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Abstract

Cave bears (Ursus deningeri and U. spelaeus) and hominids (Homo heidelbergensis, H. neanderthalensis, and H. sapiens) were potential
competitors for environmental resources (subterranean and open air). Here, we examined the age at death of cave bear (Ursus spelaeus
Rosenmiiller-Heinroth) specimens from Amutxate cave in order to shed light on the effect of resource sharing between cave bears and hominids.
After studying dental wear of the deciduous and permanent dentitions, the ontogenetic development of mandibles, and incremental layers of
cement (annuli), we defined five age groups differentiated by marked development and size gaps. Our findings indicate that after hibernating,
bears abandoned the den, thereby leaving the subterranean environment (caves) free for temporary hominid occupation—this would explain the
subtle traces of hominid presence in many dens. However, a simple calculation based on age at death of subadult and adult cave bear specimens
in Amutxate cave, extrapolated to the whole cave area, showed that the area surrounding this cave hosted bears for at least 9,000 years. This
length of habitation, quite similar to the time-span derived from amino acid racemization and electron spin resonance, indicates that bear pop-
ulations in the Amutxate cave constituted a serious constraint for hominid exploitation of the environment.

Introduction

Fossilized bones and teeth of bears (Ursus deningeri von
Reichenau and Ursus spelaeus Rosenmiiller-Heinroth) are
commonly found in caves. In some cases, caves also show
weak evidence of hominid presence in the form of low num-
bers of herbivore bones and teeth, and stone tools. On occa-
sion, evidence of human presence is stronger, where stone

tools and hominid remains are found in general stratigraphic
association.

From Middle Pleistocene to Upper Pleistocene times, at least
three species of hominids (Homo heidelbergensis, H. neander-
thalensis, and H. sapiens) coexisted with hibernating cave bears
(U.deningeri and U. spelaeus) in the Iberian Peninsula. This co-
existence implies that bears and hominids competed for habitat.
This competition was mostly passive—Pleistocene cave bears
were vegetarian (i.e., they did not hunt hominids; Bocherens
et al., 1990, 1991; Fernandez-Mosquera, 1998), and hominids
did not usually eat bears. In astudy that attempted to differentiate
between predation-mediated and hibernation-related cave bear
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(U. deningeri) mortality in Yarimburgaz Cave in Turkey, Stiner
(1998) concluded that the non-violent (hibernation-related) at-
trition pattern dominated. Torres et al. (1991) reported similar
patterns of bear death assemblages in many Spanish caves.

Earlier evidence of hominid predation of cave bears has
recently been reinterpreted. For example, the bear skull frag-
ment found in Sloup Cave in Moravia (Czech Republic) (see
Kurtén, 1976) was previously argued to be clear proof of a single
bear hunted by humans. This was proved false, however, when
the flint fragment that was found near the fossil (Hitchcock,
2005) was shown not to be a spearhead as reported by Béchler
(1940). In another example, the site of Erd (Hungary) was pre-
viously described (Gabori-Csank, 1968) as an open-air camp of
cave bear hunters. However, whole bear skeletons were found at
the site, and it is implausible that whole bear corpses were trans-
ported to the top of the hill. In fact, a careful reading of the site
description reveals that Erd Hill was a cave whose roof is now
missing, suggesting that the bear death assemblage resulted
from hibernation-related deaths, not predation. Similar objec-
tions are voiced by Pinto-Llona et al. (2005).

Starvation is, and probably was, the main cause of death
during hibernation. According to many authors, both sexes
of cave bears die during hibernation (Koby, 1949; Kurtén,
1976; Torres, 1984; Grandal d” Anglade and Vidal-Romani,
1997), and a balanced number of males and females are usu-
ally found in caves, although not necessarily in the same caves
at the same time. During hibernation, bears change their me-
tabolism in order to reduce their energy requirements. This
strategy involves switching to a “lipid diet” without protein
consumption, using body fats as a source of energy. To protect
the liver during hibernation, bears do not excrete but reabsorb
urea from the bladder (Crombie et al., 1993).

In forced summer starvation (Nelson et al., 1975), fat and
protein are used as a source of energy, and the nitrogenous

Table 1
Ecological data on living species of hibernating bears

waste products of amino acids are excreted in urine and feces
(Lyman et al., 1982). Thus, undernourishment during the fall
due to competition, environmental stress, or disease would
threaten bear survival. For comparative purposes, we have in-
cluded a summary of some of the basic ecological characteris-
tics of modern hibernating bears (Table 1).

