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Abstract: Sandalja I palacocave (“fossil” cave), situated in the southern part of the Istrian peninsula (Croatia), is a well-known
locality due to the abundant fossil remains extracted from the bone breccia. It is broadly accepted that the fauna is Middle
Villafranchian in age. Since the beginning, the taxonomic status of bear remains has caused controversy and, as a consequence,
different authors listed between one to three bear species from this site. Detailed revision of dental material confirmed the
presence of two bear species — Ursus thibetanus and U. deningeri. On the other hand, the previously reported presence of U.
etruscus was refuted. Subsequently, based on the presence of these two bear taxa, the age of the whole faunal assemblage was
re-evaluated and determined as Middle Pleistocene (Toringian).
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etc.; see also Brajkovi¢ 1998 for review), who suggested an
Early/Middle Villafranchian age for this fauna. Among other
items, a human tooth and tool were also reported from this
locality (Malez 1975). Although the assigning of the tooth
to the genus Homo was dismissed (Wolpoft 1996: 485), the

Introduction

The precise stratigraphic determination of faunal
assemblages is of great importance for the correct
interpretation of migration events and evolution of

particular taxa/lineages during the European Pleistocene.
As a consequence, and especially in the case of animals
of greater interest, e.g., Ursus or Homo, the stratigraphic
determination of a number of localities has been the subject
of long-term controversies. For these localities, different
ages were suggested by different authors, often with only
limited evidence to support their opinions. With respect to
these localities, where possible, the best way to corroborate
the previously published dates is to carry out a new detailed
taxonomic re-evaluation of the available fossil record.

One of such localities is Pleistocene Sandalja I palacocave
or “fossil” cave in western Croatia. This locality, situated
about 4 km southeast from the town of Pula (southern Istrian
peninsula), was discovered in 1961 during quarry mining on
the eastern slope of St. Daniel hill (Crnolatac and Malez 1961,
Malez 1975). The interesting fauna, originating from bone
breccias, was excavated and studied by Malez (1975, 1986
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presence of a tool is generally accepted (e.g., Valoch 1995,
Galanidou 2004, etc.).

Still more interesting and surprising is the supposed co-
existence of three bear species at this locality — U. thibetanus
Cuvier, 1823, U. etruscus Cuvier, 1823 and U. deningeri
voN REICHENAU, 1904 (Malez 1975). Especially the co-
existence of the two last mentioned species is unexpected,
as U. deningeri is considered to be a descendent of U.
etruscus by many authors (Kurtén 1976, Argant 1991, Torres
1992, Baryshnikov 2007, Rabeder et al. 2010). Moreover,
the Villafranchian age proposed by Malez (1975) is in
accordance only with the presence of U. etruscus. Spassov
(2000), in view of this fact, suggested that the bear remains
probably belong to only one polymorphic bear population of
a younger age (ca. 1.2—1.0 Ma). On the other hand, Wagner
et al. (2012) presented preliminary results supporting the
presence of two bear species (see below) and a Middle
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Pleistocene age for this locality.

In the present paper we describe and discuss in detail
the available ursid craniodental material from Sandalja I
locality and refine the previous taxonomic and stratigraphic
results.

Material and methods

The studied material is stored at the Institute for
Quaternary Palaeontology and Geology of the Croatian
Academy of Sciences and Arts (Zagreb, Croatia). As the
studied specimens do not have specific inventory numbers,
we identified them using the capital letters A—H. In addition
to the material described in this paper, a milk canine and
a few postcranial bones are also present in the collection.
Moreover, Malez (1975: 186) listed the following
specimens, which were not available during our revision in
2007: fragment of left maxilla with P4 and M1, 12 sin., 12
dex. and c inf. sin. (isolated upper incisor and lower canine
figured by Malez (1975: pl. IV)).

For comparison, we used the following material (1) U.
thibetanus, both fossil and recent, housed in Zoological
Institute RAS (Saint Petersburg, Russia), Institute of
Vertebrate Paleontology and Paleoanthropology, Chinese
Academy of Science (Beijing, China), Natural History
Museum, University of Florence (Florence, Italy) and
Staatliches Museum fiir Naturkunde Stuttgart (Stuttgart,
Germany), (2) U. etruscus housed in the Natural History
Museum, University of Florence (Florence, Italy) and (3)
U. deningeri housed in the National Museum (Prague, the
Czech Republic).

