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Abstract

The present study is a revision of the currently available fossil bear remains from the Epivillafranchian locality
Untermassfeld (Germany). The authors have made a detailed description and short reappraisal of the tax-
onomic status of the specimens by comparison with bear material from other localities. The Untermassfeld
bears share a number of common features with both modern brown bears, as well as with the Early Pleisto-
cene Ursus etruscus. They differ from U. etruscus in exhibiting reduced number of premolars, as is also the
case with U. arctos, with the U. deningeri-spelaeus lineage and with U. dolinensis from Atapuerca (Spain).
Only U. etruscus retains the primitive condition with a full set of premolars. The Untermassfeld ursid is similar
to the Atapuerca Gran Dolina U. dolinensis in many respects. Both share a number of primitive arctoid-like
features, while others link them to the cave bear lineage. For this the Untermassfeld bear is here referred
to as Ursus ex gr. U. dolinensis. Untermassfeld provides us with a window into European bears during the
Epivillafranchian. They constituted a metapopulation of interconnected subpopulations characterised by a
mosaic of primitive and derived traits. These features were differentially inherited in the descendant lineages
that finally separated from one another starting sometime from the latest Early Pleistocene through the early
Middle Pleistocene, leading to typical brown and cave bears.

1. Introduction

Excavations conducted from 1979 to 1988 at Untermassfeld (Thiringen, Germany) have yielded abundant
fossil bear remains (Kahlke 1997; 2001a; 2001b). The bone-bed was dated to about one million years.
Lithologically, palaeomagnetically and biostratigraphically, the Untermassfeld fossiliferous sands are referred
to the Marine Isotope Stage (MIS) 31, a quite warm stage that overlaps the base of the Jaramillo polarity
subchron (Kahlke 2006; Maul et al. 2007).

The Untermassfeld ursid material was first studied by Musil (2001). The collection included one skull, five
mandibular remains with teeth and postcranial material of some 5 to 8 individuals. The fossils were de-
scribed as a new species, Ursus rodei. The diagnosis of U. rodei Musil, 2001, characterises the Untermassfeld
bear as medium to large size species, with a flat glabella like that of U. arctos, and arctoid dentition. Musil’s
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(2001, 656) description and differential diagnosis emphasises the total absence of spelaeoid features, while
stressing typical arctoid ones indicative of phylogenetic proximity to U. etruscus.

The present revision includes not only the specimens originally studied by Musil (2001), but also new mate-
rial recovered from 1989 onwards. Musil's (2001) new bear discoveries from Untermassfeld added to other
ones of similar age (late Early Pleistocene) from Sierra de Atapuerca (Garcia and Arsuaga 2001; Garcia Garcia
2003), Le Vallonnet (France, Moullé 1992), Vallparadis (Spain, Madurell-Malapeira et al. 2009), Deutsch-Al-
tenburg (Austria, Rabeder et al. 2009) and called for a thorough re-examination of the traditional phylogeny
of European bears (Freudenberg 1914; Erdbrink 1953; Kurtén 1968). Wagner and Cermak (2012) revised
an important collection of early Middle Pleistocene dental material, including bears from both spelaeoid
and arctoid lineages. The authors proposed new taxonomic attributions and new explanations for the evo-
lutionary history and possible co-occurrence of spelaeoid and arctoid lineages. The bear sample analysed
by Wagner and Cerméak (2012) included non-fossil remains of U. arctos and U. thibetanus and early Middle
Pleistocene ones of U. deningeri.

The brown bear is one of the most variable of large carnivores. It first appeared in the Middle Pleistocene
(Davison et al. 2011). However, several variants with brown bear affinities are reported from various Epivil-
lafranchian localities (Atapuerca Gran Dolina TD4/5, c. 0.8 Ma, Garcia and Arsuaga 2001; Untermassfeld, c.
1.0 Ma, Musil 2001; Deutsch-Altenburg, c. 1.4 Ma, Rabeder et al. 2010). Rabeder et al. (2010) placed the
bears from Deutsch-Altenburg, Ceyssaguet (France), Stssenborn (Germany), Untermassfeld and Atapuerca
Gran Dolina in the subspecies U. arctos suessenbornensis Soergel, 1926, based on metapodial similarities
with brown bears. Rabeder et al.’s (2010) classification considers only a limited number of features and does
not present a comprehensive morphological comparison with the other Epivillafranchian bears mentioned
above. Madurell-Malapeira et al. (2009) follow Moullé (1992) and relate the bears from Le Vallonnet to
ancient representatives of U. deningeri. They also attribute the bears from CGRD6 Cal Guardiola deposits
(c. 0.8 Ma, MIS 21), in the Cuenca del Valles-Penedés (Spain), to an archaic U. deningeri on account of
their similarities with the bears from Le Vallonnet. Baryshnikov and Boeskorov (2004) report the occurrence
of two chrono-subspecies, the early Middle Pleistocene U. arctos kamiensis and the late Middle and Late
Pleistocene U. arctos priscus (syn. U. arctos karmalkiensis). The diagnostic characters, patterns of variation
and phylogenetic significance of these bears, as well as the reliable autapomorphic characters that help
discriminate between the arctoid and spelaeoid lineages, still have to be clarified.

