area to the incisal plane.

The root is single and robust. It exhibits an oval section that is

mesiodistally compressed, with the buccal face being broader than
the lingual. The apical portion is lingually inclined. A strong, wide
longitudinal groove runs along the medial and distal thirds of the
root on both the mesial and distal faces.
Upper third premolars (P>} The Ps of the SH sample are generally
well-preserved (Fig. 6 and Table 10). AT-4332 shows a generalized
mottled enamel. The apex of the lingual root of AT-823 and the
apical two-thirds of the roots of AT-2036, AT-24, AT-1944, and AT-
2399 are fractured.

The occlusal outline of this tooth type is a mesiodistally
compressed oval, with the buccal half being broader than the
lingual one. All of the P3s display the two main cusps, with the
buccal cusp being invariably larger than the lingual one. In 80% of

specimens, the apex of the lingual cusp is mesially deviated with
regard to the apex of the buccal one. In almost half of the P*s in the
sample, the essential ridge of the buccal cusp is flat (grade 0), in
29.4% it is single, and in 23.5% of cases it is bifurcated (grade 2).
Only four individuals show a distal accessory ridge, and no indi-
vidual presents a mesial one. On the lingual cusp, almost 90% of
individuals have a single essential ridge (grade 1); in only two cases
are the lingual crests bifurcated (AT-813, AT-405). In individual XX,
there is a continuous transverse crest that is mesially displaced,
connecting the main cusps (grade 2). With this exception, the SH
P3s show an uninterrupted sagittal fissure that is usually short and
rectilinear. This fissure ends in anterior and posterior foveae that
are generally shallow, pit-like, or linear, but which in all cases are
simple. In the majority of the specimens, the sagittal fissure bifur-
cates at the mesial and distal ends, delimitating minor accessory
tubercles. Despite their relative high frequencies (Table 10), their
expression is weak, and, therefore, the occlusal aspect of the teeth
is simple and does not show enamel wrinkles or secondary fissures.

From the lateral view, the upper half of the buccal face shows
a moderate to strong bulge, but there are no signs of a buccal
cingulum. This swelling is particularly marked at the mesial zone,
where a tuberculum molare is clearly identifiable.

More than half of the P>s are double-rooted (64.3%). The lingual
and buccal roots coalesce in their cervical third, and are well-
separated in the apical two-thirds but are joined by a mesial
sheet of dentine andjor cementum. The buccal root tends to be
shorter and more rectilinear, while the lingual root is longer and
has a lingual convexity in its medium third. Even when P is single-
rooted, a broad and deep groove can be found separating the mesial
and the distal surfaces.

Upper fourth premelars (PY) The SH P*s are well-preserved (Fig. 7
and Table 11). Only the apices of both roots of AT-193 and AT-559
and the apices of the buccal roots of AT-23 and AT-68 are missing.

The occlusal outline is a rounded rectangle that is more
symmetrical than that of the P>s. The BL axis is longer than the MD
axis. All of the P*s display the two main cusps, with the buccal cusp
generally being larger than the lingual one, although the size
difference between both cusps is less pronounced than in the P2s. In
73.7% of cases, the tip of the lingual cusp is mesially deviated with
regard to the buccal cusp, and, in the remaining specimens, both
tips are centered. In approximately two-thirds of the sample, the




Figure 3. The SH I%s. Labial (a), mesial (b), lingual (c), and occlusal (d) aspect of AT-28 (R); occlusal (e), labial (f), mesial (g), and lingual (h) aspect of AT-861 (L); labial (i), mesial (j),
lingual (k), and occlusal (I) aspect of AT-4321 (L); occlusal (m), labial (n), mesial (0), and lingual (p) aspect of AT-4332 (R); labial (q), distal (r), lingual (s), and occlusal (t) aspect of AT-
1444 (R); occlusal (u), labial (v), mesial (w), and lingual (x) aspect of AT-1853 (L). L: left, R right. White bar = 1 cm.

essential ridge of the buccal cusp is single and not very pronounced
(grade 1), while in one-third it is bifurcated (grade 2), particularly
where it contacts the sagittal fissure (e.g., AT-2070). A mesial
accessory ridge in the buccal cusp is present in 46% of the sample,
and 46% of the specimens also have a distal ridge, though there is
no significant correlation of the expression of both in the same
specimen (p-value = 2.84). For the lingual cusp, half of the sample
presents a single essential ridge (grade 1) that is generally more
conspicuous than the buccal ridge. The other half of the sample
presents a bifurcation (e.g., AT-409, AT-559).

A continuous sagittal fissure separates the main cusps in almost
80% of the specimens. This fissure runs from the anterior to the
posterior fovea and is generally deeper but still shallow, pit-like, or
linear. The sagittal fissure bifurcates at its mesial and/or distal ends,
crossing the marginal ridges in some cases, and sometimes
delimitating weak accessory tubercles. The number and location of
these accessory tubercles is highly variable. Approximately half of
the individuals in the sample have both mesial and distal tubercles.
At least one distal accessory tubercle is present in 94.3% of the
sample vs. 70.7% that have at least one mesial tubercle. These



Figure 4. The SH I%. Lingual (a) and occlusal (b) aspect of AT-4327 (R); occlusal (c) and lingual (d) aspect of AT-2768 (R); lingual (e) and occlusal (f) aspect of AT-2272 (L); occlusal

(g) and lingual (h) aspect of AT-1124 (L); lingual (i) and occlusal (j) aspect of AT-2280 (R); occlusal (k) and lingual aspect (I) of AT-820 (L); lingual (m) and occlusal (n) aspect of AT-
962 (R); occlusal (o) and lingual (p) aspect of AT-3185 (R); lingual (q) and occlusal (r) aspect of AT-3196 (L); occlusal (s) and lingual (t) aspect of AT-7 (L); lingual (u) and occlusal (v)
aspect of AT-5608 (R); occlusal (w) and lingual (i) aspect of AT-1754 (L). L: left, R: right. White bar = 1 cm.




Table 8

Frequencies of the degrees of expression of I main morphological traits. SH: Simade los Huesos; HEL H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

2 Grade SH HEI NEA FSAP SAP
Labial convexity 0 0 0 0 0 39 (31.5%)
1 0 0 0 2(28.6%) 35 (28.2%)
2 0 0 1(3.2%) 0 38 (30.6%)
3 0 0 1(3.2%) 2 (28.6%) 12 (9.7%)
4 0 2 (100%) 9 (29%) 2(28.6%) 0
5 17 (100%) 0 20 (64.6%) 1(143%) 0
Total 17 2 31 7 124
Tuberculum dentale 0 2 (10.5%) 2 (100%) 0 0 62 (50%)
1 2 (10.5%) 0 1(3.3%) 4 (57.1%) 25 (20.2%)
2 4(21.1%) 0 0 1(143%) 21(16.9%)
3 5 (26.3%) 0 2 (6.7%) 2(28.6%) 10 (8.1%)
4 1(5.3%) 0 6 (20%) 0 4 (3.2%)
5 4(21.1%) 0 12 (40%) 0 2(1.6%)
6 1(5.3%) 0 9 (30%) 0 0
Total 19 2 30 7 124
Shovel shape 0 0 0 0 0 24 (19%)
1 0 0 0 0 22 (17.5%)
2 0 0 3 (9.7%) 2 (28.6%) 21(16.7%)
3 0 1 (50%) 1(3.2%) 3 (42.9%) 20 (15.9%)
4 5 (25%) 0 2 (6.5%) 1(143%) 29 (23%)
5 9 (45%) 1 (50%) 13 (41.9%) 1(143%) 10 (7.9%)
6 6 (30%) 0 12 (38.7%) 0 0
Total 20 2 31 7 126

tubercles can be expressed in a variable quantity in only one
marginal ridge (35.4%), or it can be present in both marginal ridges
at the same time (64.8%). Despite their variable number and
combinations, the tubercles are not strongly defined and the
occlusal aspect of these teeth, in general, is not complex.

From the lateral aspect, the upper half of the buccal face is

moderately swollen, but no traces of cingulum or of tuberculum
molare can be found. The majority of the P% are double-rooted
(85.7%) vs. 64.3% of the P3s. Even in the two individuals with
single-rooted P%s (individual XVI and AT-5510), a clear longitudinal
groove runs along the distal face, delimiting buccal and lingual
radicals. Bifurcationis closer to the cemento-enamel junction than it
is in the P3s. The bifurcation can start in the first or second third of
the root, but in all cases there is a lamina of dentine and/or
cementum along the mesial face joining the buccal and lingual roots.
This lamina is similar to that found in the P?s but thicker (e.g., AT-23).
The buccal root is more rectilinear and generally longer than the
lingual one, which is buccally flexed in its most apical third.
Upper first molar (M') The preservation of the SH M!s is excellent
(Figs. 8 and 9; Table 12), with only some radicular fractures: the
distobuccal root in AT-3177, AT-2071, and AT-138 (which, together
with AT-2076, also lacks the lingual root), the apical third of the
mesiobuccal root of AT-20, the buccal roots in AT-196, and the
apices of the distobuccal and mesiobuccal roots of AT-139 and AT-
26, respectively.

The occlusal outline of all the M's is a rounded rhomboid with
a relatively distal displacement of the lingual cusps and a rounded
protrusion of the distobuccal corner. All the M's exhibit the four
main cusps. With only one exception (individual XIX), the rest of
the sample presents a large or very large metacone (grade >4). All
of the SH specimens present a characteristic bulging and rounded
hypocone, and its remarkable development is responsible for the
distobuccal protrusion in the occlusal outline. Approximately half
of the sample presents a C5 in the distal margin (grade >2), which
is triangular in shape and delimited by a V-shaped groove that
stems from the posterior fovea of the tooth. The size is variable, but
it tends to be relatively small in all cases. In 25% of the sample, the
C5 is clearly absent, and in 18.8% of cases the distal groove is worn
away (grade 1), possibly representing the incipient development of

a C5. The crista obliqua connecting the protocone and the metacone
is conspicuous and invariably present in all of the specimens. The
transverse crests connecting the mesial cusps as well as the mesial
accessory tubercles are easily affected by wear, and, therefore, we
should be cautious about assuming their real frequency. A trans-
verse crest has been recorded in approximately half of the pop-
ulation (58.3%). When this crest is strongly developed, it tends to
adopt a triangular shape (e.g., AT-2071, AT-587). Half of the speci-
mens express mesial accessory tubercles, but they are not well-
defined or conspicuous.

On the lingual surface of the protocone, a slight and punctual
depression can be found in 56.3% of the individuals, corresponding
to the lower degree of expression (grade 1), or the so-called
“negative form” of the Carabelli's complex. A similar punctual
depression is found on the buccal surface of the paracone in 29.4%
of cases, corresponding to the lower degree of expression of
a parastyle (grade 1) (Irish, 1993).

The SH M's tend to exhibit three roots: one mesiobuccal, one

distobuccal, and one lingual. The distal bifurcation point is wider
than the mesial, and the buccal roots diverge further from the
cemento-enamel junction than do the lingual ones. The lingual root
is the largest of the three and tends to be curved toward the buccal
root, while the distobuccal root is shorter and is slightly curved
toward the distal root, though its apex is mesially inclined. Roots
may coalesce and only diverge in the apical-most third (AT-3178),
Jjoined by a buccal lamina of dentine and/or cementum. More than
half of the specimens show hypotaurodontism (61.5%) with
a slightly enlarged pulp cavity and a bifurcation beyond the first
third of the root length. In AT-20, we observe a case of mesotaur-
odontism, where the pulp cavity occupies approximately two-
thirds of the total length of the root. Only individual VII presents
hypertaurodontism, with a prismatic root that does not show any
bifurcation.
Upper second molar {M?) All of the SH M%s are in a state of
excellent preservation (Figs. 10 and 11; Table 13). Only the
distolabial portion of the crown of AT-827 and the distal two-
thirds of the buccal roots of AT-407 are missing.

The occlusal contour of the M?s is more variable than that of the
M's due to the reduction of the hypocone, which is responsible for




Figure 5. The SH C's. Labial (a), distal (b), lingual (c), and occlusal (d) aspect of AT-6 (L); occlusal (e), labial (f), mesial (g), and lingual (h) aspect of AT-44 (L); labial (i), mesial (j),
lingual (k), and occlusal (I) aspect of AT-958 (L); occlusal (m), labial (n), mesial (o), and lingual (p) aspect of AT-1757 (L); labial (), mesial (r), lingual (s), and occlusal (t) aspect of AT-
4333 (R); occlusal (u), labial (v), distal (w), and lingual (x) aspects of AT-4335 (L); lingual (y) and occlusal (z) aspect of AT-3292 (L); occlusal (aa) and lingual (bb) aspect of AT-2151
(L); lingual (cc) and occlusal (dd) aspect of AT-2392 (L); occlusal (ee) and lingual (ff) aspect of AT-558 (R); lingual (gg) and occlusal (hh) aspect of AT-3255 (R); occlusal (ii) and
lingual (jj) aspect of AT-163 (L); lingual (kk) and occlusal (II) aspect of AT-5616 (R); occlusal (mm) and lingual (nn) aspect of AT-5622 (L). L: left, R: right. Whitebar = 1 cm.



Table 9

Frequencies of the degrees of expression of C main morphological traits. SH: Simade los Huesos; HEL: H. heidelber gensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

(C Grade SH HEI NEA FSAP SAP
Tuberculum dentale 0 0 1(33.3%) 0 2 (20%) 64 (56.6%)
1 2(9.5%) 1(33.3%) 0 2 (20%) 25 (22.1%)
2 4(19%) 0 0 2 (20%) 14 (12.4%)
3 6 (28.6%) 1(33.3%) 6 (28.6%) 2(20%) 9 (8%)
4 2(9.5%) 0 5(23.8%) 2(20%) 0
5 3(143%) 0 7 (33.3%) 0 0
6 4(19%) 0 3(143%) 0 1(0.9%)
Total 21 3 21 10 113
Shovel shape 0 0 0 0 0 30 (26.8%)
| 0 0 0 2(22.2%) 37(33%)
2 0 0 0 4 (44.4%) 23 (20.5%)
3 4(18.2%) 1(33.3%) 9 (40.9%) 3(33.3%) 17 (15.2%)
4 11 (50%) 2 (66.7%) 9 (40.9%) 0 4 (3.6%)
5 7(31.8%) 0 4(18.2%) 0 1(0.9%)
Total 22 3 22 9 112
Canine mesial ridge 0 1(5.3%) 1 (50%) 5 (26.3%) 6 (66.7%) 106 (93%)
1 3(15.8%) 1 (50%) 6 (31.6%) 2(22.2%) 2(1.8%)
2 15 (78.9%) 0 8 (42.1%) 1(11.1%) 6 (5.3%)
Total 19 2 19 9 114
Distal accessory ridge 0 7 (50%) 1 (50%) 9 (56.3%) 2 (28.6%) 61 (67.8%)
1 2(143%) 1 (50%) 4 (25%) 3 (42.8%) 18 (20%)
2 5 (35.7%) 0 3(18.8%) 2(28.6%) 11 (12.2%)
Total 14 2 16 7 90

the MD shortening. The lingual side of the parallelogram is reduced,
and the tooth adopts an irregular oval shape or a “heart shaped”
contour (with its vertex toward lingual) when the hypocone
reduction is also associated with a metacone reduction.

The protocone occupies almost the whole lingual face because of
the hypocone reduction. The size of the metacone varies from
moderately large (grade 4) in 38.9% of the sample (e.g., AT-822), to
a small cusp (grade 3) in 44.4% of cases, or even a cusplet (grade 2)
in 16.7% (e.g., AT-815, AT-824), but never reaches the size of the
protocone.

The hypocone undergoes a notable reduction when compared to
the M's. In 33.4% of cases, it is absent (grade 0) (e.g., AT-15, AT-588)
or only detectable by the presence of a short, deep distal groove
(grade 1) (e.g., AT-817). In AT-2175 and AT-2179, the hypocone is
strongly displaced toward the cervical region, adopting the aspect
of an accessory cusp. In 44.4% of specimens, the hypocone is a small
cusp (grade 2) (e.g., individual XVIII}, and only in 16.7% of speci-
mens is it large (grade 4) (e.g., AT-407, AT-4336). None of the
specimens reach the highest degree of expression (i.e., grade 5).

Only 33.4% of individuals express a C5 of moderate size (grade
>3} (e.g., individual XX}, which is delimited by the distal bifurca-
tion of the distal groove. In AT-2175, the C5 has a bitubercular
morphology. In the remaining cases, this accessory cusp is absent
(27.8%), hinted by the bifurcation of the distal groove (grade 1 in
16.7% of cases) or expressed only as a cusplet (grade 2 in 22.2%)
(e.g., individual VII).

In almost all of the specimens examined (83.3%), the crista
obliqua is continuous. The transverse crest is only present in 23.5%
of the sample (e.g., individuals VII, XII, XVI), and in more than the
half of the specimens (61.5%), we find small mesial accessory
tubercles that are slightly displaced buccally.

Except for those cases where the lingual face of the protocone
presents a slight depression (33.3%) or a groove (11.1%) that could
correspond to a Carabelli’s trait due to its location, this trait is
absent in the sample. No parastyle is expressed.

The majority of the M2s have three roots: one lingual and two
buccal (mesial and distal). These roots are less divergent than in the
M!s and are deviated toward the distal side. Frequently, the buccal
roots are fused in their cervical third (e.g., AT-817, AT-15, AT-815)

and coalesce (joined by a lamina) for almost the whole length of
the apical two-thirds. The buccal roots are mesiodistally
compressed, while the lingual root is buccolingually compressed.
The mesiobuccal root is wider than the lingual one, and in some
cases (e.g., AT-407, AT-824), it presents a longitudinal groove
demarcating the radicals, though it never produces a true bifurca-
tion. In AT-822, there is a cementum and/or dentine lamina joining
the lingual and the distobuccal roots.

Some degree of taurodontism is present in 73.7% of the sample.

In 53.3% of cases, root division occurs from the first third of the root
length (e.g., individuals III, VII, XXII}, and in one individual (XVII),
the root division starts in the second third of the root. In 13.3% of
the sample, hypertaurodontism is observed, resulting into a mono-
radicular tooth (e.g., individuals IV and VII).
Upper third molar (M) The SH Ms are well-preserved; however,
the lingual apex of AT-171 and the apical third of the lingual root,
two-thirds of the buccal roots of AT-194, two-thirds of AT-3183
root, the root of AT-5082, and the mesial aspect of the crown of
AT-2135 are all missing (Fig. 12, Table 14).

The occlusal outline of the M>s is highly variable, with several
atypical conformations. It can be subtriangular or oval, with the BL
axis being the largest. The occlusal polygon appears to be
compressed, and, from the occlusal view, a considerable part of the
buccal and lingual faces can be seen. The majority of the specimens
have only three main cusps: the protocone, the paracone, and the
metacone, which are also variable in their size and shape. The
protocone is the largest and the metacone is always small, only
reaching the size of a cusplet or a crest (grade 1 and 2) in 80% of
cases, and it tends to occupy a distal position within the tooth
contour. The hypocone is absent (grade 0) in more than half of the
sample (57.1%) (e.g., AT-602, AT-819), and, in the remaining cases, it
develops either as a crest (grade 1 in 38.1%) or a cusplet (grade 2 in
4.8%). The C5 is not present in the sample. Only individual XI
expresses a weak crest that could be identified with the lowest
degree of expression of this trait. The posterior fovea is absent or
obliterated by wear. From the central fovea, a short central fissure
emerges separating the protocone and the paracone. Distally, a V-
shaped groove delimits the metacone extension. The enamel
crenulations and the secondary furrows are not very profuse, but




Figure 6. The SH P3s. Buccal (a), occlusal (b), and distal (c) aspect of AT-1944 (R); distal (d), occlusal (e), and lingual (f) aspect of AT-589 (R); distal (g), occlusal (h), and buccal (i)
aspect of AT-4325 (L); buccal (j), occlusal (k), and mesial (I) aspect of AT-2036 (L); mesial (m), buccal (n), and occlusal (o) aspect of AT-41 (L); occlusal (p), mesial (), and buccal (r)
aspect of AT-24 (R); mesial (s), occlusal (t), and lingual (u) aspect of AT-2764 (L); buccal (v), occlusal (w), and mesial (x) aspect of AT-5838 (L); buccal (y), occlusal (z), and mesial (aa)
aspect of AT-2782 (L); buccal (bb), occlusal (cc), and distal (dd) aspect of AT-3186 (R). L: left, R: right. White bar = 1 cm.