While there were many threats to cave bear survival, cave
bears also posed a great threat to Pleistocene hominid groups.
Hominid activities such as sheltering, hunting, scavenging,
and gathering were probably restricted by wandering cave
bears in search of food (scavenging, gathering) or mating part-
ners. The “minimal period of country occupation,” calculated
by determining the age at death of subadult and adult cave
bears, helps to establish this period of restricted hominid tran-
sit. In some cases, hominids moved into the uplands in pursuit
of wild goat (Capra ibex L.) herds. They killed goat adults and
kids born at the spring break-up after the thaw, as is evident
from the deciduous dentitions and unfused epiphyses of the
goat assemblages in the caves of El Reguerillo (Torres,
1974) and Amutxate. These findings suggest that by the begin-
ning of the spring, shelters had been abandoned by cave bears
and taken over by hominid groups.

Calculating the age at death of cave bear cubs enables us
to determine when females and their offspring abandoned the
cave. Subterranean shelters would have been more useful to
predatory hominid groups if they had become vacant at the
end of winter or beginning of spring. Extended use of caves
by bears would have prevented hominid use of these shelters
and a wide area around it. Thus, the age at death of cave
bears provides information on the constraints on the geo-
graphical dispersion and environmental exploitation of hom-
inid groups. With this information, it is possible to establish
a theoretical calendar of intermittent cave availability for
temporal hominid camps. In this study, we analyze the

Ursus arctos

Ursus maritimus Ursus americanus

Mating May—July (Wilson and Ruff, 1999)

Den entrance October—December (Camarra, 1987,
Wilson and Ruff, 1999)

Den leaving March—May (Wilson and Ruff, 1999)
April (Ward, 1994)
Birth January—March (Wilson and Ruff, 1999)
January—February (Clevenger and Purroy, 1991)
Weaning 18—30 months (Wilson and Ruff, 1999)
Interbirth interval 2—4 years (Wilson and Ruff, 1999) 3 years

(Clevenger and Purroy, 1991). Linked to
primary productivity and population density
(Ferguson and McLoughlin, 2000)

Sexual maturity 4—6 years (Wilson and Ruff, 1999)

Survival rate of
cubs and yearlings

April—May (Ramsay and Stirling, 1986) June—July (Wimsatt, 1963)
June—August (Stirling, 1993)

October—December (Amstrup, 1995) late December to early January
(Johnson, 1978)

late March to mid-April (Amstrup, 1995) late March to early April
(Johnson, 1978)

January (Uspenski, 1977) early January to early February
(Alt, 1983)

27 months (Stirling, 1986) 17—18 months (Needham, 2000)

3 years (Stirling, 1986) 1-2 years

3 years (Lentfer and Miller, 1969) 1—4 years (females) and 4—5 years

(males) (Stirling, 1993)
44—53% (Amstrup, 1995) 75% (Kolenosky, 1990)




cave bear remains in Amutxate cave in order to determine
possible constraints affecting hominid exploitation of the
environment.

Materials and methods

Amutxate cave (longitude 1°58'1”W; latitude 42°58'25"N,
Fig. 1) was discovered in 1988 by members of the Satorrak
Speleological Group. Pristine cave bear remains covered the
entire surface of a large hall (650 mz). The site consists of
two separate areas: the upper part is a flat area where cave
bear ancient nests are still visible; the lower part is a gently
sloped sediment ramp with cave bear remains scattered at its
foot. There is a narrow sinkhole through which subterranean
runoff transports mud, gravel, and severely damaged cave
bear remains during rainy periods. A recent debris-cone over-
lying the lower part of the hall and a gigantic roof collapse at
its uppermost tip make this cave unavailable for further hiber-
nating purposes.

Five excavation seasons were conducted by one of the au-
thors (T.T.). Bear remains from 40 1 x 1 m-squares (Fig. 2)
were unearthed from a 25 cm-thick bone bed. Total recovery
of fossil remains was achieved through water-washing-sieving
of the sediment at 0.5 mm screen size. With dates obtained
through amino acid racemization (on dentine), uranium/tho-
rium analyses (on fallen stalactites included in the bone-bear-
ing sediment), and electron spin resonance (ESR) (on canine
enamel), it was established that the cave was inhabited be-
tween 39,000 and 48,000 BP (i.e., during the 3rd MIS; Torres
et al., 2002). Of the approximately 17,000 large mammal
bones and teeth recovered, only 39 belong to mammals other
than cave bears (7 from Arctiodactyla and 32 from small car-
nivores). Only four lithic artifacts were recovered, suggesting
that human presence in the cave was not substantial.

