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The bears from the Late Biharian localities Koněprusy Caves, C 718 and Kozi Grzbiet differ significantly from
U. arctos, particularly in morphology of metaconid and entoconid complex of m1. In contrast, they exhibit a number of
dental morphometric characters typical for spelaeoid lineage for which we interpret them as the early members of
U. deningeri clade. Also the nominal taxa U. suessenbornensis, U. etruscus gombaszogensis and U. savini are assigned
to spelaeoid lineage. U. sackdillingensis is tentatively assigned to arctoid lineage, similarly as few single specimens
from Late Biharian sites Chlum 4, Kövesvárad, Přezletice and Voigtstedt. All other material from these sites was identi-
fied as U. deningeri. A smaller part of the studied material, including the type series of U. eberbachensis, is of ambigu-
ous taxonomical status and do not allow an exact species determination. • Key words: Ursus deningeri, U. arctos, Late
Biharian, Early Toringian, Middle Pleistocene.
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The evolutionary history of spelaeoid bear is a traditional
theme within fossil mammal research in Europe (e.g. Rei-
chenau 1904, 1906; Freudenberg 1914; Ehrenberg 1928;
Rode 1935). Although main interest was concerned to the
Late Pleistocene bears, there are many studies dealing
with earlier representatives of this lineage, mostly focu-
sed on the Toringian U. deningeri Reichenau, 1904
(e.g. Kurtén 1955a, 1959; Schütt 1968; Argant 1980,
1991; Bishop 1982; Torres 1988a, b; Torres & Cervera
1995; Musil 1991). New detailed studies further confirm
the presence of Toringian spelaeoid bears in Asia
(e.g. Tchernov & Tsoukala 1997, Baryshnikov & Foro-
nova 2001, Baryshnikov & Kalmykov 2005, Sher et al.
2011) as well as existence of deeply divergent lineage of
spelaeoid bears in Caucasus and Siberia (e.g. Baryshni-
kov 1998, Knapp et al. 2009). Moreover new excavation
yielded an important material of late Early Pleistocene ur-
sids (Moullé 1992, García & Arsuaga 2001, Musil 2001,
García 2003, Madurell-Malapeira et al. 2009) with pos-
sible affinity to spelaeoid bears. All these new discoveries
have demanded a radical reevaluation of traditional mo-

dels on evolution of spelaeoid bears, refining the set of
diagnostic characters, patterns of their variation and phy-
logenetic meaning, including establishing reliable auta-
pomorphic characters discriminating the arctoid and spe-
laeoid lineages.

Yet, a new reevalution of cave bear evolutionary his-
tory is complicated by absence of reliable information
about spelaeoid bears from the crucial period of the Late
Biharian, the earliest period of the Middle Pleistocene. Un-
til now, only few data were published (e.g. Kurtén 1969,
Musil 1974, Wiszniowska 1989). Moreover, due to the
lack of detailed information, several isolated specimens
were described as new taxa (e.g. Soergel 1926, Kretzoi
1938) of uncertain affinity. The present paper, summariz-
ing the results of revision of vast majority of dental mate-
rial available from Central Europe (462 specimens), is thus
intended to (1) define a morphometric characteristic of the
Late Biharian U. deningeri, (2) critically evaluate the taxo-
nomic status of bear taxa described from this period and (3)
re-examine possible occurrence of arctoid bears during the
early Middle Pleistocene.
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The cheek teeth material used in the study includes: (a) 64
individuals of extant U. arctos Linnaeus, 1758, (b) 320
specimens from three Late Biharian localities belonging
to U. deningeri, (c) 142 specimens from 7 localities which
taxonomical status is uncertain and (d) 12 individuals of
extant U. thibetanus Cuvier, 1823 (Primorje region, Rus-
sia; ZIN). All morphometrical data refer to values collec-
ted by authors if not specified differently. Metrical data
for Middle Pleistocene brown bears (Heppenloch, Grays
Thurrock and Ehringsdorf) are taken from Kurtén (1959,
1975).

(a) The respective material of extant U. arctos includes
the following subsamples according to their geographic or-
igin:

(ai) Balkan subsample (abal), bears mostly from
Croatia (N = 28, most of them deposited in ZUVM, with
few ones from the private owners), with single specimens
from Bulgaria, Rumania (both housed in NHMW), north-
ern Greece (deposited in AUT) and Austria (NHMW; it
represents an immigrant from the Balkan peninsula);

(aii) Siberia subsample (asib), specimens from Siberia
(N = 8), Primorje Region of the Russian Far East (N = 4)
and from Sachalin (N = 1), all housed in ZIN with the ex-
ception of one specimen from Primorje Region deposited
in NHMW;

(aiii) Tibet subsample (atib), bears of Tibet subspecies
U. a. pruinosus Blyth, 1854 (N = 6; ZIN);

(aiv) Kamchatka subsample (akam), bears from Kam-
chatka peninsula, belonging to the subspecies U. a. pis-
cator Pucheran, 1855 (N = 12; NHMW);

(av) The complete U. arctos sample (aall), composed of
the above mentioned subsamples and 3 additional speci-
mens from Central Asia (U. a. isabellinus Horsfield, 1827;
ZIN).

(b) The extensive samples of bears from three Late
Biharian, more precisely OIS 17–19, localities supposedly
asigned to U. deningeri (dall): (bi) cave C718 (dfc);
(bii) Koněprusy Caves (dkc) (both in the Czech Republic;
deposited in NMP) and (biii) Kozi Grzbiet (dkg) (Poland;
deposited in ISEA).

(c) The bears from localities listed below were included
into our analysis without a priori taxonomical determina-
tion. They include the material from type localities (incl.
type series) of various nominal taxa or the assemblages
supposedly composed of more than one bear species.

(ci) Kövesvárad (Hungary) (kovA, kovB)
Age: Late Biharian (Fejfar & Heinrich 1983), OIS 17.
Jánossy (1963) described 2 bear species from this local-

ity, classical U. deningeri and small U. mediterraneus Ma-
jor, 1873 (based on one P4 dex., inv. No. V.63/252). All

material from this locality is deposited in HNHM. We di-
vided this material into two units, sp. A (kovA) containing
assumed U. deningeri and sp. B (kovB) containing P4 de-
termined as U. mediterraneus and one extraordinary small
m3 dex. (V.63/203f).

(cii) Chlum 1, 4 (Czech Republic) (chA, chB)
Age: Late Biharian, OIS 19 (Fejfar 1964, Horáček &

Ložek 1988).
The faunal assemblages from lowermost level of these

two neighbouring karst fissures are of the same strati-
graphical age (Horáček 1979). Wagner (2004) determined
two bear species in this faunal assemblage: U. deningeri
and U. t. mediterraneus. We divided this material into two
units, sp. A (chA) containing assumed U. deningeri and sp.
B (chB) containing two extraordinary small molars
(m1 sin.: Ra 2147, m2 dex.: Ra 2148). The material is
housed in NMP.

(ciii) Gombasek (= Gombaszög; Slovakia) (gom)
Age: probably Late Biharian (Fejfar & Heinrich 1983);

the age of this old collection is mostly based on co-identifi-
cation with the Late Biharian fauna newly collected from
the same quarry by Fejfar (1956), but this co-identification
is not unambiguous and the old collection can be also older
(Horáček & Ložek 1988).

Type locality of U. etruscus gombaszogensis Kretzoi,
1938. We included in the analysis the type series (holotype:
m2 dex., V.59/930) as well as the specimens from the same
collection that were not included into the type series by
Kretzoi (deposited in HNHM). We have not included the
later collected specimens (e.g. by O. Fejfar).

(civ) Süßenborn (Germany) (sue)
Age: Late Biharian (Fejfar 1969, Heinrich 1990), OIS

17; this stratigraphical determination, based on newly ex-
cavated arvicolid material, is valid for so called
Hauptfauna of Süßenborn; the exact stratigraphical posi-
tion of older collections is uncertain.

Type locality of U. suessenbornensis Soergel, 1926.
We included in the analysis all bear teeth from this locality
(incl. lectotype: M1 dex., 1965/2425; deposited in SFQW).
Both type specimens are somewhat damaged. We used for
the metric characteristic (Appendix 2, Tables 4, 6) only
their unambiguously measurable measurements, but we
applied approximate values for some subsequent analysis.
We took over the maximal length for m2 dex. (1965/2423)
and maximal length, buccal length of anterior lobe and
Pa-length for M1 dex. (1965/2425) from Soergel (1926).
The values from Soergel are similar to ours estimations and
are the least spelaeoid in comparison to other published
data (see Kurtén 1969, Baryshnikov 2007).

(cv) Eberbach (Germany) (ebe)
Age: unknown.
Type locality of U. eberbachensis Heller, 1939. All

four available molars (syntypes) were included in the anal-
ysis (deposited in SMNK).
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(cvi) Sackdilling (= Windloch bei Sackdilling; Ger-
many) (sac)

Age: Late Biharian (Fejfar & Heinrich 1983), latest
Early Pleistocene (predate Brunhes/Matuyama boundary)
(Maul et al. 2007).

Type locality of U. sackdillingensis Heller, 1955. One
tooth is available from this locality (holotype: M2 dex.,
Hsa 117, UEN).

Institutional abbreviations. – AUT – Aristotle University
of Thessaloniki, Thessaloniki, Greece; HNHM – Hunga-
rian Natural History Museum, Budapest, Hungary; ISEA –
Institute of Systematics and Evolution of Animals PAN,
Krakow, Poland; NHM – Natural History Museum, Lon-
don, Great Britain; NHMW – Naturhistorisches Museum,
Wien, Austria; NMP – National Museum, Prague, Czech
Republic; SFQW – Senckenberg – Forschungsstation für
Quartärpaläontologie, Weimar, Germany; SMNK – Staat-
liches Museum für Naturkunde, Karlsruhe, Germany;
UEN – Friedrich-Alexander-Universität Erlangen-Nürn-
berg, Erlangen, Germany; ZIN – Zoological Institute RAS,
St. Petersburg, Russia; ZUVM – Zagreb University, Fa-
culty of Veterinary Medicine, Zagreb, Croatia.
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All the specimens were measured, photographed and data-
based. The measurements were taken and expressed with
aid of engineering calipers with 0.1 mm accuracy. The spe-
cimens figured were covered by a thin film of NH4Cl be-
fore making photos, if permitted by curator, and enhanced
using Adobe Photoshop CS4 software.

The teeth measurements are defined according to Rode
(1935). The exception is buccal length of anterior and poste-
rior lobe of M1, which is taken from the Me/Pa boundary to
the end of parastyle and metastyle respectively with the tips of
caliper jaws touching the landmarks (in contrary to Rode
(1935) where this parameter is taken parallel to the tooth
axis). The lingual length of P4 is defined according to Barysh-
nikov (1998, 2007; the character No. 4 in P4). We measured
both right and left tooth row in recent specimens of U. arctos,
if available, but only one of them in recent U. thibetanus.

The terminology and abbreviations of teeth morphology
structures is adopted from Rabeder (1983, 1989, 1999). The
term x-conid/con refers strictly to a cusp itself, while a term
x-conid/con-complex denotes the cusp with its secondary
structures (small cusps, swellings etc.). In p4, the term
linguo-distal crest refers to the crest separating from the
protoconid top or its distal arm (respectively from the crest
connecting protoconid with distal end of the tooth/hypo-
conid) and continuing distally or linguo-distally. We call the
structures with visible tip as cusps and the structures without
tip as swellings. See Appendix 1 for definitions of

morphotypes. For m3 we used term buccal constriction for
Rabeder’s (1999) “buccale Einbuchtung” and distal convex-
ity for Rabeder’s “distale Ausbuchtung”. The non metrical
characters were scored using (0, 1, 2, 3, 4) scale.

We computed a set of basic statistic for each sample
and we applied some multivariate techniques for compara-
tive purpose. We used means values for both metric and
morphological characters for each (sub)sample for cluster
analysis (unweighed pair-group average, 1-Pearson-r). The
factor analysis was used for studying the dependency of
particular characters in U. arctos and U. deningeri. General
discriminant analysis and one-way ANOVA were used for
detecting the significance of discrimination between
U. arctos and U. deningeri. Mann-Whitney U Test was
used for confirmation of this significance. Principle com-
ponent analysis, one-way ANOVA and factor analysis
were used for analyzing the position of specimens with un-
certain taxonomic status. All computation and graphs were
prepared by Excel and StatSoft-Statistica 6.

Capital and lowercase letters, I/i (incisors), C/c (ca-
nines), P/p (premolars), and M/m (molars), refer to upper
and lower permanent teeth, respectively. We used “N” for
number of individuals for the recent and minimum number
of individuals for the fossil record respectively and “n” for
number of the specimens. The term “arctoid” means “simi-
lar to our sample of U. arctos”, term “deningeroid” means
“similar to our sample of Early Biharian U. deningeri”,
term “spelaeoid” means “bearing characters supposedly
typical for spelaeoid lineage”.

