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a  b  s  t  r  a  c  t

The  TD6-2  level  of  the  Gran  Dolina  cave  site (Sierra  de  Atapuerca,  Burgos,  Spain)  has  yielded
an assemblage  of  about  170  human  fossil  remains  dated  to > 800 ka (probably  MIS  21)  and
assigned  to  the species  Homo  antecessor.  In  this  study,  we describe  for the first  time  a  large
portion  of a parietal  bone  (ATD6-100/168).  The  morphology  of  the  fractures  on  the  bones  is
compatible  with  a peri-mortem  trauma.  The  superior  parietal  areas are flat. There  is  a large
parietal foramen  and  one  smaller  accessory  parietal  foramen.  Middle  meningeal  vessels  are
not  particularly  developed,  but  they  are  distributed  in both  anterior  and  posterior  districts,
with the  parietal  vasculature  originating  from  the  posterior  branch.  The  meningeal  vessels
show multiple  minor  connections  with the  pericranial  and  diploic  vascular  systems.  The
diploe is  not  particularly  developed,  and  large  diploic  channels  are  not  detected.  The  bone  is
thin  when  compared  with  adult  fossil humans,  and  equivalent  to juvenile  values.  All these
characters  suggest  that the  parietal  ATD6-100/168  probably  belonged  to a  juvenile  individ-
ual,  with  plesiomorphic  endocranial  traits  similar  to those  described  for H.  ergaster/erectus.
The derived  temporal,  maxillary  and dental  traits  in Homo  antecessor  and  the  primitive
parietal  morphology  further  point  to  distinct  (mosaic)  patterns  of  morphological  evolution
of face  and braincase.
©  2016  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.

ots clés :
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r  é  s  u  m  é

Le  niveau  TD6-2  de  la  grotte  de Grand  Dolina  (Sierra  de  Atapuerca,  Burgos,  Espagne)  a
fourni  un  assemblage  d’environ  170 restes  humains  d’âge  >  800  ka (probablement  MIS  21)
et assignés  à l’espèce  Homo  antecessor.  Dans  cette  étude,  nous  décrivons  pour  la  première
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Épaisseur crânienne
Morphologie cranio-vasculaire

fois  une  large  portion  d’une  voûte  pariétale  (ATD6-100/168).  La  morphologie  des  fractures
sur  les  os  est  compatible  avec  un  trauma  peri-mortem.  Les  zones  pariétales  supérieures
sont  plates.  Il y  a un  grand  foramen  pariétal  et  un  foramen  pariétal  accessoire  plus  petit.
Les vaisseaux  méningés  centraux  ne sont  pas particulièrement  développés,  mais  ils sont
répartis  à  la  fois  entre  les  secteurs  antérieur  et  postérieur,  avec  une  vascularisation  parié-
tale  provenant  de  la  branche  postérieure.  Les  vaisseaux  méningés  montrent  de multiples
connexions  mineures  avec  les  systèmes  péricrânial  et diploïque.  Le diploe  n’est  pas  partic-
ulièrement  développé  et  de grands  canaux  diploïques  ne  sont  pas  détectés.  L’os  est mince
en  comparaison  de  celui  des  humains  fossiles  adultes  et équivalent  à celui  des  juvéniles.
Tous ces caractères  suggèrent  que  le  pariétal  ATD6-100/168  appartient  probablement  à  un
individu  juvénile,  avec  des  traits  endocrâniens  plésiomorphes,  analogues  à  ceux  décrits
pour  H.  ergaster/erectus. Notre  étude  souligne  le  patron  en mosaïque  de  l’évolution  mor-
phologique.

émie  d

2. Methods
©  2016  Acad

1. Introduction

The Sierra de Atapuerca is located 14 km east of the city
of Burgos (northern Spain), with an area of about 25 km2

and a maximum altitude of 1082 m above sea level. In the
last 40 years, the karst of this area has provided several
archaeological and paleontological sites, including those
discovered after the section of a railway opened at the end
of the 19th century (Trinchera del Ferrocarril). One of these
infillings is named Gran Dolina (TD), and contains a large
Pleistocene sedimentary sequence about 27 m deep and a
maximum width of 17 m.  In 1987, Gil et al. (1987) divided
the Gran Dolina section from bottom to top into 11 lev-
els: TD1 to TD11. About 170 human fossil remains were
recovered from the TD6 level during the 1994–1996 and
2003–2004 field seasons (e.g. Bermúdez de Castro et al.,
1999; Carbonell et al., 1995). The study of the cranial and
dental remains evinced a unique combination of primi-
tive and derived cranial and dental features regarding the
Homo clade and we proposed a new species, Homo anteces-
sor (Bermúdez de Castro et al., 1997; see also Bermúdez
de Castro et al., 2015a, 2015b). The bones are fragmen-
tary and the accumulation was explained as the result of
one or more events of cannibalism (Carbonell et al., 2010;
Fernández-Jalvo et al., 1999).