To determine the age at death of cave bears from Amutxate
cave, we analyzed 232 mandibles (67 adults, 157 cubs, and 8
newborns), 316 lower deciduous molars, and 564 adult lower

premolars and molars. For comparative purposes, we included
well-preserved mandibles from other localities [La Lucia cave
(U. spelaeus), Saldarranao cave (U. arctos), and Cueva Nueva
(U. deningeri); see Fig. 1]. We used four types of analyses to
determine age at death: 1) wear stage and root resorption of
the lower deciduous molar (also known as the “‘carnassial,”
or dp4); 2) wear stage and root development in adult lower
premolars and molars; 3) cement layer counts of the first lower
molar; and 4) ontogenetic development of the mandible on the
basis of size and bone texture. The following sections describe
these analyses in more detail.

Deciduous dentition—wear and root resorption

Previous research has cited cases of wormn deciduous denti-
tion in the cave bear (Koby, 1949, 1952) and in tremarctines
from South America (Soibelzon and Carlini, 2003). Andrews
and Turner (1992) used deciduous canine wear analysis to out-
line the behavioral patterns of the cave bear ancestor (U. de-
ningeri von Reichenau) population from Westbury cave
(England).

In this study, we analyzed the wear stage (worn/unworn) on
316 lower “‘carnassial” teeth of the deciduous dentition follow-
ing Terzea’s numbering system (dp4, Terzea, 1969) and using
the naked eye and a magnifying lens (10 x 50). When possible,
root development was recorded. Fully developed roots and
strongly resorbed roots were differentiated. All dp4s were
found disarticulated from their mandibles; therefore, we could
not distinguish between shed and unshed dp4s, although the
presence of roots in unworn teeth usually corresponded to
unshed dp4s. Teeth with totally resorbed roots that were gener-
ally worn corresponded to shed or almost shed dp4s.

Permanent dentition—wear and root development

Many studies have addressed age estimation using dental
wear (Kurtén, 1958; Dittrich, 1960; Torres, 1976, 1984,
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Fig. 1. Geographic location of Amutxate cave and other caves with bear remains used in this study. (1): Amutxate cave (U. spelaeus, Aralar, Navarra); (2) La Lucia
cave (U. spelaeus, Quintanilla, Cantabria); (3) Saldarraiao cave (U. arctos Espinosa de los Monteros, Burgos); (4) Cueva Nueva (U. deningeri, Pedraza, Segovia);
(5) Troskaeta cave (U. spelaeus parvilatipedis, Ataun, Guiptzcoa); (6) Eulatz cave (U. spelaeus, Aralar, Navarra).



Fig. 2. Map of the excavated area in Amutxate cave. Forty 1 X 1 m squares were excavated. Map provided by Satorrak Speleological Group.

Andrews and Turner, 1992; Grandal d’ Anglade, 1993; Gargett,
1996; Grandal d’Anglade and Vidal-Romani, 1997; Stiner,
1998). In the present study, we added observation of root
development, which is related to the ontogenetic development
of the housing mandible.

Four wear degrees were defined following the classes de-
scribed by Musil (1965) and Torres (1976, 1984). These cate-
gories match those defined by Stiner (1998). The four dental
wear group (DWGQG) stages were easily identified after observa-
tion of the occlusal area of premolar and molar crowns:

DWG I:  Premolars and molars are unworn or slightly worn.
The enamel is fully preserved, although small abra-
sion facets can be identified under a lower power
stereomicroscope.

DWG II: Premolars and molars are worn. The abrasion fac-

ets reach the tip of the cusps. In some cases, den-
tine is visible at the bottom of concave, circular,
or elliptically contoured, abraded zones.

DWG III: Premolars and molars are severely damaged.
Enamel persists in the flattest parts of the occlusal
area of the crown and on the labial and lingual
walls.

DWG IV: Enamel has been removed from more than half of
the occlusal area of the cheek teeth. Tooth dam-
age can vary from moderate to extreme. In cases
of extreme wear, there is a total loss of enamel,
and profound wear troughs at the occlusal area
reach the pulp cavity. On the anterior and poste-
rior tips of the teeth, deep interdental wear facets
appear.

Four root development group (RDG) stages were estab-
lished: RDG I, poorly developed roots (<30%); RDG II,
half developed roots (50%); RDG III, nearly fully developed

roots with open apices (90% development); and RDG IV, fully
developed roots with closed apices (100% development).

Cement layer counts

Counting cement growth layers (annuli) is a precise method
of determining age at death. Several studies have applied this
technique to establish the age of living black (U. americanus
Pallas) and brown (U. arctos Linnaeus) bears (e.g., Stoneberg
and Jonkel, 1966; Klevezal and Kleinenberg, 1967; Craighead
et al., 1970; Wiley, 1974; Stallibrass, 1982) and cave bear re-
mains (Breuer, 1931; Debeljak, 1996a).