The definition and subdivision of the Quaternary pe-
riod follow Gibbard & Cohen (2008) and Gibbard & Head
(2009a, b). The definition and subdivision of the Mammal
Ages (i.e. Biharian and Toringian) follows Fejfar & Hein-
rich (1983, 1990) and Fejfar et al. (1998).
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The samples of U. arctos and U. deningeri were proven as
homogenous and significantly distinctive from each other
for all tooth types (see below for details). The morphomet-
ric characteristic of the particular samples are summarized
in electronic Appendix 2 (Tables 1–7), including the re-
sults of morphotype frequency analysis (Tables 8, 9) – avail-
able online on www.geology.cz/bulletin. The results of
discrimination analysis for U. arctos and U. deningeri, in-
cluding the standardized coefficients of canonical discri-
minant function for each tooth type are given in Appen-
dix 3 (Table 1), further supported with respective
confirmation statistics (Mann-Whitney U Test: z, p) for
particular tooth types (Table 2). The Appendix 3 provides
also results of multivariate analyses of the morphometric
characteristics of particular samples (Fig. 1). The details
concerning particular dental elements are surveyed below.
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p4 inf. (Fig. 1). Based on the studied sample/charac-
ters, p4 shows the lowest capability to discriminate
U. arctos from U. deningeri. Both, maximal length and
maximal width are almost the same for both species with
only slightly higher average and maximum for U. denin-
geri. The maximal width/maximal length ratio is almost
identical for both samples. The canonical discriminant
function discriminates only 62.3% of specimens (p < 0.001).
The most important characters are both morphological
ones (but they are significantly correlated together based
on the factor analysis). Important difference is in the suc-
cession of paraconid/metaconid emerging. Paraconid oc-
curs prior metaconid in U. deningeri (in U. arctos the se-
quence is reversed) and is able to reach more robust stage
in this species than in U. arctos. If bears from Köves-
várad, sp. A and Gombasek are included to the analysis,
the most significant sorting (F = 16.6, p < 0.001; one-way
ANOVA) divides the bears into two samples, U. arctos
and U. deningeri together with bears from Kövesvárad
and Gombasek, grouping supported also by PCA
(Fig. 2A).

m1 inf. (Fig. 3). Both species differ in both metrical
and morphological characters. The teeth are smaller
(but see discussion) and relatively broader (Fig. 4A) in

U. arctos. The most apparent morphological differences
concern entoconid- and metaconid-complex diversifica-
tion. The End-c is usually composed from large dominant
End1 and obviously smaller End2 with a short mesial arm
in U. arctos. In U. deningeri, End-complex forms usually
gradually descending crest with End2 bearing longer
mesial arm, often further diversified (Fig. 4B). These dif-
ferences lead also to significant differences in
End2-c-length between both species. Mesostylid can be
present in both species. Concerning metaconid-complex,
the arrangement with mesial metastylid turning medially
from metaconid is more characteristic for U. deningeri. In
U. arctos, mesial metastylid usually continues mesially or
even slightly laterally from metaconid. The canonical
discriminant function discriminates 94.7% of specimens
(p < 0.001). The most important characters are morpholog-
ical characters chIII–V, lingual length of talonid,
End2-c-length and index End2-c-length/End1-c-length.
Factor analysis shows similar general pattern of characters
correlation in both, U. arctos and U. deningeri. Most of
length and width parameters are correlated together with
the exception of End1-c- and End2-c-length (the latter cor-
related with chV) that are independent. The other group
of correlated characters is formed by most of indexes

���

"�!���	#$ Occlusal view of selected specimens of p4 inf. from studied samples. • A–E – U. arctos; A – Siberia (6161), B – Siberia (15071), C – Primorje
(21662), D – Tibet (6216), E – Tibet (7802). • F–J – U. deningeri; F – C718 (Rv 20003), G – Koněprusy Caves (Rv 20004), H – Koněprusy Caves
(Rv 20005), I – Kozi Grzbiet (MF/1346/47), J – Kozi Grzbiet (MF/1346/28). All teeth are figured as left specimens (B, C, F, G, I and J reversed). Scale
bar: 10 mm.
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and morphological characters. Cluster analysis (Appen-
dix 3, Fig. 1A) shows affinity of Eberbach to U. arctos,
Süßenborn and Chlum, sp. B are placed as outgroups to
both, U. arctos and U. deningeri. The one-way ANOVA
gives value F = 32 (p < 0.001) if only U. arctos and
U. deningeri are analyzed. By including Ursus spp. from

other studied localities, the most significant sorting
(F = 31, p < 0.001) unites U. arctos and Chlum, sp. B in one
sample and U. deningeri with the rest specimens (incl.
Süßenborn and Eberbach) in the other (if U. arctos is
united with Chlum, sp. B and Eberbach, F = 30). All
the sorting with more than two units have F < 10. Factor

��&

"�!���	,$ Graphical results of PCA for first and second principal component (A, C–E) and of factor analysis (B). • A – p4 inf., B, C – m1 inf.,
D – m2 inf., E – m3 inf.
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analysis, using chIII, End1-c- and End2-c-length and PC1
(calculated from all other length and width characters),
shows (Fig. 2B) clearly differences between U. arctos
and U. deningeri as well as separated position of the
teeth without End2 (3 specimens in the right lower cor-
ner; see discussion for details). Similar distribution is
given also by principal component analysis (Fig. 2C,
graph for metrical characters and indexes only), but the
specimens without End2 are placed among U. arctos.
Both analysis placed Eberabach and Chlum, sp. B into
U. arctos-group.

m2 inf. (Fig. 5). The teeth are smaller (but see discus-
sion) and relatively broader (Fig. 4C) in U. arctos than in
U. deningeri. U. deningeri differs morphologically from
U. arctos especially in (a) more often and more strongly
developed central constriction and (b) more diversified in-
ner field of tooth crown. The latter is demonstrated, e.g. by
higher frequency of more diversified mesolophid or
metalophid. The canonical discriminant function discrimi-
nates 90.1% of specimens (p < 0.001). None of characters
was marked as significantly important. Factor analysis
shows no correlation among End1- and End2-length and
maximal length for both species. Cluster analysis of all
characters (Appendix 3, Fig. 1B) placed Süßenborn,
Gombasek and Balkan subsample of U. arctos among
U. deningeri (see discusion for details) and Eberbach and
Chlum, sp. B as outgroups to both U. arctos and
U. deningeri. If only metric characters and indexes are used
(Appendix 3, Fig. 1C), Chlum, sp. B clusters with U. arctos
and Süßenborn and Gombasek with U. deningeri, Eberbach
stays as outgroup. The one-way ANOVA gives value F =
15.9 (p < 0.001) if only U. arctos and U. deningeri are ana-
lyzed. The most significant sorting (F = 19.4, p < 0.001) was
given for uniting U. arctos with Chlum, sp. B and Eberbach
and U. deningeri with Kövesvárad, sp. A, Chlum, sp. A,
Gombasek and Süßenborn (if Eberbach is replaced to U. de-
ningeri, F = 17.9). All the sortings with more than two units
have F < 10. Principal component analysis (Fig. 2D; graph
for metrical characters and indexes only) places Chlum, sp.
B among U. arctos and Eberbach on the boundary of
U. arctos and U. deningeri. Few specimens of U. deningeri
(and one from Süßenborn) bear an arctoid position (see dis-
cussion for details).

m3 inf. (Fig. 6). The teeth of U. deningeri are in aver-
age larger than those in U. arctos. The opposite tendency
in length-width correlation (Fig. 4D) than in both previ-
ous molars is recognized in m3 (U. deningeri relatively
broader than in U. arctos). There is more intensive ten-
dency to increasing the complexity of occlusal surface
and the tooth outline in U. deningeri than in U. arctos. In
U. arctos, the tooth outline is usually without any or with
only incipient interruption. The canonical discriminant
function discriminates 88.8% of specimens (p < 0.001).
The most important characters are both morphological

characters. If morphological characters are excluded from
the analysis (the morphological characters are often invis-
ible due to the stage of wear and their exclusion therefore
importantly increases the number of analyzed speci-
mens), the canonical discriminant function discriminates
86.1% of specimens (p < 0.001; the most important char-
acters is maximal length). The one-way ANOVA gives
value F = 36.6 (p < 0.001) if only U. arctos and
U. deningeri are analyzed. The most significant sorting
(F = 34.0, p < 0.001) was given for uniting U. arctos with
Eberbach and U. deningeri with Kövesvárad, sp. A, sp. B
and Chlum, sp. A (if Kövesvárad, sp. B is replaced to
U. arctos, F = 33.3). Principal component analysis
(Fig. 2E; graph for metrical characters and indexes only)
places Eberbach in U. arctos near the boundary with
U. deningeri. Kövesvárad, sp. B shows an isolated posi-
tion. One specimen of U. deningeri and one of Chlum, sp.
A are placed among U. arctos.

P4 sup. (Fig. 7). The overlap between U. deningeri and
U. arctos is relatively large in all observed morphometric
characters. The most important discriminative character is
the shape of buccal wall with more frequent and more de-
veloped constriction in U. deningeri. There is a great over-
lap in maximal length and somewhat better discriminative
ability of maximal width (cf. Fig. 8A) can be only mislead-
ing effect of low number of U. arctos specimens (more-
over, with dominance of small ones). The species also do
not differ principally in stage of diversification of mains
cusps. The only exception, but with weak discriminative
ability, can be a tendency to larger metastylids in U. de-
ningeri (cf. Fig. 8B). The canonical discriminant function
discriminates 84.9% of specimens (p < 0.001). The most
important characters are maximal width and index maxi-
mal width/maximal length. If maximal width is excluded
from the analysis (due to its position in maxilla, it is not
possible to take maximal width of P4 in many specimens of
recent U. arctos), the canonical discriminant function dis-
criminates 76.6% of specimens (p < 0.001; the most impor-
tant characters are width of constriction, chI and index
width of constriction/lingual length). Two latter characters
are correlated according to factor analysis. This analysis
shows further the correlation among width of constriction,
maximal width and lingual length and between Me-length
and maximal length for both species. Cluster analysis of all
characters (Appendix 3, Fig. 1D) placed Gombasek among
U. deningeri and Kövesvárad, sp. B as outgroup to both
U. arctos and U. deningeri. The one-way ANOVA (for the
dataset without maximal width) gives value F = 14.2
(p < 0.001) if only U. arctos and U. deningeri are analyzed.
The most significant sorting (F = 17.2, p < 0.001) was
given for uniting U. arctos with Kövesvárad, sp. B and
U. deningeri with Chlum, sp. A and Gombasek. Principal
component analysis (Fig. 9A; graph for non-morphological
data without maximal width) places Kövesvárad, sp. B
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"�!���	-$ Occlusal view of selected specimens of m1 inf. from studied samples. • A–E – U. arctos; A – Siberia (13880), B – Primorje (21663), C – Tibet
(7683), D – Greece (AUT), E – Croatia (privat collection). • F–J – U. deningeri; F – C718 (Rv 20006), G – C718 (Rv 20007), H – Koněprusy Caves
(Rv 20008), I – Koněprusy Caves (Rv 20009), J – Kozi Grzbiet (MF/1346/8). • K–O – Ursus sp.; K – Chlum, sp. B (Ra 2147), L – Gombasek (V.59/969),
M – Gombasek (V.25/1023a), N – Süßenborn (1965/2426), O – Eberbach (M.3743). All teeth are figured as left specimens (A, B, D–F, H, J, M and O re-
versed). Scale bar: 10 mm.
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among U. arctos. One specimen of U. deningeri is placed
among U. arctos.

M1 sup. (Fig. 10). Except the size (but see discussion),
U. arctos and U. deningeri differ in relatively breadth of
central constriction in larger specimens, but in the smaller
ones the ratio inclines to be more similar for both species
(Fig. 8C). Ursus deningeri differs from U. arctos also in (a)
higher frequency and stronger development of lingual con-
striction and (b) predominating the specimens with meta-
styl larger than parastly (oppositely in U. arctos). The ca-
nonical discriminant function discriminates 84.3% of
specimens (p < 0.001; the most important characters are
chII and length of anterior lobe). The results are almost
identical if chI is excluded. Factor analysis shows the gen-
eral correlation for all length and width characters for both
species (although it differs in details between species).
Very significant is correlation among the widths, among
lengths the correlation between maximal length and length
of Pa/Me is weaker than between maximal length and
length of anterior/posterior lobe. The width/length indexes
are also strongly correlated. Cluster analysis (Appendix 3,

Fig. 1E) placed Gombasek, Süßenborn and Eberbach
among U. deningeri. The one-way ANOVA (for complete
dataset) gives value F = 15 (p < 0.001) if only U. arctos and
U. deningeri are analyzed. If the chI is excluded (it allows
to include the lectotype of U. suessenbornensis into the
analysis), F = 16. The most significant sorting (F = 16,
p < 0.001) was given for U. arctos as separate unit and unit-
ing of U. deningeri with Kövesvárad, sp. A, Chlum, sp. A,
Gombasek, Süßenborn, Eberbach (if Eberbach or
Gombasek are united with U. arctos, F = 15; if Süßenborn
is united with U. arctos, F = 14). Principal component anal-
ysis (Fig. 9B; graph for data without chI) places lectotype
of U. suessenbornensis among U. deningeri.

M2 sup. (Fig. 11). U. deningeri is larger and somewhat
relatively broader compared to U. arctos, if posterior width
is used (Fig. 8D). The situation would be reversed, if ante-
rior width was used. Talon length extends more in
U. deningeri but with large overlap between both species.
The occlusal surface is more diversified in U. deningeri, as
apparent from higher percentage of specimens with
strongly developed metaloph, posthypocon and metastyl.

��)

"�!���	2$ Scatter plots for selected variables of lower cheek teeth. • A, B – m1 inf., C – m2 inf., D – m3 inf.
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The canonical discriminant function discriminates 92.8%
of specimens (p < 0.001; most important characters is
chIII) if all the dataset is used and 92.1% of specimens
(p < 0.001; most important characters are chIII and width
of posterior lobe) if Me- and Pa-length (and the connected
indexes) are excluded (that allow to include more speci-
mens into the analysis). Cluster analysis (Appendix 3,
Fig. 1F; for dataset without chII and Me-length) placed
Gombasek among U. deningeri and Sackdilling and
Süßenborn as outgroups to both U. arctos and U. denin-
geri. The one-way ANOVA (for complete data set) gives

value F = 13.8 (p < 0.001) if only U. arctos and
U. deningeri are analyzed. If the Me- and Pa-length and the
connected indexes are excluded, F = 22. The most signifi-
cant sorting (for such a reduced dataset) was calculated
(F = 21, p < 0.001) for U. arctos united with Sackdilling
and U. deningeri with Kövesvárad, sp. A, Chlum, sp. A and
Gombasek (if Sackdilling is united with U. deningeri,
F = 19). Principal component analysis (Fig. 9C; graph for
data without chII, Me- and Pa-length and the connected in-
dexes) places Süßenborn among U. deningeri and
Sackdilling among U. arctos.

��*

"�!���	3$ Occlusal view of selected specimens of m2 inf. from studied samples. • A–E – U. arctos; A – Siberia (13880), B – Sachalin (29162),
C – Primorje (15149), D – Tibet (7809), E – Greece (AUT). • F–J – U. deningeri; F – C718 (Ra 129), G – C718 (R 9740), H – Koněprusy Caves
(Rv 20010), I – Koněprusy Caves (Rv 20011), J – Kozi Grzbiet (MF/1346/37). • K–O – Ursus sp.; K – Chlum, sp. B (Ra 2148), L – Gombasek (V.59/930),
M – Süßenborn (1965/2423), N – Süßenborn (1965/1307), O – Eberbach (M.3745). All teeth are figured as left specimens (C–E, H–M and O reversed).
Scale bar: 10 mm.