Currently, there is a vertical cut of the Gran Dolina sec-
tion in progress. This work has allowed a stratigraphic
refinement of the TD6 section (Fig. 1), as well as of other
Gran Dolina levels (e.g., Bermúdez de Castro et al., 2008;
Campaña et al., 2015). For instance, the TD6 level has
been divided in three sublevels: TD6-1, TD6-2, and TD6-
3. The human fossils, as well as more than 300 artefacts
and several thousands of micro- and macromammal fossil
remains (Carbonell et al., 1999; Cuenca-Bescós et al., 1999;
García and Arsuaga, 1999; van der Made, 1999) come from
the sublevel TD6-2 level. Parés and Pérez-González (1995,
1999) observed a polarity reversal between TD7 and TD8,
interpreted as the Matuyama/Brunhes boundary, meaning
that levels TD8-TD11 were deposited during the Middle
Pleistocene, whereas levels TD7-TD1 were attributed to the
Early Pleistocene. The combination of paleomagnetic data
and US-ESR ages suggests an age range between 780 and

866 ka for the so-called Aurora Stratum (Falguères et al.,
1999). Thermoluminiscence (TL) dates on samples taken
at the TD7 level, one meter below the Brunhes/Matuyama
es  sciences.  Publié  par  Elsevier  Masson  SAS.  Tous  droits  réservés.

boundary give a weighted mean age of 960 ± 120 ka for
TD7 (Berger et al., 2008). The ESR dating applied to opti-
cally bleached quartz grains gives dates between 601 ± 88
ka and 947 ± 90 ka (Moreno et al., 2015). These authors also
obtained dates of 734 ± 128 ka and 852 ± 144 ka for the TD7
level, from samples taken under the Matuyama/Brunhes
boundary. Using thermally transferred OSL (TT-OSL) dating
of individual quartz grains, Arnold et al. (2014) obtained a
weighted mean age of 846 ± 57 ka for the TD6 level. Finally,
Arnold and Demuro (2015) have undertaken a series of TT-
OSL suitability assessments on known-age samples from
TD6. Using this method, they obtained a weighted average
age of 851 ± 46 ka for TD6-3. Summarizing, and considering
the biostratigraphic information from TD6 (Cuenca-Bescós
et al., 1999, 2015), we  consider that the TD6 hominins could
be assigned to the MIS  21.

During the 2003 field season, three fragments of a right
parietal bone were found at the TD6 level (Fig. 2). The ante-
rior fragment is labelled as ATD6-100, whereas the two
posterior fragments are labelled as ATD6-168. The pari-
etal ATD6-100 + ATD6-168 (ATD6-100/168) was recovered
from the sublevel named “Jordi”, which is at the bot-
tom of the so-called “Aurora archaeostratigraphic set, AAS”
(Bermúdez de Castro et al., 2008). The AAS correlates with
the Aurora Stratum defined in 1995 (Carbonell et al., 1995,
and see also a lithostratigraphic description in Parés and
Pérez-González, 1999). The Aurora Stratum represents a
condensed deposit of the six well-differentiated layers of
the AAS (Bermúdez de Castro et al., 2008). Therefore, it
is very difficult to know the precise relationship between
ATD6-100/168 and the human fossils recovered during
the excavation of the Aurora Stratum in 1994–1995. The
well-preserved hemimandible ATD6-96 (e.g. Bermúdez de
Castro et al., 2015a, 2015b; Carbonell et al., 2005) was
also recovered in Jordi, few centimeters away from ATD6-
100/168.