Here, we examined the first lower molar because it is the
first to erupt (earliest cement generation) and wear out. Erup-
tion timing of this molar is well known in the brown bear
(U. arctos Linnaeus), and the process can be observed in
a large number of well-preserved mandibles from newborn,
yearling, and subadult representatives from Amutxate cave.
However, the true timing of the appearance of this molar is
still unknown in cave bears. In many mandibles from very
young cave bear specimens, these molars have fallen out be-
cause of the limited development of the bone-root connective
tissue (cement); in very old representatives, this molar may be
absent because of in-vivo avulsion due to pathological condi-
tions affecting root, alveoli, or both (Pérez et al., 1986).
According to our data, this molar is lost in 15% of mandibles
of very old bears (Torres, 1984).

We examined a set of 28 first lower molars corresponding
to isolated individuals, and 4 lower molars from mandibles
were studied by x-ray. The samples were chosen mainly to es-
tablish the age at death of very old individuals (of a total of 25
deeply worn lower first molars, 12 were analyzed), while some
sets of samples were from intermediate age representatives.

Studies of modern bear dentitions use demineralization and
histological preparation. However, because fossil teeth are



I mm 1 mm I mm
i

Fig. 3. ESEM images from bone surface textures of cave bear mandibles with distinct stages of ontogenetic development from Amutxate cave. (A) From a mandible
of MDG II group; (B) from a mandible of MDG III group; (C) from a mandible of MDG V group. Samples were taken from identifiable fragments of mandibles at
the rear of the canine alveolus. Sample A corresponds to the AX-3104 mandible and was obtained by drilling the mandibular body with a hollow diamond device.
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Table 2
Number of worn and unworn lower decidual carnassials (dp4) of Ursus spe-
laeus from the Amutxate Cave (Navarra, Spain)

Number Unworn ‘Worn

dp4 316 (145 s, 160 d, 11 i) 169 143

s: left; d: right; i: indeterminate.

For a more accurate age determination, some researchers
increase the age determined by annuli counting by a number
of months. They do this because during the first four months
of a cub’s life in the den, no cement production occurs in
the permanent molars, as Rausch (1961) observed in non-
hibernating black bears in zoos. Wiley (1974) added 0.75 years
to the total counted annuli in specimens of black bear from
North America (measured on canines and premolars). Kurtén
(1958) added 0.4 years for the cave bear from Drachenhdle
(Mixnitz, Austria), and later he added 0.5 years for the cave
bear from Odessa (Kurtén, 1976). In black bears, Stoneberg
and Jonkel (1966) added 1.0 year to the total counted rings
and identified the white band as summer cement growth and
correlated the dark bands to a winter (end of fall) cement in-
crement. Craighead and colleagues (1970) added five months
to the age calculated from the annuli count, confirming that
the dark layer was formed during the end of fall/beginning
of winter. Here we added 0.4 years to the annuli counted.

MDG I and MDG II representatives corresponded to first-
winter cubs (Fig. 6). The smaller ones belonged to newborn
bears that died in the perinatal period, whereas the largest
ones were from newborn bears that died just before leaving
the den. Their death could be linked to a number of causes:
the mother’s death or abandonment of the litter, starvation
caused by intra-litter competition, and so on.

Specimens classified in MDG III (Fig. 6) were from
second-winter cubs that re-entered the cave before weaning.
McLellan (1994) and Swanson et al. (1994) concluded that
40% of the offspring separated from their mothers as yearlings
(MDG III) and the rest as two-year-olds (Craighead et al.,
1995). Weaning probably occurred after a size threshold had
been reached (Dahle and Swenson, 2002, 2003). Furthermore,
nitrogen isotopic values suggested to Lidén and Angerbjorn
(1999) that second-winter cave bear cubs were unweaned.

Subadult representatives (MDG IV) (Fig. 6) did not account
for a large component of the total spectrum of bears that died
during hibernation in Amutxate cave; this is consistent with
the findings in most Iberian cave bear locations (see Torres,
1984). These subadults had probably just surpassed the wean-
ing threshold.

Table 3
Frequencies of the wear stages of lower premolars and molars of Ursus spe-
laeus specimens from the Amutxate Cave (Navarra, Spain)

‘Wear group P4 M1 M2 M3
n=133 n=155 n=166 n=110
DWGI 80 64 72 69
DWGII 17 8 8 16
DWG III 1 3 8 13
DWG IV 2 25 12 2

Table 4

Frequencies of root development groups (30, 50, 90, and 100%) of the lower
premolars and molars of Ursus spelaeus specimens from the Amutxate Cave
(Navarra, Spain). Re-calculated frequencies for specimens without fully devel-
oped roots (apices still open) are in italics

Root length (%) P4 M1 M2 M3
n=123 n=145 n=133 n=107
m=72) (n=81) (n=79) (n=61)

RDG I <30 28 (49) 1(1) 8(13) 51 (90)
RDG II 50 23 (39) 7(12) 48 (81) 5(8)
RDG III 90 7(12) 48 (87) 4(6) 1(2)
RDG IV 100 42 44 40 43

The life expectancy of MDG V representatives (Fig. 6) was
not high compared with that of extant living bears (Table 1).
After reaching the age of 13.4 years (13 annuli), representa-
tives of this developmental group showed a marked decline
in life expectancy. This decrease was probably linked to their
extreme dental wear and the related undernourishment, which
led to death by starvation during hibernation.