2. Material and methods

The sample analysed for the present work includes all the dentognathic bear remains recovered from Un-
termassfeld since 1979. A selection of both extant and extinct bear specimens was used for comparisons.
These include remains of modern brown bears from several Iberian regions (including the Pyrenees) as well
as from North America (Wyoming, Arizona, California, Alaska). Fossils of brown bears come from a range
of Late Pleistocene to Holocene European sites. Most of the material of Ursus deningeri originates from
the about 400ka year-old levels of Sima de los Huesos (Atapuerca, Spain, Bischoff et al. 2003) as well as
from early Middle Pleistocene deposits preserved in several institutions: Aristotle University of Thessaloniki,
Greece; Hungarian Natural History Museum, Budapest, Hungary; Museum of Vertebrate Zoology, Berkeley,
USA; Natural History Museum, London, Great Britain; Natural History Museum, Madrid, Spain; Senckenberg
Research Station of Quaternary Palaeontology, Weimar, Germany (IQW); Smithsonian Institution, Washing-
ton, USA. The present study also includes comparisons with Garcia and Arsuaga’s (2001) U. dolinensis, from
the Early Pleistocene levels of Atapuerca Gran Dolina (Spain). Upper and lower teeth are indicated by up-
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per-case and lower-case letters, respectively. Measurements followed Garcia Garcia (2003) and Santos et al.
(2014). Cuspids on the lingual side of Psare called ‘metaconid’; ‘entoconid- and metaconid-complex’ is used
for M7 and ‘buccal constriction and distal convexity’ for Ms following Wagner and Cermék (2012). Measure-
ments were taken with engineering digital caliper with 0.1 mm accuracy. Specimens previously published by
Musil (2001) are re-analysed, with particular remarks when required, while new finds are described for the
first time. All measurements, unless otherwise indicated, were taken by the writers.

2.1. Untermassfeld cranial remains and upper dentition

Material in Musil (2001): partial senile skull IQW 1983/19 544 (Mei. 19064), holotype of Ursus rodei (Fig. 1)
with left I3, C, alveoli of PT and P3, P4&-M2 and right C, P3 alveolus, P4-M2,

New material: skull fragment IQW 1994/24 599 (Mei. 24 128) with left I'-M2 and right I-13 (Fig. 2);

left maxillary fragment IQW 2002/27 455 (Mei. 26 960) with complete tooth row (I'-M2) (Fig. 3);

Fig. 1 Ursus ex gr. U. dolinensis, Untermassfeld. —
a—c Partial skull IQW 1983/19544 (Mei. 19064)
with left I3, C fragment, alveoli of P! and P3, P4-M?
and right C, alveolus of P3, P*-M?, frontal, left lat-
eral, palatal views. — Scale: 30mm.
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Fig.2 Ursus ex gr. U. dolinensis, Untermassfeld. — a-d Skull fragment IQW
1994/24599 (Mei. 24 128) with left I'-M? and right I'-I3, frontal, left lateral, lingual,
palatal views. — Scale: 30 mm.
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Fig. 3 Ursus ex gr. U. dolinensis, Untermassfeld. — a—d Skull fragment IQW 2002/
27455 (Mei. 26960) with left I'-M?, frontal, left lateral, lingual, palatal views. — Scale:
30mm.

maxillary fragment IQW 1989/23 351 (Mei. 22 870) with right P4 and M2 (Fig. 4);
fragmentary left maxilla IQW 1989/23353 (Mei. 22872) with M' — same individual as IQW 1989/23351

(Mei. 22870) — and left M2 IQW 1989/23352 (Mei. 22871) (Fig. 5);
skull IQW 1995/24 844 (Mei. 24373) with deformed brain case and articulated mandible (Kahlke 2001c,

Fig. 6; 2006, Fig. 31); comparisons of palatal thickness at level of M2 in Fig. 6.
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Fig.5 Ursus ex gr. U. dolinensis, Untermassfeld. —
a-¢ Maxilla fragment IQW 1989/23353 (Mei. 22872)
with left M', buccal, occlusal, lingual views. — d—f Left M?
IQW 1989/23352 (Mei. 22871), buccal, occlusal, lingual

views. — Scale: 10mm.