% � & �+

" ( )
*

'

. /
� 0 1

��� ������ �	������� !��"#$ �	%� ��
�	
�	�&�	����'	(�))��	*����
����	+���	
�	,������	-��
.�



&���������	��	�����������

As a primary motivation of this study was to reexamine
real possibilities of discrimination of the Late Biharian
U. arctos-U. deningeri based on dental characters. Natu-
rally, we focused first to the characters that were reported
as discriminative for U. arctos-U. spelaeus in former stu-
dies. Unfortunately, it was not always possible to score the
state of these characters completely. The particular cases
were as follows: (a) Kurtén (1955a) demonstrated signi-
ficant differences of relative paracon height in M1 be-
tween U. arctos and U. spelaeus. Nevertheless, there was,
especially in our U. arctos sample, high percentage of worn
teeth that do not allow us to pursue this character in present
study. The same applies for other high measurements
(e.g. relation of End1- and End2-height in m1). (b) It was
proven (e.g. Rode 1935) that the tooth crown is more open
in U. spelaeus than in U. arctos. This is especially apparent
in paraconid of m1 or metastyl and parastyle of M1. We

were not able to quantify this character and therefore we
did not include it in our analysis. Nevertheless, we can con-
firm that, in general, the crowns are somewhat more ope-
ned in Late Biharian U. deningeri than in recent U. arctos.
(c) With the latter character is also connected gradually in-
creasing of occlusal surface diversification in cheek teeth
(cf. Rabeder 1999). Although we can prove the differences
in occlusal surface diversification between U. deningeri
and recent U. arctos, we were able, due to the stage of wear
in many recent brown bear teeth, to study these differences
only in very limited number of characters. But we see it as a
very promising possibility for future research. Concerning
all morphological characters, it is necessary to note that
their particular states are only descriptive and do not con-
stitute a phyletic lineage.

We used only the recent representatives of U. arctos for
comparative purposes to have the certainty of mono-
specifity of the sample. But it is necessary to note that the
used sample of U. arctos does not cover all the variability

�(�

"�!���	4$ Occlusal view of selected specimens of m3 inf. from studied samples. • A–E – U. arctos; A – Siberia (13880), B – Siberia (13881),
C – Primorje (15149), D – Tibet (6216), E – Tibet (7802). • F–J – U. deningeri; F – C718 (Rv 20012), G – C718 (Rv 20013), H – Koněprusy Caves
(Rv 20014), I – Koněprusy Caves (Rv 20015), J – Kozi Grzbiet (MF/1346/45). • K–O – Ursus sp.; K – Kövesvárad, sp. A (V.63/203b), L – Kövesvárad,
sp. B (V.63/203f), M – Gombasek (V.59/1010a), N – Gombasek (V.59/1010b), O – Eberbach (M.3745). All teeth are figured as left specimens (B, C, F,
K, L and O reversed). Scale bar: 10 mm.

%
� & �

+

"
(

) *'

.

/

�
10

��������	
�	��
������	�	�
��	���	��	����



known for the Weichselian and Eemian brown bears, es-
pecially concerning the maximal values of their metric
characters. Similarly, the exceeding values occur (cf.
Kurtén 1955a, 1959, 1975) also in the middle and late
Middle Pleistocene brown bears (but their taxonomical
status needs a new critical revision). In any case, the
overlap between U. arctos and Late Biharian U. de-
ningeri will increase if these Middle and Late Pleisto-
cene forms are included in the comparison. Therefore we
do not have discussed here the brown bear specimens
placed by the analysis among U. deningeri. It is worth to
note that in the cluster analysis (Appendix 3, Fig. 1B, C)
of all characters of m2, the sample from Balkan penin-
sula appears among U. deningeri. Obviously, it responds
to a higher frequency of morphological characters usu-
ally occurring in U. deningeri. It is interesting that simi-

lar tendency occurs also in other teeth (brown bears from
Croatia represent the smallest teeth among studied
subsamples). On the other hand, Kurtén (op. cit.) shows
that Middle and Late Pleistocene brown bears are rela-
tively similar in their morphological characters and pro-
portion to the recent ones.

Concerning U. deningeri sample, we did not take in ac-
count an influence of possible differences in sex ratio in
different localities. Nevertheless the sexual dimorphism in
the cheek teeth size in ursids is ambiguous (cf. Kurtén
1955b, Grandal 2001, Baryshnikov et al. 2003, Miller et al.
2009 etc.) and can be omitted. For obvious reasons, our
samples do not allow to filter out effects of paleoclimatic
context (glacial/interglacial), yet we suppose that for the
present purpose (i.e. interspecific discrimination) this fac-
tor might not play any significant role.

�(�

"�!���	5$ Occlusal view of selected specimens of P4 sup. from studied samples. • A–E – U. arctos; A – Siberia (13881), B – Siberia (15071),
C – Primorje (21663), D – Tibet (7802), E – Tibet (7807). • F–J – U. deningeri; F – C718 (Rv 20016), G – Koněprusy Caves (Rv 20017), H – Koněprusy
Caves (Rv 20018), I – Kozi Grzbiet (MF/1346/28), J – Kozi Grzbiet (MF/1346/31). • K–O – Ursus sp.; K – Kövesvárad, sp. A (V.63/195a),
L – Kövesvárad, sp. B (V.63/252), M – U. thibetanus, Kudaro 1 (36301), N – Chlum, sp. A (Ra 2409), O – Gombasek (V.59/1061). All teeth are figured as
left specimens (B, C, F, G, I, L and M reversed). Scale bar: 10 mm.
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The basic patterns of character variation can be revealed in
the samples which are sufficiently rich in representation of
particular dental elements and are well defined in the stra-
tigraphical respect. Such demands are entirely responded
by the samples of bear asemblages from the cave C718,
Koněprusy Caves and Kozi Grzbiet. The assemblages were
found monospecific (except for two specimens from Kozi
Grbiet) and were determined as U. deningeri also by previ-
ous studies (Wiszniowska 1989; Wagner 2004, 2005a). All
these assemblages represent, most probably, the rests of hi-
bernacula (in all localities milk teeth and neonate bones
were found), sometimes probably partly redeposited. The
cave C718 probably represented an entrance facies of such
a bear cave. All three localities are of the Late Biharian age
(Fejfar & Heinrich 1983, Fejfar et al. 2004, Horáček & Lo-
žek 1988, Nadachowski 1985 and in verb.), cave C718 and
Kozi Grzbiet represent OIS 17 (although a few specimens
could originate from preceeding glacial; see references

above), the Koněprusy Caves represent either OIS 17 or
OIS 19.

We assume a similar taphonomy as in the Late Pleisto-
cene bear caves, where all or almost all bear material be-
longs to the cave bear. Therefore we attribute a priori all
the bear teeth from these localities to U. deningeri. The
only exceptions are 2 specimens from Kozi Grzbiet
(M2 sin., MF/1346/36 and M1 dex., MF/1346/10, both
ISEA) that we excluded from the analysis due to their large
size and highly diversified occlusal surface (i.e. affinity to
U. spelaeus) and somewhat different fossilization. But it is
possible that these specimens represent only the extreme
morphotypes of Late Biharian U. deningeri. But even in
this case, the analysis would not be affected by their exclu-
sion. Taxonomic status of some other problematic speci-
mens (with arctoid affinity) will be discussed below.

As concerns, the dental specificities characterizing
these samples, the following is particularly worth of men-
tioning: (1) All p4 inf. are relatively small and often simply
built. There are specimens with no other cusps than Prd as
well as specimens with well developed Pad and Med. They

�('

"�!���	6$ Scatter plots for selected variables of upper cheek teeth. • A, B – P4 sup., C – M1 sup., D – M2 sup.
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have arrangement typical for spelaeoid lineage, i.e. Pad is
more prominent than Med (see also Rabeder 1983, 1989).
For spelaeoid bears it is typical if (a) only Pad is present,
(b) Pad is more strongly developed than Med or (c) Pad and
Med are both very strong cusps. For U. arctos it is typical if
(a) only Med is present or (b) Med is evidently stronger
than Pad. In U. arctos Med is also often placed distally
from Prd and/or connected with linguo-distal crest. In few
specimens from Tibet (e.g. Fig. 1E), the Med is weaker
than Pad (which is good apparent but not strong) and
placed considerably distally. In teeth without Pad and Med
or if both of them are present as weakly developed cusps, it
is not possible to distinguished between U. deningeri and
U. arctos with certainty. All the studied specimens bear
indeterminative or spelaeoid arrangement.

(2) In accord with previous opinions (cf. e.g. Qiu et al.
2009), m1 is the element most significan for taxonomic
purposes. In this tooth, we regard the differentiation of lin-
gual main cusps as the most important taxonomical charac-
ter. The ancestral stage for representatives of genus Ursus
is the presence of entoconid 1 and metaconid without any

mesial structures. There is a strong evolutionary tendency
in most ursine lineage to fill the space between End1 and
Med and Med and Pad by newly developed enamel struc-
tures (crests, swellings, cusps). According to our opinion,
in each bear lineage this problem was solved independently
and (mostly) uniquely (of course, with respect to the stage
in their ancestor). Med-c is relatively little diversified in
studied sample. The space between Med and Prd is in the
most cases filled only partly, in several cases there is only a
small swelling in front of Med and all the space is fully
open (more often in specimens from Koněprusy cave than
in C 718). In recent U. arctos, the space is filled more com-
pletely (often fully). From this point of view the recent
U. arctos is more evolved than the Late Biharian U. de-
ningeri. Still more important are differences in general
shape of Med-c. But it is necessary to note that both after-
wards discussed arrangements occur in both species but in
significantly different frequency. Type I: The mesial meta-
stylids turn medially in respect to Med-axis. The buccal
wall of trigonid is usually bulged around the Med/mety-
stylid boundary. This type dominates in Late Biharian

�(�

"�!���	7$ Graphical results of PCA for first and second principal component. • A – P4 sup., B – M1 sup., C – M2 sup.
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U. deningeri as well as in other studied samples of
U. deningeri (Jagsthausen, Mosbach 2, Hundsheim, Petra-
lona). Type II: The mesial metastylids tend to continue
mesially or mesio-laterally, there is no apparent bulging of
buccal wall. This type dominates in recent U. arctos and
was present also in teeth from Eemian locality Chlupáčova
sluj (Czech Republic, n = 3; NMP). We therefore conclude,
that the differences in Med-c between spelaeoid and
arctoid lineage can not be reduced easily to number of
metastylids and represent probably two alternative strate-
gies for infilling the space between Med and Pad. It seems
that these two different shapes of Med-c are also connected
with different shape of Prd. It is therefore, alternatively,
possible that ascertained differences in frequency of these
morphotypes reflect differences in form of Prd. The Prd

connected with type I usually has (a) distal arm less
medialwardly turned and (b) more laterally extended me-
dial slope. The Prd connected with type II usually has (a)
distal arm more medialwardly turned (plesiomorphic char-
acter) and (b) the whole Prd body mesially shifted. Also
more opened crown in spelaeoid bears can play some role.
But in general it is problematic to decide what is the causa-
tion and what is the consequence. Based on the photos in
Musil (2001) it seems that bears from Untermaßfeld have
rather the type II. On the other hand, several specimens of
U. etruscus from Olivola and Upper Valdarno and espe-
cially from Erpfingerhöhle show type I.

The other important character in m1 is the stage of
entoconid-complex development. The main differences
were described in Results (see also Appendix 2, Table 8).

�(�

"�!���	#8$ Occlusal view of selected specimens of M1 sup. from studied samples. • A–E – U. arctos; A – Jakutia (27229), B – Siberia (15071),
C – Primorje (21663), D – Tibet (6216), E – Tibet (7809). • F–J – U. deningeri; F – C718 (Rv 20019), G – C718 (Ra 114), H – Koněprusy Caves
(Rv 20020), I – Koněprusy Caves (Rv 20021), J – Kozi Grzbiet (MF/1346/38). • K–O – Ursus sp.; K – Kövesvárad, sp. A (V.63/196a), L – Chlum, sp. A
(Ra2407), M – Gombasek (V.59/1019a), N – Süßenborn (1965/2425), O – Eberbach (M.3744). All teeth are figured as left specimens (B, D, F, I, K, L, N
and O reversed). Scale bar: 10 mm.
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End2 was missing or only slightly incipient in few speci-
mens of Late Biharian U. deningeri (see below), stage not
noticed in recent U. arctos sample. That is further evidence

for the assumption that recent U. arctos is more evolved
than the early Middle Pleistocene U. deningeri. Similar to
Med-c, we supposed that the different arrangements of

�(&

"�!���	##$ Occlusal view of selected specimens of M2 sup. from studied samples. • A–E – U. arctos; A – Siberia (15071), B – Jakutia (27229),
C – Primorje (21663), D – Tibet (6216), E – Tibet (7805). • F–J – U. deningeri; F – C718 (Ra 151), G – C718 (Ra 119), H – Koněprusy Caves (Rv 20022),
I – Koněprusy Caves (Rv 20023), J – Kozi Grzbiet (MF/1346/11). • K–O – Ursus sp.; K – Kövesvárad, sp. A (V.63/197a), L – Gombasek (V.59/1065a),
M – Gombasek (V.59/961), N – Süßenborn (1965/2424), O – Sackdilling (Hsa 117). All teeth are figured as left specimens (B, F, G, H and O reversed).
Scale bar: 10 mm.
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End-c represent rather two alternative ways for infilling
the space between End1 and Med than two subsequent evo-
lutionary stages. This assumption must be still confirm by
revision of large-size Eemian and Weichselian U. arctos,
where more space for pre-End1structures can be expected.
The important finding of our analysis is also the independ-
ency of End1-c- and End2-c-length to the maximal length
in m1 and m2 (for both U. arctos and U. deningeri). We can
deduce that tooth is divided into several independent com-
partments which development/diversification is only
weakly interconnected. This is probably the model valid
for all the cheek teeth. The similar model is documented by
Rabeder (1999), who analyses in detail the diversification
of particular elements in U. spelaeus teeth.