Table 5
Analysis of the wear, root development, and cement incremental layers
(annuli) from a set of selected M1 samples from Amutxate cave

Sample Wear Root EM ESEM
DWG RDG cement cement

AX6775 1 I 0 D/C interface visible.
Halus in the
outermost dentine area.

AX296 ) 11 1 1 annulus.

AX417 1 I 1 1 annulus.

AX6563 I I 0 1 annulus; damaged.

AX3039 ) 11 0 1 annulus; doubtful.

AX6172 1 1I-111 1 1 annulus; D/C
interface very visible.

AX6780 1 II-111 1 1 annulus

AX6596 I II-11T ? D/C interface very
visible.

AX3474 1 1 0 1 annulus.

AX1298 ) 111 0 1 annulus.

AX8010 1 jiis ? D/C interface visible;
cement bands broken.

AX3919 ) 111 1 Unobservable.

AX3043 1 1 1 1 annulus.

AX3562 1 jiis 1 1 annulus; D/C
interface very visible.

AX7384 1 1 1 D/C interface visible.

AX8351 1 1 0 Doubtful.

AX6696 1 v 1

AX891 ) v 1 1 annulus; D/C
interface clearly
visible.

AX3641 1 v 1

AX8152 I v 1 D/C interface very
visible.

AX7089 I v 2

AX4173 I v 5

AXT7242 v v 10

AX4304 v v 17

AX7380 v v 13

AX1-2 v v 14 13 annuli.

AX349 v v 12

AX3536 v v 19
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Fig. 6. Draft showing the ontogenetic development size groups of the cave bear mandibles recovered in Amutxate cave. This graph can be applied to any excavated
cave bear site. Because complete newborn mandibles were not found for the MDG I group, we used an x-ray image from a newborn brown bear (U. arctos),

published by Eheremberg (1931).

published drawings from a radiograph of the dental develop-
ment of a three-day-old brown bear showing an unerupted de-
ciduous dentition consisting of enamel caps.

We studied two U. arctos mandibles from Saldarrafiao cave
(Espinosa de los Monteros, Burgos); the most complete, D1
[Fig. 7 (left)], had lost all the deciduous teeth with the excep-
tion of dp4, which showed closed roots and no occlusal wear.
The germs of 12 and M1 were clearly visible along with the al-
veoli of M2 and M3 germs. The smaller mandible, D2 [Fig. 7
(left)], had lost its dp4, and the pre-alveolar openings on the
mandibular corpus were very narrow (M1) or absent (M2).

Mandibles corresponding to MDG 1II are quite common in
many locations: El Reguerillo, Madrid, Spain (Torres, 1974);
Drachenhéle, Mixnitz, Austria (Eheremberg, 1931); Divje
babe I, Slovenia (Debeljak, 1996b); Amutxate cave, Navarra,
Spain (this paper); among many others. In our study, these
mandibles showed a total length of between 140 and
180 mm (some are slightly damaged at the condylar zone
and their total length was estimated). These mandibles show
unerupted canines, partially erupted/unerupted P4s (RDG I-
II), erupted M1s (RDG III), unerupted M2s (RDG II), and un-
erupted M3s (RDG I). According to Eheremberg (1931) and
Kurtén (1976), mandibles with the above features correspond
to one-year-old bears, in agreement with the age attribution of
Andrews and Turner (1992) on the basis of permanent cheek
teeth wear stages. According to Debeljak’s (1996b) interpreta-
tion, these mandibles correspond to bear cubs aged 5 to 7.5
months. It is noticeable that some of the mandibles of Divje
babe I (Debeljak, 1996b) are slightly smaller (20 mm shorter)
than those from El Reguerillo and Drachenhdle caves. In the

material found in Amutxate cave, similar size differences be-
tween mandibles with identical dental eruption stages were
observed. We hypothesize that these differences, which ap-
peared not only in cubs but in newborn cave bears from other
sites [e.g., Troskaeta cave, Spain (Torres et al., 1991)], re-
flected sexual dimorphism.