Table 10

Frequencies of thedegrees of expression of P> main morphological traits. SH: Sima de los Huesos; HEL H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossilH. sapiens; SAP:

contemporary H. sapiens.

p3 Grade SH HEI NEA FSAP SAP
Buccal essential crest 0 8 (47.1%) 0 1(6.7%) 0 1(0.8%)
1 5 (29.4%) 1(50%) 6 (40%) 3 (75%) 111 (88.1%)
2 4(23.5%) 1 (50%) 8 (53.3%) 1(25%) 14 (11.1%)
Total 17 2 15 4 126
Lingual essennal crest 0 0 0 0 0 1(0.8%)
1 17 (89.5%) 0 5 (33.3%) 3 (75%) 118 (95.2%)
2 2(10.5%) 2 (100%) 10 (66.7%) 1 (25%) 5 (4%)
Total 19 2 15 4 124
Transverse crest 0 13 (68.4%) 3 (100%) 14 (93.3%) 4 (80%) 128 (100%)
1 5 (26.3%) 0 1(6.7%) 1(20%) 0
2 1(5.3%) 0 0 0 0
Total 19 3 15 5 128
Distal accessory ridge 0 10 (71.4%) 1(50%) 7 (63.3%) 1 (50%) 94 (89.5%)
1 4 (28.6%) 1 (50%) 4 (36.4%) 1 (50%) 11 (10.5%)
Total 14 2 11 2 105
Mesial accessory ridge 0 14 (100%) 1 (50%) 10 (90.9%) 2 (100%) 92 (86%)
1 0 1(50%) 1(9.1%) 0 15 (14%)
Total 14 2 11 2 107

they can make it difficult to identify the main cusps in some cases
(e.g., AT-274, AT-3181). No crista obliqua is expressed, and a trans-
verse crest is present in only one case (individual XII).

In 20% of the SH M°s, a Carabelli’s tubercle can be observed,
ranging from a slight depression (grade 1) in AT-601, to a more
pronounced depression in AT-2393, and a clear Y-shaped depres-
sion in AT-945. With only the exception of AT-805, the parastyle is
absent in the sample.

The radical system of this tooth type is frequently fused. Half of
the sample bears three roots: one lingual, one mesiobuccal, and one
distobuccal that all diverge distally. Commonly, these roots are
fused or joined by a thick lamina (e.g., AT-816, AT-171), and this is
particularly true of the buccal roots. In AT-951, the lingual root is
also joined by a lamina. The mesiobuccal root is mesiodistally
compressed and is wider than the distobuccal root, with a longi-
tudinal groove in some cases (e.g., AT-819).

In some specimens, the three roots are totally fused (e.g., AT-10,

AT-140). One-third of the sample exhibits two roots, and AT-4102 is
mono-radicular. In more than half of the sample, the root division
occurs from the first third, but without internal images, and
considering the high number of root fusions we observed, it is
difficult to certify the existence of taurodontism. In addition, many
of the specimens in the sample belong to young individuals in
which the root system is not complete.
Lower central incisors (I;) The SH I;s are generally well-preserved,
but the distal third of the roots of AT-2384 and AT-3242, and the
apex of AT-3241, AT-2730, and AT-162 are all broken. AT-4 only
preserves the proximal third of the root and AT-956 exhibits
superficial enamel loss in the labial aspect (Fig. 13, Table 15).

From the buccal aspect, the crown shows a spatulate shape in
the form of a triangle, with the vertex toward the cemento-enamel
junction and the base at the incisal edge. The crown is generally
symmetrical, though the mesial angle of the incisal border tends to
be sharper than the distal one.

The lingual surface is generally smooth (e.g., AT-1742), showing
a slight basal swelling (grade 1) in only 26.3% of cases (e.g., AT-1460,
AT-609) that forms a slender basal eminence without clear margins.
None of the I;s present tuberculum dentale, lingual fossae, or
pronounced marginal ridges (AT-1742, AT-162). There are clear traces
of shovel shape (grade 2) inonly two cases (individuals XVIIl and XX).

From the incisal aspect, the incisal edge shows a basically
symmetric curvature. The labial convexity is slight (grade 2} in
about half of the sample (52.6%), moderate (grade 3) in 42.1%,

and only one specimen exhibits a pronounced labial curvature
(AT-3241).

Lateral aspects of the tooth are similar, though the cemento-
enamel line is lower and less curved on the distal side than on
the proximal one. From this aspect, the SH I;s look robust and wide
despite their size.

The root is single, with an oval section that is mesiodistally

compressed. A wide and shallow longitudinal groove runs along the
distal and mesial surface of the root, being more pronounced on the
latter. The root is essentially straight, though it tends to deviate
slightly distally.
Lower lateral incisors (I} The SH I,s are generally well-preserved,
with the exception of some small fractures at the apex in AT-597,
AT-55, and AT-167, in the apical third of the root of AT-103 and
AT-723, in the distal two-thirds of AT-1726 and AT-608, and with
some superficial enamel loss on the labial surface of AT-2066
(Fig. 14, Table 16).

From the labial aspect, the crown has a trapezoid contour with
its wider base toward the incisal edge. The crown is less symmet-
rical than in the I;s, with the mesial margin being slightly longer
than the distal one, and the mesial incisal angle being sharper than
the distal.

In 73.7% of cases, the I;s show a basal eminence on the lingual
surface (grade 1 of tuberculum dentale), and this swelling is
separated from the essential ridge by a small depression (grade 2)
in only one case (AT-1123). The shovel shape is also weak in its
manifestation in these teeth, with 42.1% of specimens showing
traces of shovel shape (grade 2) (e.g., AT-597, AT-103) and only
21.1% expressing moderate shovel shape.

From the incisal aspect, 47.4% of the sample shows moderate
convexity (grade 3), while the convexity expression is weak (grade
2) in 52.6% of the sample. The incisal edge is more asymmetrical
than in the Iys, and the distal incisal edge has a clearly more lingual
position than the mesial edge.

Lateral aspects of the teeth are similar, though the cemento-
enamel junction is higher on the distal side. The interproximal
wear facet always occupies the incisal third of the crown, though
this facet is deviated labially as a result of anterior crowding of the
teeth in individual XVIIL

The root in this tooth type is single, with an oval section that is
mesiodistally compressed with a slight distal deviation of its apical
third. A shallow longitudinal groove runs along the root length on
both the mesial and distal sides.




Figure7. The SH P%. Buccal (a), occlusal (b), and distal (c) aspect of AT-183 (R); buccal (d), occlusal (e), and distal(f) aspect of AT-408 (L); buccal (g), occlusal (h), and distal (i) aspect
of AT-559 (L); buccal (j), occlusal (k), and mesial (I) aspect of AT-949 (R); lingual (m), occlusal (n), and mesial (o) aspect of AT-3184 (L); buccal (p), occlusal (), and distal (r) aspect of
AT-2070 (L); buccal (s), occlusal (t), and distal (u) aspect of AT-68 (R); buccal (v), occlusal (w), and distal (x) aspect of AT-746; buccal (y), occlusal (z), and distal (aa) aspect of AT-23;
lingual (bb), occlusal (cc), and distal (dd) aspect of AT-5510 (R). L: left, R: right. White bar = 1 cm.



Table 11

Frequencies of the degrees of expression of P* main morphological traits. SH: Sima de los Huesos;

contemporary H. sapiens.

HEL H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossilH. sapiens; SAP:

pt Grade SH HEI NEA FSAP SAP
Buccal essential crest 0 0 0 0 0 1(0.9%)
i 12 (66.7%) 3 (50%) 5 (33.3%) 7 (63.6%) 95 (89.6%)
2 6(33.3%) 3 (50%) 10 (66.6%) 4 (36.4%) 10 (9.4%)
Total 18 6 15 11 106
Lingual essennal crest 0 0 0 0 0 0
1 9 (50%) 2(33.3%) 3(21.4%) 11 (100%) 99 (91.7%)
2 9 (50%) 4 (66.7%) 11 (78.6%) 0 9 (8.3%)
Total 18 6 14 11 108
Transverse crest 0 15 (78.9%) 7 (100%) 14 (87.5%) 9 (81.8%) 113 (100%)
i 4(21.1%) 0 1(6.2%) 1(9.1%) 0
2 0 0 1(6.2%) 1(9.1%) 0
Total 19 " 16 11 113
Distal accessory ridge 0 7 (53.8%) 1(20%) 7 (58.3%) 4 (44.4%) 70 (79.5%)
1 6 (46.2%) 4 (80%) 5 (41.7%) 5 (55.6%) 18 (20.5%)
Total 13 5 12 9 88
Mesial accessory ridge 0 7 (53.8%) 3 (50%) 8 (88.8%) 1(12.5%) 74 (80.4%)
i 6 (46.2%) 3 (50%) 1(11.2%) 7 (87.5%) 18 (19.6%)
Total 13 6 9 8 92

Lower canines ii,| The state of preservation of the SH Cs is
generally good. There is a superficial loss of enamel on the labial
aspect of AT-578. The distal third of the roots of AT-60, AT-67, and
AT-2783, and the distal two-thirds of the roots of AT-808, are
missing (Fig. 15, Table 17). There is one specimen, AT-1144, that
has not been included in this analysis because the root and crown
are pathologically deformed.

The crowns of these teeth exhibit an incisor-like aspect. The
shape is trapezoidal/rectangular due to the wear of the crown tip.
When the tip is unworn or almost unworn, the contour is pentag-
onal, with the mesial arm of the incisal edge slightly shorter than
the distal arm. The lingual aspect is smooth, and the essential ridge
is not expressed. The distal marginal ridge is generally shorter than
the mesial one, with its length being restricted to the lower third of
the crown, and, in some cases, adopting the aspect of a tubercle
(e.g., AT-1952). The marginal ridges are thickened, ranging from
minimal shovel expression (grades 1 and 2) in approximately 21%
of specimens (e.g., individuals XXV and XVI) to moderate and
marked degrees of shovel expression (grade >3) in approximately
80% of the sample (e.g., individuals VII and XXIII). The distal
marginal ridge is generally thicker than the mesial one, generating
an asymmetric shovel shape that can range from slight to
pronounced (e.g., in AT-1755, the mesial ridge is barely visible
whereas the distal one is marked). In 25% of specimens, a weak
distal accessory ridge is present between the essential ridge and the
distal marginal ridge (e.g., AT-2, AT-567). No tuberculum dentale is
expressed in any of the specimens, and in only 36.8% of the teeth,
there is a mild and round basal eminence (grade 1) without
demarcation from the marginal ridges. There are no signs of buccal
cingulum.

The root is single and robust with an oval section that is
mesiodistally compressed. From the lateral aspect, a shallow
longitudinal depression running along the root, which is less
marked on the distal side, can be identified. In AT-2438, the groove
is deep and demarcates two clear radicals (one lingual and one
buccal), but the fracture of the apical ends does not allow us to
determine whether or not a bifurcation of the root existed. The
cemento-enamel line tends to be rectilinear on the distal side and
convex on the mesial one. The root is also rectilinear with a slight
distal deviation in its apical third.

Lower third premolar (P2} The general state of preservation of this
tooth type is excellent. AT-563, AT-3045, AT-807, and AT-2027 all
have a small fracture of the root apex. AT-3243 lacks one-third of

its root, and AT-74 and AT-3243 lack two-thirds of their roots. The
crown of AT-64 is broken in its distal half (Fig. 16, Table 18).

From the occlusal aspect, the Pss present a rounded, rhomboidal
contour where the lingual half is smaller than the buccal. With only
one exception (AT-792), the SH P3s have both main cusps. The
buccal cusp, and particularly its buccal surface, is significantly
larger than the lingual cusp and strongly projected onto the
occlusal plane so that its tip is centered and close to the tip of the
lingual cusp. Thus, the occlusal polygon is small (see Gomez-Robles
et al, 2008) and occupies a lingual position within the tooth
contour. The lingual cusp is also small and has a globular aspect that
is usually well-demarcated by a short sagittal groove that can
extend to the lingual border of the tooth and cross it, particularly at
its mesial end. In a high proportion of the specimens in the sample
(83.3%), both main cusps are connected by a transverse crest of
varying thickness (grade 2). In AT-1780, this crest is conspicuous
and it occupies a mesial position, whereas it deviates distally in AT-
2768 and AT-1466. In approximately half of the sample (53.3%), the
buccal cusp expresses a distal accessory ridge, and the mesial
accessory ridge is almost absent (6.7%). The anterior and posterior
foveae tend to be pit-like and small, and, in some cases, they do not
develop at all (e.g., AT-2438). The tips of the main cusps are
generally centered; however, in a small percentage of cases, they
are slightly deviated mesially (27%; e.g., AT-148, AT-2) or distally
(22%; e.g., AT-2767, AT-3940). In 23.5% of the Pss, only the meta-
conid is present, and in 52.9% of individuals, apart from the meta-
conid, there is a small distolingual platform without a free apex.
Three individuals present an accessory cusp and AT-300 is the only
case where we can identify two accessory lingual cusps plus the
metaconid.

All of the traits that are explained above contribute to the
canine-like aspect of the SH Pss. In individuals XVIII and XXV, the
flatness of the essential buccal ridge makes this canine-like aspect
even more pronounced.

From the lateral aspect, there is a strong lingual inclination of
the buccal aspect of the crown. There are no signs of buccal
cingulum, but a basal swelling can be observed in all these teeth.

The root is single and mesiodistally compressed. In 75% of cases,
we determined the presence of a developmental depression that
runs longitudinally from approximately 3—4 mm from the
cemento-enamel junction to the apex, which is deeper on the
mesial side but never exceeds a grade 3 of Tomes’ root (according to
Turner et al.’s [1991] classification). The roots are generally straight



Figure 8. The SH M's. @cclusal aspect of a) AT-16 (L); b) AT-3177 (L); c) AT-138 (L); d) AT-406 (L); e) AT-139 (R); f) AT-26 (R); g) AT-858 (R); h) AT-20 (R); i) AT-2076 (R); j) AT-812 (R);
k) AT-944 (R); 1) AT-196 (R); m) AT-2071 (L); n) AT-4317 (L); o) AT-3424 (R); p) AT-587 (R). Each tooth is positioned so its mesial aspect faces the top. L: left, R: right. White

bar =1 cm.

with a mild distal curvature from the medial third to the apex.
Although all of the P3s in the SH sample are single-rooted, we note
that the mandible fragment, labeled as AT-172, has two radicals in
situ in the P5 socket, one of which is mesiobuccal and one of which
is distolingual.
Lower fourth premolar {(P,} The SH P4s are very well-preserved,
with the small exceptions of AT-28, AT-806, AT-3188, AT-2275,
and AT-1467, in which the distal extreme of the root is broken off,
and AT-2386 and AT-828, in which the distal two-thirds are
missing (Fig. 17, Table 19). In AT-300, the tooth crowns show
a generalized pitting defect of the enamel.

From the occlusal aspect, the contour is an asymmetric oval with
a distolingual bulge due to the expression of a talonid (e.g., AT-9,
AT-147, AT-28) that provides these teeth with their characteristic
shape. All of these teeth have the two main cusps, and, with

isolated exceptions (AT-3939, AT-AT-147, and AT-28), all of them
develop from one (individual XXII} to two (e.g., individuals I, II, IV,
VI, and VII; 90%) or three (individual XII) accessory cusps.

The buccal cusp is centered or mesially displaced with respect to
the occlusal contour. The lingual cusp is smaller and tends to
occupy a mesial position relative to both the tip of the buccal cusp
and the contour of the tooth. The expression of the extralingual
cusps may contribute to the asymmetric contour of the tooth and
may also contribute to the mesial displacement of the metaconid.

With the exception of individual IV and one of the antimeres of
individuals XXV, XXIII, VI, and III, all of the specimens present
a transverse crest connecting the buccal and the lingual main cusps.
In 75% of individuals, this crest is conspicuous and/or continuous
(grade 2), while in 20% of individuals, it is weak and/or interrupted
by the sagittal groove (grade 1). In all cases, this crest has a mesial



Figure 9. The SH M's. Buccal (a), mesial (b), and distal (c) aspect of AT-16 (L); buccal (d), distal (e), and lingual (f) aspect of AT-26 (R); buccal (g), mesial (h), and lingual (i) aspect of
AT-958; buccal (j), mesial (k), and lingual (I) aspect of AT-4317 (L); buccal (m), mesial (n), and distal (o) aspect of AT-3178 (R); buccal (p), mesial (q), and distal (r) aspect of AT-3424

(R). L: left, R right. White bar = 1 cm.

position, erasing the mesial end of the sagittal groove when it is
continuous.

The anterior fovea is shorter and shallower than the posterior
fovea and it may be reduced to a pit. In some cases, the posterior
fovea presents a star-like aspect (e.g., AT-2245) due to the radiation
of the accessory grooves that delimit the accessory cusps in the
talonid. In 66.7% of cases, the protoconid expresses a distal accessory
ridge arising from the posterior fovea(e.g., AT-277, AT-3187, AT-608,
AT-1467), but no mesial accessoryridge is found in any case.

In lateral view, there is no cingulum but the existence of a basal
swelling and lingual inclination of the buccal surface is observed.

The root is single and it is mesiodistally compressed, exhibiting
a wide but shallow groove along the distal surface. The direction of
the root is straight with a slight distal deviation of the root apex.
Lower first molar {M;) This tooth type is extraordinarily well-
preserved in the sample with only some minor defects, such as
the apical two-thirds of the roots of AT-175, AT-1459, AT-141, AT-
576, AT-56, the distal third of AT-2276, and the distal two-thirds
of the mesial root of AT-286. In AT-43, the lingual part of the
crown and upper third of the root is missing, and AT-272 lacks
the whole root system (Fig. 18, Table 20).

The occlusal contour of the SH M;s has the shape of an oval or
rounded rectangle that is mesiodistally elongated. Almost all of the

M; s have the five main cusps, and the extension of each cusp isonly
slightly, if at all, marked on the external contour of the tooth. All the
M;s present an anterior fovea that is mesially bounded by the
mesial marginal ridge and is distally bounded by the protoconid
and the metaconid. In 85% of cases, this fovea has the shape of
a short, deep fissure or a deep pit (grade 2). In the remaining cases,
this fovea is lineal or superficial (grade 1). With isolated exceptions
(AT-2193, AT-943, AT-60S), the 95% of SH individuals present
a continuous middle trigonid crest that is expressed as a conspic-
uous enamel bridge and erases the sagittal groove before reaching
the anterior fovea. The association of the pit-like anterior fovea and
the middle trigonid crest is a consistent throughout the SH sample.
The mesial marginal ridge is easily affected by occlusal wear, but
when it is unworn it is possible to identify the expression of
marginal accessory tubercles (e.g., AT-3175).