Capital and lower case letters, I/i (incisors), C/c (canines),
P/p (premolars) and M/m (molars), refer to upper and
lower permanent teeth, respectively. The terminology and
abbreviations for tooth morphology follow Rabeder (1983,
1989, 1999). Teeth measurements are defined according to
Rode (1935). See Wagner and Cermak (2012) for additional
details.

The definition and subdivision of the Mammal Ages (i.c.,
Biharian and Toringian) follow Fejfar and Heinrich (1983,
1990) and Fejfar et al. (1998).

Abbreviations
Collections

IGF Natural History Museum, University of Florence,
Florence

NM National Museum, Prague

SMNS Staatliches Museum fiir Naturkunde Stuttgart,
Stuttgart

ZIN Zoological Institute RAS, Saint Petersburg

Dental cusps

EHyd enthypoconid
EMEd entmetaconid
End 1/2 entoconid 1/2
EPrd  entprotoconid
Hyd hypoconid
Med metaconid
Prd protoconid
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Systematic palaeontology

Order Carnivora Bowpich, 1821
Family Ursidae FiscHER [DE WALDHEIM], 1814
Subfamily Ursinae FiscHER [DE WALDHEIM], 1814

Genus Ursus LINNAEUS, 1758

Ursus thibetanus CUVIER, 1823
Ursus thibetanus mediterraneus MAJOR, 1873
Text-figs 1, 2, 3a, b, f, 4a, 5b, c

1967 Ursus etruscus Cuvier; Malez, pp. 57, 76. (partim)
1968a Ursus etruscus; Malez, p. 152. (partim)
1968b Ursus etruscus; Malez, pp. 205, 208. (partim)
1969a Ursus etruscus; Malez, pp. 74, 78. (partim)
1969b Ursus etruscus; Malez, p. B 21/1. (partim)
1970 Ursus etruscus; Malez, pp. 206, 213. (partim)
1970  Ursus etruscus; Markovi¢-Marjanovi¢, p. 156. (partim)
1971  Ursus etruscus; Malez, p. 66. (partim)
1974 Ursus etruscus; Malez, p. 79. (partim)
1974 Ursus etruscus; Malez and Malez-Bacic, p. 6. (partim)
1975  Ursus etruscus Cuv.; Malez, pp. 183, 186, 188, 189,
197, 198, pl. IV. (partim)
Ursus (Euarctos) mediterraneus MAJoR; Malez, pp.
186, 188, 189, 198.
Macaca florentina Coccr; Malez, pl. 11. (partim)
1979a Ursus etruscus; Malez, pp. 122, 143. (partim)
1979b Ursus etruscus; Malez, p. 57. (partim)
Ursus thibetanus mediterraneus; Malez, p. 57.
1979¢ Ursus etruscus; Malez, p. 210. (partim)
Ursus mediterraneus; Malez, p. 120.
1986 Ursus etruscus; Malez, p. 102. (partim)
Ursus thibetanus mediterraneus; Malez, p. 102.
1996  Ursus thibetanus; Crégut-Bonnoure, p. 99.
1996 Ursus etruscus; Bosinski, p. 55. (partim)
Ursus (euarctos) mediterraneus; Bosinski, p. 55.
1998  Ursus etruscus; Brajkovié, p. 8. (partim)

2000 Ursus etruscus; Sainz de los Terreors, p. 40. (partim)
2000 Ursus [of similar stage of evolution as bears from
Vallonnet and Pirro]; Spassov, p. 108. (partim)

2002 Ursus [of similar stage of evolution as bears from
Vallonnet and Pirro]; Spassov, p. 234. (partim)

2003 Ursus [of similar stage of evolution as bears from
Vallonnet and Pirro]; Spassov, p. 214. (partim)

2011 Ursus sp.; Kahlke et al., p. 1376. (partim)

2012 U. t. mediterraneus; Wagner et al., pp. 50, 51

2015 transitional stage in Ursus etruscus-U. deningeri
lineage; Vislobokova and Agadjanian, p. 655. (partim)

2016a U. etruscus-U. deningeri; Vislobokova and Agadjanian,
p. 195. (partim)
U. minimus-thibetanus lineage; Vislobokova and
Agadjanian, p. 195.

2016b U. etruscus; Vislobokova and Agadjanian, p. 196.
(partim)
U. mediterraneus (=U. ex gr. minimus); Vislobokova
and Agadjanian, p. 196. (partim)

Material. Isolated m2 dex. (specimen A; Text-fig.
la), fragment of right hemimandible with worn m2 and
m3 and distal root of ml (specimen B; Text-figs 1b—c,
2a), distal fragment of m1 dex. (specimen C; Text-fig. 1d),



Table 1. Measurements of bear teeth from the locality Sandalja I (Croatia). U. d. — U. deningeri, U. t. — U. thibetanus mediterraneus.