Age attribution to MDG IV and MDG V was not problem-
atic. Mandibles in these groups belonged to immature and ma-
ture bears. However, cement incremental layer counts were
required to establish their probable age at death. To solve
this problem, we assumed that the eruption intervals in the
brown bear could be extrapolated to the cave bear. As shown
in Figure 9, at the age of five months brown bear cubs show
the breakthrough of the upper and lower first permanent mo-
lars, but dp4 still remains below the gum surface. According
to Pohle (1923), in the polar bear (U. maritimus Phipps) there
is a marked delay in the eruption of several elements of the
permanent dentition, which is consistent with Couturier’s
(1954) observations on brown bear cubs from the Pyrenees.

Using these correspondences, in February, a month and
a half after birth (mid-January), the deciduous lower carnas-
sial (dp4) of cave bears was fully erupted. All the milk
dentition was fully erupted at the age of three months
(mid-April) or even slightly later (late April). These erup-
tions occurred close to the end of the hibernation period
when newborns would abandon the den. The first lower car-
nassial began to break through the gums at the age of four
and a half months (mid-May) when newborns had abandoned
the den. At the age of eight months (mid-September or the
beginning of October), the lower milk carnassial (dp4) fell



Table 6

Description through direct observation and x-ray analysis of selected mandibles of Ursus spelaecus from Amutxate cave (AX) and La Lucia cave (LU). The
description of a mandible of Ursus deningeri from Cueva Nueva (Pedraza, Spain) and two mandibles of Ursus arctos from Saldarranao cave (Espinosa de los
Monteros, Spain) have been added for comparative purposes

Reference species Direct observation X-ray and cement band counting (on M1)

AXT754 U. spelaeus MDG V

AXA4522 U. spelaeus MDG V

AX3050 U. spelaeus MDG V

AX2913 MDG V

AX2237 U. spelaeus MDG IV

AX3852 U. spelaeus MDG IV

AX1014 U. spelaeus MDG IV

AX3238 U. spelaeus MDG 111

Complete left mandible of a

male. M1 and M2 deeply worn
(Group 1IV). In M3 more than

50% of the enamel still remains
(Group III). P4 with wear traces

in the lower crest of the protoconid.
C with profound wear notches at its
tip and on its labial side.

Right mandible of a big male. The M1
was avulsioned in vivo

due to the development of a necrotic
abscess. M1 and M2 show

some wear (Group III and II, respectively).
Due to the lack of

the first lower molar there is some

wear on the labial side of

the talonid of the P4. Canine unworn.

Left mandible of a male. The vertical
branch is lacking. P4 (taurodontic) was

lost in vivo. M1 is deeply worn (Group IV);
M2 and M3 are moderately worn (Group III
and II). Canine broken during the animal’s
life but a polished stump remains

where a 2mm diameter dentinal

channel crops out.

Right mandible of a female. The ramus
ascendentis and the condyle are damaged
(gnawed?). M1 and M2 are strongly

worn (group IV); M3 is worn (Group II).
P4 shows traces of wear in the protoconid
and paraconid tips. The canine tip

is blunted due to wear.

Left mandible of an immature female.
The ramus ascendentis and the
condyle lack. All premolar and
molars are unworn (Group I).

M1 shows wear traces.

Fragment of right mandible

probably from a male. The M1

shows traces of wear; P4, M2, and M3
are unworn. The presence of scratches
suggests that the mandibular

damage was due to gnawing.

Left mandible from a young

female. The ramus ascendentis and

the condyle lack. Canines, premolars
(taurodontic), and molars are completely
erupted. In some areas of the M1

the typical enamel glace looks burnished.

Almost complete (ramus ascendentis broken)
left mandible of a yearling. Third incisor,
premolar, and second molar still unerupted
inside their alveoli. The first lower molar
was lost after fully erupting; the third lower
molar fell out from its vertical alveolus
behind. It is possible to see a vestigial
alveolus of the deciduous molar (dp4).

The root apices are closed. Root canals
are largely closed. Marked interdental wear.

The root apices are closed. M1

alveoli resorbed. The canals of the roots are
largely closed. Slight interdental wear.

The infectious process that affected M1 also
affected the posterior root of P4.

The apices of the roots were totally

closed. The P4’s falling out was due to a
teratological process, and the anterior root of
the M1 shows an anomalous morphology.
Marked interdentary wear facets do

appear between M3-M2 and M2-MI1.

18 complete (double) annuli can be counted.

The root apices are closed and the
root canals are largely closed. Marked
interdental wear is absent.

A minimum number of 15 double
annuli can be distinguished.

Apices of the roots are closed.
Four light bands and three dark
bands are counted (3,5 double annuli).

All the root apices are closed. Large
pulp cavities are open. The M3 seems
to be loosely attached to its alveolus.
Four light bands and three dark bands
are counted (3.5 double annuli).