In the metaconid, the essential ridge delimits two adjacent
plateaus, one of which is mesial and one of which is distal. In 15% of
individuals, the distal plateau is delimited by two weak lingual
grooves forming a C7 in its lower degrees of expression (grade 1).
The C7 is absent in half of the sample but is present as a distinct
cusp of moderate (grade 3) or large size (grade 4) in 15% and 5% of
individuals, respectively. In some cases, it invades the space of the
metaconid and the hypoconid (e.g., individuals VII and XXII}. In



Table 12

Frequencies of the degrees of expression of M! main morphological traits. SH: Sima de los Huesos; HEL H. heidelbergensis; NEA: H. neander thalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

M! Grade SH HEI NEA FSAP SAP
Metacone size 0 0 0 0 0 0
1 0 0 0 0 0
2 0 0 0 0 1(0.8%)
3 1(5.9%) 0 6 (26.1%) 5 (26.3%) 21 (16.5%)
4 14 (82.4%) 4 (100%) 13 (56.5%) 11 (57.9%) 73 (57.5%)
5 2 (11.8%) 0 4(17.4%) 3(15.8%) 32 (25.2%)
Total 17 4 23 19 127
Hypocone size 0 0 0 0 0 1(0.8%)
1 0 0 0 0 0
2 0 0 0 1(5.3%) 2 (16%)
3 1(5.9%) 0 1(4.3%) 2(105%) 11 (8.7%)
4 5 (29.4%) 4 (80%) 10 (43.5%) 10 (52.6%) 58 (45.7%)
5 11 (64.7%) 1(20%) 12 (52.2%) 6 (31.6%) 55 (43.3%)
Total 17 5 23 19 127
C5 size 0 4 (25%) 1(20%) 1(4.5%) 1(5.6%) 44 (35.2%)
1 3 (18.8%) 0 4(18.2%) 1(5.6%) 29(23.2%)
2 3 (18.8%) 1(20%) 10 (45.5%) 7 (38.9%) 37 (29.6%)
3 4 (25%) 2 (40%) 5(22.7%) 7 (38.9%) 12 (9.6%)
4 2 (12.5%) 1(20%) 2(9.1%) 2(11.1%) 3 (2.4%)
Total 16 5 22 18 125
Crista obliqua 0 0 0 1(4.5%) 3(15.8%) 7 (5.7%)
i 15 (100%) 5 (100%) 21 (95%) 16 (84.2%) 116 (94.3%)
Total 15 5 22 19 123
Transverse crest 0 7 (58.3%) 1(20%) 15 (75%) 9 (69.2%) 43 (54.4%)
1 5 (41.7%) 4 (80%) 5 (25%) 4(30.8%) 36 (45.6%)
Total 12 5 20 13 79
Marginal accessory tubercles 0 4 (50%) 2 (50%) 7 (36.8%) 5 (41.7%) 51 (65.4%)
1 4 (50%) 2 (50%) 12 (63.2%) 7 (58.3%) 27 (34.6%)
Total 8 4 19 12 78
Carabelli’s complex 0 7 (43.8%) 1(25%) 4(20%) 10 (62.5%) 91 (73.4%)
1 9 (56.3%) 1(25%) 6 (30%) 3(18.8%) 5 (4%)
2 0 1(25%) 2 (10%) 1(6.3%) 7 (5.6%)
3 0 0 5 (20%) 2 (12.5%) 6 (4.8%)
4 0 1(25%) 1(5%) 0 2 (1.6%)
5 0 0 0 0 3(2.4%)
6 0 0 1(5%) 0 5 (4%)
7 0 0 1(5%) 0 5 (4%)
Total 16 4 20 16 124
Parastyle 0 12 (70.6%) 4 (100%) 14 (70%) 15 (100%) 121 (98.4%)
i 5 (29.4%) 0 3 (15%) 0 1(0.8%)
2 0 0 1(5%) 0 1(0.8%)
3 0 0 2 (10%) 0 0
4 0 0 0 0 0
5 0 0 0 0 0
6 0 0 0 0 0
Total 17 4 20 15 123

a low percentage of individuals i n the sample, the essential ridge of
the metaconid is slightly (21.1%; individuals I, II, XI, and XXVIII} to
clearly deflected (10.5%; individuals VI and XX}, so that the meta-
conid contacts the entoconid. The protoconid and the metaconid
are also joined by a strong andjor continuous distal trigonid crest
(grade 2) in 25% of individuals (e.g., individuals XIV and XX).

The hypoconulid occupies a central and sometimes slightly
buccal position on the distal margin of the tooth. It is located
between the entoconid and the hypoconid, which, with the
exception of cases where the C7 is pronounced, are of similar size
and shape. The hypoconulid is a cusp of moderate to large size
(grade >3} in all cases, with the noticeable exception of individuals
IV and XXVI, where it is totally absent. In these two individuals, the
contour of the teeth is more rectangular, which is more typical of
four-cusped molars, and the trajectory of the central groove in the
portion that separates the entoconid and the hypoconid runs
straight toward the distal margin of the tooth. We have discarded
that these four-cusped molars are M3s instead of M;s, since we also
preserve the Mjs of the individuals they belong to. None of the SH
M;s express a C6.

While 55.6% of individuals in the sample show a Y-groove
pattern, we find a “+” (e.g., individuals XII and XV} or an “X” pattern
(e.g., individual XXVI) in 44.4% of cases.

From the buccal aspect, no signs of cingulum are detected, and,
in 33.3% of the population, the buccal groove separating the pro-
toconid and the entoconid ends in a small depression or pit; no
other examples of protostylid expression are found in this tooth
class.

All of the SH M;s present two roots, one of which is mesial and
one of which is distal. These roots are wide, mesiodistally
compressed, and have marked developmental grooves that are
particularly pronounced in the mesial root and that mark the
existence of two radicals (one mesiobuccal and one mesiolingual)
that do not bifurcate in any case. The mesial root tends to be bulkier
than the distal, though they are of similar length (with the excep-
tion of AT-1458 and AT-2438, where the distal root is longer).

In 31.3% of individuals, root bifurcation occurs beyond one-third
of the root length. The morphology of the two apical thirds is highly
variable. For example, in AT-43, the roots are curved and are
strongly distally divergent. The mesial aspects of AT-3933 and AT-



Figure 10. The SH M2s. @cclusal aspect of a) AT-46 (R); b) AT-4326 (R); c) AT-960 (R); d) AT-824 (R); e) AT-2178 (L); f) AT-407 (L); g) AT-4319 (L); h) AT-4336 (L); i) AT-12 (R);
j) AT-2175 (R); k) AT-815 (R); I) AT-588 (R); m)AT-817 (R); n) AT-821 (R); 0) AT-15 (L); p) AT-170 (L). Each tooth is positioned so its mesial aspect faces the top. L: left, R: right. White

bar =1 cm.

3934 roots show a strong convexity. Other specimens present less
divergent roots, and, in some cases, these roots coalesce totally
along the buccal surface (AT-101, AT-22, AT-21).

Lower second molar {M;) With the exception of the mesial root of
AT-3890 and the fractures in the distal two-thirds of the roots of AT-
142, AT-2273, AT-284, and AT-169, the preservation of the SH Mjs is
excellent (Fig. 19, Table 21).

Compared to the M;s, the occlusal contour of the SH Mjs is more
squared than oval, and the limits of each cusp are less demarcated
in the external contour of the tooth. In 28.6% of individuals, the
hypoconulid is not expressed (e.g., individuals XI and XIX), and it
only achieves a moderately large size (grade >3) in 33.4% of indi-
viduals (e.g., AT-4147, AT-3889), never reaching the highest degree
of the scale (grade 5). In addition, the position of the hypoconulid
tends to be more central than it is in the M;s. The central groove is
significantly lingually offset, making the buccal cusps generally
larger than the lingual cusps.

All of the M3s have an anterior fovea, and, in 76.2% of cases, this
is deep, with a tendency to be displaced buccally. Its conformation

is more pit-like than lineal, and its expression is concomitant in all
individuals, with a middle trigonid crest that is continuous in 90.5%
of individuals. In contrast, the distal trigonid crest is absent in most
of the specimens we examined. Only 23.8% of individuals express
a weak crest joining the distal part of the protoconid and the
metaconid, but this crest does not obliterate the central groove
(e.g., AT-2193, individual XXVII).

The groove separating the metaconid from the entoconid is
usually displaced mesially, significantly reducing the size of the
metaconid. This circumstance is particularly pronounced when the
Mjs express a C7. This accessory cusp is clearly absent in 8% of
individuals, and, in individual XX, a more independent distal plat-
form can be identified (grade 1). When the C7 is small (grade 2 in
30%), it is expressed in the distal margin of the metaconid,
delimited by a “V” groove that opens lingually. When the size of this
cusp ranges frommoderate (grade 3) to significantly large (grade 4)
(25%), its position is central along the lingual border, its shape more
rectangular, and it tends to invade the space of the metaconid and
the entoconid (e.g., individual XI, AT-142, AT-1761). In AT-1761, the



Figure 11. The SH M?s. Buccal (a), distal (b), and lingual (c) aspect of AT-15 (L); buccal (d), mesial (e), and distal (f) aspect of AT-4326 (R); mesial (g), lingual (h), and distal (i) aspect
of AT-46 (R); buccal (j), mesial (k), and distal (I) aspect of AT-815 (R); buccal (m), distal (n), and mesial (o) aspect of AT-12 (R); buccal (p), mesial (q), and distal (r) aspect of AT-4319

(L). L: left, R: right. Whitebar = 1 cm.

entoconid Is so reduced and displaced that it acquires the appear-
ance of an accessory cusp.

The metaconid essential ridge is slightly deviated only in indi-
viduals I and XXII. There are no cases of a conspicuous deflecting
wrinkle in the M; SH sample.

The C6 is present in this tooth type in 42.9% of the individuals. In
23.8% of cases its size is moderate (grade 2}, and in 19.1% it equals
the hypoconulid in size. Its position is always lingual, and its shape
is triangular. There are some cases where the C6 is present despite
the absence of a hypoconulid (see individuals I, XI, XXVI, and AT-
271), and in these cases, the C6 is placed between the hypoconid
and the entoconid, but its position is lingual.

Compared to the M;s, the proportion of the M;s with a Y-pattern
1s lower, being present in 40.9% of individuals. The predominant
pattern is the “+” pattern, which is expressed in 36.3% of the
individuals. There are two individuals (XVIII and XXII} in which one
of the antimeres exhibits a “+” and the other an “X.”

In 47.6% of individuals, the buccal groove separating the proto-
conid and the hypoconid on the buccal surface ends in a round pit

that is classified as a protostylid in its lower degrees of expression
(grade 1). This groove is generally smoother than in the M;s. No
cingulum is expressed.

All of the M3s have two roots, one mesial and one distal, both of

which are wide and mesiodistally compressed. The level of root
bifurcation is generally low. We observe hypotaurodontism in
64.3% of specimens, and, in AT-2396, the pulp cavity extends to
beyond the second third of the root length. From the approximal
view, these roots have a pyramidal aspect, with the buccal margin
being less curved than the lingual. Both the mesial and the distal
roots have smooth longitudinal grooves delimiting two radicals
each.
Third lower molar {M=} With the exception of the distal two-thirds
of the roots of AT-30, the M3s of the SH sample exhibit an excellent
state of preservation. Because the majority of the preserved
specimens belonged to immature individuals, the root is not fully
developed (Fig. 20, Table 22).

The contour of these teeth is an oval that is mesiodistally
compressed. The morphology of the occlusal surface is highly




Table 13

Frequencies ofthe degrees of expression of M? main morphological traits. SH: Simade los Huesos; HEL: H. heidelber gensis; NEA: H. neander thalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

M? Grade SH HEI NEA FSAP SAP
Metacone size 0 0 0 0 0 0
| 0 0 0 0 0
2 3 (16.7%) 0 2(9.5%) 1(8.3%) 8 (6.2%)
3 8 (44.4%) 1(33.3%) 9 (42.9%) 7 (58.3%) 45 (346%)
4 7 (38.9%) 2 (66.7%) 8(38.1%) 3 (25%) 69 (53.1%)
5 0 0 2(9.5%) 1(8.3%) 8 (6.2%)
Total 18 3 21 12 130
Hypocone size 0 3(16.7%) 0 1(5.8%) 0 9 (6.9%)
1 3 (16.7%) 0 1(48%) 1(8.3%) 9 (6.9%)
2 8 (44.4%) 1(33.3%) 3(143%) 5 (41.7%) 27(20.8%)
3 1 (5.6%) 1(33.3%) 6 (28.6%) 5 (41.7%) 31 (23.8%)
4 3 (16.7%) 0 9 (42.9%) 1(8.3%) 42 (32.3%)
5 0 1(33.3%) 1(4.8%) 0 12 (9.2%)
Total 18 3 21 12 130
C5 size 0 5 (27.8%) 0 2 (10%) 4(33.3%) 71 (55%)
1 3(16.7%) 1 (50%) 5 (25%) 2(16.7%) 23 (17.8%)
2 4(22.2%) 0 8 (40%) 3 (25%) 21 (16.3%)
3 3 (16.7%) 0 4 (20%) 2(16.7%) 13 (10.1%)
4 3 (16.7%) 1 (50%) 1(5%) 1(8.3%) 1(0.8%)
Total 18 18 20 12 129
Crista obliqua 0 3 (16.7%) 1(33.3%) 6 (28.6%) 5 (41.7%) 82 (64.6%)
1 15 (83.3%) 2 (66%) 15 (71.4%) 7 (58.3%) 45 (35.4%)
Total 18 3 21 12 127
Transverse crest 0 13 (76.5%) 2 (100%) 13 (76.5%) 7(77.8%) 48 (42.5%)
1 4 (23.5%) 0 4(23.5%9 2(22.2%) 65 (57.5%)
Total 17 2 17 9 113
Marginal accessory tubercles 0 5 (38.5%) 1 (50%) 3(18.8%) 1(143%) 51 (49.5%)
] 8 (61.5%) 1 (50%) 13 (81.3%) 6 (85.7%) 52 (50.5%)
Total 13 2 16 7 103
Carabelli’s complex 0 10 (55.6%) 1(50%) 8 (42.1%) 7 (70%) 102 (85.7%)
[ 6(33.3%) 0 7 (36.8%) 2(20%) 4 (3.4%)
2 2(11.1%) 0 1(5.3%) 1(10%) 7 (5.9%)
3 0 0 2(10.5%) 0 2(1.7%)
4 0 0 1(5.3%) 0 2(1.7%)
5 0 0 0 0 0
6 0 0 0 0 2(1.7%)
7 0 1 (50%) 0 0 0
Total 18 2 19 10 119
Parastyle 0 18 (100%) 3 (100%) 19 (100%) 10 (100%) 116 (97.5%)
i 0 0 0 0 2(1.7%)
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 1(0.8%)
6 0 0 0 0 0
Total 18 3 19 10 119

variable, with a noticeable reduction of the size of the main cusps
(particularly those of the talonid) and multiple secondary grooves
and enamel crenulations. The cusps are not only reduced, but they
occupy an unusual position within the occlusal contour and also
exhibit atypical shapes, obscuring their identification.

With only one exception, all of the SH individuals express an
anterior fovea in at least one of their antimeres, which is frequently
(71.4%) deep and pit-like (grade 2), and has a tendency to occupy
a buccomesial position. From this fovea, secondary grooves may
define the expression of accessory marginal tubercles with similar
characteristics to the ones developed in the upper molars (see
individual XVIII). This anterior fovea is associated with the
expression of a thick middle trigonid crest (72.7%), which joins the
mesial portions of the protoconid and the metaconid and runsin an
oblique mesiolingual to distobuccal direction (e.g., AT-2438, AT-
2760, AT-143).

Almost 70% of the sample expresses a distal trigonid crest, and,
in more than half of cases (56.6%), it is conspicuous and continuous
(grade 2). This crest represents the distal limit of the trigonid,
which, in some cases, is exceptionally large in relation to the total
occlusal surface (e.g., AT-2385, AT-2760, AT-2438).

The protoconid usually exhibits a clear cusp tip that tends to be
displaced internally in relation to the external contour of the tooth.
The metaconid rarely presents a clear essential ridge because
almost its entire surface contributes to forming the middle and
distal trigonid crest (see AT-2277). In some cases, the metaconid
can only be distinguished by the expression of a short, deep groove
separating both crests. This morphology obscures the identification
of a deflecting wrinkle, such that there was only one case (AT-1959)
where it was possible to identify certain deviation of the crest. The
hypoconid, entoconid, and hypoconulid present a more or less
triangular shape, and they are identified by their position within
the occlusal surface. In 26.1% of individuals, at least one of the
antimeres does not express a hypoconulid.

The C6 is frequently absent (63.6%), and when it is present, it
tends to be small (31.8%). The C7 is far more frequent than the C6
(76.1% present a grade >2), though its size and morphology are
highly variable within the SH population. In 42.8% of individuals,
this accessory cusp is of a considerable size (grade >3), tends to
have a more trapezoidal than triangular shape, and fills the space of
the adjacent cusps. In AT-942, the expression of the C7 reduces the
expression of the entoconid to a cuspal vestige.



Figure 12. The SH M?s. Buccal (a), occlusal (b), and distal (c) aspect of AT-10 (R); distal (d), occlusal (e), and distal (f) aspect of AT-816 (R). @cclusal aspects of g) AT-602 (L); h) AT-274
(L); i) AT-3181 (L); j) AT-171 (L); k) AT-826 (L); I) AT-601 (R); m) AT-945 (L); n) AT-1471 (L); o) AT-2383 (L); p) AT-3183 (L); &) AT-184 (R); r) AT-5082 (R); s) AT-2150 (L); t) AT-140 (L);
distal (u), occlusal (v), and buccal (w) aspect of AT-818 (R). Each occlusal image is positioned so its mesial aspect faces the top. L: left, R: right. White bar = 1 cm.

In 27.3% of individuals, at least one accessory cusp is evident in
addition to the hypoconulid, and, in 31.8% of individuals, the
expression of both the C6 and the C7 is concomitant with the
hypoconulid. The size of the hypoconulid can range from small
(grade 2) in 17.4% of the sample, to moderate (grade 3) and large
(grades 4 and 5) in 26.1% and 21.7% of individuals, respectively.

Due to the intricate and crenulated occlusal pattern, it is difficult
to assess the groove pattern of the SH Mss. In those individuals
where it was possible to discern this, 23.5% of these cases present
a dryopithecine conformation, whereas 41.2% exhibit an “X” and
35.3% a“+.”

Both mesial and distal views of this tooth type are similar,
though the lingual surface is usually more vertical and the buccal
surface is slightly inclined lingually. A protostylid of variable
degrees of expression is present in 43.4% of individuals. However, in
23.8% of these cases, this is only in the form of a pit associated with
the buccal groove (grade 1) or a short groove in the buccal aspect of
the protoconid (grade 2). In 28.6% of the cases where it is present,
its size ranges from moderate to large, even achieving the shape of
a small cusp with a free apex in the case of AT-1473 (grade 6).

The root complex is formed by a mesial and a distal element,
with frequent fusions and a tendency toward a delayed bifurcation.



Table 14

Frequencies of the degrees of expression of M? main morphological traits. SH: Simade los Huesos. HEI: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossilH. sapiens; SAP:

contemporary H. sapiens.

M3 Grade SH HEI NEA FSAP SAP
Metacone size 0 0 0 0 0 0
i 2(9.5%) 0 1(5.6%) 0 2(22%)
2 15 (71.4%) 1(50%) 8 (44.4%) 5 (50%) 33 (35.5%)
3 4(19%) 1(50%) 6 (33.3%) 5 (50%) 42 (45.2%)
4 0 0 3(16.7%) 0 16 (17.2%)
5 0 0 0 0 0
Total 21 2 18 10 93
Hypocone size 0 12 (57.1%) 1 (50%) 3(17.6%) 2 (20%) 15 (16.1%)
1 8 (38.1%) 1(50%) 3(17.6%) 1(10%) 18 (19.4%)
2 1(48%) 0 9 (52.9%) 7 (70%) 41 (44.1%)
3 0 0 2(11.8%) 0 13 (14%)
4 0 0 0 0 6 (6.5%)
&) 0 0 0 0 0
Total 21 2 17 10 93
5 size 0 20 (95.2%) 2 (100%) 6 (35.3%) 5 (50%) 63 (67.7%)
1 1(48%) 0 1(5.9%) 1(10%) 4 (43%)
2 0 0 3 (17.6%) 1(10%) 38 (8.6%)
3 0 0 2(11.8%) 1(10%) 12 (12.9%)
4 0 0 5 (29.4%) 2 (20%) 6 (6.5%)
Total 21 2 17 10 93
Crista obliqua 0 20 (100%) 2 (100%) 12 (70.6%) 8 (80%) 66 (74.2%)
1 0 0 5 (29.4%) 2 (20%) 23 (25.8%)
Total 20 2 17 10 89
Transverse crest 0 19 (95%) 2 (100%) 13 (92.9%) 7 (77.8%) 65 (77.4%)
1 1(5%) 0 1(7.1%) 2(22.2%) 19 (22.6%)
Total 20 2 14 9 84
Marginal accessory tubercles 0 4(21.1%) 0 2(143%) 3(33.3%) 29 (35.8%)
] 15 (78.9%) 2 (100%) 12 (85.7%) 6 (66.7%) 52 (64.2%)
Total 19 2 14 9 81
Carabelli’s complex 0 17 (81%) 2 (100%) 12 (80%) 5 (55.6%) 68 (76.4%)
1 1(48%) 0 0 1(11.1%) 6 (6.7%)
2 0 0 1(6.7%) 2(22.2%) 3 (3.4%)
3 1 (48%) 0 1(6.7%) 0 1(1.1%)
4 2 (9.5%) 0 0 0 3 (3.4%)
5 0 0 0 1(11.1%) 3 (3.4%)
6 0 0 0 0 4 (45%)
7 0 0 1(6.7%) 0 1(1.1%)
Total 21 2 15 9 89
Parastyle 0 20 (95.2%) 2 (100%) 14 (87.5%) 9 (100%) 81 (92%)
i 0 0 1(6.3%) 0 3 (3.4%)
2 0 0 1(6.3%) 0 0
3 1(4.8%) 0 0 0 0
4 0 0 0 0 2(2.3%)
5 0 0 0 0 1(1.1%)
6 0 0 0 0 1(1.1%)
Total 21 2 16 9 88

The enlarged pulp cavity is particularly evident in specimens such
as AT-605 or AT-13, where the bifurcation occurs beyond the
second and the distal third of the roots, respectively.