The aim of this report is to describe this parietal frag-
ment and to provide metric and morphological features of
its external and internal surfaces.
The parietal bone was analyzed with a microtomo-
graphic Scanco Medical �CT80 scanner with an isometric
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Fig. 1. Upper sequence of the lithostratigraphic unit TD6 from the Gran
Dolina cave infilling (Matuyama Chron), which includes the “Aurora
archaeostratigraphic set” (AAS), also known as TD6-2. All the human
fossils of the Homo antecessor hypodigm have been recovered from this
section of the unit TD6.
Fig. 1. Séquence supérieure de l’unité stratigraphique TD6 du remplis-
sage de la grotte de Gran Dolina (Matuyama Chron), qui inclut l’« ensemble
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rchéostratigraphique Aurora » (AAS), aussi connu sous la dénomination
D6-2.

odified from Bermúdez de Castro et al., 2008.

oxel of 37 �m (slice thickness 37 �m,  slice incre-
ent 37 �m;  pixel resolution 37 �m),  and a matrix of

048 × 2048 pixels. For macroanatomic observations, data
ere reduced and reformatted to a 1024 × 1024 pixel
atrix, with an isometric voxel of 74 �m.  Tomographic

ata were visualized and segmented with MIMICS 18.0
Materialise) and ImageJ 1.48q (Schneider et al., 2012). Ten
hords were used to compare the physical specimen and

he digital replica, giving an average discrepancy of 0.5 mm
range 0.0–0.8 mm),  mostly due to uncertainty associated
ith the localization of reference landmarks. This discrep-

ncy involves an error of 0.3%–2.3%. Measures of cortical
l 16 (2017) 71–81 73

thickness give an average discrepancy of 0.3 mm (8%).
Thickness was  measured at 10 points distributed along the
perimeter of the fragment, as to give a general overview
of the thickness variation: six points lateral to the sagittal
suture, and four points at the lower boundary of the parietal
fragment, in areas without major bone damages. These val-
ues were compared with the metrics reported in Lieberman
(1996) for the parietal eminence in fossil hominids (after
Nawrocki, 1991 and Minugh-Purvis, 1988) and for the ver-
tex in recent European and Australian Aborigines (after
Brown et al., 1979; Roche, 1953). Microscopic inspection of
the parietal fragment, including stereomicroscope and �CT
imaging, was performed to investigate and describe the
fractures affecting the bone and to determine the timing
(ante-, peri- or postmortem) of the fracture events.

3. Description of the ATD6-100/168 parietal bone

ATD6-100 represents the anterior portion of the pari-
etal bone, missing all the areas of the sutures. ATD6-168
includes the sagittal and posterior areas (including the
sagittal and lambdoid sutures) and the upper part of the
parietal squama until the parietal boss, whose tip is miss-
ing. Fig. 3 shows the digital replica of the fossil, and a
drawing presenting specific features. Fig. 4 shows tomo-
graphic sections and a 3D transparency rendering. The
sagittal and lambdoidal sutures are largely preserved, with
chords of 75 and 48 mm,  respectively. The lambda is pre-
served. Bregma was probably few centimeters forward to
the anterior edge of the suture, and this suggests that pos-
sibly the anterior border of the fragment was  not far from
the coronal suture. The asterionic area is not preserved.

The parietal presents several fractures at different loca-
tions. Two  major fractures affect its anterior and lateral
aspects where the sagittal and temporal sutures are incom-
plete or missing. Moreover, the parietal eminence presents
an angular fracture that has affected its tip. The mor-
phology of the two large fractures are characterized by
straight edges where the diploe, inner and outer tables do
not exhibit further involvement, and their morphologies
are clearly differentiated. The edges of these fractures are
whitish, whereas the rest of the bone is more brownish
(sediment) in colour. In contrast, the fracture affecting the
parietal boss presents ragged and oblique edges. In this
case, the outer and inner tables form a beveled cut where
the inner table is missing a portion (flake of bone). There
are two  horizontal lines irradiating from this fracture fol-
lowing a medial/sagittal direction and, finally, there is no
color difference between the margins of the fracture and
the rest of the bone.

The parietal eminence is marked and strongly bossed.
The marked bossing at the lower parietal area and the
flat superior surface suggest that the specimen could have
displayed the classical archaic human “tent-like” poste-
rior profile. Such interpretation is however affected by
the uncertainty associated with the limited anatomical
information available. The bone presents a large parietal

foramen, positioned at 8 mm from the sagittal suture, and
33 mm from the lambdoidal suture. Ectocranially, there are
traces of a vessel running orthogonally from the foramina
to the sagittal suture. The parietal foramen has an approx-
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Gran Do

a, en vu
Fig. 2. The right parietal ATD6-100/168 from the site of the 

Fig. 2. Pariétal droit ATD6-100/168 du site de Gran Dolin

imate length of 7.5 mm,  with external diameters around
2.1 mm and minimum internal lumen of 0.7 mm.  It is sur-
rounded by a thick ring of dense bone, isolating the channel
from the surrounding diploe.