P4 roots fused. All roots show their
apices closed. Root canals and pulp
cavities are very large. P4 and M1 are
implanted in a shallower position than
M2 and M3. Two double annuli (two light
bands and two dark bands) have been
counted.

In the P4 the protoconid was pointing

up while the talonid was largely inside
the mandible in such a way that the dp4,
with resorbed roots, could have remained
fixed at the gum tissue for some time.
The germs of the I3 and C and M2 are
visible. The M2 roots are 50% developed.



Table 6 (continued)

Reference species

Direct observation

X-ray and cement band counting (on M1)

AXT7582 U. spelaeus MDG 111

LUI18S U. spelaeus MDG 111

AXT7671 U. spelaeus MDG 111

NU U. deningeri MDG 111

D1 U. arctos MDG 11

D2 U. arctos MDG 11

AX3104 U. spelaeus MDG 11

Almost complete (ramus ascendentis broken)
left mandible of a yearling. M2 unerupted.
The P4 was lost but their roots were not fully
developed. M1 fell out after fully erupting:
M3 fell out from its alveolus behind the
ramus ascendentis. The C germ remains at

its alveolus without any trace of root.

Complete right mandible of a yearling from

La Lucia cave (dated to 45 ka BP, Torres et al.,
2002). The I3 has partially erupted and the 12
and C are visible despite not being erupted.
The M1 has fallen out but its roots were
almost completely developed. The M2 and M3
were unerupted, and the M3 lay vertical behind
the ramus ascendentis.

Fragment of right mandible of a

yearling. Only the M1 remains in place

(it can be easily removed manually). The
depth of the alveoli of the P4 and M2
indicate that they had not yet erupted. The
C germ is in place and unerupted.

Almost complete right mandible of

Ursus deningeri from Cueva Nueva
(Pedraza, Spain). A lower incisor remains
unerupted as does the germ of the C. The
alveoli of the absent premolars and

molars remain. The tilt backwards is typical
of U. deningeri.

Complete left mandible of a first-winter bear.
The unworn (dp4) remains and the alveoli of
the id1, id2, id3, cd, dpl, and dp2 are visible.
The germs of M1 and M2 are visible through
openings at the alveolar border. The M3 germ
is lost.

Almost complete left mandible of a first-winter
representative from Saldarrafiao Cave
(Espinosa de los Monteros, Spain). Its
ontogenetic development (smaller size, lack
of opening over the M2 germ, and smaller
bone thickness) reveals that this cub died
before leaving the cave. All the alveoli of the
elements of the decidual dentition are

visible and, through openings at the alveolar
order, reveal the presence of the germs of the
M1 and M2. The germ of the M3 was lost.
The mandibular body is a simple bony shell.

Fragment of left mandible of a first-winter
cave bear representative found in Amutxate
cave. The germ of the M1 remains and the
alveoli of the dp4 are observable along with
the alveoli of the germs of some elements of
the permanent dentition: C, P4, and M2. The
mandibular body consists of a tiny shell,

and the enamel of the germ of the first molar
is very thin and dark brown colored.

According to the alveoli development,

the roots of the M1 reached almost total
development while the roots of the M2, still
in place, are 50% developed. The germ

of the crown of the C does not show any root
development.

The roots of the M2 are 50% developed.

Only the crown of the canine is fully
developed. The distal root of the M1 is
probably closed while the proximal one
remains slightly open. The root canals
and pulp cavities are very open.

I3 and C are visible, as are the incompletely
developed alveoli of premolars and molars.

11, 12, I3, C, P4, M1, and M2 germs are

visible. M3 is lost but its alveolus remains.

The dp4 is at its place and its long, penetrating,

and fully preserved roots are forked, literally astride
the protoconid of the P4. The density of the

enamel of the germs of the permanent dentition
seems to be lower than that of the decidual carnassial.

It is possible to observe the germ of the M1

(0% root development) as well as the germs

of the permanent canine and at least two incisors.

The low density of the bone shell is clearly observable.

The x-ray shows the lack of development
of the permanent carnassial roots and the
low density of the enamel.

out. In the polar bear, the dp4 remains in situ until the tenth
month of age (mid-November or December) and falls out
during hibernation. On the basis of the chronology of teeth
eruption shown by U. arctos, U. spelaeus mandibles with

fully emerged Mls, in stage MDG III, did not correspond
to “spring” bears but to older ones (yearlings). We should
note that if the climate were colder the actual time of year
of eruption might be quite different.