Comparative morphology

All pair-wise comparisons between groups showed significant
MMD values except for H. heidelber gensis and the fossil H. sapiens
sample (Table 23). Divergence between two samples was consid-
ered significant at the 0.25 level of probability when the MMD is
greater than twice the standard deviation. However, we suggest
reading this lack of significance between both groups with caution,
because the SD can be affected by the small N for some of the dental
traits in both the H. heidelbergensis and the fossil H. sapiens samples.

The greater similarities are held between SH and
H. neanderthalensis (MMD = 0.137352), followed by the contem-
porary and the fossil H. sapiens samples (MMD = 0.142384). The
most dissimilar groups are H. neanderthalensis and contemporary
H. sapiens (MMD = 1.080199), followed by SH and contemporary
H. sapiens (MMD = 1.008724). The similarities and dissimilarities

are also illustrated in the MDS plot (Fig. 21), where SH hominins are
closer (and thus, more similar) to H. neanderthalensis than to any
other studied group, including the H. heidelbergensis taxon to which
they are assigned. However, the MMD distance between SH and
H. heidelbergensis is also small (MMD = 0.173322), and smaller than
that between H. heidelbergensis and H. neanderthalensis
(MMD = 0.473684). The similarities identified between the non-SH
H. heidelbergensis and the fossil H. sapiens are remarkable. Apart
from potential limitations of the small N of these groups, the
possible meaning of this association will be discussed below.

Upper central incisors (I)

The absolute and relative frequencies of labial convexity in the
I's are shown in Table 7. The SH I's invariably display the highest
degrees and frequencies of labial convexity, similar to what is
observed in H. neanderthalensis. The latter sample presents a wider
range of variation due to its heterogeneity, which includes two
specimens (one from Krapina and one from Saint-Césaire) with
moderate or grade 3 labial curvatures. Unfortunately, the



Figure 13. The SH Iys. Buccal (a), mesial (b), lingual (c), and occlusal (d) aspect of AT-608 (R); occlusal (e), buccal (f), distal (g), and mesial (h) aspect of AT-3252 (R); buccal (i), distal
(j), lingual (k), and occlusal (I) aspect of AT-2775 (L); occlusal (m), buccal (n), distal (o), and lingual (p) aspect of AT-2730 (L); buccal (a), distal (r), lingual(s), and occlusal (t) aspect of
AT-3250 (R); occlusal (u), buccal (v), mesial (w), and lingual (x) aspect of AT-3198 (L); buccal (y) and occlusal (z) aspect of AT-166 (R); occlusal (aa) and lingual (bb) aspect of AT-1474
(L); buccal (cc) and occlusal (dd) aspect of AT-3241 (L); occlusal (ee) and lingual (ff) aspect of AT-3242 (L); occlusal (gg) aspect of AT-1460 (L); occlusal (hh) aspect of AT-162 (R). L:
left, R: right. Whitebar =1 cm.



Table 15

Frequencies of the degrees of expression of I1 main morphological traits. SH: Sima de los Huesos; HEI: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

h Grade SH HEI NEA FSAP SAP
Labial convexity 0 0 1(25%) 0 7 (43.8%) 58 (59.8%)
1 0 1(25%) 6 (66.7%) 4 (25%) 26 (26.8%)
2 10 (52.6%) 0 3 (33.3%) 3(18.8%) 11 (11.3%)
3 8 (42.1%) 2 (50%) 0 2 (12.5%) 2(2.1%)
4 1(5.3%) 0 0 0 0
5 0 0 0 0 0
Total 19 4 9 16 97
Tuberculum dentale 0 14 (73.7%) 1(33.3%) 5 (50%) 10 (58.8%) 87 (89.7%)
1 5(26.3%) 2 (66.7%) 5 (50%) 5 (29.4%) 10 (10.3%)
2 0 0 0 1(5.9%) 0
3 0 0 0 1(5.9%) 0
4 0 0 0 0 0
Total 19 3 10 17 97
Shovel shape 0 12 (63.2%) 2 (50%) 7 (70%) 10 (62.5%) 83 (85.6%)
1 5(26.3%) 1(25%) 2(20%) 4(25%) 12 (12.4%)
2 2(10.5%) 1(25%) 1(10%) 2(12%) 1(1%)
3 0 0 0 0 1(1%)
4 0 0 0 0 0
Total 19 4 10 16 97

H. heidelbergensis sample is too worn to assess this trait, though
Arago 111 may suggest a curvature that is at least moderate. In
contrast, the fossil and contemporary H. sapiens specimens are
mainly distributed along the lowest degrees of the scale for this
trait, presenting the highest percentages of flat (grade 0) or almost
flat labial (grade 1) surfaces (35.3% and 69.3%, respectively).
However, fossil H. sapiens generally present more convex surfaces
than the contemporary modern sample. In particular, the Qafzeh
hominins range from grades 2 to 5 (Qafzeh 6 and 4), and the Dolni
Véstonice individuals reach a maximum of grade 3. With these
exceptions, the highest degrees of labial convexity (grades 4 and 5)
are exclusively presented by the Neanderthal and SH samples.

The SH hominins do not express strong ridging in the lingual
surface but rather express an invariably round and well-developed
basal eminence. Although we question whether or not the basal
eminence and tuberculum dentale are homologous structures (for
different opinions about its origin, see Scott and Turner [1997];
Bath-Balogh and Selma [1997]; and Martinén-Torres [2006]), we
have recorded this basal eminence as a grade 1 (Table 7). This
feature is also fairly common in the Neanderthal and
H. heidelbergensis groups. However, in contrast to the SH sample,
H. neanderthalensis, as a species, frequently expresses moderate to
pronounced tubercles and ridges on the surface of this tooth type
(e.g., Krapina). One of the specimens from the Arago sample shows
clear lingual ridges (Arago 111), while another individual, Arago 61,
displays a simple basal eminence that is similar to what is seen in
50% of the SH sample. H. sapiens, as a species, is, in general, char-
acterized by low frequencies of I' tuberculum dentale, with
contemporary populations presenting higher proportions of almost
or completely smooth lingual surfaces (73.3%), vs. 31.3% of the fossil
H. sapiens sample.

Shovel shape of this tooth type is a trait that characterizes
H. neanderthalensis, having both high frequencies and degrees of
expression (Table 7). Though this feature is also present in the
majority of the SH hominins (90%) to moderate degrees (grade <4),
it never reaches the highest grades on the expression scale (grades
5 and 6), overlapping with the H. heidelbergensis distribution for
this trait. The fossil and contemporary H. sapiens samples also
present differences for this trait, with the former presenting
percentages of moderate to pronounced shoveling (64.7%), similar
to what is seen in H. heidelbergensis (75%). Still, both of the
H. sapiens samples that we investigated contain the highest
proportion of non-shoveled incisors.

The MDS diagram (SOM Fig. 1} illustrates the general overlap of
the SH and H. neanderthalensis samples. The only two SH specimens
that fall out of the H. neanderthalensis 95% confidence interval
possess weak tuberculum dentale and shovel shape. One of the
H. heidelbergensis individuals (Arago 111) falls outside of the
H. neanderthalensis and Sima de los Huesos 95% confidence inter-
vals. The other H. heidelbergensis specimen (Arago 61), falls outside
of the H. neanderthalensis variability but inside the SH range of
variation. However, the inferences that can be made are limited by
the missing values in some of the dental traits recorded for the
Arago sample. Indeed, the small number of H. heidelbergensis I's
that is available prevents a complete appreciation of their
morphology, but even when they are worn, the Arago teeth present
a massive aspect and apparently pronounced labial convexities. In
general, the SH I's are more similar to the H. neanderthalensis I's
than to any other group, particularly in considering the robust and
massive morphology of this tooth type, its strong labial convexity,
and the constant expression of a basal eminence. These also
correspond with respect to the consistent development of a shovel
shape, though H. neanderthalensis variability covers more
pronounced forms, including that of the dental tubercle, than SH.
This shovel shape is not associated with the development of
a classic lingual fossa, which is typical of contemporary and early
H. sapiens when this trait is expressed, because the basal eminence
occupies the majority of the lingual surface.

Upper lateral incisors (F%)

The absolute and relative frequencies of the expression of labial
convexity in all groups are shown in Table 8. Both the SH sample
and the Neanderthals show highly pronounced labial curvatures
(grade >4 in 100% and 93.6%, respectively), and the expression of
a grade 5 labial curvature was only seen in these groups, with the
exception of Qafzeh 5. Convexity is also pronounced in the two
Arago teeth. The proportion of pronounced convexity is higher in
the fossil H. sapiens sample (43%) than in contemporary pop-
ulations, which never exhibit higher than a grade 3 and display the
highest percentage of flat surfaces. Indeed, grades 0 and 1 of this
trait are exclusive to our contemporary H. sapiens sample.

The expression of the tuberculum dentale is highly variable
within the SH population, ranging from complete absence (10.5%)
to the maximum degree of expression (5.3%). Most of the pop-
ulation (58%) presents a moderate to pronounced lingual tubercle



Figure 14. The SH Izs. Buccal (a), distal (b), lingual (c), and occlusal (d) aspect of AT-282 (R); occlusal (e), buccal (f), mesial (g), and lingual (h) aspect of AT-592 (R); buccal (i), distal
(j), lingual (k), and occlusal (I) aspect of AT-2278 (L); occlusal (m), buccal (n), mesial (o), and lingual (p) aspect of AT-587 (L); buccal (q), mesial (r), lingual (s), and occlusal (t) aspect
of AT-55 (R); occlusal (u), buccal (v), mesial (w), and lingual (x) aspect of AT-103 (L); lingual(y) and occlusal (z) aspect of AT-3937 (L); occlusal (aa) and lingual (bb) aspect of AT-2776
(L); buccal (cc) and occlusal (dd) aspect of AT-3256 (R); buccal (ee) and occlusal (ff) aspect of AT-1123 (R); occlusal aspects of (gg) AT-5 (R) and (hh) AT-167 (L). L: left, R: right. White
bar =1 cm.



Table 16

Frequencies of the degrees of expression of I main morphological traits. SH: Simade los Huesos; HEL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

I Grade SH HEI NEA FSAP SAP
Labial convexity 0 0 0 0 10 (62.5%) 82 (60.3%)
1 0 0 4 (28.6%) 0 38 (27.9%)
2 10 (52.6%) 1 (50%) 8(57.1%) 4 (25%) 15 (11%)
3 9 (47.4%) 0 2(143%) 2(12.5%) 1(0.7%)
4 0 1 (50%) 0 0 0
5 0 0 0 0 0
Total 19 2 14 16 136
Tuberculum dentale 0 4(21.1%) 1(50%) 4 (28.6%) 7 (43.8%) 109 (80.1%)
1 14 (73.7%) 1 (50%) 9 (64.3%) 8 (50%) 26 (19.1%)
2 1(5.3%) 0 1(7.1%) 1(6.3%) 1(0.8%)
3 0 0 0 0 0
4 0 0 0 0 0
Total 19 2 14 16 136
Shovel shape 0 0 1 (50%) 5(35.7%) 8 (50%) 103 (75.7%)
1 7 (36.8%) 0 7 (50%) 8 (50%) 29(21.3%)
2 8 (42.1%) 1 (50%) 2(142%) 0 4(2.9%)
3 4(21.1%) 0 0 0 0
4 0 0 0 0 0
Total 19 2 14 16 136

(grade >3), but this percentage is higher in H. neanderthalensis
(96.7%), with 30% of the sample displaying a grade >4 (e.g., Le
Moustier and half of the Krapina population). The two Arago
specimens do not display this cingular derivate. It is also important
to note that, when shovel shape is pronounced, it may mask the
identification of the tuberculum dentale, as in the SH specimens.
Among the studied groups, fossil and contemporary H. sapiens
samples present the highest proportion of absence or faint lingual
tubercles (57.1% and 70.2%, respectively).

Both the SH and H. neanderthalensis groups present
a pronounced I% shovel shape with only three exceptions from the
Krapina group, where only traces (grade 2) of it are expressed. In
H. heidelbergensis, shoveling is also moderate. The contemporary
H. sapiens group exhibits a wider range of expression, including
a high number of individuals with faint or absent ridges (36.5%),
which is a morphological type that s exclusive to the contemporary
H. sapiens sample. For the fossil H. sapiens sample, the proportion of
moderate to pronounced thickening of the marginal ridges is
higher than in the contemporary non-Asian sample, as is also the
case for the expression of convexity and of the dental tubercle.
However, apart from the comparison of shovel shape frequencies, it
is important to note the morphological particularity of the Sima de
los Huesos hominins and H. neanderthalensis in the development of
this trait. In these two groups, we find avariant that we have called
“triangular shovel shape” (Martinén-Torres et al., 2007a,b), where
the marginal ridges are massive and highly conspicuous and invade
the palatal face, defining a deep, longitudinal lingual fossa at their
meeting point. The combination of this lingual morphology,
together with a high degree of convexity of the labial surface, gives
a characteristic “V-shape” morphology to the occlusal section. From
the labial aspect, the marginal ridges run nearly parallel from the
cervix to the incisal edge, forming a completely different shovel
shape than the one assessed in H. sapiens (Mizoguchi, 1985;
Crummett, 1995) and other hominin groups. In the Arago sample,
we observe one specimen with “incipient triangular shape”
(Martinon-Torres, 2006; Martinén-Torres et al., 2007b), which
expresses a lingual longitudinal groove with a slightly wider fossa
and divergent margins, and we observe one specimen exhibiting
a “classic shovel shape” of grade 3. This incipient triangular shov-
eling has also been described in Homo erectus and Homo antecessor
(Martinén-Torres et al, 2007b; Gémez-Robles, 2010). As an
exception within the taxon H. sapiens, the specimens from Qafzeh
have been observed to develop an incipient triangular shape where

the marginal ridges are divergent, but with the convexity being
pronounced and the shovel shape conspicuous. The MDS diagram
(SOM Fig. 2) illustrates the general overlap of the SH and
H. neanderthalensis distributions, with only three SH individuals
falling out of the 95% confidence interval of H. neanderthalensis,
which is related to a less pronounced dental tuberculum expression
in the former. Both H. heidelbergensis individuals fall outside of the
two group distributions.

Upper canines (C')

The frequencies of the expression of tuberculum dentale in all
groups are illustrated in Table 9. It is highly variable, although some
general trends can be ascertained in some of the groups. Both the SH
sample and H. neanderthalensis tend to show the highest frequencies
of strong to pronounced (grades 3 and 4) lingual ridging (38.1% and
52.4%, respectively) and cuspule-like features (grades 5 and 6)
(33.3% and 47.6%, respectively). However, the SH sample also pres-
ents some cases of weakly expressed tubercles (28.5% are grades 1
and 2). Similarly, H. heidelber gensis covers a wide range of expres-
sion: from absence and faint ridging in the Arago specimens to
a moderate tubercle in Mountmarin. In general, H. sapiens displays
the highest percentage of individuals where this trait is absent or
only slightly expressed. Within this species, the proportion of indi-
vidualswithmoderate topronouncedtuberclesis higher in the fossil
group than in the contemporary group (40% vs. 9%).

H. sapiens as a species displays low frequencies and degrees of
expression of shovel shape, particularly in the contemporary pop-
ulations (Table 9). In the remaining groups, the range of expression
is wider, although the norm for the Middle Pleistocene hominins
(SH and H. heidelber gensis) and H. neanderthalensis is to present
a marked shovel shape, which never is lower than a grade 3. The
mesial ridge can be more developed than the distal one, a circum-
stance that occurs in the majority of the SH and H. neanderthalensis
samples (Table 9). In 78.9% of SH hominins and 42.1% of Neander-
thals, the thicker mesial marginal ridge is attached to the dental
tubercle, whereas in the contemporary and fossil H. sapiens samples
this morphological type is relatively uncommon (5.3% and 11.1%,
respectively).

The distal accessory ridge is the only trait that appears to show
consistent sexual dimorphism (Scott and Turner, 1997) across
human samples, so its value for taxonomic or phylogenetic
purposes remains obscure when sex is unknown, as is the case for



Figure 15. The SH Cs. Buccal (a), lingual (b), mesial (c), and occlusal (d) aspect of AT-276 (L); occlusal (e), buccal (), lingual (g), distal (h), and occlusal (i) aspect of AT-578 (L); buccal
(j), distal (k), lingual (I), and occlusal (m) aspect of AT-1952 (R); occlusal (n), buccal (o), lingual (p), and distal (q) aspect of AT-161 (L); buccal (r), lingual (s), mesial (t), and occlusal
(u) aspect of AT-3886 (R); occlusal (v), buccal (w), distal (x), and lingual (y) aspect of AT-593 (R); lingual (z) and occlusal (aa) aspect of AT-164 (L); occlusal (bb) aspect of AT-410 (L);
lingual (cc) aspect of AT-2165 (R); occlusal (dd) and lingual (ee) aspect of AT-2438 (L); occlusal (ff) aspect of AT-145 (L); lingual aspects of (gg) AT-2 (R) and (hh) AT-607 (L). L: left, R:
right. Whitebar = 1 cm.



Table 17

Frequencies of the degrees of expression of C, main morphological traits. SH: Simade los Huesos; HEL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

C Grade SH HEI NEA FSAP SAP
Tuberculum dentale 0 12 (63.2%) 5 (100%) 13 (52%) 7 (41.2%) 126 (81.3%)
| 7 (36.8%) 0 10 (40%) 8(47.1%) 26 (16.8%)
2 0 0 2(8%) 1(5.9%) 2 (1.3%)
3 0 0 0 1 (5.9%) 1(0.6%)
4 0 0 0 0 0
Total 19 5 25 17 155
Shovel shape 0 0 0 0 2(11.8%) 32 (20.6%)
1 1(5.3%) 0 3(12%) 4 (23.5%) 48 (31%)
2 3(15.8%) 1(20%) 7 (28%) 8 (47.1%) 55 (35.5%)
3 10 (52.6%) 2 (40%) 10 (40%) 1(5.9%) 18 (11.6%)
4 4(21.1%) 2 (40%) 5 (20%) 2(11.8%) 2 (1.3%)
5 1(5.3%) 0 0 0 0
Total 19 5 25 17 155
Canine mesial ridge 0 19 (100%) 5 (100%) 20 (80%) 15 (100%) 32(97%)
| 0 0 5 (20%) 0 1(3%)
2 0 0 0 0 0
Total 19 5 25 15 33
Distal accessory ridge 0 12 (75%) 2 (50%) 4 (22.2%) 7 (58.3%) 102 (76.7%)
1 4 (25%) 2 (50%) 5 (27.8%) 4 (33.3%) 23 (17.3%)
2 0 0 9 (50%) 1(8.3%) 8 (6%)
Total 16 4 18 12 133

most fossil material. This trait is present in about half of each
population, with a higher proportion in the fossil H. sapiens sample
(71.4%). Based on the SH sex estimation done by Bermudez de
Castro et al. (2004a,b), it was possible to ascertain that all of the
individuals assumed to be male present a distal accessory ridge of
grade 2, and that this trait was absent in those with undetermined
sex. It was not possible to check its expression on individuals
assumed to be female, due to severe wear.

Apart from these traits, we highlight a distinctive bulging of the
upper half of the labial face in the C's of SH, Arago, and Mountmarin
individuals, which could be a remnant of a cingulum. This trait is
usually absent in H. neanderthalensis and H. sapiens. No buccal
cingulum is expressed in any of the studied groups.

The MDS plot (SOM Fig. 3) illustrates the complete overlap of SH
and H. heidelbergensis distributions with that of H. neanderthalensis.

Upper third premolar (P°)

The morphology of the buccal essential crest is highly variable
within the studied groups (see Table 10). A single crest is
predominant in both the contemporary and the fossil H. sapiens
groups, and it is also present in the Mountmarin specimen but not
in Arago,where it is bifurcated. The bifurcated essential crest is the
prevalent type in H. neanderthalensis (53.3%), although the single
crest is relatively frequent as well (40%). Hortus IX is the only
H. neanderthalensis in our sample presenting a flat buccal essential
crest. However, this formis the predominant type in the SH sample
(47.1%), where the single and the bifurcated types are also present
in similar proportions (29.4% and 23.5%, respectively).

Regarding the lingual essential crest, we also find high vari-
ability within groups (Table 10). As with the buccal crest, the single
lingual essential crest is the most frequent type in both the early
and contemporary H. sapiens groups. In the SH group, the single
form is predominant (89.5%), whereas grade 0 (the most frequent
grade in the buccal cusp) is absent in its lingual counterpart.
Bifurcated crests are the most frequent type in H. neanderthalensis
(66.7%) and H. heidelbergensis (100%, N = 2), and appear at variable
frequencies in the remaining groups. The only case where the
lingual essential crest is absent occurs in the contemporary
H. sapiens.