(3) All the teeth (except p4) are generally larger than
those in the comparative sample of U. arctos. But the pub-
lished average values of maximal length of Eemian and
Weichselian U. arctos (Rode 1935, Musil 1964) are very
similar to those of our sample of U. deningeri. The differ-
ences in proportions are more important. Rode (1935)
shows that U. arctos has relatively broader teeth (with ex-
ception of p4 and m3) than U. spelaeus. The same situation
is apparent also in the Late Biharian U. deningeri. p4 is ap-
proximately of the same relative width as U. arctos
(U. spelaeus has relatively broader p4 (Rode 1935) as a re-
sult of its molarisation) and m3 is relatively broader in our
sample of U. deningeri (Fig. 4D). M2 is relatively narrower
if compared anterior width (across Pa) and relatively
broader if compared the posterior width (across Me) in
U. deningeri (Fig. 8D). But the latter can be only the result
of local specificity of bears from C718 and Koněprusy
Caves (see also Wagner 2005b). The smaller relative width
in spelaeoid bears is an interesting phenomenon. It goes
against the general evolutionary trend of increasing the
cheek teeth occlusal surface in this lineage. Probably, there
are several constrains forbid/complicate the independent
changes in the length and width in spelaeoid lineage. In this
case, this ratio could be a heritage of the ancestor. The
same could be valid also for the arctoid lineage. But we
only have very limited knowledge about pre-Eemian
brown bears. It is also worth to note that there is a large
overlap in this character and therefore only a comparison of
average values of larger samples is relevant. We can see
also some tendency to an increase in the relatively width of
m1 and especially m2 in spelaeoid lineage (see section
about Bacton).

(4) Most of the teeth (in both morphological and metri-
cal aspect) of Late Biharian U. deningeri already express
characters typical for spelaeoid lineage. The only excep-
tions are some characters in M1 – relative width of central
constriction (even opposite trend than in U. spelaeus), rela-
tion of anterior and posterior lobe width and, partly, the
stage of development of parastyle and metastyl. In these
characters the Late Biharian U. deningeri shares the simi-

larity rather with U. arctos than the later spelaeoid bears
(Rode 1935, see also Wagner 2005b, appendix D). We sup-
pose that this tooth is most conservative and shares lots of
plesiomorphic characters. The similarity with the recent
brown bear can be a result of presence of the same
plesiomorphies or the parallelism.

(5) Concerning presence of anterior premolars, we have
only limited jaw material (all originate from cave C718).
There is no anterior premolar present in 4 mandibular frag-
ments (but in some cases the most messial part of distama
is missing/damaged, so sporadic occurence of p1 is not
possible to exclude). One small rostral fragment includes
both right and left maxilla. There are present alveoli of P3.

(6) In most of tooth types, there are several specimens
that are placed among U. arctos, separately from other
U. deningeri. Exceptions are p4 and M1, where the stron-
gest overlap is present and no U. deningeri tooth is obvi-
ously separate from the others. Four specimens of m1 are
placed among U. arctos in Fig. 2C. Two of them
(Rv 20028, Rv 20009, NMP; Fig. 3I) form a separated
group together with specimens from Süßenborn in Fig. 2B.
They are characterised by absence of End2, similarly, the
m1 sin. (Rv 20025; NMP; Fig. 12B) has a very small End2
(to distinct between very small End2 and well developed
mesostylid is problematic in some specimens). All these
specimens are fully deningeroid (from both metrical and
morphological view) and we assign them to U. deningeri.
In the latter (Rv 20024, NMP; Fig. 12A), the situation is
more problematic. It bears also a relatively small End2, but
moreover its general form is relatively broader than usually
in other teeth. Its Med and Pad have arrangement more usu-
ally in U. deningeri. The tooth is relatively large (maximal
length 27.2 mm). We assign it to Ursus sp., although we
see its affiliation with U. deningeri more probable. Three
small m1 (maximal length under 25.0 mm) in our sample
have deningeroid morphology, one of them is in the man-
dibular fragment without any anterior premolars.

Three specimens of m2 have rather arctoid position in
the Fig. 2D (the right lower quadrant). The uppermost one
(Kozi Grzbiet, MF/1346/1, ISEA) belongs, according to
us, to U. deningeri. Its border position can be caused
by combination of somewhat smaller size and relatively
simply built inner field of the tooth. But its general form
is deningeroid. The lowermost one (Kozi Grzbiet,
MF/1346/2, ISEA; Fig. 12D) has very closed crown, the
character absent in all other specimens of U. deningeri. On
the other hand, this tooth is relatively large (maximal
length 28.8 mm). The middle one (C718, Ra 156, NMP;
Fig. 12C) is rather small (in respect to other U. deningeri;
maximal length 25.8 mm) and very broad. It differs in its
length-width ratio from all other U. deningeri. But its rela-
tive width exceeds even that of U. arctos and seems to be
rather abnormal. The last problematic tooth (not included
in PCA due to its damage) is m2 sin. from Koněprusy Caves
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(Rv 20026, NMP; Fig. 12E) representing the smallest tooth
in the U. deningeri sample (maximal length 24.9 mm). If
the available characters are analyzed, this tooth is placed
among U. arctos but near the boundary with U. deningeri.
Its general morphology is rather deningeroid and its posi-
tion among brown bears is probably caused by its small
size. We assign all three latter discussed teeth to Ursus sp.,
but their affinity to U. deningeri is probable according to
us. None of them express the combination of characters
typical for U. arctos. None of these teeth was placed near
the specimen of Chlum, sp. B.

One, relatively small (maximal length 20.0 mm) m3
(Kozi Grzbiet, MF/1346/16, ISEA; Fig. 12K) was placed
among U. arctos. But its morphology is rather deningeroid,
i.e. it bears well present buccal constriction, well devel-
oped hypoconid and weak distal convexity. We supposed
that this specimen belongs to U. deningeri (se also section
about Chlum).

One specimen of P4 (MF/1346/14, ISEA; Fig. 12M)
from Kozi Grzbiet was placed among U. arctos. Its size
(maximal length 16.5 mm) is within the variability for both

species, its morphology shares no characters typical either
for U. arctos or for U. deningeri. Specimens of similar
morphology are present in both samples. Also specimen
from Kövesvárad, sp. B (see below) has similar morphol-
ogy, but smaller size. This specimen can belong to both
species.

Two specimens of M2 from cave C718 (NMP) have
rather arctoid position if analyzed the available characters.
They are the smallest in the sample. The smaller one
(Ra 117; Fig. 12G; maximal length 34.9 mm) has neither
metastyl nor posthypocon, the crown is relatively open and
has well developed constriction between Pa and Me. In the
larger one (Rv 20027; Fig. 12H; maximal length 36.6 mm)
well developed metastyl is present, the crown is relatively
closed, constriction between Pa and Me is probably pres-
ent. The taxonomical determination of these two speci-
mens is problematic and the exact species determination is
not possible. We therefore assign them to Ursus sp. But we
prefer to interpret them rather as the extreme morphotypes
of U. deningeri than representatives of U. arctos (espe-
cially in the case of Ra 117). In the sample from cave C718
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"�!���	#,$ Occlusal view of selected specimens with ambiguous taxonomic affinity. • A – m1, C718 (Rv 20024), B – m1, Koněprusy Caves
(Rv 20025), C – m2, C718 (Ra 156), D – m2, Kozi Grzbiet (MF/1346/2), E – m2, Koněprusy Caves (Rv 20026), F – m2, Süßenborn (1965/2422), G – M2,
C718 (Ra 117), H – M2, C718 (Rv 20027), I – M2, Chlum (R 2042), J – m3, Chlum (Ra 2416), K – m3, Kozi Grzbiet (MF/1346/16), L – m3, Voigtstedt
(1966/7751), M – P4, Kozi Grzbiet (MF/1346/14). All teeth are figured as left specimens (A, C, G, H and K reversed). Scale bar: 10 mm.
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and Koněprusy Caves, there is also a few relatively small
or slender canines of uncertain taxonomical status (cf.
Wagner 2004).

(8) From the above mentioned, it is obvious, that there
is a large overlap between the species that do not allow a
species determination of each isolated tooth. The most crit-
ical point in this discussion is the absence of knowledge
about early representatives of arctoid lineage. The other
problem is unknown interpopulation variability of Late
Biharian U. deningeri. The dominant part of U. deningeri
sample is composed by the specimens from C 718 and
Koněprusy cave – two localities from the same place and of
the same or near age. It is therefore possible that some char-
acteristics may indicate rather local particularity than the
general species character. But we assume that this is not
common case because most of the characters identified as
discriminative (between species) we can identified also in
later population of U. deningeri (Jagsthausen, Mosbach 2,
Hundsheim etc.).

The Late Biharian U. deningeri is a typical representa-
tive of spelaeoid lineage. Although the characters are usu-
ally less developed than in the later form, we can recognize
all main spelaeoid characters known for Late Pleistocene
U. spelaeus (with an exception of few ones in M1). We
consider the morphology as early spelaeoid but not inter-
mediate between U. spelaeus and U. arctos. All three local-
ities represent the bear cave. It supports the idea that the
evolution of this lineage was connected with caves since its
beginning. We suppose that the behavior of early U. de-
ningeri was almost identical as in U. spelaeus and that
there is no reason to assume it as intermediate between
U. spelaeus and U. arctos. The more often record of Mid-
dle Pleistocene U. deningeri in non-cave deposits (in re-
spect to Late Pleistocene U. spelaeus), we do not interpret
as a result of a different life style of these species but only
as a result of different frequence of preserved tapho-
cenoses.
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We fully confirm the Jánossy (1963) determination as
U. deningeri for Kövesvárad, sp. A sample. It represents
the typical Late Biharian U. deningeri in both, morphologi-
cal and metrical respect. All teeth were placed within
U. deningeri (sometimes in morphospace of U. deningeri /
U. arctos overlap) in both, cluster and PCA analysis. Con-
cerning the general width-length characteristic of cheek te-
eth, all specimens of Kövesvárad, sp. A fall inside the va-
riability range for U. deningeri and mostly outside the
overlap with recent U. arctos. Only m2 (n = 2) are relati-

vely broader than usually in Late Biharian U. deningeri
(Fig. 4C), but the same as in Early Toringian one. Similar
characteristic shows also the specimen (n = 1) from Late
Biharian locality Lažánky (Czech Republic). The sample
of available teeth is too scanty to allow us provide an inter-
population comparison with Czech and Polish localities.
We did not find any similarities with U. savini mentioned
by Jánossy (1963). The small m3 dex. (V.63/203f; Fig. 6L;
assigned here to sp. B) has an atypical combination of mor-
phological and metrical characters and occupies an isolated
position if compared with U. arctos and U. deningeri
(Fig. 2E). Its morphology differs clearly from simply oval
form present in U. thibetanus. Based on the comparison and
known great variability of this tooth in U. deningeri (e.g.
Bishop 1982) we assume that this tooth represents an atypi-
cally/pathologically developed specimen of this species.

Contrary to sp. A sample, the exact taxonomical status
of P4 dex. (V.63/252, Fig. 7L; assigned here to sp. B), de-
termined by Jánossy (1963) as U. mediterraneus (the later
synonym of U. thibetanus), is ambiguous. (a) It differs
from U. deningeri especially by its small size (maximal
length 14.7 mm; see also Jánossy 1963). The smallest spec-
imen in our sample of U. deningeri is P4 dex. from
Koněprusy Caves (Rv 20029, NMP) with maximal length
15.9 mm. But this specimen is deningeroid in its shape
(well developed buccal constriction). Maximal length of
discussed Kövesvárad P4 is also under the lower limit for
other studied (Jagsthausen, Mosbach 2, Hundsheim,
Bacton) and published (e.g. Prat & Thibault 1976, Argant
1980, García 2003, Baryshnikov 2006) early Middle Pleis-
tocene U. deningeri samples. It bears no morphological
characters typical for U. deningeri, but it resembles some
specimens in its general morphology, particularly P4 dex.
(MF/1346/28; Fig. 7I; maximal length 19.0 mm) and P4
sin. (MF/1346/14; Fig. 12M; maximal length 16.5 mm)
from Kozi Grzbiet (both in ISEA). The arctoid affinity of
the latter is discussed above. (b) It falls into the lower half
of the size range of U. arctos and occupies rather peripheral
position in its length-width ratio (Fig. 8A). Although the
protocon is usually relatively larger and more anteriorly
placed in U. arctos than in specimen from Kövesvárad, the
appropriate arrangement occurs in U. arctos throughout all
subsamples (e.g. Kamchatka specimen, inv. No. 40678,
NHMW). (c) It is somewhat larger than the recent sample
of U. thibetanus, but near the mean value of U. t. mediter-
raneus (Baryshnikov 2010). It also fits well to U. thibe-
tanus in length-width ratio (if we included the specimens of
U. t. mediterraneus in the scatter plot (data from Barysh-
nikov 2010), the Kövesvárad P4 would be placed in their
center). Unlike it, the PCA (Fig. 9A) places this tooth
rather among U. arctos than U. thibetanus. Concerning its
morphology, it differs from U. thibetanus in more posterior
position of protocon and steeper descending mesial arm of
paracon (cf. Fig. 7M). According to our comparison, the
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top of paracon is placed more posteriorly (with respect to
the anterior edge of tooth) in U. thibetanus than in
U. arctos or U. deningeri and, subsequently, paracon’s
mesial arm descends more gradually in U. thibetanus than
in other two species. But due to the limited size of our com-
parative sample of U. thibetanus, this result will need the
further confirmation. As apparent from above, the P4 dex.
(V.63/252) does not express unambiguous affinity to any
bear species. According to our opinion, this tooth belongs
most probably to arctoid bear, although its affinity to
U. t. mediterraneus cannot be wholly rejected for the mo-
ment. We propose the preliminary determination of this
tooth as Ursus sp. (cf. arctos).

The presence of U. t. mediterraneus is proven in Eu-
rope since the beginning of Toringian (e.g. Heller 1949,
Thenius 1958, Argant 1991, Crégut-Bonnoure 1996, Ba-
ryshnikov 2010). As demonstrate by Wagner et al. (2012)
there is no unambiguous evidence of the species during
whole Biharian. On the other hand, some other oriental ele-
ments (Petauria, Macroneomys) occur in Europe during
the last Biharian interglacial (OIS 17) and therefore the
presence of U. thibetanus is also conceivable for this pe-
riod. Except for the specimen from Kövesvárad, another
small tooth was described from the latest Biharian locality
Přezletice (Czech Republic; Fejfar 1993). Fragment of an
extremely damaged m1 dex. from this locality was deter-
mined as Ursus cf. mediterraneus by Fejfar (1993,
Fig. 8/3). Although the fragment is too damaged to allow
any taxonomical result, it seems that its size was consider-
ably under the limit of U. deningeri.

