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HIGH-RESOLUTION X-RAY COMPUTED TOMOGRAPHY
APPLIED TO THE STUDY OF SOME ENDOCRANIAL TRAITS
IN CAVE AND BROWN BEARS

Nuria GARCIA' Elena SANTOS?, Juan Luis ARSUAGA'? &
José Miguel CARRETERO?**

ABSTRACT: A complete skull of Ursus deningeri recovered from Sima de los Huesos (Middle Pleistocene)
of Sierra de Atapuerca (Spain) (TORRES, 1988; ARSUAGA et al., 1997; GARCIA et al., 1997; GARcia, 2003)
was studied by using X-ray Computed Tomography (CT). This technique allowed the extraction of new
relevant information from the endocranial structures, while avoiding any damage (CONROY & VANNIER,
1984; BROCHU, 2000; KETCHAM & CARLSON, 2001; MARINO et al., 2001). An undescribed endocranial cavity
of U. deningeri was compared with related species such as Ursus spelaeus and Ursus arctos. The characters
studied included the braincase morphology and also quantitative measurements which are only available
with this technique. The surface of the frontal sinuses and the brain cavity, the shape of the ethmoid bone,
and the basioccipital pneumatization were analyzed. The resulting analysis supports the relationship of the
two ursids included in the cave bear lineage (U. deningeri and U. spelaeus), as among others, being similar in
the endocranial roof or the palatine profile. Moreover, some endocranial morphologies observed in brown
bears such as, thin basioccipital, elongated frontal sinuses and very rounded olfactory bulbs, differ from cave
bears, and are here interpreted as plesiomorphies. New endocranial traits are described which will be very
useful in the study of the ursid phylogeny.
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INTRODUCTION

In the mid-1970s and 1980s new methods, such as the
use of high-resolution X-ray Computed Tomography
(CT), were applied for the first time in palaeontology
(JUNGERS & MINNS, 1979; CONROY & VANNIER, 1984).
This technique allows for the non-destructive analysis
and measurement of internal structures and cavities in
fossil remains (JOECKEL, 1998; BRocHU, 2000; MARINO
et al., 2001). The use of CT is particularly useful for re-
constructing the virtual endocast in well preserved fossil
skulls (ROWE et al., 1997; BRocHU, 2000; FRANZOSA &
ROWE, 2005).

The Sierra de Atapuerca is a complex system of cavi-
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ties located at 14 km at the east of Burgos (Spain) (fig.
1), and represents one of the most important Pleistocene
localities in Europe, due to a continuous human presence
and abundant faunal record ranging from around 1.2 Ma
up to the present. Several cave fillings have yielded fossils
and/or artefacts, among the trench (Trinchera) deposits
and also in Sima de los Huesos (SH), (fig. 2).

The Sima de los Huesos (SH) site is located deep in-
side the Cueva Mayor-Cueva del Silo cave system, far re-
moved from any modern day surface entrance. The site
has yielded the well-preserved skeletal remains of dozens
of human individuals (ARSUAGA et al., 1997) lying strati-
graphically below a jumble of bones of the Middle Pleis-
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Figure 1. Sierra de Atapuerca, location.
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Figure 2. Plan of the Sierra de Atapuerca cave
system (G.E. Edelweis).

tocene cave bear Ursus deningeri (GARCIA et al., 1997;
GARcia, 2003). No herbivores are present among the
faunal assemblage from the site, contrasting with their
common occurrence at hominid occupation sites.

In the 1999 field session a nearly complete skull (SH99
T/U-13/14-68) from the Sima de los Huesos (fig. 3) was
recovered in association with postcranial elements. A
study of the cranial morphology of this specimen was
undertaken through CT scanning and virtual recon-
struction. Several endocranial traits have been analyzed
and their expression across taxa has been investigated to
determine their usefulness in reconstructing phylogenet-
ic relationships within the ursid evolutionary lineage.