The transverse crest is generally absent in all groups (Table 10),
with only small percentages where an interrupted thin crest
connects both main cusps (in one Krapina specimen and in five SH
individuals). There is only one exceptional case (individual XX from
SH) where this crest is continuous.

The distal accessory ridge of the buccal cusp is present in one
out of two H. heidelbergensis specimens and one out of two fossil
H. sapiens specimens. Our contemporary H. sapiens sample presents
the lowest frequency for this trait (10.5%), followed by SH (28.6%)
and H. neanderthalensis (36.4%). The mesial accessory ridge of the
buccal cusp is even less frequent than its distal counterpart
(Table 10). It is expressed in one H. heidelber gensis specimen (Arago
7), one Neanderthal from Krapina, and 14% of the contemporary
H. sapiens sample.

With regard to the expression of accessory marginal tubercles,
SH and H. sapiens hominins tend to express only one tubercle
(mostly in its mesial margin}, while in H. neanderthalensis, the
proportion of teeth with at least one mesial and one distal tubercle
is slightly higher. When only one tubercle is expressed, in the
majority of the cases it is distal.

Apart from the occlusal traits described above, we have ascer-
tained a variable degree of bulging on the buccal surface of the P>,
previously described by Weidenreich (1937) as a vestige of
cingulum expression. This bulging is particularly pronounced in
Arago 7 and some Neanderthals such as La Quina 5, Le Moustier,
and Hortus IX, and also visible in the SH specimens (Bermudez de
Castro, 1987; Martinén-Torres, 2006; Gémez-Robles et al., 2011;
this study).

By inspecting the MDS diagram (SOM Fig. 4), we can infer that
the morphology of all of the SH P>s fall within the
H. neanderthalensis range of variation. Both H. heidelbergensis
specimens also fall within the H. neanderthalensis distribution
although one of the P>s (Mountmarin), is outside of the Sima de los
Huesos 95% confidence interval.

Although the root morphology was not analyzed in detail since
many of the teeth were in sity, it is still possible to make some
remarks. More than half of the SH P?s are double-rooted, a trait that
it has been mentioned as characteristic of Neanderthals (de Lumley,
1973). Double-rooted P?s are also common in the Arago sample,
and, in the Hortus Neanderthal sample, single (e.g., Hortus VIII} and
double-rooted (e.g., Hortus IX) specimens coexist. In our



Figure 16. The SH P3s. Buccal (a), mesial (b), lingual (c), and occlusal (d) aspect of AT-563 (L); occlusal (e), buccal (f), distal (g), and lingual (h) aspect of AT-1466 (R); buccal (i), mesial
(j), lingual (k), and occlusal (I) aspect of AT-19983 (L); occlusal (m), buccal (n), distal (o), and lingual (p) aspect of AT-4100 (L); buccal (a), mesial (r), lingual (s), and occlusal (t) aspect
of AT-2027 (R); occlusal (u), buccal (v), mesial (w), and lingual (x) aspect of AT-1760 (L); occlusal aspect of y) AT-580 (R); z) AT-148 (R); aa) AT-3243 (R); bb) AT-3880 (R); cc) AT-2767
(L); dd) AT-300 (R); ee) AT-4147 (L); ff) AT-809 (R); gg) AT-3045 (L); hh) AT-2768 (R); ii) AT-2438 (R); jj) AT-607 (R); kk) AT-807 (L); and II) AT-3841 (R). L: left, R: right. White
bar =1 cm.



Table 18

Frequencies of the degrees of expression of P3 main morphological traits. SH: Sima de los Huesos; HEL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossilH. sapiens; SAP:

contemporary H. sapiens.

P3 Grade SH HEI NEA FSAP SAP
Lingual cusps 0 0 0 0 1(5.3%) 75 (50%)
1 4(23.5%) (20%) 5 (18.5%) 7 (36.8%) 22 (147%)
2 9(52.9%) (40%) 7(25.9%) 4 (21.1%) 34 (22.7%)
3 3(17.6%) (30%) 7 (25.9%) 4 (21.1%) 13 (8.7%)
4 1(5.9%) (10%) 8 (29.6%) 3(15.8%) 6 (4%)
5 0 0 0 0 0
Total 17 10 27 19 150
Transverse crest 0 3(16.7%) 3 (30%) 4 (15.4%) 3(16.7%) 105 (66.9%)
1 0 3 (30%) 8 (30.8%) 3(16.7%) 32 (20.4%)
2 15 (83.3%) 4 (40%) 14 (53.8%) 12 (66.7%) 20 (12.7%)
Total 18 10 26 18 157
Mesial accessory ridge 0 14 (93.3%) 7(77.8%) 20 (95.2%) 11 (91.7%) 119 (88.1%)
1 1(6.7%) 2(22.2%) 1(4.8%) 1(8.3%) 16 (11.9%)
Total 15 9 21 12 13,521
Distal accessory ridge 0 7 (46.7%) 6 (66.7%) 2 (10%) 8 (53.3%) 121 (90.3%)
1 8 (53.3%) 3(33.3%) 18 (90%) 7 (46.7%) 13 (9.7%)
Total 15 9 20 15 134

contemporary H. sapiens sample, the expression of both types is
balanced (48.9% vs. 48.9%), and, in 2.2% of cases, we find premolars
with three roots by bifurcation of the buccal one.

Upper fourth premolar (P*?)

Regarding the buccal essential crest, a single ridge is the
predominant type in the SH hominins and both fossil and
contemporary H. sapiens (Table 11). H. heidelbergensis shows iden-
tical frequencies for single and bifurcated crests, and, in the
H. neanderthalensis group, the bifurcated ridge is the prevailing
form (66.6% vs. 33.3%). With only one exception in the contempo-
rary H. sapiens group, flat buccal crests are absent in the studied
sample.

The bifurcated lingual crest is the predominant form in
H. neanderthalensis (Table 11) (e.g., Krapina, Arcy-sur-Cure, and
Hortus) and H. heidelbergensis (e.g.,, Mountmarin and Arago vs.
single crests in Steinheim and Pontnewydd). In the SH population,
the proportion of single and bifurcated forms is balanced. In
contrast, in the two H. sapiens samples, only nine specimens from
the contemporary group (8.3%) and none from the fossil H. sapiens
sample present a bifurcated ridge.

In the majority of the studied samples, a transverse crest con-
necting both main cusps is absent (Table 11), and, when it exists, it
is interrupted by the sagittal groove (21.1% for SH, 6.2% in
H. neanderthalensis, and 9.1% in fossil H. sapiens). There are only two
exceptions, one from H. neanderthalensis (La Quina 5} and one from
the early H. sapiens group (Qafzeh 6), where we can find a contin-
uous enamel bridge connecting both cusps.

Approximately half of the SH, the H. neanderthalensis, and the
fossil H. sapiens samples present a distal accessoryridge. This traitis
present in all H. heidelbergensis specimens but Steinheim, and it is
absent in the majority of the contemporary H. sapiens specimens
(79.5%). Compared to the distal accessory ridge, the expression of
the mesial accessory ridge is lower, although half of the SH pop-
ulation and H. heidelbergensis sample express this trait.

The expression of accessory marginal tubercles is highly variable
between and within groups. In all groups, there are specimens that
present one or more accessory tubercles, and one H. heidelbergensis
specimen and 19.5% of the contemporary H. sapiens sample express
no accessory tubercles. The presence of two and even three
accessory tubercles is slightly higher in SH than in Neanderthals. By
inspecting the MDS diagram (SOM Fig. 5) we can infer that,

regarding P* morphology, all of the SH and the H. heidelbergensis
specimens fall within the H. neanderthalensis range of variation.

Although an examination of root morphology was not an aim of
this study, we can make a general assessment of its variation. The
percentage of double-rooted P in the SH sample (85.7%) is slightly
higher than in modern groups (Scott and Turner, 1997). In
a previous study, we ascertained the presence of two roots in only
16% of the contemporary H. sapiens group (Martindn-Torres, 2006).
The well-separated roots of the Sima de los Huesos P*s are similar
to those found in Mountmarin (6 B 3 and 14 B 3S) and La Chaise I 8/
3 (Bermudez de Castro, 1987).

In lateral view, the buccal surface presents a certain bulging that
is less pronounced than in the P>s. The cingulum, which is more
typical of earlier Homo and Australopithecus groups, is absent in all
the studied samples.

Upper first molar (M)

In general, all groups predominantly express a large metacone
according to the ASUDAS scale (Table 12), with small and variable
percentages of cases where this cusp is even very large (grade 5).
There is only one exception, from the contemporary H. sapiens
sample, where the metacone is expressed as a cuspule (grade 2).

The size of the hypocone is more variable among groups
(Table 12). SH and H. neanderthalensis present the highest propor-
tions of very large hypocones (grade 5; 64.7% and 52.2%, respec-
tively), with isolated single exceptions of small hypocones (grade 3
in individual XIX from SH, Arcy-sur-Cure, and Grotte du Renne 39).
In H. heidelbergensis, the expression of the hypocone ranges from
grades 4 to 5. The majority of the H. sapiens specimens present
ahypocone oflarge size, although, in the contemporary sample, the
frequencies of grades 4 and 5 are very balanced (45.7% and 43.3%,
respectively). Only in this species do we find a few cases where the
hypocone is absent (grade 0) or weakly expressed as a cuspule
(grade 2). However, and as we will discuss below, there are other
morphological  differences  between the H.  sapiens,
H. heidelbergensis, and H. neanderthalensis groups that are not
captured by the hypocone size assessment.

The expression of a C5 is highly variable both within and among
the studied groups. It rarely adopts the shape of a cusp and never
achieves the highest degree of development (grade 5), a circum-
stance that is fairly more frequent in early Homo and Austral-
opithecus (Martinén-Torres, 2006). In a high number of cases, it has
the aspect of an accessory ridge and sometimes its presence is only



Figure 17. The SH P4s. Buccal (a), mesial (b), lingual (c), and occlusal (d) aspect of AT-221 (R); occlusal (e), buccal (f), mesial (g), and lingual (h) aspect of AT-603 (L); buccal (i), distal
(j), lingual (k), and occlusal (I) aspect of AT-1763 (L); occlusal (m), buccal (n), mesial (0), and lingual (p) aspect of AT-562 (R); buccal (q), distal (r), lingual(s), and occlusal (t) aspect of
AT-2781 (L); occlusal (u), buccal (v), mesial (w), and lingual (x) aspect of AT-580 (L); occlusal aspect of y) AT-828 (L); z) AT-147 (L); aa) AT-28 (L); bb) AT-2781 (L); cc) AT-2245 (L);
dd) AT-4101 (L); ee) AT-4147 (L); ff) AT-3942 (R); gg) AT-28 (R); hh) AT-277 (R); ii) AT-168 (R); jj) AT-2780 (R); kk) AT-1467 (R); and II) AT-300 (R). L: left, R: right. Whitebar =1 cm.



Table 19

Frequencies of the degrees of expression of P4 main morphological traits. SH: Sima de los Huesos; HEL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossilH. sapiens; SAP:

contemporary H. sapiens.

Py Grade SH HEI NEA FSAP SAP
Lingual cusps 0 0 0 0 1(5%) 20 (141%)
1 0 0 0 2 (10%) 20 (141%)
2 0 0 0 6 (30%) 69 (48.6%)
3 1(5%) 0 3(11.1%) 7 (35%) 14 (9.9%)
4 18 (90%) 3 (60%) 19 (70.4%) 4 (20%) 15 (10.6%)
5 1(5%) 2 (40% 5(18.5%) 0 4(2.8%)
Total 20 5 27 20 142
Transverse crest 0 1(5%) 1(20%) 5(19.2%) 11 (45.8%) 116 (81.7%)
1 4(20%) 3 (60%) 3(11.5%) 3(12.5%) 14 (9.9%)
2 15 (75%) 1 (20%) 18 (69.2%) 10 (41.7%) 12 (8.5%)
Total 20 5 26 24 142
Mesial accessory ridge 0 16 (100%) 5 (100%) 19 (95%) 9 (64.3%) 92 (80%)
1 0 0 1(5%) 5 (35.7%) 23 (20%)
Total 16 5 20 14 115
Distal accessory ridge 0 6 (33.3%) 1(20%) 6 (30%) 5(33.3%) 87 (77.7%)
1 12 (66.7%) (80%) 14 (70%) 10 (66.7%) 25 (22.3%)
Total 18 5 20 15 112

recognized by the “V” bifurcation of the distal groove. We highlight
the high proportion of contemporary H. sapiens where this cusp is
completely absent (35.2%) compared to the rest of the groups;
however, in the SH and H. heidelber gensis samples, the proportion
of M!s without C5 is higher than in H. neanderthalensis and fossil
H. sapiens.

The expression of a crista obliqua in M! is the norm in later
Homo species (Table 12). There are isolated exceptions in
H. neanderthalensis (Arcy Renne 39), fossil H. sapiens (one from Le
Rois and two from St Germain de la Riviére), and 7 out of 123
specimens (5.7%) from the contemporary H. sapiens group where
this crest is discontinuous. In contrast, the expression of a trans-
verse crest connecting the mesial aspect of the protocone and the
paracone is fairly more variable among groups (Table 12). However,
this trait, together with the accessory marginal tubercles, is easily
affected by wear, so their percentages should be interpreted with
caution due to the high number of missing values. The percentage
of specimens with or without transverse crests are relatively
balanced in the SH and contemporary H. sapiens groups. Its pres-
ence is predominant in the H. heidelbergensis sample (except for
Arago 31), and less frequent in early H. sapiens (30.8%) and
H. neanderthalensis (25%). Accessory marginal tubercles are
expressed in half of the SH and H. heidelbergensis samples; they are
slightly more frequent in H. neanderthalensis (63.2%) and early
H. sapiens (58.3%), and less frequent in the contemporary H. sapiens
group (34.6%) (Table 12).

Both Carabelli's complex and the parastyle are traits with a high
inter-population variability (Scott and Turner, 1997; Martinén-
Torres, 2006), although it has been observed that its frequency
tends to be higher in Australopithecus and early Homo species
compared to more recent hominins (e.g., Hlusko, 2003; Irish and
Guatelli-Steinberg, 2003) but not exclusive to these groups. In the
particular sample studied here, only in exceptional cases can we
determine the presence of a Carabelli’s trait reaching the shape of
a medium-sized or large cusp (grades 6 and 7) (e.g., in H. nean-
derthalensis [one specimen from Krapina and one from Arcy Renne]
and 10 out of 124 specimens from the contemporary H. sapiens
sample). In the remaining groups, it never exceeds grade 4, and, in
SH, it is absent or expressed as a groove in the lingual surface of the
protocone and cannot always be certified as a Carabelli’'s complex.
The parastyle is fairly more uncommon than the Carabelli’s trait
(Table 12), being absent or only dubiously present as a pit between
the paracone and the metacone. There are only isolated cases
where a small cuspule was identified in the buccal surface of the

tooth (one from the contemporary H. sapiens group and two from
the H. neanderthalensis group [one each from Krapina and Hortus]).

Although this study focuses on the morphology of the crowns of
the permanent dentition, some remarks can be made regarding the
root morphology. The relatively high percentages of taurodontism
found in Sima de los Huesos falls within the range of expression of
this trait for H. neanderthalensis (e.g., Trinkaus, 1983; Kricum et al.,
1999; Kupczik and Hublin, 2010).

Moreover, it is important to highlight that, despite the clear M!
shape differences between H. sapiens and H. neanderthalensis
(Martinén-Torres, 2006; Gomez-Robles et al, 2007; Martinén-
Torres et al, 2007a,b; Bailey et al., 2009; Quam et al, 2009;
Gomez-Robles, 2010), the ASUDAS and modified ASUDAS
employed in this study (Martinén-Torres et al, 2007a) do not
capture this diagnostic morphology. These differences refer to the
general shape of the M!s and the spatial configuration of the cusps,
traits that are ideally assessed with geometric morphometric
methods. Our own assessment of this tooth class (Martinon-Torres,
2006; Gémez-Robles et al.,, 2007; Gémez-Robles, 2010) confirmed
that H. neanderthalensis presents a unique morphology character-
ized by arhomboidal contour, a relatively distal displacement of the
lingual cusps, and protrusion in the external outline of a large and
bulging hypocone (Bailey, 2004). However, this conformation is not
exclusive to this group, but already present in the European Early
and Middle Pleistocene such as the Gran Dolina-TD6, Steinheim, SH,
and Pontnewydd groups (with a slightly less pronounced degree in
some of them) (Gémez-Robles et al., 2007; Martinén-Torres et al.,
2007a,b). Particularly, the Arago group presents a more primitive
configuration (Gomez-Robles et al, 2007) in accordance with
previous observations of this sample (Bermudez de Castro et al.,
2003a). In contrast, contemporary and early H. sapiens retain the
primitive shape, with an approximately squared occlusal polygon
and a regular contour in which no cusp protrudes in the external
outline.

The MDS plot for the M! (SOM Fig. 6) shows that the SH and
H. heidelbergensis distributions fall within the H. neanderthalensis
range of variation.

Upper second molar (M?)

With the ASUDAS scales, we do not ascertain great variations in
metacone size among groups (Table 13). There is a general trend
toward its reduction from M! to M2, although its size commonly
ranges from medium to large (grades 3 and 4). None of the



Figure 18. The SH M;s. Buccal (a), lingual (b), mesial (c), and occlusal (d) aspect of AT-22 (L); occlusal aspect of (e) AT-1759 (L) and (f) AT-286 (L); buccal (g), lingual (h), distal (i), and
occlusal (j) aspect of AT-829 (L); occlusal aspect of (k) AT-556 (L) and (I) AT-1459 (L); buccal (m), distal (n), lingual (o), and occlusal (p) aspect of AT-141 (R); occlusal aspect of (q) AT-
1 (R)and (r)AT-272 (R); buccal (s), lingual (t), distal (u), and occlusal (v) aspect of AT-2438 (R); occlusal aspect of (w)AT-843 (R) and (x)AT-561 (R); occlusal aspect of y)AT-2276 (R);
z) AT-792 (R); aa) AT-1 (L); bb) AT-101 (R); cc) AT-300 (R); and dd) AT-4318 (L). L: left, R: right. White bar = 1 cm.



Table 20

Frequencies of the degrees of expression of M1 main morphological waits. SH: Sima de los Huesos; HEL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossilH. sapiens; SAP:

contemporary H. sapiens.

M, Grade SH HEI NEA FSAP SAP
Anterior fovea 0 0 1(143%) 1(3.1%) 11 (61.1%) 90 (78.9%)
i 3 (15%) 2(28.6%) 5 (15.6%) 6 (33.3%) 22 (19.3%)
2 27 (85%) 4(57.1%) 26 (81.3%) 1(5.6%) 2(1.8%)
Total 20 7 32 18 114
Middle wigonid crest 0 1(5%) 2(28.6%) 3 (10%) 19 (95%) 38 (86.3%)
1 0 1(143%) 11 (36.7%) 0 13 (12.7%)
2 19 (95%) 4(57.1%) 16 (53.3%) 1(5%) 1(1%)
Total 20 U 30 20 102
Distal trigonid crest 0 14 (70%) 3 (50%) 16 (57.1%) 13 (65%) 89 (87.3%)
] 1(5%) 3 (50%) 8 (28.5%) 5 (25%) 9 (3.8%)
2 5 (25%) 0 4(143%) 2 (10%) 4 (3.9%)
Total 20 6 28 20 102
Deflecting wrinkle 0 13 (68.4%) 3 (50%) 24 (82.8%) 16 (84.2%) 72 (75.8%)
1 4(21.1%) 2 (33.3%) 4(13.8%) 2(10.5%) 5 (5.3%)
2 2 (10.5%) 1(16.7%) 1(3.4%) 1(5.3%) 18 (18.9%)
Total 19 6 29 19 95
Hypoconulid size 0 2 (9.5%) 0 0 1(3.6%) 6 (5%)
1 0 0 0 0 1 (0.8%)
2 0 0 3 (8.8%) 2(7.1%) 10 (8.4%)
3 2(9.5%) 0 4(11.8%) 7 (25%) 35 (29.4%)
4 9 (42.9%) 6 (85.7%) 16 (47.1%) 13 (46.4%) 52 (43.7%)
5 8 (38.1%) 1(143%) 11 (32.4%) 5 (17.9%) 15 (12.6%)
Total 21 7 34 28 119
C6 size 0 20 (100%) 4 (66.7%) 15 (51.7%) 17 (65.4%) 113 (96.6%)
1 0 1(16.7%) 4(13.8%) 3 (11.5%) 1(0.9%)
2 0 0 4(13.8%) 4 (15.4%) 3(2.6%)
3 0 1(16.7%) 6 (20.7%) 2(7.7%) 0
Total 20 6 29 26 117
C7 size 0 10 (50%) 2(33.3%) 9(31%) 15 (60%) 96 (82.8%)
i 3 (15%) 2(33.3%) 4(13.8%) 5 (20%) 7 (6%)
2 3 (15%) 1(16.7%) 8 (27.6%) 1(4%) 5 (43%)
3 3 (15%) 0 6 (20.7%) 3 (12%) 6 (5.2%)
4 1(5%) 1(16.7%) 2 (6.9%) 1(4%) 2(1.7%)
Total 20 6 29 25 116
Groove pattern 1 10 (55.6%) 4(57.1%) 23 (82.1%) 17 (77.3%) 63 (72.4%)
2 8 (44.4%) 3 (42.9%) 5 (17.9%) 5 (22.7%) 24 (27.6%)
Total 18 7 28 22 87
Protostylid 0 14 (66.7%) 6 (100%) 30 (96.8%) 23 (88.5%) 107 (90.7%)
1 7 (33.3%) 0 1(3.2%) 3(11.5%) 11 (9.3%)
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
Total 21 6 31 26 118

H. heidelbergensis specimens present a metacone below grade 2,
and, in SH, the percentage of this grade is 16.7%.

There is a noticeable reduction of the size of the hypocone
compared to the M's (Tables 12 and 13),achieving grades 0 and 1 in
some specimens from the SH, H. neanderthalensis, and both
H. sapiens samples. SH is the group displaying the highest
percentages of hypocone reduction.