Fig.4 Ursus ex gr. U. dolinensis, Untermassfeld. —
a—c Skull fragment IQW 1989/23351 (Mei. 22 870)
with right P* and M?, lingual, right lateral, palatal
views. — Scale: 30 mm.
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Fig. 7 Ursus ex gr. U. dolinensis, Untermassfeld. — a—c Right hemimandible IQW 1980/15775
(Mei. 15287) with alveoli of |5, C, P4, alveoli of P, and Ps, P4-M,, alveolus of Ms, occlusal,
lingual, buccal views. — d—f Left hemimandible IQW 1980/15522 (Mei. 15034) with I3, C, Py,
P4-Ms3, occlusal, buccal, lingual views. — Scale: 30 mm.

2.2. Untermassfeld mandibular remains and lower dentition

Material in Musil (2001): left hemimandible IQW 1980/15522 (Mei. 15034) with I3, C, P1, P4-M3s (Fig. 7d—f);
right hemimandible IQW1980/15775 (Mei. 15287) (Fig. 7a-c).
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Fig. 8 Ursus ex gr. U. dolinensis, Untermassfeld. — a~b Right M; IQW 1989/15775 (Mei. 15287),
lingual, occlusal views. — ¢—d Right M; IQW 1995/25029 (Mei. 24 558), lingual, occlusal views. — Scale:
10mm.

Fig. 9 Ursusexgr. U. dolinensis, Untermassfeld. — a—b Left hemimandible fragment IQW 1988/22 380
(Mei. 21899) with 1;-C, P4-Ms, occlusal, buccal views — ¢-d Right hemimandible fragment IQW
1988/22 380 (Mei. 21899) with 1,-C, P,-Mj3, occlusal buccal views. — Scale: 30 mm.

New material: right M11QW 1989/15775 (Mei. 15287) (Fig. 8a-b); right M1 IQW 1995/25029 (Mei. 24 558)
(Fig. 8c—d);

left hemimandible fragment IQW 1988/22 380 (Mei. 21899) with I'-C, P4-M3 (Fig. 9a-b); right hemimandi-
ble fragment IQW 1988/22 380 (Mei. 21899) with I1-C, P4-Ms (Fig. 9¢—d).
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3. Description of the remains
3.1. Morphology of the cranial remains and of the upper dentition

Calvarium IQW 1983/19544 (Mei. 19064) published by Musil (2001):

The specimen shows large canines, the left of which broken, the alveolus of left P1 — the right region is not
preserved — and the alveoli of both P3s. The alveolus of P is adjacent to canine alveolus, without any dia-
stema in between.

Left and right P4: all cusps are highly worn but with well-defined features. Straight mesio-distally, with
triangular outline and without accessory cusps. In latero-medial view, the paracone is the highest cusp,
with straight anterior border, followed in height by the protocone. The deuterocone is the lowest cusp; it is
placed posteriorly and connected with the lingual cingulum. The premolars have a very thin and low cingu-
lum all around their bases.

Left and right M': both teeth are very worn. Their parastyles and metastyles are similar-sized, robust, and
straight dorso-ventrally.

Left and right M2: both teeth are very worn. Their paracones and metacones are flattened by wear, but a
clear notch can still be distinguished between them. The protocones and hypocones are totally worn. The
teeth have a cingulum all round the crown, without any visible groove. The talons are well-developed, al-
most half as long as the molars, they are acute distally, straight and without torsions.

The rest of cranial material from Untermassfeld is more informative than IQW 1983/19544 (Mei. 19064):
upper dentitions IQW 1989/23351 (Mei. 22870), IQW 1989/23353 (Mei. 22872), IQW 2002/27 455
(Mei. 26960), and IQW 1994/24599 (Mei. 24 128).