Measurements in mm.
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p4 sin. H U.d. 15.0 8.3
m1 dex. C U.t 6.9 10.8
m2 dex. A U.t 22.3 15.3 13.5 7.0 8.9 13.6 13.4 12.2 12.4
m2 dex. B U.t 20.8 10.6 10.2 13.2
m2. dex. G U. d. 16.5 18.5 8.8
m3 dex. B U. t 16.5 9.9 6.6 12.8 12.7

mesial fragment of right hemimandible with alveoli of p1 —
p3 and mesial root of p4 (specimen D; Text-fig. 2b), rostral
fragment of mandible with right canine, i3 dex., i2 sin. and
alveoli of il dex., i2 dex. and il sin. (specimen E; Text-fig.
2d) and mesial fragment of left hemimandible with canine
and alveoli of pl — p3 and mesial root of p4 (specimen F;
Text-fig. 2¢). Specimens B — F possibly belong to the one
individual. See Table 1 for tooth measurements.

Description. The best preserved specimen is an
isolated m2 dex. (specimen A), which is only moderately
worn. It has an irregular oval outline, the crown is rather
closed with the outer walls diverging laterally (especially the
buccal one). There is no cingulum, but the outer walls are
wrinkled (the buccal wall more that the lingual). The trigonid
is broader than the talonid. The hypoconid area is shortened
(distally compressed) compared to the part between Prd-Med
and Hyd-End 1 which is relatively elongated. All the main
cusps are well developed, but worn. EPrd and EMed (or their
precursors) are not orientated perpendicularly to the tooth axis
but are directed slightly anteriorly. Elongated swellings/crests
project from the medial ends of EPrd and EMed (from the
latter a smaller one) and infill most of the anterior trigonid
basin. EMed is fully separated from Med, the contact between
EPrd and Prd is not visible due to damage. The anterior margin
of the tooth is differentiated by small wrinkles. The part of
the trigonid distal to Prd-Med is simply built, the dominant
structure is well developed mesolophid. The hypoconid is
large, rather distally located, a well developed EHyd, fully
separated from Hyd, is present. End 1 is shorter than End
2. Between End 1 and 2 is a small secondary cusp. With a
maximal length 22.3 mm, this tooth is one of the largest found
in Europe to date (e.g., Heller 1949, Thenius 1958, Fistani
and Crégut-Bonnoure 1993, Crégut-Bonnoure 1996, Turner
2000, Baryshnikov 2007). In its general form as well as in
the character of the fine enamel structures, this tooth is very
similar to m2 from Grotta di Reale (Italy), the type locality of
U. t. mediterraneus (Text-fig. 3a, c), but the latter is smaller.

The right mandibular fragment (specimen B) is
composed of a horizontal body broken in front of the distal

root of ml and a part of the vertical ramus (most of the
ramus is missing). Processus subalveolaris is present and
well developed. m2 and m3 are present. A separated distal
fragment of m1 (specimen C) fits well on the preserved m1
distal root fragment. The height of the mandibular body
(lingually measured) is, approximately, 38.7 mm under
ml/2, 41.2 mm under m2 and 45.4 mm under m3. Malez
(1975: 186) reported these specimens as a right mandible
with m1 — m3, but on the photo presented (Malez 1975: pl.
IV) only m3 and a mesial fragment of m2 are present.

Text-fig. 1. Dental material of ursids from the locality Sandalja I
(Croatia) in occlusal view. U. t. mediterraneus — a: m2 dex.
(specimen A), b: m2 dex., c: m3 dex. (both specimen B), d: dis-
tal fragment of m1 dex. (specimen C); U. deningeri — e: mesial
fragment of m2 dex. (specimen G), f: p4 sin. (specimen H).
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Text-fig. 2. Mandibular material of ursids from the locality
Sandalja I (Croatia). All specimens represent U. t. mediterraneus.
a: fragment of right hemimandible (specimen B; 1 — lingual,
2 — buccal, 3 — dorsal view), b: mesial fragment of right hemi-
mandible (specimen Dj; 1 —lingual, 2 — buccal, 3 — dorsal view),
c: mesial fragment of left hemimandible with canine (specimen
F; 1 - lingual, 2 — buccal, 3 — dorsal view), d: rostral fragment
of mandible (specimen E; dorsal view).