The endocranial surface shows many vascular traces.
Two large anterior branches can be interpreted as being
part of the anterior network of the middle meningeal
artery. Two large posterior branches can be interpreted as
the middle (obelic) ramus of the middle meningeal artery.
The largest one runs until the parietal foramen and enters
the channel. Possible traces of the posterior (lambdatic)
branch are limited to a single thin imprint running paral-
lel to the lambdoidal suture. Although the middle branches
originate from the posterior regions, the anterior branches
are also large and wide, associated with minor local vascu-
lar networks. Traces of several minor vessels can be seen
parallel to the main imprints. The branch entering the pari-
etal foramen shows also two minor vessels reaching the
area of the superior sagittal sinus. There are many minor
vascular entries on the endocranial surface. These channels
can be recognized after visual inspection, and the tomo-
graphic analysis shows that they enter the diploe without
crossing the outer table. Many of these minor vascular
accesses lie along the traces of the middle meningeal ves-
sels. Most of these minor passages are mostly concentrated
towards the lambda. A second smaller parietal foramen
(accessory parietal foramen) is detected in the middle of
this posterior spotted area, close to the lambda. The depres-
sion of the superior sagittal sinus alongside the sagittal
suture is visible and large. At least two large venous lacunae

can be recognized lateral to the central and anterior portion
of the superior sagittal sinus. Both lacunae are positioned
at the end of the most central vessels of the anterior and
lina, in ventral (endocranial) and dorsal (ectocranial) views.

es ventrale (endocrânienne) et dorsale (ectocrânienne).

middle branches of the middle meningeal network. A third
lacuna is likely present in the posterior region, between
the lambdatic and obelic branches of the meningeal artery.
There are no visible arachnoid granulations.

The inner table, the outer table, and the diploe, are
clearly visible in the tomographic sections. The average
thickness of the parietal, measured at 10 different pos-
itions, is 4.4 ± 0.9 mm.  If we measure it at 10 positions in
areas with a diploic layer, the average thickness is 5.3 mm.
When present, the diploe occupies on average 40% ± 6% of
the bone thickness. The diploe is more developed close
to the sutures and throughout the squama, being almost
absent in the anterior and lower portions of the bone.
There are no visible diploic channels, and therefore the
diploic vasculature is supposed to be limited to the inter-
trabecular space or associated with minor passages. The
thicker area is along the posterior tract of the sagittal
suture. The thinner areas can be found approaching the
temporal and frontal borders. The bad preservation of the
inner table in the anterior areas can produce a minor bias
in their thickness value. The outer table is generally denser
than the inner table.

On Fig. 5, the values from ATD6-100/168 are compared
with the data presented in Lieberman (1996). Thickness in
ATD6-100/168 is reduced, and closer to the low values of
modern humans more than to any fossil group. If we con-
sider the ontogenetic variation, the figure in ATD6-100/168
is comparable with an age > 5.5 yr for modern humans
and > 2.5 yr for Neandertals. On average, the value may be
compatible with an age between 5 and 12 yrs. When using

values from modern humans alone, the figure measured in
ATD6-100/168 is comparable with an age between 5 and
16 years, and an average value of around 8–10 years of age.
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Fig. 3. Digital replica of the parietal ATD6-100/168 in dorsal (a), ventral (b), lateral (c) and posterior (d) views. The parietal (green) is superimposed on the
digital replica of KNM-ER3733 in posterior view (e). The drawing of the parietal bone (f) shows the details of the vascular traces: ab: anterior branches of
the  middle meningeal vessels; la: lacunae; lm: lambda; ls: lambdoid suture; mb:  middle branches of the middle meningeal vessels; pb: posterior branch
of  the middle meningeal vessels; pf: parietal foramen; ss: sagittal suture.
Fig. 3. Réplique digitale du pariétal ATD6-100/168 en vues dorsale (a), ventral (b), latérale (c) et postérieure (d). Le pariétal (en vert) est superposé sur la
r pariétal
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éplique digitale de KNM-ER3733 en vue postérieure (e). Le dessin de l’os 

es  vaisseaux méningés centraux ; la : lacune ; lm : lambda ; ls : suture lam
ostérieure des vaisseaux méningés centraux ; pf : foramen pariétal ; ss : 

. Discussion

.1. Bioarchaeology and taphonomy

Given its chrono-stratigraphic context, is highly likely
hat the parietal ATD6-100/168 belongs to H. antecessor,

 taxon that was described on the basis of a large set of
acial, dental, cranial and postcranial elements (Bermúdez
e Castro et al., 1997). Regarding the cranial vault, the
emporal squama of H. antecessor was described as high
nd convex, a synapomorphy shared with H. sapiens and

. neanderthalensis (Arsuaga et al., 1999; Bermúdez de
astro et al., 1997). However, the morphology of the pari-
tal was not known. Taking into account the absence
f comparable specimens with similar geochronological
 (f) montre les détails des traces des vaisseaux : ab : branches antérieures
 mb : branches centrales des vaisseaux méningés centraux ; pb : branche
agittale.

position, this specimen is currently the only consistent evi-
dence we have on the parietal bone of the species living in
Europe during Lower Pleistocene.