,&��"

All the material assigned here to sp. A, originating from
two localities – Chlum 1 and 4, was determined as U. de-
ningeri by Wagner (2004). We can confirm it with several
specifications. The taxonomical determination is ambigu-
ous in M2 sin. (R 2042; NMP) (see paragraph about sp. B
for details) and in m3 sin. (Ra 2416; NMP).

The latter tooth (originated from Chlum 1 locality;
Fig. 12J) is relatively small (maximal length 20.2 mm) with
oval triangular outline. The size is on the lower limit of
U. deningeri, but still inside the species variability range. It
bears no morphological characters typical for spelaeoid
lineage but its outline is also not typically arctoid. It is
placed among U. arctos by PCA (Fig. 2E), but its length-
width proportions are deningeroid. We assume that this
specimen represents an extreme morphotype of U. denin-
geri rather than U. arctos. But the unambiguous determina-
tion is not possible and we determine it as Ursus cf. denin-
geri. Another problematic third lower molar originates
from locality Voigtstedt (all material is deposited in
SFQW). We revised three m3 from this locality. Two of
them belong to typical U. deningeri (1966/7746,

1966/5091). But the third one represents the small (al-
though inside the published variability of U. deningeri, see
e.g. Bishop 1982 or Baryshnikov 2006) and deeply worn
m3 sin. (1966/7751 = Voi. 3197; maximal length 19.9 mm;
Fig. 12L) with oval outline. If it is placed into maximal
length-trigonid width scatterplot, it will be placed among
U. arctos, out of variability range of U. deningeri. Thenius
(1965) is aware of this problem and determines this tooth
conditionally as Ursus cf. deningeri. We determine it as
Ursus sp. It is possible that this tooth belongs to an arctoid
bear. As mentioned already by Thenius (1965, see also
Baryshnikov 2010) its size is above the variability for U. t.
mediterraneus with an exception of unusually large speci-
men from Azych cave (type of U. karabach Vereschagin &
Tichonov, 1994).

Two specimens (both from Chlum 4) were assignated
to sp. B. One of them (m1 sin., Ra 2147, NMP) was deter-
mined as U. t. mediterraneus by Wagner (2004) but later
re-determined as Ursus sp. by Wagner et al. (2012). This
m1 (Fig. 3K) is clearly distinguishable from U. thibetanus
by (a) presence of relatively mesial placed End1, (b) pres-
ence of a small End2 that is in contact with distal swelling
of Med-c and (c) absence of enamel crest connecting Med
and Hyd. It differs from U. deningeri especially by its
small dimensions. It has the Med-c of type II. It differs
somewhat in general shape and trigonid width/talonid
width ration from U. arctos. The other tooth is m2 dex.
(Ra 2148, NMP; Fig. 5K). It is relatively small, with its
maximal length (23.8 mm) under the lower limit of Late
Biharian U. deningeri as well as for other comparative col-
lections (Jagsthausen, n = 24; Mosbach 2, n = 39; Mauer,
n = 9; Hundsheim, n = 8). Bishop (1982) lists minimal
value 23.7 mm for bears from Westbury and also two spec-
imens from Bacton are of the same size or smaller than the
Chlum, sp. B specimen (but see below for problematic of
Bacton bears). On the other hand, the minimum value for
bears from Vallonet is above this specimen (Moullé 1992).
It is larger than U. t. mediterraneus with an exception of
Azych specimen. Both of the above mentioned teeth were
placed among U. arctos in the analysis (Fig. PCA 2C, D;
see Results). It is worthy to note that if we increase artifi-
cially all the measurements of m2 dex. (Ra 2148) about
10% it will be still placed among the brown bear by PCA.
That means that this tooth is distinguished from U. denin-
geri sample rather by its general arrangement than the max-
imal size. Both of these teeth share a unique combination of
characters that is typical neither for U. arctos nor U. denin-
geri. But we presume that their affinity to U. arctos pre-
vails considerably over that to U. deningeri and we assign
them, tentatively, to the exclusive arctoid lineage and refer
them as Ursus cf. arctos. The differences to recent brown
bear can be caused, among others, by (a) lost of variability
in the recent brown bears, (b) changes in selection pres-
sures or (c) the presence of independent lineage of arctoid
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bears in the late Early and early Middle Pleistocene of Eu-
rope without ancestral relationship to recent form. It seems
possible that both specimens belong to one individual. It is
questionable if also M2 sin. (R 2042, NMP; Fig. 12I) could
belong to this form. This specimen belongs among the
smallest ones in studied material of U. deningeri and was
placed somewhat distantly from the other U. deningeri (but
also from U. arctos) by the PCA (the right lower quadrant).
Its morphology is relatively simple (but tooth is worn).
Similar in size and morphology (if possible to assess) is
also M2 dex. (R2047, NMP). Unfortunately , this specimen
is heavily damaged (enamel preserved only in part of
trigon). We determine both of them as Ursus sp. They can
belong to U. deningeri as well as to the arctoid form from
Chlum 4.

Except cheek teeth, the mandibular fragment with alve-
oli of three anterior premolars and a canine (Ra2121,
NMP) represents the bear species clearly distinguishable
from U. deningeri (as mentioned above, no anterior pre-
molars are present in mandibles of studied Late Biharian
U. deningeri). This specimen was described by Wagner
(2004, Fig. 1) and determined as U. t. mediterraneus (and
Ursus sp. by Wagner et al. 2012). Subsequently Barysh-
nikov (2010, table 3) assigns the canine from this mandible
and two other small lower canines from this locality (all
material originates from Chlum 4) to the same subspecies.
We assign the mandibular fragment (Ra2121) to Ursus cf.
arctos, the same taxon as both above discussed small lower
molars. The taxonomical status of two other small canines
is unclear. They can belong to the same taxon, but similarly
small/slender specimens occur also in C 718 and Koněpru-
sy Caves. We determine them provisionally as Ursus sp.
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Kretzoi (1938) describes U. etruscus gombaszogensis from
this locality and integrates it as a member of spelaeoid line-
age: etruscus-gombaszogensis-savini-deningeri. The affi-
liation with spelaeoid lineage is generally accepted (see
also the result of Pa-height/maximal length ration for one
M1 in Kurtén 1955a). Some authors regard this taxon as re-
presentative of an advanced U. etruscus (Erdbrink 1953,
Kurtén 1955a, Thenius 1965), other consider its conspeci-
fity with U. savini (Baryshnikov & Foronova 2001) or
U. deningeri (e.g. Kurtén 1958, Torres 1992). Baryshnikov
(2007) synonymizes this form with U. d. suessenbornensi.
Jánossy (1963) states that bears from Gombasek are some-
what less evolved, at least in several specimens, than typi-
cal U. deningeri (incl. Kövesvárad specimens). He warns
that the material originates from several karst fissures of
different age and notes that in material collected after
Kretzoi’s paper there is present also the typical U. denin-
geri. Unfortunately it is not clearly evident if the presence
of differently old samples is supposed already for the type

collection or only for the material collected later or if it
means that later collected material is of different age than
the type collection.

The studied material from Gombasek differs clearly
from U. etruscus (by its larger size and more complicated
occlusal surface) as well as from U. savini (the latter has
more diversified occlusal surface of cheek teeth, especially
in p4, as mentioned already by Kretzoi 1938). All studied
teeth correspond to those of U. deningeri. They are placed
by PCA relatively often near the U. deningeri–U. arctos
boundary. m1 is deningeroid in its general form (Me-c type
I, morphology of entoconid), but its entoconid complex is
relatively simply built. In both available specimens (only
two specimens are unworn) there are present a large End1
and a small mesial cusp, that we interpreted as mesostylid.
The two other teeth, strongly worn, show similar arrange-
ment, if possible to deduce from preserved remains. The
same morphology is present also in a few specimens of
studied sample of U. deninergi, but it represents only an in-
frequent morphotype (that we regard as plesiomorphic). In
three preserved m1 from locality Chlum 1 the morphology
of End-c seems to be very similar to those from Gombasek.
But these teeth are too damaged/worn to allow an exact
evaluation. One P4 (V.789, HNHM; not a part of the type
series) is relatively small (maximal length 16.7) bearing a
small metastyle. But we assume that it belongs to the same
taxon as other teeth. All in all, the bears from Gombasek
represent an unambiguous U. deningeri, perhaps some-
what older then OIS 17. Kretzoi (1941) assigns two small
bear canines from this locality to U. stehlini (= U. thi-
betanus) but they were not found during the revision of ma-
terial. Their taxonomical status is unknown.
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Among the first, Freudenberg (1914) concerns himself
with the taxonomical status of the bear from Süßenborn
and assigns it to U. deningeri. Soergel (1926) describes in
detail all in that time available bear material from this loca-
lity and bases on it a new species, U. suessenbornensis. He
supposes that this bear represent an early member of spela-
eoid lineage. This opinion was subsequently broadly ac-
cepted (e.g. Thenius 1965, Kurtén 1969, Torres 1992, Ar-
gant & Crégut-Bonnour 1996, García 2003, Baryshnikov
2007). The other specialists suppose its affinity with ar-
ctoid lineage (Erdbrink 1953, Mazza & Rustioni 1994, Ra-
beder et al. 2010). Kurtén (1969) defines two groups of
U. deningeri and considers that they represent two evoluti-
onary stages of U. deningeri. He revised all the available
material from Süßenborn and resulted that (a) concerning
dental characters it represents intermediate form between
his two groups, (b) its metapodial bones are large but in its
proportions more arctos- than deningeri-like, (c) concer-
ning its taxonomical status, it represents a specialized
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steppe-form belonging to U. deningeri (see also Kurtén
1976). Baryshnikov (2007), who also revised the material
personally, assigns the material to U. deningeri. He uses
the name U. d. suessenbornensis for bears (mostly) from
Late Biharian localities (but also Jagsthausen and Petra-
lona) and distinguishes it from the nominal subspecies es-
pecially by (a) narrower P4 and (b) less diversified End-c in
m1. Contrary to them, Rabeder et al. (2010) assign this
bear to arctoid lineage. According to their analyses (a) the
most of teeth (except one large M2) are inside the variabi-
lity for both U. deningeri and U. arctos (especially the
Middle Pleistocene one), (b) the proportion of metapodial
bones are arctoid (see also Koby 1953) and different from
the state in spelaeoid lineage, (c) somewhat larger size of
metapodial bones can be explained by sexual dimorphism
or by differences in stratigraphical age and (d) concerning
its taxonomical status, the Süßenborn bear represents a
large form of arctoid bear. Rabeder et al. (2010) use subse-
quently the name U. (arctos) suessenbornensis for all the
bears from late Early to early Middle Pleistocene assigned
by them to arctoid lineage.

We included into our analysis all the available cheek
teeth material from Süßenborn (n = 9). According to our
analysis not only M2 sin. (1965/2424) but also most of
other teeth represent typical Late Biharian U. deningeri.
The exceptions are m1 sin. (1965/2426) and m2 sin.
(1965/2422; Fig. 12F). The latter tooth is relatively broad
(Fig. 4C) and bears almost no central constriction. It was
placed rather among U. arctos than U. deningeri by PCA,
but its position is relatively isolated. This tooth is preserved
in the incomplete mandible that bears no anterior premol-
ars. We prefer to interpret this tooth as extreme morpho-
type inside the variability range of U. deningeri and we
therefore assign it to this species. Kurtén (1969) supposes
that this mandible belongs to a female individual of
U. deningeri. In the Süßenborn collection there is six man-
dibles and their fragments (partly no complete diastemata
are preserved). Mandible dex. (1964/1306) bears probably
an alveolus of p1 and mandible dex. (1965/2421) could
bear a rest of alveolus of p3 (but the area is damaged).
There are present m2 in both of these mandibular frag-
ments, which morphometric characteristic fit well with that
of U. deningeri. But it is necessary to note that according to
Rabeder et al. (2010) the absence of anterior premolars oc-
curs also in the early arctoid bears.

The only m1 (Fig. 3N) bears interesting combination of
characters. Its general form is more similar to U. deningeri,
the crown is open (especially apparent in Pad). Its meta-
conid belongs rather to type II, but it does not reach the
contact with Pad and the lateral bulging is present in
trigonid. The size is within the variability for both species.
The maximal length/trigonid width ratio is rather arctoid
(Fig. 4A), but if we would include specimens from
Jagsthausen or Mosbach 2 into this scatter plot, more teeth

of U. deningeri would have similar position (Early Toring-
ian U. deningeri is sligthly relative broader than the Late
Biharian one). This tooth is placed among U. arctos by
PCA but within U. deningeri by one-way ANOVA. The
morphology of End-c is especially interesting. There is
present only End1 with a low and slightly segmented
mesial arm. We have not found similar morphology in any
extant brown bear. There are a few specimens of U. de-
ningeri bearing only End1 but also morphology of their
End-c differs from that in Süßenborn specimen. The most
similar morphology of End-c has m1 dex. (18/31, Institute
of Paleontology, University of Vienna) from Deutsch-
Altenburg 4B. This specimen is also similar in size and
proportion with that from Süßenborn. It differs from the
latter by noticeably more closed crown (e.g. the Süßenborn
specimen is more evolved in spelaeoid direction). For the
moment we are not able to determinate this tooth on the
species level, but its affinity to U. deningeri is not possible
to exclude. Rabeder et al. (2010) base their determination
especially on the proportion of metapodial bones. It is
therefore possible that both species are present in this as-
semblage but we do not find any unambiguous evidence for
the presence of arctoid bear based on the mandibular and
dental material.