The C5 is generally small, it occupies a central location along the
distal margin, and its presence is generally ascertained by the distal
groove bifurcation (without attaining volume most of the time). It is
present in less than the half of the contemporary H. sapiens speci-
mens (45%), in 66.6% of the fossil H. sapiens group, and in 72.2% of
the SH population.

Thereduction of the hypocone affects the occlusal outline of the
M2, which tends to adopt a triangular or heart shape with the
vertex oriented lingually, rather than the squared or rhomboidal
contour typical of M's. Within the H. heidelbergensis sample, Arago
14 displays a more primitive appearance with a rectangular outline,
a large C5, and an intricate pattern of crenulations and secondary
fissures, in contrast to more derived specimens such as Pontne-
wydd and Steinheim.

The expression of a crista obliqua in the M?s is more variable
than in the M's, but it is also affected by the more variable
expression of the hypocone (Table 13). Still, the majority of the
specimens (with the exception of the contemporary H. sapiens
group) present this trait, as it is typical of Homo (Martin6n-Torres,
2006). The transverse crest connecting the mesial aspect of the
protocone and the paracone is less frequent but also easily affected
by wear, so its percentages should be read with caution since there
were many specimens we could not score. The contemporary
H. sapiens group presents the highest frequencies for this trait
(57.5%); in the remaining groups, the crest is predominantly absent
(Table 13). With regard to the accessory marginal tubercles, their
presence-absence is relatively balanced in contemporary H. sapiens
(49.5% vs. 50.5%) and H. heidelbergensis (absent in Steinheim and
present in Arago 14), while in the remaining groups, these tubercles
are predominantly expressed. The frequencies are particularly high
in H. neanderthalensis and early H. sapiens (Table 13).

Regarding the Carabelli's complex and the parastyle, only Arago
14 and two specimens from the contemporary H. sapiens group
express a Carabelli's cusp with a free apex (Table 13). In the
remaining groups, it rarely exceeds the aspect of a pit or double



Figure 19. The SH M3s. Buccal (a), lingual (b), mesial (c), and occlusal (d) aspect of AT-2396 (L); occlusal aspect of (e) AT-3179 (L) and (f) AT-273 (L); buccal (g), lingual (h), distal (i),
and occlusal (j) aspect of AT-946 (L); occlusal aspect of (k) AT-1 (L) and (I) AT-169 (L); buccal (m), lingual (n), mesial (0), and occlusal (p) aspect of AT-2270 (L); occlusal aspect of (q)
AT-557 (L) and (r) AT-4147 (L); occlusal aspect of s) AT-1 (R); t) AT-142 (R): u) AT-271 (R); v) AT-1761 (R); w) AT-300 (R); x) AT-284 (R); y) AT-2272 (L); z) AT-2193 (R): aa) AT-2763
(R); bb) AT-841 (L); cc) AT-607 (R); and dd) AT-607 (L). Each tooth is positioned so its mesial aspect faces the top of the figure. L: left, R: right. White bar = 1 cm.



Table 21

Frequencies ofthe degrees of expression of M2 main morphological traits. SH: Simade los Huesos; HEL H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

M; Grade SH HEI NEA FSAP SAP
Anterior fovea 0 0 1(12.5%) 1(4.5%) 12 (54.5%) 100 (64.1%)
1 5 (23.8%) 0 5(22.7%) 5(22.7%) 47 (30.1%)
2 16 (76.2%) 7 (87.5%) 16 (72.7%) 5(22.7%) 9 (5.8%)
Total 21 8 22 22 156
Middle wigonid crest 0 0 1(12.5%) 0 17 (73.9%) 126 (82.4%)
1 2(9.5%) 4 (50%) 6(26.1%) 6(26.1%) 26(17)
2 19 (90.5%) 3 (37.5%) 17 (73.9%) 0 1(0.7%)
Total 21 8 23 23 153
Distal trigonid crest 0 16 (76.2%) 5 (55.5%) 9 (40.9%) 18 (75%) 134 (88.7%)
| 5 (23.8%) 3(33.3%) 11 (50%) 5(20.8%) 8 (5.3%)
2 0 1(11.1%) 2(9.1%) 1(4.2%) 9 (6%)
Total 21 9 22 24 151
Deflecting wrinkle 0 19 (90.5%) 7(77.7%) 17 (73.9%) 18 (78.3%) 121 (84%)
1 2(9.5%) 0 3 (13%) 4 (17.4%) 11 (7.6%)
2 0 2(22.2%) 3 (13%) 1(43%) 12 (8.3%)
Total 21 9 23 23 144
Hypoconulid size 0 6 (28.6%) 0 2(142%) 16 (64%) 117 (745%)
1 1(48%) 1(11.1%) 0 1 (4%) 3(1.9%)
2 7 (33.3%) 0 3(12.5%) 1 (4%) 13 (8.3%)
3 6 (28.6%) 2(22.2%) 6 (25%) 5 (20%) 5(3.2%)
4 1(4.8%) 1(11.1%) 9 (37.5%) 1(4%) 13 (8.3%)
5 0 5 (55.5%) 4 (16.6%) 1(4%) 6 (3.8%)
Total 21 9 24 25 157
(6 size 0 12 (57.1%) 3(33.3%) 11 (45.8%) 19 (79.2%) 143 (94.7%)
1 0 2(22.2%) 4(16.7%) 1(42%) 4 (2.6%)
2 5 (23.8%) 3(33.3%) 4(16.7%) 1(42%) 3(2%)
3 4 (19.1%) 1(11.1%) 5(20.8%) 3(12.5%) 1(0.7%)
Total 21 9 24 24 151
C7 size 0 8 (4%) 4 (50%) 7 (30.4%) 19 (76%) 139 (89.7%)
| 1(5%) 0 3 (13%) 1(4%) 5(3.2%)
2 6 (30%) 1(12.5%) 7 (30.4%) 4 (16%) 6 (3.9%)
3 3 (15%) 2 (25%) 6(26.1%) 1(4%) 4 (2.6%)
4 2 (10%) 1(12.5%) 0 0 1 (0.6%)
Total 20 8 23 25 155
Groove pattern 1 9 (40.9%) 4 (44.4%) 17 (70.8%) 9 (34.6%) 41 (26.5%)
2 13 (59.1%) 5(55.5%) 7 (29.2%) 17 (65.4%) 114 (73.5%)
Total 22 9 24 26 155
Protostylid 0 11 (52.4%) 9 (100%) 17 (77.3%) 19 (86.4%) 136(88.3%)
1 10 (47.6%) 0 5(22.7%) 2(9.1%) 17 (11%)
2 0 0 0 1(45%) 0
3 0 0 0 0 0
4 0 0 0 0 1 (0.6%)
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
Total 21 9 22 22 154

furrow (grade 2), with only two contemporary H. sapiens and one
Neanderthal from Krapina reaching a Carabelli’s complex >6. The
parastyle is even less frequent (Table 13). With the exception of
a grade 5 in H. sapiens, we do not find any case of clear parastyle
expression.

In sum, we could confirm that M? morphology is more variable
than M! and directly influenced by the dental reduction process
that affects later Homo species (Wolpoff, 1971; Bermidez de Castro,
1993; Bermudez de Castro and Nicolas, 1995), being particularly
pronounced in the SH-Atapuerca sample. The MDS plot for the M2
(SOM Fig. 7) reveals that the distributions of H. heidelbergensis and
SH are generally coincident with that of H. neanderthalensis, with
the exception of 1 out of 3 H. heidelbergensis specimens (Arago 14)
and 1 out of the 18 SH specimens included in this analysis.

Upper third molars (M)

In all of the studied groups, the M3 metacone has undergone
significant reduction with regard to the M! and M? (Table 14). This
fact is particularly evident in the SH sample, where this cusp never
exceeds a grade 3, and, in a high proportion (71.4%), it is present

only as a small cuspule (grade 2). In H. neanderthalensis and
contemporary H. sapiens, we find a few exceptional cases where the
metacone is large, but grade 5 is absent in the entire studied
sample. In two contemporary H. sapiens, one SH individual, and one
Neanderthal from Krapina, we find unusual cases where this cusp is
only expressed as a faint ridge. The hypocone is also significantly
reduced compared to the mesial elements of the molar series
(Table 14). The number of cases where this cusp is absent or
expressed as a faint ridge (grades O and 1) ranges from 100% in
H. heidelbergensis (in both Steinheim and Pontnewydd) and 95.2%
in SH, to 30%, 35.5%, and 35.2% in fossil H. sapiens, contemporary
H. sapiens, and H. neanderthalensis, respectively. As mentioned
above, the pattern of dental reduction associated with the loss of
the main cusps is in line with the pattern of reduction that char-
acterizes late Homo species, and is particularly pronounced in the
SH population (Bermudez de Castro and Nicolas, 1995).

The C5 is absent or only expressed as a faint ridge in the totality
of the SH and H. heidelbergensis samples and in about half of the
H. neanderthalensis and H. sapiens groups (Table 14). In the latter,
the range of expression of this trait is wider, and we can also find
large C5s (grade 4) in variable frequencies (29.4% and 20% in



Figure 20. The SH Mss. Buccal (a), mesial (b), lingual (c), and occlusal (d) aspect of AT-811 (R); occlusal aspect of (e) AT-222 (R) and (f) AT-143 (R); buccal (g), distal (h), lingual (i),
and occlusal (j) aspect of AT-30 (R); occlusal aspect of (k) AT-1468 (R) and (I) AT-1959 (R); buccal (m), mesial (n), lingual (o), and occlusal (p) aspect of AT-13 (L); occlusal aspect of q)
AT-1473 (L); 1) AT-1945 (L); s) AT-2273 (L); t) AT-2760 (L); u) AT-2777 (L); v) AT-1 (L); w) AT-4147 (L); x) AT-2385 (L); y) AT-3182 (R): z) AT-1 (R); aa) AT-300 (R); bb) AT-607 (R); cc)
AT-2438 (R); and dd) AT-3943 (R). Each occlusal view is positioned so its mesial aspect faces the top of the figure. L: left, R: right. White bar = 1 cm.



Table 22

Frequencies ofthe degrees of expression of Msmain morphological traits. SH: Simade los Huesos; HEIL H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil H. sapiens; SAP:

contemporary H. sapiens.

M3 Grade SH HEI NEA FSAP SAP
Anterior fovea 0 1(4.8%) 20%) 2(11.1%) 8 (47.1%) 68 (55.7%)
1 5 (23.8%) 40%) 1(5.6%) 4(23.5%) 36 (29.5%)
2 15 (71.4%) 40%) 15 (83.3%) 5(29.4%) 18 (148%)
Total 21 5 18 17 122
Middle wigonid crest 0 4 (18.2%) 5(71.4%) 1(5.9%) 14 (93.3%) 107 (89.9%)
1 2(9.1%) 0 4 (23.5%) 1(6.7%) 12 (10.1%)
2 16 (72.7%) 2(28.6%) 12 (70.6%) 0 0
Total 22 7 17 15 119
Distal trigonid crest 0 7 (30.4%) 2(28.6%) 10 (62.5%) 10 (62.5%) 90 (75%)
| 3 (13%) 4 (57.1%) 3(18.8%) 4 (25%) 21 (17.5%)
2 13 (56.5%) 1(143%) 3(18.8%) 2(12.5%) 9 (7.5%)
Total 23 7 16 16 120
Deflecting wrinkle 0 21 (95.5%) 5 (83.3%) 14 (93.3%) 13 (86.7%) 101 (86.3%)
1 1(45%) 1(16.7%) 1(6.7%) 1(6.7%) 7 (6%)
2 0 0 0 1(6.7%) 9(7.7%)
Total 22 6 15 15 117
Hypoconulid size 0 6 (26.1%) 0 2(12.5%) 6 (33.3%) 63 (50%)
1 2 (8.7%) 0 0 1 (5.6%) 3 (2.4%)
2 4 (17.4%) 0 1(6.3%) 2 (11.1%) 14 (11.1%)
3 6 (26.1%) 4 (57.1%) 7 (43.8%) 6 (33.3%) 17 (13.5%)
4 4 (17.4%) 2 (28.6%) 5 (31.3%) 2 (11.1%) 17 (13.5%)
5 1(43%) 1(143%) 1(6.3%) 1(5.6%) 12 (9.5%)
Total 23 7 16 18 126
(6 size 0 14 (63.6%) 3 (42.9%) 5(33.3%) 12 (66.7%) 94 (77.7%)
1 1(45%) 2(28.6%) 1(6.7%) 0 9 (7.4%)
2 6(27.3%) 1(143%) 4 (26.7%) 4 (22.2%) 11 (9.1%)
3 1(45%) 1(143%) 5 (33.3%) 2(11.1%) 7 (5.8%)
Total 22 7 15 18 121
C7 size 0 4(19%) 4 (66.7%) 8(53.5%) 13 (76.5%) 98 (79%)
| 1(4.8%) 2 (33.3%) 1(6.7%) 1 (5.9%) 10 (8.1%)
2 7 (33.3%) 0 3 (20%) 3 (17.6%) 6 (4.8%)
3 7 (33.3%) 0 1(6.7%) 0 7705 G/é)
4 2(9.5%) 0 2(13.3%) 0 3 (2.4%)
Total 21 6 15 17 124
Groove pattern 1 4 (23.5%) 1(143%) 9 (60%) 2 (143%) 21(19.1%)
2 13 (76.5%) 6 (85.7%) 6 (40%) 12 (85.7%) 89 (80.9%)
Total 17 7 15 14 110
Protostylid 0 10 (47.6%) 6 (85.7%) 8 (61.5%) 15 (88.2%) 105 (88.2%)
1 4 (19%) 1(143%) 3(23.1%) 1 (5.9%) 9(7.6%)
2 1(4.8%) 0 2(15.4%) 1(5.9%) 0
3 4(19%) 0 0 0 2(1.7%)
4 1(4.8%) 0 0 0 1(0.8%)
5 0 0 0 0 1(0.8%)
6 1(4.8%) 0 0 0 1(0.8%)
7 0 0 0 0 0
Total 21 7 13 17 119

Neanderthals and fossil H. sapiens, respectively). In later Homo
species, the M? tends to show a single accessory cusp in the distal
margin, in contrast to Australopithecus and early Homo species
where multiple distoconules can be observed (e.g., Moggi-Cecchi
et al., 2006, 2010; Martinon-Torres et al., 2008).

While in the M!s the expression of a continuous crista obliqua
was the norm, in the M3s we see the opposite. A large majority of
the specimens studied here do not express this enamel bridge; it is
only presentin 5% of the H. neanderthalensis sample (e.g., KrapinaM
and Saint-Césaire), 20% of the early H. sapiens group, and 25.8% of
the contemporary assemblage (Table 14). The absence of crista
obliqua is related to the frequent atypical arrangement of the cusps
in the reduced M3s that prevents proper contact between the
protocone and the metacone. The transverse crest is also rare
(Table 14}, being only present in 5%, 7%, 22.2%, and 22.6% of the SH,
H. neanderthalensis, fossil H. sapiens, and contemporary H. sapiens
samples, respectively.

Carabelli’s trait is uncommon in the M3s included in this study
(Table 14). It is mostly absent in all the groups (particularly in SH,
H. heidelbergensis, and H. neanderthalensis with percentages
>80%), and only in a few cases is expressed as a cusp from small to

large. The parastyle is also rare in our sample (Table 14).
Contemporary H. sapiens present a wider range of expression for
this trait but it is absent in 92% of the sample. However, the highly
crenulated surface of some of the specimens precludes its iden-
tification. Finally, the marginal accessory tubercles of the mesial
ridge are present in a large majority of the groups, especially in SH,
H. heidelbergensis, and H. neanderthalensis (Table 14), although the
crenulations of the enamel surface tend to mask the identification
of these tubercles.

In general, we could affirm that the dental reduction processes
that generally affect late Homo groups (Wolpoff, 1971; Wood and
Abbot, 1983; Bermudez de Castro, 1993; Bermuadez de Castro and
Nicolas, 1995) are evident in our sample, where it is common to
find atrophied crowns with atypical arrangements and notable
reduction of the main cusps.

The MDS plot for the M*> morphology (SOM Fig. 8) shows that
the SH hominins and the two H. heidelbergensis specimens (Stein-
heim and Pontnewydd) fall within H. neanderthalensis variation. As
seen in the 95% confidence intervals, H. neanderthalensis presents
a wider morphological variation for this tooth class than does the
SH group.



Table 23
MMD distances between each hominin group based on the 31 dental trait MMD
analysis.

SH HEI NEA FSAP SAP

SH 0

HEI 0.1733222 0

NEA 0.137352* 0.473684% 0

FSAP 0.443947° 022426 0.4742762 0

SAP 1.008724* 0.429023* 1.080199% 01423842 0

2 Denotes statistical significance (x = 0.025).
Lower central incisor (I1)

The SH group exhibits more pronounced curvatures, with the
totality of the sample ranging from weak to moderate convexities
(Table 15). The convexity is also moderate in two out of three Arago
specimens, whereas in Mauer and Arago 30 this trait does not
exceed a grade 1. In H. neanderthalensis, only 33.3% of the sample
presents more than traces of convexity (grade 2). This proportion is
identical to that found in the fossil H. sapiens sample, where the
Dolni Véstonice specimens and one of the Pavlov I;s display weak
to moderate curvatures. Only both H. sapiens samples contain
specimens with completely flat labial surfaces.

The expression of the tuberculum dentale presents little varia-
tion (Table 15). With only two exceptions from the fossil H. sapiens
group, the lingual surface of this tooth is always smooth or presents
a somewhat inflated basal eminence that is continuous with the
essential ridge.

Shovel shape is also an uncommon trait in this tooth class
(Table 15), and with only one exception from the contemporary
H.sapiens group, it never exceeds grade 2. In the vast majority of the
studied groups, shoveling is completely absent or expressed as faint
ridges only noticeable on palpation.

In general, Ijs are teeth with low intra- and inter-population
variability. The SH Iys are characterized as relatively massive, due
to their large buccolingual diameters (Bermidez de Castro, 1986;
Table 6). They also display a moderate labial convexity that may
contribute to a false appearance of shovel shape. The “particularity”
of the Middle Pleistocene hominin and Neanderthal I;s may rely
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Figure 21. MDS plot obtained from the phenetic analysis of the dental evidence. SH:
Sima de los Huesos; HEIL: H. heidelbergensis; NEA: H. neanderthalensis; FSAP: fossil
H. sapiens; SAP: contemporary H. sapiens.

more on metric, rather than morphological, features related to
anterior teeth expansion, which characterizes these populations
until 100 ka (e.g., Wolpoff, 1971; Bermidez de Castro, 1986; Rosas
and Bermudez de Castro, 1998).

The MDS plot regarding I; morphology illustrates the low intra-
and inter-population variability of this tooth, with a clear overlap of
specimens and distributions (SOM Fig. 9).

Lower lateral incisors (I3)

The Is are, in general, more convex than the I;s, and flat labial
surfaces are exclusive to H. sapiens (62.5% in fossil H. sapiens and
60.3% in contemporary specimens) (Table 16). With only one
exception from Arago, the maximum convexity in our samples
never exceeds a grade 3, and the highest frequencies of this grade
are the ones displayed by SH (47.4%).