The fragment suggests small cranial dimensions, and it
can be interpreted as belonging to a juvenile, as it happens
with other human remains from the same site (Bermúdez
de Castro et al., 2015a). Unfortunately, it is not possible
to connect physically ATD6-100/168 with other cranial
remains from subadult individuals recovered from TD6-
2 (see Arsuaga et al., 1999). The frontal squama ATD6-15
(subadult) could belong to the same individual. However,

the absence of physical connection between the two fos-
sils hampers the confirmation of this hypothesis. The bone
shows several fractures, which can provide information on
the individual history of the specimen. Fracture is a type
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Fig. 4. Tomographic sections and rendering of the parietal ATD6-100/168. On the upper row, a set of slices shows the bone thickness and distribution of the
diploe.  Colored maps show the distribution of the density values (red: high density; blue: low density). In the middle row, three slices show the passage of
the  parietal foramen (red arrows) in sagittal, coronal, and transversal sections. A thick ring of dense bone separates the parietal foramen. In the lower area,
a  transparent rendering of the bone shows the distribution of the diploe (whiter areas), the position of the minor vascular channels (red points), and the
position  of the parietal foramina (green points; pf: parietal foramen; apf: accessory parietal foramen). The two canals can be seen in the zoomed images.
Fig. 4. Sections tomographiques et interprétation du pariétal ATD6-100/168. Sur le rang supérieur, une série de lames montre l’épaisseur de l’os et la
distribution de la diploé. Les cartes en couleur indiquent la répartition des valeurs de densité (rouge : forte densité ; bleu : faible densité). Dans le rang
intermédiaire, trois lames minces montrent le passage du foramen pariétal (flèches rouges) en sections sagittale, coronale et transversale. Un anneau épais

e transp
foramen
d’os  dense cloisonne le foramen pariétal. Dans la zone inférieure, une vu
la  position de canaux vasculaires mineurs (points rouges) et celle des 

accessoire). Les deux canaux peuvent être observés en images « zoom ».

of trauma and consists of the disruption of the bone struc-
ture, normally involving the adjacent soft tissues (Bennike,
2008; Ortner, 2003). The determination of the timing of the
injury is crucial to suggest a possible cause of death. In gen-
eral, signs of bone healing are indicative of a pre-mortem
event. However, the distinction between peri- from post-
mortem fractures is a more complex task (Boylston, 2000;
Bennike, 2008; Buikstra and Uberlaker, 1994; Sauer, 1998).
The pattern of fracture is the main criteria to determine the
timing of the event. Fresh bone is more liable and tends
to fracture in irregular edges. On the contrary, dry bone is
more brittle, due to the lack of collagen, grease and fluid,

and fractures in more regular fragments. Another criterion
is the coloration of the edges. Changes in coloration would
indicate a postmortem event, whether same coloration
could indicate that the lesion occurred around the time
arente de l’os montre la distribution de la diploé (zones plus blanches),
s pariétaux (points verts ; pf : foramen pariétal ; apf : foramen pariétal

of bone deposition (Bennike, 2008; Sauer, 1998; Waldron,
2009). The edges of the fracture affecting the parietal boss
present the same brownish (sediment) coloration that the
rest of the bone. This contrasts with the described whitish
edges exhibited by the fracture that affect the tip of the
parietal eminence. Fractures have being classified depend-
ing on the type of force exerted on the bone (Ortner, 2003)
or its morphology (Waldron, 2009). Love et al. (2011) clas-
sified the fractures of the skull based on their morphology
as linear, depressed, diastatic, basilar and crushing. Within
these the most frequent types are linear (non-displaced
fractures that cross part or the whole skull resulting from