The U. spelaeus skull is characterized in classic de-
scriptions by a strong development in the frontal area
(glabella), showing a very distinctive doming of the
forehead (convex forehead), which is strongly vaulted,
with bulging tubera frontalis (MARINELLI, 1931; KUR-
TEN, 1968; 1972; CorDY, 1972; TORRES, 1988; MAzzA
& RusTIONI, 1994). This profile has also been observed
in the U deningeri skulls from Mauer, Mosbach (von
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REICHENAU, 1904; 1906), Petralona (KURTEN & POULIA-
NOs, 1977; 1981; TsoukaLa, 1989) and la Fage (BoNIFAY,
1975). This feature results in a characteristic step-profile
in lateral view. The inner part of the frontal bone presents
a large frontal sinus (FS). This character readily distin-
guishes both U. deningeri and U. spelaeus from the living
brown bear U. arctos (KURTEN, 1968; MAzZzA & RusTIO-
NI, 1994).

MATERIAL AND METHODS

The U. deningeri cranium (SH99 T/U-13/14-68) from the
Sima de los Huesos, was scanned, in the coronal axis, at
the Hospital General Yagiie (Burgos, Spain), with the fol-
lowing parameters: scanner energy was 120 kV and 150
mA, slice thickness 0.5 mm, and inter-slice spacing was
0.5 mm. The slices were obtained in DICOM format.
For comparative purposes, two Ursus spelaeus (Canta-
bria, Spain) and seven Ursus arctos (north of Spain) speci-
mens have also been scanned and virtually reconstructed
(tab. 1). All specimens were scanned in the coronal axis
using either a Helicoidal Asteion CT scanner at the Hos-
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Table 1
Specimens scanned *= unknown origin.
Specimen Sex Age Chronology Locality

U. deningeri SH99 T/ Middle .
U-13/14-68 J Non fully-adult Pleistocene Atapuerca (Burgos, Spain)
U. spelaeus 1 J Non fully-adult ~ Late Pleistocene * (Cantabria, Spain)

. Las Monedas Cave (Puente Viesgo,
U. spelaeus 2 ? Adult Late Pleistocene Cantabria, Spain)
U. arctos 1 2 Adult Holocene Maza Cotina (Burgos, Spain)
U. arctos 2 ol Adult Holocene * (north of Spain)
U. arctos 3 J Adult Holocene La Machorra Cave (Burgos, Spain)
U. arctos 4 ol Adult Holocene Las Motas 33 Cave (Burgos, Spain)
U. arctos 5 ol Adult Holocene Las Motas 33 Cave (Burgos, Spain)
U. arctos 6 i°) Adult Holocene * (north of Spain)
U. arctos 7 L Adult Holocene Palencia (Spain)

pital General Yagiie (Burgos, Spain) or an YXLON MU
2000-CT scanner at the University of Burgos (Spain). The
sex determination of the specimens was made using the
anteroposterior diameter of the canine.

The slices were used to create three-dimensional com-
puter models of the objects using the Mimics 8.1 (Mate-
rialise N.V.) and VGStudio MAX 1.2 (Volume Graphics
GmbH) software packages. This software allows the tak-
ing of volumetric and linear measurements in both 2D
and 3D. To check on the reliability of the virtual mea-
surements, selected dimensions were also measured with
standard sliding callipers, and no significant differences
were found.

DESCRIPTION

The skull of a non-fully adult specimen of Ursus deningeri
(SH99 T/U-13/14-68), from the Sima de los Huesos,
presents a doming of the forehead also observed in the
adult specimens of U. deningeri from Petralona Cave
(KURTEN & PouLiaNoOS, 1977; 1981; TSOUKALA, 1989),
Mauer, Mosbach (von REICHENAU, 1904; 1906) and la
Fage (BoNIFAY, 1975). This feature does not occur in U.
arctos (BONIFAY, 1975; MAzzA & RUSTIONI, 1994). The
skull profile in the SH specimen is interrupted at the or-
bital region, like in U. spelaeus, dividing the facial skel-
eton from the braincase and giving a stepped appearance
(fig. 4).