M1 dex. (1965/2425; Fig. 10N) was designated by
Baryshnikov (2007) as lectotype. Its taxonomical determi-
nation is therefore especially important. Rabeder et al.
(2010) indicate that length and width parameters of this
tooth are within the variability of Middle Pleistocene
brown bears. This tooth is relatively large. Its maximal
length is outside the variability of recent brown bears and
only three specimens exceed it in maximal length if the
data from middle and late Middle Pleistocene brown bears
are included. But it is only slightly above the mean value
for Late Biharian U. deningeri. It is wholly deningeroid in
its length/width proportion (see Fig. 8C for maximal
length/width of central constriction). If we compare the
maximal length and posterior width in scatter plot, the re-
sult will be similar. Adding the data of Middle Pleistocene
arctoid bears from Kurtén (1959, 1975) will increase im-
portantly the overlap between both species, but despite it
the Süßenborn specimen will stay outside the variability of
U. arctos. The maximal length/anterior width ratio is not
discriminative for U. arctos and Late Biharian U. denin-
geri. The spelaeoid affinity of this specimen is confirmed
also by Kurtén (1955a) for Pa-height/maximal length ra-
tion. We therefore see no evidence that this tooth could
belong to other species than U. deningeri. We regard as
unambiguous that name U. suessenbornensis is later sub-
jective synonym of U. deningeri.

The exact stratigraphical age of the bear material is am-
biguous. Rabeder et al. (2010, p. 112) place this bear with a
question mark near the bears from Deutsch-Altenburg 4B,
i.e. before the Jaramillo event. Although a presence of old
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strata is documented by fossil evidence in this locality, we
have doubt that available bear teeth could belong to this old
stratigraphical level. Their morphology (e.g. more open
crowns) is similar to the Late Biharian U. deningeri and
differs from earlier forms.
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We studied the dental material of bears from Cromer
Forest-bed Formation (CF-bF) deposited in the NHM (incl.
the type specimen of U. savini). Due to their taxonomic
ambiguity we do not include them into our analysis before
the rest of material, deposited in Norwich Castle Museum,
will be revised. Nevertheless, we want to make few preli-
minary notes concerning their taxonomical status.

Scarcity of material, ambiguous stratigraphical posi-
tion and unusual combination of characters in bear material
from CF-bF are the main reasons for long-term controversy
about their taxonomical status. In the most of the CF-bF
localities, there are documented two main stratigraphical
levels, traditionally called Pastonian (Early Pleistocene)
and Cromerian (early Middle Pleistocene) (e.g. West 1980,
Lister 1996, Preece & Parfitt 2000). All specimens studied
in NHM show more advanced characters than would be ex-
pected in the Early Pleistocene forms (e.g. U. etruscus or
Ursus sp. from Deutsch-Altenburg 4B). We therefore sup-
pose that all the bear material belongs to the early Middle
Pleistocene level (approximately OIS 19–13). More pre-
cise stratigraphic determination is mostly impossible. Two
localities are of special interest (a) West Runton for which
a more precise stratigraphic position is available and
(b) Bacton, the type locality of U. savini Andrews, 1922.

West Runton Freshwater Bed (WRFB) is placed, based
on the arvicolids (cf. Hinton 1926), into the last Biharian
interglacial by Fejfar & Heinrich (1983), West (1980) sup-
poses longer period (at least two last Biharian inter-
glacials). Maul & Parfitt (2010) analyze the newly exca-
vated micromammals material from West Runton Elephant
Site and indicate that micromammals from WRFB form
uniform assemblage dated into the early OIS 17. It is there-
fore possible to assume that the available bear material
(lately revised by Lewis et al. 2010) originates most proba-
bly from the Last Biharian interglacial, analogous to the
analyzed Middle European samples. P4 dex. (M17962) is
small, relatively broad, its protocon is large and relatively
mesialwards placed, the buccal wall is almost straight.
P4 sin. from Overstrand (M17940) is similar in general
form to the West Runton specimen. But it differs from it by
(a) larger size, (b) presence of weak buccal constriction and
(c) being relatively narrower. P4 from West Runton is
more similar to U. arctos than U. deningeri in its size, pro-
portion as well as morphology. Both available first upper
molars, M1 sin. (M6083) and M1 sin. (M17941), are above
the size limit for recent sample of U. arctos (but inside the

variability of Middle Pleistocene brown bears). Both of
them were placed among U. deningeri by PCA (M17941
near the boundary with U. arctos). In the scatter plot
of maximal length/posterior width, M1 sin. (M17941) is
placed in the overlap between Middle Pleistocene U. arc-
tos and U. deningeri, the latter (M6083) outside the vari-
ability of U. arctos. The latter tooth has markedly narrower
anterior lobe than the posterior one and relatively large
parastyle. Parystyle is smaller than metastyle in M1 sin.
(M17941). M2 dex. (M6080) is large with well developed
metastyle and probably also posthypocon (tooth is worn in
this part) but with relatively short talon. Lewis et al. (2010)
describe and figure additional m1 dex. This tooth is almost
identical in its morphology, size and proportion with m1
from the Late Biharian U. deningeri from our sample. If it
is placed in the scatter plot for maximal length/talonid
width (data from Lewis et al. 2010) it will be outside the
variability for U. arctos (incl. Middle Pleistocene ones).
We can summarize that in West Runton an unambigous
U. deningeri is determinable but most probably also
arctoid bear can be present. This opinion is in accordance
with results by Rabeder et al. (2010) based mostly on the
metapodial bones.

Andrews (1922) assigns all the bears from CF-bF to a
new spelaeoid species U. savini and designates the right
mandible (16448, NHM) from Bacton as the holotype.
Three main models describing phylogenetical position of
U. savini are currently in use: (a) U. savini is an ancestor of
U. deningeri (or its earliest subspecies) and, as such, repre-
sents early spelaeoid form (e.g. Kurtén 1969, 1976, García
& Arsuaga 2001, García 2003), (b) U. savini is synony-
mous with U. deningeri, possible one of its subspecies (e.g.
Torres 1992, Mazza & Rustioni 1994, Argant & Crégut-
Bonnour 1996, Grandal & López-González 2004, Rabeder
et al. 2010) and (c) U. savini is a representative of an inde-
pendent lineage of small spelaeoid bears (continuing till
the Late Pleistocene), representing the sister clade to the
main U. deningeri-U. spelaeus lineage (e.g. Baryshnikov
2006, 2007; Sher et al. 2011). All CF-bF bears are usually
included in U. savini. Nevertheless, we prefer to restrict
this taxon only to the bears from Bacton (cf. Kurtén 1969).
The material from Bacton (type locality) form a dominant
part of CF-bF bear material. Its exact relationship (both
taxonomical and stratigraphical) to bears from other locali-
ties is ambiguous. It is possible that also the rest of CF-bF
material belongs to the same taxon but we assume that this
is necessary just to confirm rather than accept a priori.
West (1980) argues, based on the pollen analysis, for the
age Cromerian III and IV (i.e. OIS 15 and OIS 13) for this
locality. García (2003) assumes age OIS 17. There is no ev-
idence supporting Kurtén’s (1969) opinion that this bear
could be of pre-Cromerian age. We accept the West’s de-
termination and consider the Bacton bears as Early
Toringian (i.e. similar age like Mauer or Mosbach 2).
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The most of the material (in NHM) is represented by
mandibles with cheek teeth. The mandibles are relatively
small, bearing no anterior premolars. The only available
skull (housed in Norwich Catel Museum) has well devel-
oped glabella and bears P3 (Fig. in McWilliams 1967,
photo in Stuart 1982, see also Kurtén 1969). It does not dif-
fer in size from other skulls of U. deningeri (Kurtén 1959).
Also the maxillary fragment in NHM (M17918) bears
probably an alveolus of P3. Most of the upper teeth depos-
ited in NHM originated from one unpreserved skull
(M17963). Both P4 and M1 are deningeroid in their size,
proportions as well as morphology and do not differ signif-
icantly from the Late Biharian U. deningeri. Both associ-
ated M2 are very small (on the lower limit for U. deningeri)
and rather arctoid in proportion. Damaged M2 from
maxillary fragment (M17918) are similar in size with
U. deningeri. P4 sin. (M17939) is simply built with more
mesial position of Pr than in two above mentioned speci-
mens. It is rather larger, in scatter plot of maximal
length/maximal width it would be in the area of overlap for
U. arctos and U. deningeri. In general, the upper teeth dif-
fer neither in size nor in morphology from those of Late
Biharian U. deningeri. Results are the same for the upper
teeth from other CF-bF localities (n = 6). The p4 are ap-
proximately of the same size and proportion as the Late
Biharian U. deningeri (n = 10, mean 14.6 mm and mini-
mum 12.6 mm for maximal length). Their morphology is
spelaeoid (with large paraconid in most of them) and in av-
erage more advanced than in the Late Biharian U. denin-
geri. m1 are in average smaller compared to U. deningeri,
although inside the species variability (our data and Bishop
1982). From the whole sample (n = 11), only two speci-
mens have maximal length about the average value of
U. deningeri. In the maximal length/talonid width scatter
plot, the small teeth (maximal length < 26.0 mm) are
arctoid, outside the variability for Late Biharian U. denin-
geri. Two larger teeth are more deningeroid, M6186(1246)
(maximal length 27.5 mm) even outside the variability of
U. arctos (incl. Middle Pleistocene ones) with its position
near the specimen from West Runton (data from Lewis et
al. 2010). If we use maximal length/trigonid width scatter
plot, the general pattern will stay the same but less appar-
ent. Three teeth can be included into the PCA (Fig. 2C). All
of them are placed among U. deningeri, two small ones
(incl. type specimen) near the boundary of U. arctos. Two
m1 originate from other CF-bF localities (Mundesley,
Sidestrand). Both are large (maximal length above the
maximum for Bacton), with their proportions very similar
to that from Bacton. Similar results are provided by m2.
m2 is in average smaller (minimum value for maximal
length for Bacton is under the minimum for Late Biharian
U. deningeri as well as bears from Westbury) and rela-
tively broader than Late Biharian U. deningeri. In maximal
length/trigonid width scatter plot, all the teeth from Bacton

(n = 10) are inside the variability of U. arctos, mostly out-
side or on the limit for the Late Biharian U. deningeri.
Seven teeth can be analyzed by PCA. Five of them are
placed among U. arctos, the two largest on the boundary
between U. arctos and U. deningeri (Fig. 2D). Four m2
come from other CF-bF localities. Those from Overstrand,
Mundesley and Sidestrand are within the size variability of
Bacton sample that from East Runton exceeds it. Concern-
ing maximal length/trigonid width ratio, all four teeth are
very similar to those from Bacton. Differences in size of
m3 are smaller than in m1 and m2. Their proportions are
mostly intermediate or deningeroid. One specimen
(M17916) is unusually small, but it represents only the ex-
treme variability of this tooth. Morphology of all three
lower molars is in general deningeroid.

We can conclude that Bacton bears (a) do not differ
from the Late Biharian U. deningeri in upper teeth (but
very low n), with possible exception of M2, (b) do not dif-
fer significantly from the Late Biharian U. deningeri in size
and proportion of p4 and m3, (c) have in average more
evolved p4 than the Late Biharian U. deningeri and (d) dif-
fer from the Late Biharian U. deningeri in having in aver-
age smaller and relatively broader m1 and m2. Only one
lower m1 is available from West Runton, it does not differ
from the Late Biharian U. deningeri but it is also very simi-
lar in its size and proportions to the larges specimen from
Bacton. The lower teeth from other CF-bF localities show
the same pattern as the Bacton bears but are in average
larger. This characteristic would support the Early Toring-
ian age for these bears. Based on the proportion compari-
son of M1 (n = 34), m1 (n = 24) and m2 (n = 46) from
Mosbach 2 (Naturhistorisches Museum Mainz) and Hunds-
heim (Institute of Palaeontology, University of Vienna)
with those from the Late Biharian, we can conclude that (a)
M1 are the same for the both Late Biharian and Early
Toringian forms, (b) in relative width of trigonid in m1,
both groups are very similar but the Early Toringian sam-
ple is slightly more broader, (c) in relative width of talonid
in m1, this trend gets stronger and the Mosbach 2 speci-
mens are intermediate between Late Biharian U. deningeri
and U. arctos (incl. Middle Pleistocene), specimens from
Hundsheim are more similar to the Late Biharian U. de-
ningeri and (d) in relative width of trigonid in m2, the sam-
ple from Mosbach 2 is more relatively broader than the
Late Biharian one (Hundsheim takes intermediate posi-
tion) and is almost indistinguishable from U. arctos (in
PCA specimens from Mosbach would be placed widely
among U. arctos and include the variability of Bacton
teeth). Above described characteristic of Early Toringian
U. deningeri is in accordance with data published by
García (2003) for Sima de los Huesos and other localities.
The CF-bF localities other than Bacton do not differ from
the Early Toringian population of U. deningeri from Cen-
tral Europe and we find no evidence for their separation.
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The Bacton specimens are in average smaller and have
somewhat broader m1 than Toringian sample of U. denin-
geri, moreover the mandibles are unusually small. But this
characteristic is valid only if we accept that (a) the rest of
CF-bF specimens does not belong to the same taxon and
(b) the available Bacton sample is representative for the
taxon.

We reject the model, that U. savini (as written above,
we restricted this taxon only for bears from Bacton) is an
ancestral form in respect to U. deningeri. More evolved p4,
relatively broad m1 and especially m2 and considerably di-
versified occlusal surface in connection with probably
Toringian age do not allow to accept this form as ancestral
to the Late Biharian U. deningeri (the same would be valid
even if we accept the Late Biharian age for Bacton bears).
Inclination of Pad in m1, diversification of End-c in m2 or
outline in m3 (cf. García & Arsuaga 2001) are not less
evolved in bears from Bacton than in the Late Biharian
U. deningeri. According to us, also its small size is not
plesiomorphic character (cf. Musil 2001 for data from
Untermaßfeld). The morphometric characteristic of bears
from Bacton could be explained as a result of diminution
under the island conditions (this interpretation we prefer in
present; some effects of geographical isolation are pre-
sumed also by García 2003). But this explanation would re-
quire an assumption, that bears from other CF-bF localities
and especially from Westbury are not contemporary with
those from Bacton. Alternatively, bears from Bacton can
be interpreted as normal U. deningeri from the lower part
of the size range (but the small size of mandibles would
need more precise explanation). We are not able to corrob-
orate/falsify the Baryshnikov’s model (2006, 2007) ex-
pecting the independent lineage of small cave bears. But
we think that, at least some, similarities detected by
Baryshnikov could be explained by parallelism caused by
independent process of diminution within the cave bear lin-
eage.
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Rüger (1928) and Rode (1935) include bears from this lo-
cality in U. deningeri. Rüger (1928) assumes that these
bears are more primitive than those from Mosbach and
Mauer. This opinion is accepted also by Heller (1939) and
Thenius (1965). According to the former, this bear repre-
sents a separate species U. eberbachensis, an intermediate
form between U. etruscus and U. suessenbornensis. Kret-
zoi (1941) assumes its conspecifity with bear from Gomba-
sek. Contrary to it, Erdbrink (1953) synonymizes this taxon
with U. arctos. According to Baryshnikov (2007) this bear
belongs to the lineage of small spelaeoid bears and is con-
specific with U. savini.