The tuberculum dentale is uncommon in our sample (Table 16),
and most of the Is present a smooth lingual surface or a basal
eminence that is continuous with the essential ridge.

We have not found specimens with pronounced shovel shapes
in our sample (Table 16). The SH population presents the highest
degrees of light shoveling (63.2% presents grade >2), while
contemporary H. sapiens show the highest number of non-shoveled
I2s. Within the H. heidelbergensis sample, the trait is absent in
Mauer but present in Arago. In Neanderthals and early H. sapiens,
the ridges are only present in half of the specimens.

The MDS plot (SOM Fig. 10) shows the higher morphological
variability of the I;s compared to the I;s. With only two exceptions,
all of the SH Is fall within the morphological variability of
H. neanderthalensis. One of the H heidelbergensis specimens
(Mauer) also falls within both SH and H. neanderthalensis 95%
confidence intervals, whereas Arago 97 falls outside of the vari-
ability of both groups.

Lower canines (C,)

The tuberculum dentale is present in approximately half of the
SH, Neanderthal, and fossil H. sapiens samples. We rarely find more
than ridge traces or grade 3 (5.9% and 0.6% in fossil and contem-
porary H. sapiens, respectively). None of the five H. heidelbergensis
specimens analyzed express this trait (Table 17).

The expression of shovel shape in this tooth class ranges from
slight to pronounced (Table 17). H. sapiens is the only group con-
taining specimens with a grade 0. More than 60% of the SH,
H. heidelbergensis, and H. neanderthalensis groups present moderate
to conspicuous marginal ridges.

With five exceptions from the Neanderthal group (two from
Cabezo Gordo and one each from Saint-Césaire, Arcy Renne, and
Monsempron)} and one from the contemporary H. sapiens group,
where the mesial marginal ridge is more prominent than the distal
one, the mesial canine ridge is absent (Table 17).

The distal accessory ridge is expressed in variable percentages
among the studied groups (Table 17). H. neanderthalensis is the group
with higher frequencies and more pronounced forms. Within the
H. heidelbergensis sample, itis only present in Mauer andArago 34. In
the fossil and contemporary H. sapiens groups, it is expressed in
41.6% and 23.3%, respectively, and in the SH group, only 25% of the
specimens present this trait and always in its mild form (grade 1).

Apart from these traits, we also notice that the essential ridge of
the lower canines tends to be flat and smooth. In some specimens
like Mauer or Arago 24, it is relatively more conspicuous and
swollen, although it never reaches the degree of development that
is typical of Australopithecus and early Homo (Martinén-Torres et al.,
2007b, 2008). None of them develop a buccal cingulum, despite the
expression of certain buccal bulging typical of the Arago and some



SH specimens. The C, morphology of the late Homo groups is very
incisor-like, and aside from certain variation in the frequencies and
degree of shoveling, it does not provide significant taxonomic-
discriminative information.

The MDS plot for the C, (SOM Fig. 11) illustrates that the SH and
H.  heidelbergensis morphology is contained in the
H. neanderthalensis distribution, with the latter showing higher
morphological variation.

Lower third premolar (P3)

Homo species can express a variable number of accessory lingual
cusps adjacent to the metaconid. These cusps tend to develop as
ridges or tubercles rather than as independent cusps with a free
apex (e.g., Tobias, 1991; Martinén-Torres, 2006 ). The development
of extralingual cusps, usually located in the distolingual talonid,
may contribute to the asymmetry of the occlusal outline of the
tooth (Wood and Uytterschaut, 1987; Gémez-Robles et al., 2008).
These cusps are delimited by secondary fissures that stem out from
the posterior fovea. In the extreme of this variation, we can find
H. sapiens where only 35.3% and 57.9% of the contemporary and
fossil groups, respectively, express at least one accessory lingual
cusp (Table 18). Half of the contemporary H. sapiens group do not
express a distinct metaconid. A single lingual cusp is expressed in
approximately 20% of each group and this percentage is slightly
higher in the Neanderthal sample. In the SH hominins and
H. heidelbergensis, the most common morphology is a P; with only
one lingual cusp and a round distal marginal where no accessory
cusps are developed (52.9% and 40%, respectively). In these groups,
specimens with more than one accessory cusp are rare.
H. neanderthalensis is the group with higher frequencies of two
accessory lingual cusps apart from the metaconid (e.g., some of the
Arcy Renne specimens, Monsempron, or La Quina 5), but, as
mentioned above, they are rarely as pronounced as in early homi-
nins. In the SH hominins, H. heidelbergensis, and H. neanderthalensis,
it is common to find a transverse crest connecting the protoconid
and the metaconid (Table 18). In contrast, this crest is rare in the
contemporary H. sapiens sample, where only 12.7% of specimens
show a continuous ridge.

The expression of a distal accessory ridge is relatively more
frequent than the expression of a mesial one (Table 18). Mesial
accessory ridges are uncommon in all of the studied groups, with
H. heidelbergensis being the only group with a proportion of more
than 20%. The distal accessory ridge is more frequent than the
mesial, particularly in H. neanderthalensis (90%). In the SH and fossil
H. sapiens samples, this crest is present in about half of the speci-
mens, while its proportion in the contemporary H. sapiens group is
only 9.7%. The absence of mesial and distal accessory ridges in
contemporary H. sapiens contributes to the simplified occlusal
surface of this tooth class.

The MDS plot (SOM Fig. 12) shows that all of the SH hominins
(with only one exception) fall within the H. neanderthalensis
distribution, whereas half of the H. heidelbergensis sample fall
outside of the H. neanderthalensis distribution (but within the 95%
confidence interval for the SH sample).

Single-rooted LP3;s are the rule for late Homo populations,
following the trend toward root simplification in the genus Homo
(Wood et al, 1988). As exceptions to the norm, double-rooted
specimens occur only in Krapina (Kallay, 1963), Arago 13
(Bermudez de Castro et al., 2003a), and in one specimen from SH
(Martinén-Torres, 2006).

Apart from the differences in the above mentioned traits, there
are some shape and morphological features that are important from
a taxonomic point of view. Some of these traits are ideally assessed
by geometric morphometric analysis (Gomez-Robles et al., 2008).

Late Homo species such as H. sapiens, H. neanderthalensis, and
H. heidelbergensis tend to differ from early African and Asian homi-
nins in their substantially symmetrical contours. Among the former,
we can also distinguish two slightly different morphotypes, one
corresponding to H. sapiens and one corresponding to
H. heidelbergensis and H. neanderthalensis. H. sapiens is characterized
by symmetrical and circular outlines with weak or absent talonids.
The occlusal polygon (as defined by Martindn-Torres et al. [2006]
and Gémez-Robles et al. [2008]) is large and centrally located due
to the buccally-displaced protoconid tip. H. heidelbergensis and
H. neanderthalensis are characterized by small occlusal polygons,
closely positioned near the lingual margin of the tooth due to the
lingual displacement of the protoconid. Their occlusal contour is
symmetrical or slightly asymmetrical, frequently with the distal side
of the lingual outline being convex and the mesial side being
concave. Interestingly, the Arago specimens have been described as
somewhat more primitive than other H. heidelbergensis and
H. neanderthalensis specimens, with wider occlusal polygons and
more asymmetrical contours (Gomez-Robles et al., 2008; Gémez-
Robles, 2010). This conformation would be in line with the “inter-
mediate” morphologies (between Early and Upper Pleistocene
hominins) previously described for the Arago hominins (Bermidez
de Castro et al., 2003a). The SH hominins would fall within
H. neanderthalensis, although their morphology is even more
pronounced and/or derived than that of the classic Neanderthals, as
they fall in the extreme of the H. neanderthalensis spectrum of
variation. This fact is relevant for the discussion about the nean-
derthalization process (Dennell et al., 2010), since Middle Pleisto-
cene fossils have been traditionally described as generally “less
Neanderthal” than H. neanderthalensis (Bermuidez de Castro, 1987,
1988, 1993; Arsuaga et al,, 1997¢). In addition, the SH Pss exhibit
acanine-like aspect with averyreduced and bulbous lingual cusp, as
most of H. heidelbergensis and H. neanderthalensis Pss.

Lower fourth premolar (Py)

Except for a few H. sapiens specimens, all of the studied species
range from one to two or more lingual cusps, including the meta-
conid. The SH hominins, H. heidelbergensis, and H. neanderthalensis
display the highest frequencies of more than two cusps (95%, 100%,
and 88.9%, respectively) (Table 19). Similar to what we find in the
P3s, the morphology of the accessory cusps rarely exceeds that of
thickened ridges demarcated by feeble grooves. In fossil H. sapiens,
most of the specimens present one or two accessory lingual cusps
(55%) and, in our contemporary H. sapiens, the predominant type is
the expression of a metaconid plus a distolingual platform (48.6%).
In these groups, the location of the accessory cusps is restricted to
the distolingual quarter of the tooth, in contrast to earlier hominins
where the talonid also comprises a buccodistal portion (Martinén-
Torres et al., 2006), commonly demarcated in the external contour
of the tooth by a furrow.

A continuous transverse crest connecting both main cusps is the
common condition in the SH hominins and H. neanderthalensis
(75% and 69.2%, respectively). This trait has been previously
described as typical of Neanderthals (Bailey, 2002a,b) and less
common in other hominin species such as H. sapiens (Table 19). In
our sample, contemporary H. sapiens only expresses this feature in
8.5% of the population, although this percentage is higher in the
fossil H. sapiens sample (41.7%). In H. heidelbergensis, we only find
one case where this crest is clearly continuous (Arago 89); in the
remaining specimens, the crest is commonly interrupted by the
sagittal groove (e.g., Mauer or Pontnewydd 5).

Mesial accessory ridges of the protoconid are uncommon in the
whole sample (Table 19). Conversely, distal accessory ridges are
relatively common in all of the studied species except for the



contemporary H. sapiens groups (22.3%). The MDS plot (SOM
Fig. 13) shows a complete overlap of H. heidelbergensis and SH
distributions  within the 95% confidence interval of
H. neanderthalensis.

Finally, P, shape has been previously assessed by means of
geometric morphometrics (Martinén-Torres et al,, 2006), revealing
that H. heidelber gensis (including SH) and H. neanderthalensis have
fixed plesiomorphic traits in high percentages, such as an asym-
metrical contour, mesial metaconid, and a transverse crest (see also
Bailey and Lynch, 2005), which are also frequent in Asian H. erectus
and H. antecessor (Martinén-Torres et al., 2007a,b). The main
difference compared to earlier hominins is in the loss of the buc-
codistal portion of the talonid and a reduction of the lingual half of
the tooth, which is in turnrelated to the dental reduction processes
that affect late Homo species (Bermuidez de Castro and Nicolas,
1995). This process is particularly observed in the P4s of
H. antecessor, H. heidelbergensis, and H. neanderthalensis. H. sapiens
evolved a derived form, with a symmetrical outline, a centered
metaconid, and a significant reduction of the talonid (Martinén-
Torres et al., 2006).

Lower first molar (M;)

As mentioned above, the SH hominins are characterized by the
almost constant presence of a short and deep anterior fovea
(Table 20). In only 15% of the sample, this fovea is slight or linear
and open toward the mesial marginal ridge in the shape of
a triangular depression, matching the description of the classic
anterior fovea defined by Hrdlicka (1924) and Scott and Turner
(1997). The type of pit-like and closed fovea identified in the SH
hominins has been described as typical of H. neanderthalensis
(Bailey, 2002a,b; Martinén-Torres et al, 2007a,b), presenting
similarly high percentages as the SH sample in our study (81.3%). In
H. heidelbergensis, the frequencies of a grade 2 anterior fovea are
lower (57.1%), being absent in the holotype of the species, Mauer,
and slight or linear in Saint-Césaire, Arago 89, and Pontnewydd 11.
The anterior fovea is only present in 38.9% and 21.1% of the fossil
and contemporary H. sapiens samples, respectively, with a few
exceptions (2 out of 114 specimens in the contemporary group and
Qafzeh H4 from the fossil H. sapiens group) where it adopts a pit-
like aspect.

This type of fovea is commonly combined with the expression of
a continuous middle trigonid crest that borders the fovea distally
(Table 20). The concomitant expression of both features has been
considered typical of Neanderthals (Zubov, 1992a,b; Bailey,
2002a,b; Bailey et al, 2011) and European Middle Pleistocene
populations (Martinén-Torres et al., 2007a,b), although it can also
be found in Asian H. erectus from Java in lower percentages
(Martin6n-Torres, 2006; Martinén-Torres et al., 2007a,b). In our
sample, H. neanderthalensis expresses a continuous crest in 53.3% of
cases and it is concomitant with a pit-like anterior fovea in 46.4% of
the specimens. Mountmaurin and 3 out of 4 Arago individuals
present this Neanderthal-like combination, whereas in Mauer,
despite being the holotype, it is absent (Martinén-Torres, 2006;
Bailey et al., 2011). In the SH sample, the middle trigonid crest is
continuous in 95% of the specimens, and its expression is
concomitant with a grade 2 anterior fovea in 85% of the sample.
Only one specimen from the contemporary H. sapiens group and
one from the fossil H. sapiens sample express a continuous middle
trigonid crest.

The distal trigonid crest is an uncommon trait in all the studied
groups, being only present in 30%, 35%, and 12.7% of SH, and fossil
and contemporary H. sapiens samples, respectively (Table 20). In
H. heidelbergensis, half of the sample expresses it in a grade 1, in the
shape of a prolongation of the accessory distal ridge of the

protoconid, delimited by a short marginal groove (e.g., Mount-
maurin and Arago 13). More than half of the H. neanderthalensis
sample do not express it, but in 14.3% of this species it reaches
a grade 2 (e.g., Petit-Puymoyen 211 or Arcy Renne A6), ascertained
as a pronounced ridge that either obliterates the central groove or is
delimited by a marginal groove that also includes the metaconid
(but see Bailey et al., 2011, for other estimations).

The deviation of the metaconid essential ridge, also known as
a deflecting wrinkle, is absent in most of the studied specimens
(Table 20), although variable percentages of grade 1 and 2 forms
can be found in all of the groups. Cases where this crest is clearly L-
shaped and connects the metaconid and the hypoconid are rare
(below 20% in the SH hominins, H. heidelbergensis, and contem-
porary H. sapiens, and below 10% in the rest of the groups).

Invariably, all of the groups present large or very large (grades 4
and 5) hypoconulids (Table 20). Interestingly, SH presents two
exceptional cases of four-cusped M;s, a circumstance that only
happens in small percentages in the H. sapiens samples analyzed
here. We are certain that these teeth are M;s because we also
preserve the Mjys of the individuals they belong to.

The frequencies of C6 expression in the M;s are low in all of
the studied groups (Table 20), and completely absent in the SH
population. With 20.7%, H. neanderthalensis is the group with
the highest percentage of large C6s (e.g., Hortus II or Petit-
Puymoyen 2).

In our sample, C7s are more frequent than C6s, although they
tend to be small (Table 20} and displaced as a bulge on the lingual
surface of the metaconid (similar to grade 1A of the ASUDAS clas-
sification). Frequencies of large and well-delimited C7s are usually
below 10% (except for H. heidelbergensis, with 16.7% of specimens
with a C7 of grade 4), although, in some exceptional cases, they can
displace the metaconid and entoconid (e.g., Dolni Véstonice 15).

Regarding the groove pattern, the majority of the groups present
the dryopithecine form, followed by the “X” and the “+” patterns in
that order (Table 20). The proportion of the Y-pattern is higher in
both H. sapiens samples and the H. neanderthalensis sample. In the
SH sample, Y and non-Y types are relatively balanced (55.6% vs.
44.4%), possibly related to the marked posterior dental reduction in
this group. Similarly, 42.9% of the H. heidelbergensis sample (Pont-
newydd 11, Arago 13, and Arago 89) does not show a dryopithecine
type.

In our sample, the protostylid is uncommon (Table 20). Almost
all of the specimens range from absence to grade 1, a degree that is
still questioned as a minimum expression of this trait (Scott and
Turner, 1997). This feature may be a better populational, rather
than taxonomical marker in late Homo species, since it can be
present in moderate percentages in some H. sapiens groups (Irish,
1993) but is almost absent in all of the H. sapiens specimens
analyzed here.

The MDS plot for the M; (SOM Fig. 14) shows that
H. neanderthalensis covers the morphological variability of the SH
sample, whereas 2 out of 6 H. heidelber gensis specimens (Mauer and
Arago 89), fall outside of the H. neanderthalensis and SH distributions.

Lower second molars (M3)

Similar to the morphology of the M;s, deep and short anterior
foveae are highly frequent (Table 21) in the SH, H. neanderthalensis,
and H. heidelber gensis Mys (76.2%, 72.7%, and 87.5%, respectively).
Around half of the early and contemporary H. sapiens samples do
not express an anterior fovea and only in small percentages can we
find a grade 2 (22.7% and 5.8%, respectively). The expression of an
uninterrupted middle trigonid crest is predominant in SH (90.5%)
and H. neanderthalensis (73.9%), but is only present in this form in
37.5% of the H. heidelber gensis specimens (Mountmaurin, Arago 6,



and Arago 10). As with the M;s, the middle trigonid crest is widely
absent in H. sapiens, and, when it is present, it is interrupted by the
central groove (Table 21). The concomitant expression of a contin-
uous middle trigonid crest and a grade 2 anterior fovea is frequent
in H. neanderthalensis (66.6%) and Sima de los Huesos (71.4%). It is
less common in H. heidelbergensis (33.3%) and H. sapiens (1 out of
173 specimens). This trait combination has been described as
typical of H. neanderthalensis and European Middle Pleistocene
groups (Bailey, 2002a,b; Martinén-Torres et al., 2007a,b), but it is
absent in Mauer. The distal trigonid crest is less frequent than its
mesial counterpart, being mostly absent in all groups except for the
H. neanderthalensis sample, where grades 1 and 2 are slightly more
frequent than grade O (Table 21). This feature in its maximum
degree of expression is absent in the SH M;s. The deflecting wrinkle
is also rare in our sample (Table 21). The hypoconulid undergoes
a significant reduction with regard to the M, (Tables 20 and 21). Its
expression ranges from absent to large, but in the H. sapiens
samples it is expressed as a moderately large cusp (grade >3} in
only 28% and 15.3% of the fossil and contemporary samples,
respectively. Four-cusped M3s are rare in the remaining groups (see
also Gomez-Robles et al, 2011a} although the hypoconulid is
absent or expressed as avestige (grades 0 and 1) in 33.4%, 11.1%, and
14.2% of SH, H. heidelbergensis, and H. neanderthalensis samples,
respectively.

The position of the C6 within the occlusal outline is lingual, and,
in some cases, it is expressed despite the absence of a hypoconulid
(e.g., individuals Il and XI from SH and Hortus V). In our sample,
this cusp is generally small in all the studied groups (Table 21). The
C7 rarely exceeds a grade 2 in our H. sapiens sample. In contrast, the
SH, H. heidelbergensis, and H. neanderthalensis samples display
moderate frequencies of independent and well-demarcated C7s
(grades >3 in 25%, 37.5%, and 26.1%, respectively) (Table 21).

Regarding the groove pattern, “+” patterns are more common
than “X” patterns. The latter can be found in the Middle Pleistocene
in the SH hominins and some Krapina individuals. In the studied
sample, H. neanderthalensis is the only group where the Y-pattern
prevails over the other two (70.8%).

The expression of a protostylid is rare in our sample (Table 21),
and with only one exception from the contemporary H. sapiens
group, it never exceeds a grade 2.

From the MDS plot (SOM Fig. 15) we infer that the SH Mjs
morphology falls within the H. neanderthalensis 95% confidence
interval. In contrast, the H. heidelbergensis sample appears more
variable than the SH sample, and 2 out of 8 specimens (Mauer and
Arago 89) fall outside of both SH and H. neanderthalensis
distributions.

Although a consideration of root morphology was not one of the
goals of the present study, it was ascertained that more than half of
the SH population presents hypotaurodontism, and there are some
isolated cases where bifurcations do not occur until the apical third.
This morphology would be similar to that of H. neanderthalensis
roots, which are assumed to present high frequencies of taur-
odontism (e.g., Kricum et al, 1999; Lebel and Trinkaus, 2002;
Kupczik and Hublin, 2010).