AX-3104

i

AX-7671

10 cm

AX-1014 AX-3104 AX-2237

[

10 cm 10 cm 10 cm
—_— —_—

AX-2913

10 cm

B




— Ursus arctos (Dittrich, 1960) $ Ursus arctos (Couturier, 1953) 4 Eruption
---Ursus maritimus (Pohle, 1923) 4 Ursus maritimus (Pohle, 1923) ¥ Fall
Uapl' r
4 L A L L
1D1 —ngl AP AT
idl 2
! Vil AL AL }
m2 - . . \
2 §1D2 oL AL e
vid2 A Py
D3 I L ¢ip3 .
- i . 3 3
id3 P s ¢t ¢
________________________________ % ¢
SdD : cPl Q'CD P
pl 4 ved P,
ng’]l — )
Pl A Vdpl g
2522 B §or2 P’y dp2 P
4 P,
DP4 4 DP4 P, ,
dp4 - dp4 4P P
P M 34 P
P, P, 4
M M M'
_AM, M,
™ AM® 2
aM. AN, v
QMJ M
r— 1 1 1T T 1T T 1T T T T T T T T T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Months

Fig. 9. Eruption of deciduous dentition elements and timing of fall and eruption of permanent dentition elements in living species of hibernating bears, following
Dittrich (1960), Pohle (1923), and Couturier (1954). In deciduous dentition upper and lower cases indicate upper and lower dentition elements, respectively. In
permanent dentition, superscript and subscript numbers indicate upper and lower elements, respectively.

Conclusions

The mortality rate of MDG I representatives from Amut-
xate cave is unknown. These bears could have died during
the perinatal period or through spontaneous abortions. On
the basis of our findings, we propose that the mortality rate
in MDG 1I representatives was probably high. These speci-
mens showed unworn deciduous teeth and died during the
end of their first-winter probably due to undernourishment,
disease, or maternal abandonment.

MDG III representatives died during their first complete hi-
bernation (second-winter, 1.4 years), probably due to under-
nourishment. These cubs spent a complete spring/fall period
outside the den with a mixed diet (milk and vegetables). These
feeding habits produced visible dental wear of the deciduous
teeth. Deciduous teeth with visible traces of wear and several
degrees of root resorption belonged to this age group. The
mortality rate among this group was probably high, as occurs
in modern brown bears (30%).

MDG 1V representatives corresponded to independent sub-
adults that did not reach sexual maturity (5 years) or had just
reached this stage. Their mortality rate during hibernation was
probably low, but they could be more easily hunted than adult
bears.

MDG V adults showed marked wear (DWG IV). Patholog-
ical processes affecting the first lower molar alveoli were fre-
quent due to diseases linked to feeding habits. Their early
eruption and shallow implantation favored tooth avulsion in

vivo. In some localities, avulsion affects more than 15% of
mandibles (Torres, 1976).

In determining the continuity of cave bear inhabitation of
Amutxate cave, we take the following into consideration:

1. According to ESR and AAR dating, Amutxate cave was
inhabited by bears for about 9,000 years.

2. The excavated area (40 m?) accounts for 7% of the total
“bear hall” area. The regular abundance of findings on
the floor indicates that the density of findings from the ex-
cavated area can be extrapolated to the total.

3. The number of M1 teeth from very old cave bear represen-
tatives (DWG IV and RDG IV) suggests that 22 individ-
uals died at the age of 20 years. This represents an
accumulated time span of 440 years, which, if extrapolated
to the whole site, represents bear habitation of 7,000 years.

. Nine young adults (M1 in stages DWG II, DWG III, and
RDG 1) died at the age of 5—7 years, which adds 45 years
to the sampled area (7%) and 700 years to the whole ‘““bear
hall.”

These calculations must be interpreted in a conservative way
if we consider that at least 15% of deeply worn M 1s cannot be
accounted for because of infected mandibles, in vivo avulsion,
and diagenesis. Also, we cannot estimate the possible loss of
teeth in stages MDG III and MDG IV from bears that never
reentered the cave due to accidents or carnivore predation
(Andrews and Turner, 1992). In conclusion, rapid bear



abandonment of Amutxate cave after hibernation permitted its
temporary use by hominids from the beginning of spring to
the end of fall, but the presence of wandering bears—large males
and zealous females with their litters—particularly during the
mating period, were probably a threat to hominids. Given that
the cave bear home range extends between 500 and 1,000 kmz,
and that large amounts of cave bear remains have been found
in the vicinity of other caves (Troskaeta and Eulatz caves,
see Fig. 1), hominid group expansion and exploitation of
the environment was likely to be severely limited by cave
bear activity.

The dramatic expansion of hominids during Upper Paleo-
lithic times contributed to the extinction of the cave bear, as
Grayson and Delpech (2003) postulated as the Kurtén’s Re-
sponse or man-mediated cave bear extinction.
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