low energy blunt force to a wide area of the skull), fol-
lowed by depressed. The latter results from high-energy
forces, and the range of severity determines their morphol-
ogy: from depression to inward fractures with displaced
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Fig. 5. Thickness was  measured at 10 points (black dots). A color map was computed interpolating the values through a quadratic function with PAST 2.17c
(Hammer et al., 2001) for visualization purpose (red: thicker; blue: thinner; scale in mm).  The plots show the values for ATD6-100/168 compared with
the  data from Lieberman, 1996: a: parietal eminence thickness for main human taxa (HE: Homo erectus; HH: Homo  heildelbergensis; NDR: Neandertals;
UP:  Homo sapiens, Upper Paleolithic; MOD: living humans) and ten values from ATD6; b: age groups and parietal eminence thickness (black dots: modern
humans; grey dots: Neandertals) showed with the ATD6-100/168 mean value (line) and standard deviation (shaded area); c: age and vertex thickness
(black dots: recent European males; white dots: recent European females; black squares: Australian aborigines) showed with the ATD6-100/168 mean
value  (line) and standard deviation (shaded area).
Fig. 5. L’épaisseur a été mesurée en 10 endroits (taches noires). Une carte en couleur a été bâtie par ordinateur en interpolant les valeurs par une fonction
quadratique avec PAST 2.17c (Hammer et al., 2001) dans un but de visualisation (rouge : le plus épais ; bleu : le plus mince ; échelle en millimètres). Les
repères  montrent les valeurs pour ATD6-1200/168, comparées aux données de Lieberman, 1996 : a : épaisseur de l’éminence pariétale pour les principaux
taxons  humains (HE : Homo erectus ; HH : Homo heidelbergensis ; NDR : Néandertals ; UP : Homo sapiens, Paléolithique supérieur ; MOD  : Hommes vivants) et
10  valeurs de l’ATD6 ; b : groupes d’âge et épaisseur de l’éminence pariétale (points noirs : hommes modernes ; points gris : Néandertals) présentés avec la
v  ombré
p  austral
(

f
o

e
i
A
a
t
l
t
r
a
v

aleur moyenne (ligne) pour ATD6-100/168 et la déviation standard (zone
oints blancs : femelles européennes récentes ; carrés noirs : aborigènes
zone  ombrée) pour ATD6-100/168.

ragments. The parietal is the common location for this type
f fractures.

Considering the signs recorded (ragged and beveled
dges, the most-likely inward displacement/loss of the
nner table, location, radiating lines and coloration) in
TD6-100 and ATD6-168, the lesion could correspond to

 depressed fracture resulting from a high-energy force to
he parietal bone. According to Love et al. (2011) in vio-
ent deaths the cranial bone most frequently involved is

he parietal, followed by the occipital, frontal and tempo-
al. The signs are also consistent with fresh bone fracture
nd suggest that it occurred around the time of the indi-
idual’s’ death. A cannibalistic activity was hypothesized to
e) ; c : âge et épaisseur du vertex (points noirs : mâles européens récents ;
iens) présentés avec la valeur moyenne (ligne) et la déviation standard

be associated with the fossil collection recovered in Gran
Dolina (Carbonell et al., 2010; Fernández-Jalvo et al., 1999;
Saladié et al., 2012), in agreement with the peri-mortem
time of the event. In the context of a cannibal event, a
violent trauma would be highly possible, but the evidence
is too fragmentary to make a diagnosis. Evidences of cra-
nial fracture and trauma in the fossil record are numerous
(e.g., Brain, 1993; Wu  et al., 2011). However, only in a very
few cases it was possible to unequivocally associated the
trauma with the cause of death (see Cranium 17 from Sima
de los Huesos; Sala et al., 2015). Future discoveries may

help to clarify the nature of the fracture in the H. antecessor
parietal.
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4.2. Paleoneurology and craniovascular traits

From an evolutionary point of view, the parietal bone
is relevant because it underwent different changes within
the radiation of the human genus (Bruner et al., 2015;
Holloway, 1981). Pleistocene specimens assigned to Homo
ergaster and H. erectus s.s. display a shared plesiomor-
phic parietal morphology, characterized by a parasagittal
flattening of the upper surfaces (Bruner et al., 2015). In con-
trast, Neandertals show a lateral bulging of these areas, and
modern humans expand further the superior parietal lob-
ules through a notable longitudinal enlargement (Bruner,
2004; Bruner et al., 2003, 2011a). This parietal growth,
specific of H. sapiens, is associated with an early postnatal
stage only present in our species, and not in Neandertals
or living apes (Gunz et al., 2010; Neubauer et al., 2009,
2010; Scott et al., 2014). Therefore, after the first year of
age the parietal morphology can reveal its general species-
specific final shape. Although incomplete, the parietal bone
from ATD6-100/168 suggests an archaic phenoptype: the
marked bossing is associated with the inferior parietal
lobule (namely the supramarginal gyrus) and the supe-
rior parietal areas are flat and depressed. This parietal
morphology is generally associated with human species
such as H. ergaster and H. erectus (Bruner et al., 2003, 2015;
Grimaud-Hervé, 1997).