M1 dex. (M.3744; Fig. 10O) is relatively large, above
the maximum of recent U. arctos. It is inside the variability

of Middle Pleistocene U. arctos, but also in this sample
only two teeth are larger than that from Eberbach. Its pro-
portion is deningeroid. It is outside the U. arctos variability
in width of constriction/maximal length scatter plot
(Fig. 8C) as well as in scatter plot for posterior width/maxi-
mal length (but in this case near the variability for the Mid-
dle Pleistocene U. arctos). It exceeds specimens from
Bacton (n = 2, N = 1) in maximal length, one specimen
from Overstrand is larger. Its morphology is rather de-
ningeroid: (a) well apparent lingual constriction, (b)
mestayl larger than parastyle and (c) relatively open crown,
especially metastyle and parastyle (but due to the abrasion
it is not unambiguous). This tooth was determined as
spelaeoid also by all multivariate analyses.

m1 dex. (M.3743; Fig. 3O) is rather small, in the lower
part of the variability for the both Late Biharian and Early
Toringian U. deningeri. It is at the boundary between
U. arctos and U. deningeri in its proportions. In scatter plot
for trigonid width/maximal length (Fig. 4A), it is outside
the variability for the Late Biharian U. deningeri. It is in-
side the variability for bears from Bacton and Early
Toringian U. deningeri (in the latter on its limit), if these
would be added. In talonid width/maximum length scatter
plot, this is on the limit for U. arctos, the Late Biharian and
Early Toringian U. deningeri and outside the variability for
bears from Bacton. Its End-c proportion are arctoid
(Fig. 4B), with small End 2 bearing short mesial arm. It dif-
fers significantly in its End-c morphology from both, bears
from Gombasek and Bacton. Its general morphology and
morphology of Med-c are rather deningeroid. It is identi-
fied as arctoid by cluster analysis (Appendix 3, Fig. 1A)
and PCA (Fig. 2C; in the latter placed near the specimens
of U. deningeri with small End 2) and as deningeroid by
one-way ANOVA.

m2 dex. (M.3742; Fig. 5O) is of intermediate size. It is
more similar in its proportions (trigonid width/maximum
length) to U. arctos than to the Late Biharian U. deningeri,
but still within the variability of the latter (Fig. 4C). In this
character it fits well with the Early Toringian U. deningeri
and is also within the variability for bears from Bacton.
Central constriction is well developed on the buccal side,
both EPrd and EMed are present. It is placed among
U. deningeri (near the boundary with U. arctos) by PCA
and among U. arctos by one way ANOVA. The arctoid af-
finity in the analysis can be affected by higher relatively
width of this tooth. This character seems to be arctoid in the
comparison with the Late Biharian U. deningeri but is
characteristic also for the Early Toringian U. deningeri.
m3 dex. (M.3745; Fig. 6O) is intermediate in its size and
rather arctoid in its proportions (Fig. 4D). This tooth is de-
termined as arctoid by one-way ANOVA.

Based on the results above, we can conclude that (a)
M1 is deningeroid in its morphometric characteristics and
(b) lower teeth (bi) differ significantly from Gombasek
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specimens, (bii) bear no particular characters typical for
bears from Bacton (the characters common for bear from
Eberbach and Bacton are present also in Early Toringian
U. deningeri), (biii) m1 and m2 differ in proportion from
Late Biharian U. deningeri but are in the variability range
for Early Toringian one (m1 on its limit) as well as
U. arctos. We are not able to determine this bear on the spe-
cies level for the moment. But we consider deningeroid af-
finity as more probable based on the teeth morphology (but
it needs further confirmation by direct comparison with
Middle Pleistocene U. arctos). If these teeth belong to
U. deningeri, it is more probable that it will be of the
(Early) Toringian than Biharian age.
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Heller (1956) describes a new bear species, U. sackdillin-
gensis, on the basis of one isolated M2 dex. (Hsa 117;
Fig. 11O). He assumes that this bear represents a very early
representative of spelaeoid lineage (based mostly on the di-
versification of occlusal surface). Torres (1992) and Hil-
pert (in Ambros et al. 2005) suppose the possible syno-
nymy with U. thibetanus/mediterraneus. Baryshnikov
(2007) synonymizes this species with U. arctos. Lewis et
al. (2010) include this form among brown bear-like popu-
lations.

The tooth is relatively small (Figs 8D, 9C). Its maximal
length (33.7 mm) is under the lower limit for U. deningeri,
as well as for bears from Bacton (n = 2, N = 1) or
Untermaßfeld (Musil 2001, n = 2, N = 1) but inside the
variability for the bear from Vallonet (Moullé 1992, n = 25,
mean 38.35 mm, min. 31.7 mm) and Trinchera Dolina 4
(García 2003, n = 10, mean 38.43 mm, min. 27.8 mm) as
well as U. arctos. It is above the upper limit for the both
fossil and recent U. thibetanus (Pei 1934, Erdbrink 1953,
Crégut-Bonnoure 1996, Baryshnikov 2007). Its talon is
short and relatively broad. No metastyle is present. There
are three small cusplets behind the hypocon, but post-
hypocon is not present. The occlusal surface is well diver-
sified but we find no significant differences from U. arctos.
We determine conditionally the bear from Sackdilling as
Ursus cf. arctos. But due to its stratigraphical age
(pre-Brunhes/Matuyama) it is necessary to confirm this de-
termination by further comparison with bears from the pe-
riod between Jaramillo and Brunhes/Matuyama boundary.
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The taxonomical status of bear population from the end of
the Early Pleistocene is a subject of intensive discussions in
the last years (see Wagner 2010 and references therein). As
we do not have any possibility to revise material from these
localities personally and their taxonomical status was not a
subject of this study we would like only to make a short

note to the bears from Untermaßfeld. Musil (2001) as first
considers arctoid affinity of these bears. The opinion is ac-
cepted by several subsequent researchers (Olive 2006, Pa-
lombo et al. 2008, Rabeder et al. 2010). The others suppose
that these bears represent an early spelaeoid form (García
2004, Baryshnikov 2007, Argant 2009). Based on the preli-
minary evaluation of published data (Musil 2001), we ag-
ree with the latter and assign the bear from Untermaßfeld to
spelaeoid lineage from the following reasons: (a) p4 shows
spelaeoid diversification model, (b) the sizes of cheek teeth
fit well with those of Late Biharian U. deningeri, (c) m1 are
almost identical in width/length ratio with the Late Biha-
rian U. deningeri, (d) m2 are intermediate in trigonid
width/maximal length between the Late Biharian and Early
Toringian U. deningeri and (e) the general morphology and
morphology of End1-c of m1 are similar to those of Late
Biharian U. deningeri. We consider these bear as some of
the earliest spelaeoid bears together with those from Cal
Guardiola (Spain; Madurell-Malapeira et al. 2009) or
Honce (Slovakia; Wagner & Sabol 2007).
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The molecular data (e.g. Krause et al. 2008) suggest that
divergence between the ursid arctoid and spelaeoid linea-
ges occured around 2.75 Ma (but see also Loreille et al.
2001). Similarly to other cases, the phylogenetic signal
of deep divergences is rather indistinct in the direct fossil
record and the FADs of the phenotypically distinct repre-
sentatives of the respective lineages are obviously much
younger. In the case of the spelaeoid clade, this is associa-
ted with the period around the major transition in the Qua-
ternary paleoclimatic regime, the Middle Pleistocene Re-
volution (Head & Gibbard 2005 and references therein).
Mudelsee & Stattegger (1997) define 2 main phases during
the Early–Middle Pleistocene transition: (1) ca 940–890 ka
– increase of global ice volume with persistence of 41-ka
glacial-integlacial cyclicity and (b) ca 725–650 ka – begin-
ning of 100-ka cyclicity with high amplitude. Mudelsee &
Schulz (1997) specify that 100-ka cyclicity starts after
650 ka (ca OIS 16). Maslin & Ridgwell (2005) define more
complicated model for Early–Middle Pleistocene transi-
tion. According to them the first two 100-ka cycles occur
already in Early Pleistocene (OIS 23–20), while the subse-
quent period (OIS 19–16) show rather 41-ka pattern. There
is an agreement that general rearrangement of system starts
approximately since 0.9 Ma (if not earlier) and was con-
nected with deterioration of environmental conditions du-
ring the glacials. This transition, traditionally called in pa-
leontology as end-Villafrancian event (cf. Azzaroli 1983,
Palombo & Valli 2005) or Epivillafranchian (cf. Kahlke
2006, 2009), represents an important period of transforma-
tion of European large mammals assemblages. The main
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transformation of large mammals communities, suppo-
sedly including the bears, appeared between 0.9–0.75 Ma
(op. cit. and references therein) but it is well documented
mostly by the Mediterranean fossil record. Horáček & Lo-
žek (1988, Horáček et al. 2004, Horáček 2008) demon-
strate that main rearrangement of small mammals commu-
nities (constitution of specialized glacial and interglacial
assemblages) takes place in Central Europe around the Bi-
harain/Toringian boundary (ca OIS 16).

From this perspective, the evolution of cave bear lin-
eage could be interpreted as a result of selective pressure of
starting environmental deterioration. In this model, the
main selective pressure would be concerned on the prolon-
gation of hibernation period and the other specialization
(e.g. dominancy of herbivory, life strategy connected with
caves etc.) would be its consequences. But, if our determi-
nation of bears from Untermaßfeld as representative of
spelaeoid lineage is correct, the spelaeoid lineage is al-
ready constituted before the main environmental changes
and evinces fully spelaeoid lify style (bear caves) at least
since the very begging of early Middle Pleistocene (but
probably earlier if the bears from Vallonet cave are also
spelaeoid; see Moullé 1992, Baryshnikov 2007, Argant
2009). It is therefore possible that the principal change con-
stituting the spelaeoid lineage is connected with switching
to herbivory diet and/or with changing of mating system
(some authors, e.g. Baryshnikov 2007, suppose that Late
Pleistocene cave bears lived in small groups). The rela-
tively strong sexual dimorphism as well as intensive
phenetic changes throughout the whole lineage could indi-
rectly support the presence of different mating system than
in U. arctos (limited mobility during glacials could play
also an important role). Such adaptations, present since the
beginning of spelaeoid lineage, can become useful
exaptations after the climate deterioration.

Concerning the origin of spelaeoid lineage we condi-
tionally accept the Kurtén’s model (1968) supposing that
the spelaeoid lineage is an autochtonous European descen-
dent of U. etruscus and the arctoid lineage represents the
descendent of Asiatic etruscus-like bears. There are justi-
fied doubts about conspecifity of the etruscus-like bears in
Europe and East Asia (cf. Kurtén 1968, Qiu 2006). We find
some similarities, especially in m1, between U. e. etruscus
and early U. deningeri, but these results need to be con-
firmed also by cranial and postcranial characters. Mazza &
Rustioni (1992) assume rather carnivorous specialization
for U. etruscus. This is not necessary in contradiction with
previous opinion. Mazza & Rustioni (1992) based their re-
sults mostly on Italian material and it is possible that there
are different tendency in the population northern and
southern from Alps. Moreover the slender arrangement of
m1 in early U. deningeri shows similarity even with the
Italian specimens of U. etruscus. Based on the above, we
assume that it is not possible to accept the morphometric

characteristic of European U. e. etruscus (most of material
originates from southern Europe) as plesiomorphic/ances-
tral in respect to U. arctos and only with limited validity to
U. deningeri.

We find no evidence supporting the opinion of Mazza
& Rustioni (1994) that the spelaeoid lineage is derived
from Ursus gr. arctos. On the other hand it is necessary to
note that the early history of arctoid bears is poorly known
and we have only limited knowledge about phenotypic
characteristic of its early representatives. So the lack of
similarities can be only a result of the lack of fossil evi-
dence. The morphometric characteristic of pre-Toringian
arctoid bears is almost unknown. The only exception could
be represented by the bears from Deutsch-Altenburg 4B.
Rabeder et al. (2010) give evidence that these bears belong
to the arctoid lineage. We agree, based on the personal revi-
sion of the dental material, that these bears (if material is
monospecific) are more similar to arctoid than early
deningeroid bears. But their exact taxonomical and evolu-
tionary position needs to be confirmed by the further mate-
rial. If they are the members of the early arctoid bears, they
could date the early/first migration of this lineage in Eu-
rope in the Early Biharian (ca 1.2 Ma).

Nevertheless, despite of serious increase of knowledge
on the Late Cenozoic evolution of bears in Europe during
the recent years (including the hypotheses presented in
frame of this paper), it is clear that the available record is
still quite fragmentary and the essential points of the above
mentioned hypotheses lack a sufficiently robust empirical
support. To fill the gap remains a task for further studies.
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p4 inf.

Character I: presence of Med and Pad
State 0: Med and Pad are both absent or present (either both or one of them) only as a very slight swellings.
State 1: only Pad is present (Med can be present as a very slight swellings).
State 2: only Med is present.
State 3: well developed Med, Pad is present as a very weak cusp or swelling.
State 4: both Med and Pad are present as obvious cusps, sometimes relatively small (Med is sometimes less evident than Pad).

Character II: characteristic of Med position
State 0: neither Med nor linguo-distal crest is present.
State 1: Med is absent (or present only as a swelling), linguo-distal crest is present.
State 2: Med is distally behind Prd, usually connected with linguo-distal crest (that could be considerably weak or short).
State 3: Med is placed medially or mediodistally from Prd, linguo-distal crest is absent (sometimes there is a chain of small cusps going
from Med around the basis of Prd but not distally).
State 4: Med is placed medially with respect to Prd, linguo-distal crest is present but not in connection with Med.

m1 inf.