Although all the teeth are heavily worn, they partly bear
diagnostic characters (Text-figs 3, 4). Especially important
is the distal fragment of ml with the typical thibetanus
arrangement (Text-fig. 4). There is a well developed enamel
crest connecting Med and Hyd, End 1 is rather small, placed
on the linguo-distal corner of the tooth and without any pre-
entoconid structures. The combination of these characters
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is diagnostic for U. thibetanus. The talonid of this tooth
is rather wide (see Tab. 1), in fact wider than in any other
studied U. thibetanus (except the type of “U. karabach”
from Azykh Cave, Nagorno Karabakh; Text-fig. 4c; see also
Baryshnikov 2010) but as short (buccal length of talonid is
6.9 mm) as in other European specimens of U. thibetanus
and shorter than in the studied specimens of U. etruscus
(Olivola, Upper Valdarno). m2 is damaged (the talonid
lateral wall and part of enamel on the occlusal surface is
missing). It is shorter than specimen A and more rectangular
in its shape. Almost no fine enamel structures are apparent
due to the strong abrasion (and attrition). m3 is completely
preserved but also heavily worn. Its shape is between
triangular and egg-like, the buccal wall is wrinkled. Both
teeth fit well in their general form with the situation in U.
thibetanus and differ in the smaller size and simple structure
(if it is possible to conclude such information from worn
crowns) from U. etruscus (Text-fig. 3).

Text-fig. 3. m2 and m3 of U. t. mediterraneus from Sandalja I
compared with other bear species. a—e: m2, f—g: m3. a: Sandal-
ja I (specimen A; 1 — occlusal, 2 — lingual, 3 — buccal view), b:
éandalja I (specimen B; occlusal view), c: U. t. mediterraneus,
Grotta di Reale (IGF 4807V; 1 — occlusal, 2 — lingual view),
d: U. etruscus, Olivola (IGF 4605; occlusal view), e: U. etrus-
cus, Upper Valdarno (IGF 908; occlusal view), f: Sandalja I
(specimen B; occlusal view), g: U. efruscus, Olivola (IGF 4588;
occlusal view). Specimens coated by ammonium chloride; a, b,
e, f, g reversed.



The right mesial fragment of mandible (specimen
D) shows alveoli of all three anterior premolars and of
the mesial root of p4, the alveolar margins are generally
damaged. The arrangement of premolar alveoli is slightly
atypical. There is long diastema between pl and p2 (10.4
mm), a short one between p2 and p3 (2.4 mm) and p3 is
just in front of p4 (distance ca. 0.9 mm). Although a more
regular distribution of anterior premolars is usual in Asiatic
black bears, a similar situation can also be found , e.g., in
one specimen from Mauer (Germany) (Text-fig. 5). A large
foramen mentale (ca. 5.8 x 4.1 mm) is located under the
alveolus of p2 (Text-fig. 2b2).

A rostral fragment (specimen E) bears c inf. dex., i3
dex. and i2 sin. The crowns of all teeth are heavily worn,
the upper part of the canine crown is broken off. The incisor
area is laterally compressed and subsequently the alveoli
of both p2 sin. and dex. are apparentlylocated distally. The
lingual enamel crest is present on the posterior wall in the
preserved part of the canine crown. Malez (1975: 184, pl. II)
assigned this specimen to Macaca florentina.

The last specimen (specimen F), which we assigned to
U. thibetanus, is the anterior part of a left hemimandible
with canine and alveoli of p1 — p3 and mesial alveolus of p4.
The alveoli arrangement is the same as in the right fragment
(Text-fig. 5). The distance between pl and p2 is 10.6 mm,
between p2 and p3 is 3.5 mm and between p3 and p4 only

Text-fig. 4. m1 of U. t. mediterraneus from Sandalja I compared
with other bear species. All teeth in occlusal view. a: Sandalja I
(specimen C), b: U. t. mediterraneus, Mauer (SMNS 10166), c:
U. t. mediterraneus, Azykh (ZIN 32549), d: U. etruscus, Olivola
(IGF 4605), e: U. etruscus, Upper Valdarno (IGF 913), f: U.
deningeri, Konéprusy caves (NM-Rv 20008). Specimens coated
by ammonium chloride; a, d, f reversed.

1.2 mm. This also supports the idea that specimens B-F
belongs to one individual. This specimen is also listed and
figured by Malez (1975: 186, pl. IV).