P4: mesio-distally straight, with triangular outline and without accessory cusps. The paracone is the highest
cusp, sharp, with straight anterior border; the metacone is second in height. The paracone and metacone
are aligned to form a labial blade. Although being the lowest cusp, the protocone (= deuterocone) is as
sharp and well-defined as the other cusps.

M1: mesio-distally straight, with nearly rectangular outline and parallel sides. The metastyle and parastyle
are small but distinct and have straight dorso-ventral margins. The metastyle is larger than the parastyle. The
mesocone is placed between the hypocone and the entocone.

Mz: paracone and metacone are often well-distinguished, divided by groove. Both cusps converge occlusally
towards the sagittal line of tooth, and so do also the protocone and the hypocone. A cingulum runs all
round and shows no grooves. The talon is well-developed, almost half as long as the tooth, it is acute distally
and straight, without torsions.

3.2. Morphology of the mandibular remains and of the lower dentition

The mandibles are large with anterior premolars separated by long diastemas. The ascending rami of most
specimens are not preserved; for this reason, the shapes of the mandibular condyles are unknown, as are
also the mandibular heights. The anterior premolars (P1-P2-P3) vary in number. There are cases where they
are totally absent [IQW 1988/22380 (Mei. 21899), IQW 1983/18862 (Mei. 18382)], others in which there
are small, widely spaced alveoli of P1 and P3 with no trace of P, in between [IQW 1983/18901 (Mei. 18421),
IQW 1983/18902 (Mei. 18422)] and still others that exhibit only a tiny alveolus of P1. Only one specimen with
both hemi-mandibles [IQW1980/15522 (Mei. 15034) + IQW1980/15775 (Mei. 15287)] displays three small
widely spaced alveoli on the right ramus, with P1 still in place, and only the alveolus of P1 on the left ramus.
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Pa: tooth with elliptic outline. The protoconid has accessory cuspids and a linguo-distal crest, there are no
mesial cuspids. Three specimens, IQW 1980/15775 (Mei. 15287), IQW 1983/ 18901 (Mei. 18421) and IQW
2007/29133 (Mei. 28295), have a linguo-distal cuspid and a weak distal cuspid issuing from the linguo-dis-
tal crest.

Mi: the paraconid is simple and somewhat inclined distally. The protoconid is simple, and is the highest
cuspid. The metaconid is variable: single-cusped in IQW 1980/15522 (Mei. 15034) and IQW 1988/22 380
(Mei. 21899), unequally bicuspid, with the distal cuspid larger than the mesial cuspid, in IQW 1983/18862
(Mei. 18382) and IQW 2007/29133 (Mei. 28295), and tricuspid, with different possible combinations, in
IQW 1980/15775 (Mei. 15287) and IQW 2007/29 124 (Mei. 28 286). Though damaged, the metaconid of
IQW 1992/23989 (Mei. 23518) shows a main cuspid associated with at least another distinct smaller one.
IQW 1995/25029 (Mei. 24558) has a main distal cuspid and three tiny cuspulids, aligned to form a mesial
crest (Fig. 8c—d). The entoconid is less variable: it usually has one dominant cuspid (End1) attached to the
mesial arm. One specimen has a main entoconid cuspid (End1) associated with a smaller mesial cuspid
(End2) and a mesial arm connected with the base of the metaconid. The hypoconid is simple and always
higher than the entoconid.

M2: generally with rectangular outline and with a slight central constriction. The protoconid is large, and
slopes gently anteriorly into a mesial crest. IQW 2007/29 133 (Mei. 28295) has a central protoconid, with
two smaller cuspids, one on each side. The metaconid is complex and most variable, with a main cuspid,
a smaller mesial cuspid that slopes into a crest or into a tiny cuspid, and a third, very small cuspid, either
positioned distally [IQW 1980/15522 (Mei. 15034)] or mesially [[QW1980/15775 (Mei.15287)] to the main
cuspid. The metaconid is always higher than the protoconid. The entoconid is formed by two identical cus-
pids, while the hypoconid is single-cusped. The enamel surface at the centre of tooth is fairly smooth with
no ridges nor wrinkles.

Ms: the tooth generally has a rounded to pentagonal-shaped outline, and has a flat occlusal surface with-
out prominent cuspids nor torsions of the crown. In three specimens [IQW 1980/15522 (Mei 15034), IQW
1995/25029 (Mei. 24558), IQW 1980/15775 (Mei. 15287)] out of six slight lingual notches separate the
trigonid from the talonid.