The parietal foramina of ATD6-100/168 are interest-
ing because the information available on these features
is scarce, and any additional record adds to the devel-
opment of a more extended database. Nonetheless, the
feature per se cannot add much to the analysis of single
specimens. ATD6-100/168 shows a large parietal fora-
men  and a smaller accessory one approaching the lambda.
Multiple parietal foramina with variable position and
number, and presence of intracranial and extracranial
accessory canals of inconstant diameter communicating
with the diploe have been previously described in mod-
ern humans (Boryslawski et al., 2002; García Gil et al.,
2015; Panteado and Santo Neto, 1985; Schelling, 1978;
Stallworthy, 1932; Zenker and Kubik, 1996). However, mul-
tiple parietal foramina are rare, having a prevalence of 2.5%
in modern populations (Boyd, 1930). Lang and Brückner
(1981) mentioned that parietal foramen develops during
the first year of life and its dimensions remain constant (in
Braga and Boesch, 1997). Therefore, we must assume that
the foramen in ATD6-100/168 has reached its final size.
Parietal emissary foramina generally contain a common
emissary vein connecting the intra and extracranial venous
space (Boyd, 1930), and may  supply anastomoses between
the middle meningeal artery and the occipital artery, or
with other pericranial vessels (Alvernie et al., 2006; Knott,
1881; Schelling, 1978; Yoshioka et al., 2006). Endocra-
nially, the connections of anastomosing arteries are often
clearly visible on the grooves of middle meningeal path-
ways leading towards the parietal foramina (Stallworthy,
1932). In ATD6-100/168, there is an ectocranial trace of a
vessel from the foramen to the sagittal suture, although

the pathways of the scalp arteries (occipital or pericra-
nial) towards the parietal foramen are generally not visible
(Yoshioka et al., 2006). At present, there is no informa-
tion on the possible functional or structural meaning of
l 16 (2017) 71–81

these passages, and of their variations. The concentration
of minor vascular passages around the lambda between the
endocranial surface and the diploe is also a character com-
mon  in humans, although quantitative data are lacking. The
absence of arachnoid granulations may  remark the young
age of the subject, although also in this case data on these
traits, supposed to be associated with aging, are incomplete
(Grossman and Potts, 1974; Le Gros Clark, 1920).

The traces of the middle meningeal artery are frequently
analyzed in paleoneurology, because of their variations
among hominids (Bruner and Sherkat, 2008). Modern
humans display a complex vascular network, mostly at
the parietal surface, while non-modern species show sim-
pler vascular systems (Bruner et al., 2005; Grimaud-Hervé,
1997). During morphogenesis, the complexity of these
networks increases, mostly before 2 years of age (Saban,
1995). Although also in this case the exact functions
of these vessels are not known, they may  be involved
in endocranial thermoregulation (Bruner et al., 2011b;
Rangel de Lázaro et al., 2015). Archaic human species
tends to have larger posterior branches, while modern
humans and Neandertals display larger anterior vascula-
ture (Grimaud-Hervé, 1997). In ATD6-100/168 the middle
(obelic) branches probably originate from the posterior
network, so it would fit the archaic pattern. Such scheme is
named Adachi II pattern, a terminology based on the recip-
rocal relationships among the arterial branches (Falk, 1993;
Falk and Nicholls, 1992). There is no evidence of a clear
association between this vascular pattern and cranial mor-
phology (Bruner et al., 2009), although its high frequency
in Asian H. erectus suggests that it can be associated with
braincases characterized by relatively large posterior dis-
tricts, namely with large and projecting occipital areas and
flat and small parietal areas (Bruner, 2015). Nonetheless,
although in this case the parietal vasculature has a poste-
rior origin, also the anterior branches show large traces and
ramifications, and the overall vascular system looks equally
distributed between the anterior and posterior districts.