Lower third molars (M3)

The expression of an anterior fovea is considerably less frequent
in H. sapiens (44.3% in the contemporary sample and 53% in the
fossil sample) than in H. neanderthalensis (89%), H. heidelbergensis
(80%), and the SH hominins (95.2%) (Table 22). In H. sapiens as
a species, this fovea is usually long and shallow, whereas in the
remaining groups it tends to be short and deep. The expression of
amiddle trigonid crest is considerably more frequent in the SH and
H. neanderthalensis groups, especially in its continuous form (72.7%

and 70.6%, respectively), while this form is totally absent in the
H. sapiens samples studied here. As in the M;s and Mjs, the
concomitant expression of a continuous middle trigonid crest and
a deep short anterior fovea is also typical of SH and H. nean-
derthalensis (57.14% and 64.7%, respectively). This pattern occurs in
1 out of 5 H. heidelbergensis specimens in our study (Mountmaurin)
and is absent in our H. sapiens sample. This combination can be
traced back to Asian H. erectus (particularly those from Sangiran
locality) (Martinén-Torres, 2006).

The expression of a distal trigonid crest (Table 22} is a common
trait within the SH hominins (69.5%), including its continuous form.
It is also relatively frequent in H. heidelbergensis but is largely
absent in H. neanderthalensis and both H. sapiens samples.

The deflecting wrinkle is a rare trait in our sample (Table 22).
However, its identification may be obscured by the atypical cusp
arrangement of this dental class in late Homo species, as a conse-
quence of a strong dental reduction processes. A deflecting wrinkle
of grade 2 is only found in one early H. sapiens (Dolni Véstonice 13)
and 7.7% of the contemporary group.

The hypoconulid reduction in the SH Mss is even more
pronounced than in the Mjys. This cusp is absent or barely expressed
as a bifurcation of the distal groove in 39% of this population, and in
38.9% and 52.4% of the fossil and contemporary H. sapiens samples,
respectively (Table 22). In H. neanderthalensis, this percentage is
lower (12.5%). The size of this cusp ranges from medium to small in
the studied groups, and in only less than 10% (except for
H. heidelber gensis) it reaches the maximum degree of the qualita-
tive scale of expression. Within H. heidelbergensis, some specimens
like Mauer develop a large hypoconulid, whereas in Arago 13 this
cusp is small.

Moderate-sized C6 (grades 2 and 3) are present in more than
half of the H. neanderthalensis sample, in less than the 35% of SH
hominins, H. heidelbergensis, and early H. sapiens, and only in 15% of
the contemporary H. sapiens group. There are a few cases where the
C6 is expressed in the absence of a hypoconulid (e.g., Krapina G, SH
individual XXVI, and two specimens from the contemporary
H. sapiens San Nicolas sample).

The C7 is also highly variable in its expression, ranging from
absent to large in all of the groups but H. heidelbergensis or early
H. sapiens (where it never exceeds a grade 2) (Table 22). SH is the
group with the highest frequencies of large C7s, and in many cases
this cusp contributes to atypical cusp arrangements that obscure
the differentiation and identification of main and accessory cusps. It
also affects the identification of the groove pattern (Table 22),
which is predominantly non-dryopithecine, with the exception of
H. neanderthalensis, where a “Y” arrangement is present in more
than half of the sample (60%). In H. sapiens, the predominant
pattern is “X,” whereas in Middle Pleistocene groups the prevailing
from is “+.”

The protostylid is rare in all of the studied groups, although its
expression is more frequent in M3 than in M; and M;
(Tables 20-22), particularly in the SH population and the
contemporary H. sapiens group.

From the MDS plot (SOM Fig. 16) we can infer that all the
H. heidelbergensis and SH M3s (with one exception out of 21 spec-
imens) fall within the H. neanderthalensis range of variability.

Discussion

We are aware that dental evidence is only one piece of
a complex jigsaw puzzle, and that other types of data should be
considered in order to explore the origins of the Neanderthals. Far
from intending to answer all the questions about the evolutionary
story of Neanderthals, we aim to contribute new evidence to the



development and testing of hypotheses about a possible “nean-
derthalization” process.

Several studies have stated that Neanderthals display morpho-
logical traits and proportions that are distinctive of this species
(e.g., Smith, 1989; Bermuidez de Castro, 1993; Crummett, 1995;
Bermudez de Castro and Nicolas, 1995; Stefan and Trinkaus, 1998;
Tattersall and Schwartz, 1999; Bailey, 2002a,b; Gdémez-Robles
et al, 2007, 2008, 2011). In particular, their dental morphology
has been widely analyzed (e.g., Boule, 1923; Keith, 1924, 1925;
Krogman, 1927; Weidenreich, 1937; Boule and Vallois, 1957;
Patte, 1959), and, beyond the high frequencies of taurodontism
(e.g., Keith, 1924; Hillson, 1986; Klein, 1999) or pronounced shovel
shape (e.g., Mizoguchi, 1985; Crummett, 1995; Bailey, 2002a), other
dental traits have been identified as “unique” to this species (e.g.,
Zubov, 1992a,b; Bailey, 2002a,b; Martinén-Torres et al., 2007a,b;
Gomez-Robles et al., 2007, 2008, 2011; Bailey et al, 2011).
However, a true assessment of Neanderthal “uniqueness” and its
evolutionary significance requires comparison to European Middle
Pleistocene populations, considered by many researchers as the
directancestors of the classic Neanderthals (e.g., Hublin, 1982, 1984,
1996, 2009; Stringer, 1985, 1993; Arsuaga et al., 1993, 1997¢). In this
context, the Sima de los Huesos dental sample has enriched the
European Pleistocene fossil record in an extraordinary manner,
representing more than the 90% of the Middle Pleistocene world-
wide human fossil record and becoming a crucial sample for
understanding a possible neanderthalization process.

Such a large sample as Sima de los Huesos allows us to define
the dental morphological pattern of a Middle Pleistocene pop-
ulation. In sum, we can state that the SH I's are characterized by
a pronounced labial convexity, moderate shovel shape, and prom-
inent basal eminence over which a light tubercle may develop. The
SH I%s also display conspicuous labial convexity and a type of shovel
shape we have coined “triangular shovel shape” that is exclusive of
European Middle Pleistocene and Neanderthal populations
(although incipient forms of it can be traced back to H. antecessor
and Asian H. erectus species) (Martinén-Torres et al, 2007a,b;
Gomez-Robles, 2010). With the only exception of Qafzeh, which
present pronounced incisor convexity and incipient triangular
shovel shape, this morphology is absent in H. sapiens. Upper
canines display moderate to pronounced degrees of shovel shape,
prominent lingual tubercles, and high frequencies of mesial ridges,
overlapping with Neanderthal groups in their distributions. SH
sample coincides with H. neanderthalensis in the expression of
“mass additive” traits (Irish, 1998) in their anterior dentitions. Their
upper premolars present more simplified occlusal surfaces than
H. heidelbergensis and H. neanderthalensis, and they also present
a characteristic bulging on their buccal aspects, which is more
pronounced in the P3s, and a trait they have in common with
Middle Pleistocene groups and H. neanderthalensis (Gomez-Robles
et al., 2011). The M's present a characteristic conformation, with
a bulging hypocone protruding in a rhomboidal contour (Bailey,
2004; Gomez-Robles et al.,, 2007). This conformation is typical of
Neanderthals and can be traced back to the Early Pleistocene
specimens from Europe (Gémez-Robles et al., 2007, 2011b). While
the hypocone is large in the M's, this cusp is absent or only
expressed as a vestige in 33.4% and 95.2% of the SH M?s and M°s,
respectively. This degree of reduction falls within the range of
variation of modern populations (see also Bermidez de Castro,
1987). Lower incisors present moderate labial convexity and
lower canines present an incisor-like aspect, with variable degrees
of shovel shape and a smooth lingual surface. The P3s present
a symmetrical contour where the talonid is extremely reduced or
even absent, and the occlusal polygon is very small and located near
the lingual border of the crown. In addition, the metaconid is small,
centered, and globular, resembling a canine in its conformation.

This shape is typical of the Neanderthal lineage but more
pronounced in the SH sample than in other Middle Pleistocene
groups such as Arago or even some classic Neanderthals such as
some from Krapina and Le Moustier (Gémez-Robles et al., 2008;
Gomez-Robles, 2010). The P4s present an asymmetrical contour,
a mesially displaced metaconid, and accessory lingual cusps in
association with a continuous transverse ridge. This morphology is
typical of H. neanderthalensis (Patte, 1959; Genet-Varcin, 1962;
Bailey, 2002a,b; Bailey and Lynch, 2005; Martinon-Torres et al.,
2006), and, together with an exocentric and reduced occlusal
polygon, we can find it in European Early Pleistocene groups
(Martinén-Torres et al., 2006). The hypoconulid is reduced (grade
<3) in 9.5%, 33.4%, and 34.8% of the SH M;s, Ms, and Mss,
respectively. This is an exceptional circumstance in a Middle
Pleistocene European population (Bermidez de Castro, 1987;
Bermudez de Castro and Nicolas, 1995; Martindn-Torres, 2006)
and could reflect a particularity of this population. In 44.4%, 59.1%,
and 76.5% of the SH M;s, M3s, and Mss, respectively, we see a type
of groove pattern different from the dryopithecine-like pattern,
a feature related to the dentognathic reduction ascertained in
Pleistocene Eurasian populations (Martinén-Torres et al., 2007a),
although more pronounced in the SH group than in
H. neanderthalensis or H. heidelbergensis. The concomitant expres-
sion of a deep pit-like anterior fovea and a continuous middle
trigonid crest occurs in 85% of Mis, 71.4% of Mys, and 57% of Mss,
which is similar to the H. neanderthalensis condition (Zubov,
1992a,b; Bailey, 2002a,b; Martinén-Torres et al, 2007a,b; Bailey
et al, 2011).

With the exception of milder forms of I' shovel shape and
tuberculum dentale, all the traits and conformations described for
the SH dentitions are considered typical of H. neanderthalensis
(Bermudez de Castro, 1988, 1993; Martinén-Torres, 2006;
Martinén-Torres et al., 2007a,b; Gémez-Robles et al., 2007, 2008,
2011; Goémez-Robles, 2010). Although the highest degrees of
expression of those particular traits are absent in the SH sample,
H. neanderthalensis variability also covers I's with less pronounced
shoveling and tuberculum dentale. In general, SH hominins present
dentitions that are as “Neanderthal” as those recovered from Kra-
pina or Hortus, and whose larger sample size allow us to consider
population variability. With the exceptions mentioned above, the
SH hominins show similar or more pronounced degrees and
frequencies than H. heidelbergensis and even H. neanderthalensis for
some of the dental traits (this study; see also Gémez-Robles et al.,
2008, 2011; Gémez-Robles, 2010). The highly derived state of the
Sima de los Huesos dentition cannot be compared to the degree of
“neanderthalization” of other penecontemporaneous populations
(Tattersall, 2007, 2009; Bermudez de Castro et al., 2009; Stringer,
2009; Dennell et al, 2010} such as Arago (ca. 350—400 ka;
Falguéres et al., 2004) or Mauer (ca. 600 ka; Wagner et al., 2010).
Although the last age estimate obtained for the Atapuerca-SH site
(Bischoff et al., 2007) seems to be controversial for some
researchers as it is difficult to accommodate in their “neanderth-
alization models” (see Stringer, 2009; Endicott et al., 2010), this
date has not yet been formally contested anywhere. Even with
more conservative estimates for the age of the SH hominins
(>350 ka; Bischoff et al., 2003 ), they would still be morphologically
“more Neanderthal” than the Arago teeth (Bermudez de Castro
et al, 2003a; Gémez-Robles et al., 2007, 2008), and even more
than some Neanderthal populations such as Krapina and Hortus, as
the SH premolars and upper molars fall in the extreme of the
gradient of the Neanderthal variation (Gémez-Robles et al., 2007,
2008, 2011; Gémez-Robles, 2010).

According to Arsuaga et al. (1997c¢), Middle Pleistocene hominins
from Europe and Neanderthals represent the same evolutionary
species and could be understood as a chronospecies. With the



caution of not having areliableand precise chronological framework
for each pre-Neanderthal, it seems that the combination of primitive
and derived traits of Middle Pleistocene populations cannot be
ordered into a chronological sequence (Bermidez de Castro et al.,
2009; this study). This circumstance is difficult to conciliate with
the “accretion model” formulated to explain the emergence of the
Neanderthal lineage (Hublin, 1996). According to this model,
Neanderthal distinctions would accumulate gradually in pop-
ulations that became isolated due to glacial conditions, so that
earlier populations should be “less Neanderthal” than later pop-
ulations (Hublin, 1996; Harvati et al., 2010). However, this model was
proposed without considering the dental evidence that, until
recently, was very scarce for the Middle Pleistocene. Other late
Middle Pleistocene specimens from Europe such as the Pontnewydd
teeth (ca. 200 ka) are characterized as being similar to those of the
Upper Pleistocene Neanderthals (Green, 1983, 1985; Green et al,
1989) and the much earlier SH teeth (Martindn-Torres, 2006;
Gomez-Robles et al., 2007), and, in some tooth classes such as
molars and premolars, SH hominins show even more derived
conformations than classic Neanderthals such as Krapina, Hortus,
and Le Moustier (see Gimez-Robles et al., 2007,2008,2011; Gémez-
Robles, 2010). However, it is also important to remember that not all
the skeletal parts show the same degree of neanderthalization of the
dentition, and these differences were the reason behind excluding
the SH fossils from H. neanderthalensis (Arsuaga et al.,, 1991, 1993,
1997¢). In contrast, the unclear boundary between the pre-
Neanderthal and Neanderthal populations has led some
researchers to suggest that all the Middle and Upper Pleistocene
populations showing Neanderthal traits should be included in the
H. neanderthalensis lineage (Hublin, 2009).

Unfortunately, the hominin fossil record for the European
Middle Pleistocene, aside from the SH sample, is scarce, and we do
not really know the true morphological variability of
H. heidelbergensis dentitions. Although this species generally
overlaps with Neanderthals in its morphology, there are more
specimens from the H. heidelber gensis sample than from the SH
group that fall outside of Neanderthal range of variability (see MDS
analyses in SOM), particularly those from Mauer and Arago. In
contrast, we do know the variability of the SH group and we can
state that the SH hominins are similar to Neanderthals not only “on
average” (based on the frequencies of trait expressions) but also
individually, as almost all of the specimens, with isolated excep-
tions, fall within the H. neanderthalensis range of variation (see MDS
analyses in SOM).

Hopefully, future hominin discoveries from the Middle Pleisto-
cene of Europe will contribute the necessary evidence to allow
a balanced comparison of the degree of neanderthalization
between the SH populations and the remaining Middle Pleistocene
groups. Until then, we believe that the available evidence compels
us to at least explore alternative models to the “accretion model” in
order to better understand the emergence of the Neanderthal
lineage. Complex demographic patterns driven by the climatic
conditions and implying extinctions, recolonizations (Hublin and
Roebroeks, 2009), and mixing between demes with different
degrees of “neanderthalization” (for a more detailed explanation,
see Dennell et al., 2010) could explain the variability of the Middle
Pleistocene groups and the apparently non-lineal evolution toward
H. neanderthalensis.

Alternatively, the highly derived and Neanderthal character of
the Sima de los Huesos dentitions, if we accept the early Middle
Pleistocene date attributed to the site, might suggest that SH has
played a major role as a core or source population for the Nean-
derthal gene pool, particularly in the frame of an evolutionary
scenario with common bottlenecks, as has been suggested for this
lineage (see Hublin, 1996, 2009; Hublin and Roebroeks, 2009). In

this scenario, Neanderthals would be a terminal species belonging
to a wider European hominin radiation (Schwartz and Tattersall,
2005), and SH (but not other Middle Pleistocene European pop-
ulations) would be at the root of the classic Neanderthal group.

Otherwise, it could be that the SH hominins represent
a different lineage that has evolved in isolation due to hard climatic
conditions (see Dennell et al., 2010). Thus, some of their derived
morphologies, and the marked reduction of the size of their
posterior teeth, could be a particularity of this population
(Bermudez de Castro and Nicolas, 1995). In this framework, and
according to some authors (Tattersall and Schwartz, 2006, 2009;
Tattersall, 2007, 2009, 2011; Arsuaga, 2009), the allocation of SH
in the H. heidelbergensis taxon might be reconsidered. The SH
hypodigm presents more clear Neanderthal affinities, not only in
the dentition, but also in postcranial (Carretero et al., 1997, 2009;
Gomez-Olivencia et al., 2007), mandibular (Rosas, 2001) and
upper facial morphology (Arsuaga et al.,1997¢; Bermidez de Castro
et al.,, 2009; Tattersall, 2011}, than the specimens that are usually
included in the H. heidelbergensis clade (e.g., Mauer and Arago).
However, SH hominins also hold enough differences to prevent
their allocation in H. neanderthalensis (Arsuaga et al., 1997c;
Tattersall, 2011). In this line of reasoning, SH might represent
a distinct hominin lineage that is related to Neanderthals, but also
different from them and from other European Middle Pleistocene
populations. If this were the case, we might be observing the
coexistence of two or more hominin lineages during the Middle
Pleistocene that are represented by the Sima de los Huesos homi-
nins on one hand and more primitive fossils such as Arago or Mauer
on the other. Recent findings, such as the retrieval of the DNA
mitochondrial sequence from Denisova (Krause et al., 2010), the
new Middle Pleistocene data for the Ceprano calvaria (Manzi et al.,
2010), or the finding of an Upper Pleistocene mandible from Mala
Balanica (Serbia) without clear Neanderthal traits (Roksandic et al.,
2011) might support the possibility of complex evolutionary
scenarios with persistence and temporal coexistence of different
hominin lineages.

Paradoxically, the Mauer mandible has Neanderthal dental
proportions (Rosas and Bermudez de Castro, 1998} but it lacks some
distinctive morphological traits of the European Middle Pleistocene
population, such as the typical combination of the middle trigonid
crest and a deep, pit-like anterior fovea (Martinén-Torres, 2006;
Bailey et al, 2011), or the typical Neanderthal lower second
premolars with a reduced exocentric occlusal polygon (Martinn-
Torres et al., 2006). In this context, we suggest that a revision of
the H. heidelbergensis taxon would be necessary, due to the lack of
consensus among scholars about its taxonomic distinctiveness and
its phylogenetic position (see Stringer, 1985; Arsuaga et al., 1997¢;
Tattersall and Schwartz, 1999; Hublin, 2009). In addition, the
Mauer mandible appears as a “problematic” holotype, as it is
difficult to link it with other European Middle Pleistocene speci-
mens, mainly characterized by their Neanderthal apomorphies. In
other words, Mauer would not be “representative” of the speci-
mens usually assigned to H. heidelbergensis.

Finally, it seems clear that H. neanderthalensis and H. sapiens
lineages present different and distinguishable dental patterns.
Although our H. sapiens sample is biased toward Europe, key
differences remain when considering the dental patterns of other
modern populations beyond the ones studied here (e.g., Scott and
Turner, 1997; Bailey, 2002b; Irish and Guatelli-Steinberg, 2003).
However, these differences appear less pronounced between our
H. heidelbergensis and early H. sapiens samples, as stressed by the
results of the MMD analysis. Admittedly, both of our
H. heidelbergensis and fossil H. sapiens samples are small, and cover
a wider and more heterogeneous geographic and chronological
range, and this circumstance obliges us to read this result with



caution. In addition, it may mean that both populations, at the root
of the H. neanderthalensis and H. sapiens lineages, present less
defined (specialized) forms. Indeed, the early H. sapiens hominins
from Qafzeh display some morphologies considered to be typical of
Neanderthals, such as an incipient triangular shovel shape and
pronounced incisor labial convexity. Interestingly, Qafzeh fossils
also have a perikymata distribution pattern more like that of
H. erectus and H. neanderthalensis (Guatelli-Steinberg and Reid,
2010) than like modern H. sapiens. There are two alternative
interpretations for the expression of “Neanderthal” traits in this
H. sapiens population. It could indicate that those traits are indeed
synapomorphies inherited from a hypothetical last common
ancestor, and that those traits would eventually be lost in H. sapiens
while they became typical of H. neanderthalensis. In this context,
many of the “typical Neanderthal” traits would not be Neanderthal
apomorphies but distinctive combinations of primitive features
(see also Patte, 1962; Franciscus and Trinkaus, 1995; Bailey,
2002a,b; Martinon-Torres et al, 2006) present in the hominin
record prior to the Neanderthal and H. sapiens divergence. Alter-
natively, the Qafzeh hominins could be the result of a hybridization
process between early H. sapiens and H. neanderthalensis in the
Middle East, as it has been already posited by the archaeological
and molecular data (Bar-Yosef, 1994; Green et al., 2010). However,
to address this question it would be desirable to conduct a cladistic
rather than a phenetic approach that includes an enlarged
comparative sample incorporating earlier hominin species.
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