4. Metrical and morphological comparative analyses

The Untermassfeld bears exhibit a combination of primitive and advanced characters. Primitive ursid repre-
sentatives, such as the extinct Ursus minimus and U. etruscus, but also the extant Asian black bear U. thi-
betanus, retain all three upper and lower anterior premolars P1-P3. The same occurs in U. dolinensis from
TD4-Atapuerca. There is a general tendency to lose some to all the anterior premolars in more advanced
ursid lineages. Starting from U. deningeri, in which at least upper and lower P2s are missing, anterior pre-
molars are progressively lost during the transition to late and most derived cave bear representatives (Mazza
et al. 1995; Garcia et al. 1997). Upper and lower P2s are also missing in U. arctos, U. maritimus and U. ma-
layanus (Mazza et al. 1995). The Untermassfeld representatives show a range of possibilities, from having
the whole set of anterior premolars, to having none, or even three on one side and one on the other, see
hemimandibles IQW 1980/15522 (Mei 15034) and IQW 1980/15775 (Mei. 15287).

Morphometrically, the P4s of U. deningeri, brown bears, U. dolinensis (TD4-Atapuerca) and of the Unter-
massfeld representatives are very similar to one another, but in the Untermassfeld bears and in U. deningeri
values peak. Metastylids tend to be larger in U. deningeri than in brown bears (Wagner and Cermak 2012)
and in the Untermassfeld specimens metastylids are barely developed. The P4s of the Untermassfeld bears
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Untermass- U. dolinensis U. deningeri U. spelaeus  U. arctos U. arctos U. ameri-

feld (TD4-Ata- (Iberian) (North canus
puerca) America)
Palatal 6.91+086 6.66+0.56 6.43+084 1211237 237086 408+1.24 272+0.82
thickness 4) (3) (6) (55) (22) (97) (132)
at M2 (5.81-7.90) (6.03-7.09) (5.57-7.84) (7.39-18.00) (1.44-4.55) (1.10-7.93) (1.20-5.80)

Table 1 Comparison of the palatal thickness (mm) at level of M? in several bear species. — (n), (min—max).

and of early U. arctos representatives have no buccal constriction, which by contrast is often observed on
the P4s of U. deningeri. The paracone is higher than the protocone on the P4s of the Untermassfeld bears,
as well as on those of U. dolinensis and U. arctos, while on the P4s of U. deningeri paracone and protocone
are approximately of equivalent height. In occlusal view, the P4s of U. dolinensis (TD4-Atapuerca) and of
the Untermassfeld bears are triangular-shaped with fairly straight margins, while U. deningeri and U. arctos
have more rounded fourth upper premolars.

Parastyles and metastyles on the Untermassfeld M's are proportionally developed like in U. dolinensis and
U. arctos and not as strong as in U. deningeri (Garcia Garcia 2003, 328-332; Wagner and Cerméak 2012).
The thickness of the palate is a diagnostic discriminant between brown and cave bears (Santos et al. 2014).
In U. arctos the palate is thin and flat or slightly convex dorsally (Garcia et al. 2006; 2007), while in the Sima
de los Huesos (Spain) and Petralona (Greece) U. deningeri palate thickness is intermediate between the
averages of brown and cave bears (Santos et al. 2014). The palatal thicknesses of the four Untermassfeld
skulls and of three TD4-Atapuerca skulls of U. dolinensis are similar to those of U. deningeri and differ from
those typical of U. spelaeus and brown bears (Fig. 6; Table 1).

Overall, the horizontal rami of the Untermassfeld mandibles are as high, dorso-ventrally, as those of U. etrus-
cus and U. dolinensis, and more slender than those of cave bear members. The coronoid process inclines
backwards like in U. dolinensis, somewhat more than in U. etruscus and quite more than in U. arctos and
cave bears.

Regarding the lower dentition, in addition to what has been said above about the anterior premolars, the
original, plesiomorphic pattern of Pss is exhibited by early representatives of U. etruscus, where a distal and
mesial crest issue from the main cuspid (protoconid) (Garcia Garcia 2003, 343-345; Wagner and Cermak
2012). In advanced specimens of U. etruscus, the distal crest is usually forked with well-developed ‘lin-
guo-distal crest’ (sensu Wagner and Cermak 2012). In U. arctos P4 generally exhibits a main cuspid (proto-
conid), the ‘linguo-distal crest’ and often also a well-developed linguo-distal cuspulid that issues from the
‘linguo-distal crest’. In this respect, the Untermassfeld Pss resemble those of U. arctos and differ from those
commonly possessed by U. deningeri, where the ‘antero-lingual cuspid’ is relatively weak, while the paraco-
nid (antero-lingual) first and then the metaconid (lingual to protoconid) grow progressively larger.