Frontal Bone and Frontal Sinuses

The frontal bones are broad and forming part of the brain
cavity and the olfactory tract. The enlargement of the an-
terior part of the frontal bones and the vaulted forehead
in the SH specimen, both typical traits of U. spelaeus,
reveals large frontal sinuses (FS). The FS are asymmet-

ric, divided by a variable number of bony septa and con-
nected to the middle meatus via the frontal recess. The
anterior part of the FS is anteroposteriorly elongated, and
the caudal portion is more rounded (fig. 5).

The FS are dorsoventrally enlarged in the SH speci-
men and U. spelaeus, while in U. arctos, they are antero-
posteriorly elongated. The vaulted forehead observed in
the SH frontal bone is reflected in the shape of the rostral
frontal sinuses (RFS) which is rounded in both the SH
skull and U. spelaeus. This region in U. arctos is complete-
ly different, being much more receding.

Palatine

In sagittal view the palatine profile of the SH specimen
is thick and curved. This profile in U. spelaeus is thicker
and less arched, while in U. arctos is thin and practically
straight. In ventral view this bone is convex in both cave
bears and slightly concave in brown bears.

Basioccipital

The basioccipital bone shows clear differences between
U. speleaus, which is very thick and pneumatized, and
U. arctos, which is much thinner and shows no signs of
pneumatization (TORRES, 1988). The basioccipital in the
non-fully adult specimen of U. deningeri from SH is thick
(as in U. spelaeus) but is not pneumatized (as U. arctos)
(fig. 6).

Ethmoid bone and cribriform plate

The morphology of the ethmoid bone, particularly the
cribriform plate (CP), showing taxonomic variation
(TorRES, 1988), and it is correlated to the structure of the
brain. In U. arctos, the CP is globular. In U. spelaeus, the
CP is ellipsoid and strangulated. The U. deningeri skull,
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Figure 3. U. deningeri skull from Sima de los Huesos (Sierra de Atapuerca).

Figure 4. A. U. spelaeus 2, B: U. deningeri cranium from the Sima de los Huesos and C: U. arctos 1. The arrows indicate the stepped
forehead in both cave bear and the absence of this trait in brown bear.

Figure 5. Digital image of the
Ursus deningeri skull from
Sima de los Huesos. Top: sag-
ittal view. Bottom: frontal
sinuses area in detail. Right:
dorsal view. The images show
the frontal sinuses filling the
vaulted forehead.
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Figure 6. Parasagittal sections of skulls, in

which the basioccipital bone and the profile of

the brain cavity can be seen. A: Ursus spelaeus.
B: Ursus deningeri. C: Ursus arctos.

Profile of brain cavity

In U. arctos, the antero-dorsal profile of the brain cavity
describes a pronounced curve, while in U. spelaeus this
contour is clearly straight (fig. 6). In the SH cranium, the
antero-dorsal outline of the brain cavity is intermediate
between both morphologies, although it more closely ap-
proaches the condition seen in U. spelaeus.

CONCLUSIONS

High resolution CT scanning of fossil specimens is a
non-destructive method which allows the description of
new anatomical features of the endocranium. This tech-
nique will allow future investigations on the internal cra-
nial anatomy of ursids for a better understanding of their
phylogeny and adaptations.

In this preliminary approach we were able to observe
some derived traits in the Ursus deningeri from SH that
are shared with the analyzed U. spelaeus specimens, and
which differ from U. arctos:

- A stepped forehead.

- A cranial vault with a straight profile,

- Arostral endocranial fossa clearly independent from
the rest of the brain cavity.

- A thick basioccipital

- A thick palatine.

- A rounded frontal sinuses.

Furthermore the SH skull shows, for a number of
traits, an intermediate stage between U. arctos and U. spe-
laeus, but in all the cases is closer to the later species:
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- Palatine more curved (than U. spelaeus).

- Basioccipital not pneumatized.

- The antero-dorsal outline of the brain cavity is inter-
mediate between both morphologies.

- The joint between the frontal and ethmoid bones are
more constricted (than U. spelaeus).

The endocranial traits here analyzed show two dif-

ferent patterns of expression between the cave bear and
brown bear lineages. The SH U. deningeri skull can be
aligned within the cave bear pattern in all the traits, and
support the hypothesis that U. deningeri represents an
initial evolutionary stage within the cave bear phyloge-
netic lineage.
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