Character I: width of Pad-complex
State 0: Pad-c is considerably narrower than trigonid.
State 1: Pad-c is only slightly narrower than trigonid.
State 2: intermediate state between 1 and 3.
State 3: Pad-c is approximately of the same width as trigonid.

Character II: characteristic of Med-complex/Pad-complex boundary
State 0: Med-c and Pad-c are not in contact and are separated by broadly opened notch.
State 1: intermediate state between 0 and 2.
State 2: notch between Med-c and Pad-c is partly fulfilled (usually only from one side), the notch is less deep and/or more closed than in 0.
State 3: intermediate state between 2 and 4.
State 4: Med-c and Pad-c are in tight contact, the notch is fully fulfilled (sometimes only by Med-c).

Character III: general shape of Med-complex
State 0: mesial metastylids tends to curve medially, their axis forms an obtuse angle with the axis of Med (or, in several cases, only with
its mesial arm), this arrangement usually leads to the bulging of trigonid’s buccal wall in the place of Med/metastylids contact.
State 1: intermediate state between 0 and 2.
State 2: axis of mesial metstylids continues in the direction of axis of Med, mesial metastylids run medially or mediolaterally.

Character IV: morphology of End-complex
State 0: mesial arm of End 2 (or exceptionally of End 1) slopes gradually to the contact with Med-c (in some cases, the arm can be divided
by small cuts/wrinkles and/or be terminated by mesostylid).
State 1: End-c is constituted by 3 well developed cusps (or by 2 cusps and mesostylid), that form gradually descending crest (cf. Argant
1991).
State 2: End 2 bears short mesial arm, steeply terminated in the contact with mesostylid (or, exceptionally, with secondary cusp of End
2), which is in tight contact with Med-c; compared to the state 1, the edge constitutes by End-c does nor build up the gradually descen-
ding crest.
State 3: End 2 bears short mesial arm, steeply terminated in the tight contact with Med-c.
State 4: End-c arrangement is as in 2 or 3 but instead of tight contact with the wall of the Med-c, End-c is in contact only with some small
secondary structure of Med-c; as a result of it, the notch between End-c and Med-c is broadly opened.

Character V: morphology of End 2
State 0: End 2 is absent.
State 1: End 2 is constituted by 1 cusp (without any mesostylid).
State 2: End 2 is constituted by 2 or more cusps or/and bears a mesostylid.

m2 inf.

Character I: central constriction
State 0: without constriction.
State 1: constriction is very weak and present only on the lingual or buccal side.
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State 2: well developed constriction is present, but only on one side (usually on the buccal one).
State 3: constriction is present on both sides, but at least on one of them is very weak.
State 4: well developed constriction is present.

Character II: mesostylid
State 0: mesostylid is absent.
State 1: mesostylid is small.
State 2: mesostylid is well developed cusp.

Character III: metalophid
State 0: neither EPrd nor EMed is present.
State 1: either EPrd or EMed only is slightly incipient.
State 2: either EPrd or EMed is present as a well distinguished cusp.
State 3: both, EPrd and EMed are present as well distinguished cusps.

Character IV: mesolophid (cf. Rabeder 1999)
State 0: mesolophid is simple.
State 1: intermediate state between 0 and 2.
State 2: mesolophid bears some secondary structures (crests).
State 3: only mesolophid 2 is incipient.
State 4: mesolophid 2 is present.

m3 inf.

Character I: diversification of space between Prd and Med
State 0: basis of Med is wrinkled, no other structures are present.
State 1: intermediate state between 0 and 2.
State 2: there are individualized small cusps and swellings between the Med basis and Prd-c.

Character II: general form (cf. Rabeder 1999)
State 0: general form is oval.
State 1: either buccal constriction or distal convexity is present.
State 2: both buccal constriction and distal convexity are present, but at least one of them is developed very weakly.
State 3: both buccal constriction and distal convexity are both present and well developed.

P4 sup.

Character I: shape of buccal wall
State 0: buccal wall is approximately straight.
State 1: buccal wall is convex (with the maximum near the Pa/Me boundary).
State 2: buccal constriction is only weakly present.
State 3: intermediate state between 2 and 4.
State 4: buccal constriction is strongly present.

Character II: secondary cusps of Pr
State 0: no cusps are present.
State 1: either mesial or distal secondary cusp(s) is slightly incipient.
State 2: only mesial cusp(s) is present.
State 3: only distal cusp(s) is present.
State 4: both mesial and distal cusps are present.

M1 sup.

Character I: size relation of metastyle and parastyle
State 0: parastyle and metastyle are approximately of the same size.
State 1: parastyle is slightly larger than metastyle.
State 2: parastyle is markedly larger than metastyle.
State 3: parastyle is smaller than metastyle.

Character II: lingual constriction
State 0: lingual constriction is absent, the lingual margin is straight.
State 1: intermediate state between 0 and 2.
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State 2: lingual constriction is weak.
State 3: intermediate state between 2 and 4.
State 4: lingual constriction is strongly developed.

M2 sup.

Character I: state of metastyle development
State 0: metastyle is absent.
State 1: metastyle is only incipient.
State 2: metastyle is a small cusp.
State 3: metastyle is a medium to large size cusp.

Character II: state of posthypocon development
State 0: PHy is absent (or indistiguishable from other secondary cusps distally behind Hy).
State 1: PHy is well developed but situated very distally, almost on the linguo-distal corner of the tooth.
State 2: PHy is only very weakly developed.
State 3: PHy is well developed as distinct cusp.

Character III: state of metaloph development
State 0: metaloph is absent.
State 1: cusp between Me and Hy/Pa are only slightly strengthened.
State 2: intermediate state between 1 and 3.
State 3: metaloph is well evident and strong.

Character IV: characteristic of Pr-c/Hy boundary
State 0: both, Pr-c and Hy (in several cases only Hy-c) turn medially and form an acute angle.
State 1: Pr-c continues into Hy by uninterrupted arc, no angle is formed.
State 2: Pr-c/Hy boundary is approximately straight (straight or only slightly curved is also Pr-c itself).
State 3: acute angle is formed by the elements inside of Pr-c, Pr-c/Hy boundary is straight or curved.
State 4: axis of Hy and Pr-c are approximately parallel, but Pr-c is laterally moved with respect to Hy.
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The Appendix 2 is available online on www.geology.cz/bulletin, together with the online version of the paper.
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<���	#$ Standardized Canonical Discriminant Function Coefficients for particular tooth types.

p4 inf. function 1 m1 inf function 1 m2 inf function 1

Intercept 0.00000 Intercept 0.00000 Intercept 0.00000

CHI 0.48162 CHI –0.13339 CHI 0.08364

CHII –1.00149 chIII –0.24761 chIII 0.17996

MAXL –2.34482 CHIII –0.55599 CHIII –0.02497

MAXW 1.71133 CHIV –0.43864 CHIV 0.31465

MAXW/MAXL –1.20422 CHV –0.48413 MAXL 3.96803

Eigenvalue 0.63325 MAXL 6.33944 BLTR –0.91480

Cum. Prop. 1.00000 BLTR –6.17336 LLTR –0.54889

LLTR 0.68474 BLTA –1.01865

BLTA –0.52344 BLTA –0.30797

m3 inf function 1 BLTA 2.60840 LE1 –0.58512

Intercept 0.00000 LE1 0.24682 LE2 0.95763

CHI 0.38418 LE2 –1.16519 WTR –1.46445

CHII 0.45507 WTR –0.41656 WTA 0,46261

MAXL 1.81091 WTA –1.98076 WCON –0.39315

bltrml 0.98516 WCON 0.03030 WCON/MAXL –0.03238

WTR –1.63917 WTR/MAXL 0.79065 WTR/MAXL 0.78036

BLTR/MAXL –0.79395 WTA/WTR 0.77201 LE2/LE1 –1.21342

WTR/MAXL 2.12498 LLTR/MAXL 1.13893 BLTA/LLTA 0.30932

Eigenvalue 3.71689 BLTR/MAXL 1.62012 Eigenvalue 4.33145

Cum. Prop. 1.00000 LE2/LE1 1.64879 Cum. Prop. 1.00000

Eigenvalue 8.78699

Cum. Prop. 1.00000

P4 sup. function 1 M1 sup. function 1 M2 sup. function 1

Intercept 0.0000 Intercept 0.00000 Intercept 0.00000

CHI 0.2977 CHI 0.11006 CHI 0.33929

CHII 0.2585 CHII –0.36029 chIII –0.25046

MAXL 2.0202 MAXL 1.49282 CHIII –0.42753

MAXW –10.13178 WANT 1.72498 CHIV 0.21509

WCON 3.6177 WPOST 1.48858 MAXL –0.93360

lmec 1.2951 WCON –6.68855 WANT –4.30562

LMEC –0.97276 LANT 0.94322 WPOST –0.82548

LINL 5.3201 LPA –2.88368 WCON 3.83997

LME/LMEC –0.78471 LPOST –0.24381 BLTR 1.72831

MAXW/MAXL 5.6002 LME 2.74172 LLTR 2.07883

LINL/MAXL –5.02156 IND1 0.13893 BLTA 1.89730

WCON/LINL –1.68396 WCON/MAXL 4.13750 LPA –0.99010

Eigenvalue 2.5751 WANR/MAXL 2.48020 LPAC –4.13865

Cum. Prop. 1.0000 WPOST/MAXL –3.83435 LME 0.05457

LME/MAXL –1.430918 LMEC 0.36336

LPA/MAXL 1.11385 LLTR/MAXL –1.6479

WANT/WPOST –2.66705 BLTA/MAXL –3.20692

Eigenvalue 2.46281 WANT/MAXL 3.46202

Cum. Prop. 1.00000 WCON/MAXL –3.48606

LPA/LPAC 0.72593

LPA/BLTR 3.37847

Eigenvalue 6.17933

Cum. Prop. 1.00000
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<���	,$ Results of Mann-Whitney U Test for particular tooth types. z – standardized value of U statistic (z = (U – m)/S, where m is aritmetic mean and S
standard deviation).

p4 inf. z p-level

CHI –1.77351 0.076145

CHII –2.27612 0.022839

MAXL –4.87535 0.000001

MAXW –5.10871 0.000000

MAXW/MAXL –1.69812 0.089487

m1 inf z p-level

CHI 4.31535 0.000016

chIII 3.95268 0.000077

CHIII 5.35038 0.000000

CHIV 5.81900 0.000000

CHV –3.22734 0.001250

MAXL –7.22485 0.000000

BLTR –6.76846 0.000000

LLTR –6.14092 0.000000

BLTA –7.07815 0.000000

BLTA –6.82143 0.000000

LE1 0.50122 0.616219

LE2 –5.78232 0.000000

WTR –3.73671 0.000186

WTA –4.74729 0.000002

WCON –2.91357 0.003573

WTR/MAXL 5.86790 0.000000

WTA/WTR –2.09044 0.036579

LLTR/MAXL 2.68945 0.007157

BLTR/MAXL 2.06191 0.039217

LE2/LE1 –5.71305 0.000000

m3 inf z p-level

CHI –3.73403 0.000188

CHII –5.22252 0.000000

MAXL –7.13046 0.000000

bltrml –5.52943 0.000000

WTR –7.30437 0.000000

BLTR/MAXL 3.57546 0.000350

WTR/MAXL 0.84911 0.395822

P4 sup. z p-level

CHI –3.70993 0.000207

CHII –1.09770 0.272337

MAXL –6.47387 0.000000

MAXW –4.68761 0.000003

WCON –5.31650 0.000000

lmec –3.76806 0.000165

LMEC –5.26894 0.000000

LINL –6.09865 0.000000

LME/LMEC 2.40987 0.015959

MAXW/MAXL 4.71932 0.000002

LINL/MAXL 0.75573 0.449814

WCON/LINL 2.26189 0.023705

m2 inf z p-level

CHI –3.13303 0.001730

chIII –1.13972 0.254406

CHIII –2.81829 0.004828

CHIV –4.61609 0.000004

MAXL –7.15303 0.000000

BLTR –6.88121 0.000000

LLTR –6.70954 0.000000

BLTA –6.98612 0.000000

BLTA –6.51403 0.000000

LE1 –5.96563 0.000000

LE2 –4.10584 0.000040

WTR –5.74150 0.000000

WTA –6.67616 0.000000

WCON –5.16449 0.000000

WCON/MAXL 4.43488 0.000009

WTR/MAXL 4.68285 0.000003

LE2/LE1 2.26513 0.023506

BLTA/LLTA –2.01715 0.043680

M2 sup. z p-level

CHI –2.37563 0.017520

chIII –3.03758 0.002385

CHIII –3.74185 0.000183

CHIV 0.92179 0.356638

MAXL –6.80518 0.000000

WANT –6.52679 0.000000

WPOST –6.76806 0.000000

WCON –6.54535 0.000000

BLTR –5.90813 0.000000

LLTR –5.61737 0.000000

BLTA –6.32263 0.000000

LPA –5.58025 0.000000

LPAC –5.49982 0.000000

LME –3.22318 0.001268

LMEC –4.67701 0.000003

LLTR/MAXL 3.84802 0.000119

BLTA/MAXL –2.62309 0.008714

WANT/MAXL 4.54091 0.000006

WCON/MAXL 4.19447 0.000027

LPA/LPAC –3.29742 0.000976

LPA/BLTR 1.26205 0.206931

M1 sup. z p-level

CHI –2.37139 0.017722

CHII –5.53146 0.000000

MAXL –7.98809 0.000000

WANT –6.81865 0.000000

WPOST –6.36988 0.000000

WCON –5.88943 0.000000

LANT –7.37301 0.000000

LPA –7.64227 0.000000

LPOST –7.07471 0.000000

LME –4.40058 0.000011

IND1 –6.16662 0.000000

WCON/MAXL 4.44017 0.000009

WANR/MAXL 1.35159 0.176508

WPOST/MAXL 4.81503 0.000001

LME/MAXL 5.55946 0.000000

LPA/MAXL –0.79195 0.428393

WANT/WPOST –4.02308 0.000057
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"�!���	#$ Results of cluster analysis. A – m1 inf., B, C – m2 inf., D – P4 sup., E – M1 sup., F – M2 sup.
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