There is relatively lower statistical difference (p-value = 0.05) between the maximum widths and lengths
of the Pss from Untermassfeld and of extant and past brown bears (p-value < 0.001), and those of the Pass
of U. deningeri. The Untermassfeld Pss are therefore proportionally closer to the Pss of brown bears and
U. dolinensis (TD4-Atapuerca) than to those of cave bears (Table 2).

Passing to the molars, the Mis of U. arctos are largely characterised by having the entoconid dominated by
a large cuspid (End1), associated with a smaller one (End2) from which issues a short mesial arm (Wagner
and Cermak 2012). In the entoconids of the Mis of U. deningeri, the two cuspids are arranged to form a
sloping crest (End1 and End2) and the mesial arm is more extended; often even more complex patterns can
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be observed. In U. dolinensis from TD4-Atapuerca, the entoconid is similar to those of the Untermassfeld
specimens, with one dominant cuspid (End1) attached to a mesial arm. In the M1s of U. deningeri the mesial
metastylid generally bends lingually from the metaconid, while in U. arctos, the mesial metastylid is usually
stretched mesially or even bent slightly labially from the metaconid. The metaconid complex in U. dolinensis
from TD4 consists of a double cusp or a main cuspid and two small mesial ones.

Dimensionally, the Untermassfeld Mis differ from those of modern and past brown bears, as well as from
those of U. dolinensis from TD4-Atapuerca (Table 2). U. deningeri has larger Mis than Iberian brown bears
(statistical significance p-value = 0.05). This is confirmed using a larger dataset of isolated M1s (> 30) of
U. deningeri (Garcia Garcia 2003, 358) where mean values are even larger, ranging around 27 mm, which
is in line with the observations of Wagner and Cerméak (2012). The Untermassfeld Mis are approximately
as long as those of U. deningeri and are therefore longer than the Mss of all the other species considered
in this study.

In brown bears, M2 metaconids are generally (1) double-cusped, with two cuspids of more or less similar
size, or (2) exhibit a smaller, additional mesial cusp (Garcia Garcia 2003, 368). However, there are specimens
with more complex patterns, similar to those shown by U. deningeri (Wagner and Cermék 2012, Fig. 5). The
double metaconid can be observed in primitive bears, like U. etruscus and U. minimus (Garcia Garcia 2003,
367). Specimens from Le Vallonnet and U. dolinensis from TD4-Atapuerca, which date to around 1 Ma,
have Mzs similar, morphologically, to those of the Untermassfeld bears, with single-cusped metaconids,
but associated with smaller mesial and distal cuspids. Two specimens from Untermassfeld show the typical
brown bear pattern, with double-cusped metaconid associated with a small accessory cuspulid.

The Mzs of U. arctos and U. deningeri are characterised by having a central constriction: in U. deningeri the
constriction is very marked (and becomes even more so in derived cave bears, Garcia Garcia 2003, 367),
while it is much weaker in U. arctos, whose Mzs appear more primitively rectangular-shaped occlusally. The
Untermassfeld Mzs are only slightly constricted, in spite of being closer, dimensionally, to those of U. denin-
geri than to those of U. arctos, which in fact are slightly smaller and relatively broader (Table 2).

Rather than being a vestigial tooth, as suggested by Couturier (1954), M3 can be particularly large, depend-
ing on the evolutive lineage that is considered. In black bears, it is simply a small, oval button-like tooth
(Mazza and Rustioni 1994), while in U. etruscus it is slightly larger, and either shaped like that of black
bears or elongated by a narrow talon, but it is never pentagonal-shaped. The Mss of the Early Pleistocene
bears from Le Vallonnet and TD4-Atapuerca are pentagonally-shaped, with simple outline and without tor-
sions, as are the ones from Untermassfeld. The Mss of U. arctos are usually squarish, often rounded more
than pentagonal, and their outlines show no or only a slightly visible notch between trigonid and talonid.
Patterns can be uniform in local populations; for example, the Mss (n = 25) of the brown bears of the late
Pleistocene site of Taubach (Germany) are all pentagonal-shaped. Mss of U. deningeri vary from the simple
pentagonal-shaped ones of early representatives to more complex patterns of more advanced Deninger
bears, which may display a lingual notch combined with torsion. In the early Middle Pleistocene site of
Voigtstedt (Germany), one specimen, IQW 1966/7751 (Voi. 3197), has pentagonal shape with straight
borders, like in brown bears, and another specimen, IQW 1966/5091 (Voi. 3360), has pentagonal contour
with slight lingual notch, which is the most common pattern observed in the representatives of U. deningeri
from Sima de los Huesos.