4.3. Parietal thickness

Cranial thickness is another feature largely investigated
in paleoanthropology, because of its variations among
hominids (e.g., Balzeau, 2013; Curnoe, 2009; Gauld, 1996;
Kennedy, 1991; Marsh, 2013; Nawrocki, 1991). Cranial
thickness shows a positive allometry and marked corre-
lation with body size in primates, with modern humans
showing thicker frontal and parietal bones, and thinner
temporal bones (Gauld, 1996). Although there are differ-
ences associated with sex and race, the large individual
variation, the subtle differences, and the environmental
influences, hamper a clear understanding of the role of
these factors (e.g., Adeloye et al., 1975; Hwang et al., 2000;
Jung et al., 2003; Lynnerup, 2001; Peterson and Dechow,
2002; Torres-Lagares et al., 2010). After a longstanding
debate contrasting genetic and mechanical hypothesis,
today is generally accepted that bone thickness is largely

influenced by hormones and physiological responses,
including physical activity and life-style with their con-
sequent release of systemic factors (Anzelmo et al., 2014;
Baab et al., 2010; Lieberman, 1996; Menegaz et al., 2010).
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ost of the bone thickness growth occurs rapidly before
he 6 years of age, with a following gradual increase until
he age of 20 (Anzelmo et al., 2014; Hatipoglu et al., 2008; Li
t al., 2011; Tsutsumi et al., 2013). The thickness of ATD6-
00/168 is at the lower range of the modern humans’ adult
ariation, but it is below the adult range in fossil species.
ccording to the Neandertal age curve, its thickness is com-
atible with that of a juvenile specimen. Although all fossil
ominids show thicker vault elements, a thin bone thick-
ess can be also observed in the Mojokerto individual, an
sian specimen dated approximately to a period between
.8 and 1.8 Ma  and with an age between 1 and 8 years old
Balzeau et al., 2005). Following these general figures, the
ge of ATD6-100/168 can be tentatively bracketed between
–12 years. Nonetheless, taking into account the limited

nformation on thickness variations and the limited fossil
ecord such estimation is largely speculative.

A special mention must be done for the diploic thick-
ess. Actually, thick vault bones in archaic humans were

argely due to the diploic layers (Copes and Kimbel, 2016).
lthough its value can be sensitive to special physiological
nd pathological conditions, preliminary analyses suggest
ge-dependent patterns (García Gil et al., 2015). According
o these results, young ages are associated with a vascu-
arized diploe, and adolescent bones are characterized by

 reduction of the diploic space, which further increases
n terms of thickness and vascularization in later adult
ge. However, in adults there is no apparently correla-
ion between parietal thickness and vascularization (Eisová
t al., 2016). Diploic vessels are also supposed to be rele-
ant for thermoregulation, and their channels are probably
ore developed in modern humans than in extinct human

pecies or in non-human primates (Hershkovitz et al.,
999; Rangel de Lázaro et al., 2015). In the case of ATD6-
00/168, the diploic space occupies a percentage of the
hickness (40%) comparable with low modern adult values
39–52%; Eisová et al., 2016), and no large diploic channels
an be evidenced. Both features are in agreement with a
oung age. In the case of Mojokerto, the extension of the
iploe was compared with a modern pattern with more
han 3 years of age (Balzeau et al., 2005).

. Conclusions

The ATD6-100/168 human remain from the site of the
ran Dolina, Atapuerca, represents the first parietal bone
escribed for the H. antecessor species. According to the
ractures on the bone, a peri-mortem trauma cannot be
iscarded. The vascular network is simple, with developed
osterior meningeal branches. There is a large parietal fora-
en, and a secondary accessory one. The diploe is not much

eveloped, and does not present large venous channels.
ccording to the information available for modern and fos-
il human groups, the bone thickness of ATD6-100/168 is
ompatible with an age between 4 and 12 years. How-
ver, because of the large variation and limited knowledge
n these characters, this result is largely tentative. The

ain changes of the parietal geometry occur in the first

ear of life (Gunz et al., 2010), and therefore its morphol-
gy is supposed to display the adult (mature) shape. The
eneral appearance of the bone suggests a plesiomorphic
l 16 (2017) 71–81 79

phenotype. This species was hypothesized to show modern
apomorphic traits in the facial skeleton and the tempo-
ral bone (Arsuaga et al., 1999; Bermúdez de Castro et al.,
1997). The coexistence of facial and temporal derived fea-
tures with more primitive traits in the parietal vault reveals
a mosaic pattern of human evolution, that is particularly
evident during Middle Pleistocene (e.g., Rightmire, 2008;
Stringer, 2012). A similar evolutionary dissociation among
some aspects of the face and the braincase was described
for Middle Pleistocene specimens in Europe (Arsuaga et al.,
2014), Asia (Wu  and Bruner, 2016) and Africa (Bruner and
Pearson, 2013). Such complex demographic and anatom-
ical dynamics suggest caution when dealing with the
interpretation of isolated or fragmented fossil remains.
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