The Mss of brown and Deninger bears illustrated by Wagner and Cermék (2012, Fig. 6) show similar out-
lines, but U. deningeri tends to have more complex occlusal surfaces than U. arctos. The Mss of U. deningeri
are larger, on average, than those of U. arctos and, more specifically, U. deningeri has relatively broader
third lower molars than U. arctos. Dimensionally, the Untermassfeld Mss overlap the U. deningeri ones from
Sima de los Huesos.
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5. Discussion and conclusions

The bears from Untermassfeld have a number of common traits shared with brown bears, but some are
different from Ursus arctos, particularly in the morphology of the metaconid and entoconid complex of
M. There are both dimensional and morphological grounds for referring the bears from Untermassfeld to
U. ex gr. U. dolinensis and to include it into the spelaeoid lineage. The reasoning behind these conclusions is
multiple. The bears from Untermassfeld share such a high number of features with brown bears that Musil
(2001), Palombo et al. (2008) or Rabeder et al. (2010) considered them early representatives of the arctoid
lineage. However, those traits are primitive. At the same time, the Untermassfeld bears share with U. denin-
geri a number of advanced characters typical of the spelaeoid lineage. These include:

(1) Dimensions almost identical with those of early representatives of U. deningeri of early Middle Pleisto-
cene age, Pss follow a model of spelaeoid diversification;

(2) the sizes of the Untermassfeld cheek teeth overlap those of early Middle Pleistocene U. deningeri spec-
imens;

(3) the general morphology and that of End1-c of My are similar to those of early Middle Pleistocene
U. deningeri,

(4) Mzs are intermediate in trigonid width/maximal length between the early and middle Middle Pleistocene
U. deningeri and resemble an early spelaeoid form (Garcia Garcia 2003; Baryshnikov 2006; Argant 2009;
Wagner and Cermék 2012).

Having said this, the Untermassfeld bears appear to represent a situation similar to that for which the
Pan-African Evolution theory was proposed to explain the origin of Homo sapiens (Scerri et al. 2019; Berg-
strdm et al. 2021). The evolution of brown (and through them of white bears) and cave bears could be
the result of dynamic changes in gene flow between early bears scattered across Eurasia; trying to find a
single original location for brown and cave bears is perhaps hopeless. Molecular analyses reveal continuous
gene flow between different populations of Late Pleistocene brown bears and other closely related species.
Brown bears are shown to have dispersed after the last glaciation from interbreeding southern European
populations and not from genetic types isolated in separate glacial refugia (Valdiosera et al. 2007). Mito-
chondrial analysis found that a large number of pre- and post-Last Glacial Maximum brown bears from
Ireland grouped more closely with modern-day Clade 2 polar bears than with western and central European
modern and ancient Clade 1 brown bears (Edwards et al. 2011).

During the late Early Pleistocene or so, bears probably formed the original pool of interbreeding popu-
lations, technically metapopulations, spread across Eurasia. Bears would have been moving around and
mixing over long periods and wide geographic areas. Brown and spelaeoid bears finally began to appear
sometime around 1.0-0.9 Ma. Did they both emerge in Europe, or one in Europe and the other in Asia?
This is a reasonable question, but this geographic area cannot objectively be identified: when we consider
the combination of characters exhibited by the fossils, and the Untermassfeld bear is a model of this, the
single region of origin for either of them probably cannot be found. In place of a series of population splits
branching off an ancestral tree, dynamic interbreeding between different populations over time seems a
more reasonable possibility and may explain several diversity patterns not explained by current alternative
models. It probably was a sort of melting pot where various bear populations alternatively separated and
progressed genetically in reciprocal isolation or joined interbreeding under the drive of unsteady environ-
mental/climatic circumstances.
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