Discussion. The bear specimens described in the
previous section were originally (Malez 1975) assigned
to two species — U. thibetanus (= Ursus (Euarctos)
mediterraneus in Malez 1975 and others) and U. etruscus.

Malez (1975: 186) determined as Asiatic black bear
only m2 dex. (specimen A). Despite its relatively large
size, its general character (especially oval outline) is rather
plesiomorphic. A similar character can also be seen in
several Pliocene specimens, but in more evolved species (as
well as in many teeth of U. thibetanus or Pliocene bears)
m?2 has a more rectangular shape, with more perpendicular
outer (lateral) walls. On the other hand, the fine enamel
structure (e.g., well developed mesolophid and secondary
structures in the anterior trigonid basin) clearly proves that
this specimen is above the evolutionary level of the Pliocene
taxa and corresponds to U. thibetanus.

The remaining specimens proabably belong to one
individual. Although the specimens are rather fragmentary
and teeth worn, a taxonomical determination is possible,
especially based on the distal fragment of m1. As mentioned
above, the combination of (1) End 1 located on the linguo-
distal corner, (2) absence of pre-entoconid structures and
especially (3) well developed enamel crest connecting the
distal end of Med and the basis of Hyd-complex is diagnostic
for U. thibetanus. Although each of these characters can
also be found separately in U. etruscus (but some of them
at a very low frequency), we have not seen any tooth of this
species combining all of them. It is also worth mentioning
that none of these fragments/teeth bear any character, which
would be known in U. efruscus but not in U. thibetanus.

Ursus deningeri voN REICHENAU, 1904
Text-figs le, f, 6a, 7a

1975 Ursus cf. deningeri REICHENAU; Malez, pp. 186, 188,
189, 198.

1996 Ursus cf. deningeri; Bosinski, p. 55.

2000 Ursus [of similar stage of evolution as bears from
Vallonnet and Pirro]; Spassov, p. 108. (partim)

2002 Ursus [of similar stage of evolution as bears from
Vallonnet and Pirro]; Spassov, p. 234. (partim)

2003 Ursus [of similar stage of evolution as bears from
Vallonnet and Pirro]; Spassov, p. 214. (partim)

2011 Ursus sp.; Kahlke et al., p. 1376. (partim)

2012 U. cf. deningeri; Wagner et al., pp. 50, 51.

2015 transitional stage in Ursus etruscus-U. deningeri
lineage; Vislobokova and Agadjanian, p. 655. (partim)

2016a U. etruscus-U. deningeri; Vislobokova and Agadja-
nian, p. 195. (partim)

2016b U. cf. deningeri; Vislobokova and Agadjanian, p.
196.

Note. As p4 sin. assigned here to U. deningeri, was
originally determined by Malez (1975) as U. etruscus,
all the references of U. etruscus should be repeated also
in synonymy of this species; but we see it as somewhat
redundant and we refer here to the synonymy of U. ¢
mediterraneus in this case.
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Text-fig. 5. Mesial parts of mandibles of U. t. mediterraneus
from Mauer (a: SMNS 10166) and gandalja I (b: specimen F,
c: specimen D) showing the arrangement of anterior premolars
(p1 - p3). All specimens in dorsal view.

Material. Mesial fragment of m2 dex. (specimen G;
Text-fig. 1e) and p4 sin. (specimen H; Text-fig. 11).

Description. The mesial fragment of m2 dex.
(specimen G) is distally limited by breakage extending from
the distal part of Prd-complex (in front of contact with Hyd) to
the distal arm of End 2. The tooth is only slightly worn. There
is a very well developed central constriction. The cusps are
well developed and strong. EPrd and EMed are rather low, but
clearly separated from Prd and Med. There are well developed
secondary cusps and swellings in the anterior trigonid basin
and well developed and diversified swellings and crests are
also present in the distal part of the trigonid.

p4 sin. (specimen H) is almost complete (only the lingual
crown base is damaged) and only slightly worn. Except the
dominant Prd, Pad, Med, Hyd and End are well developed.
With the exception of these main cusps, a smaller secondary
cusp is developed between Pad and the mesial arm of Prd.
The distal arm of Prd is segmented by 2 transverse grooves.

Discussion. The mesial fragment of m2 was
already determined as Ursus cf. deningeri by Malez (1975).
Although fragmentary, this tooth has the characters typical
for spelaeoid bears, e.g., well developed central constriction,
EPrd and EMed forming independent cusps or a highly
diversified inner field in the tooth (i.e., not only the presence
of crests in the distal part of the trigonid, but also their further
divisions, partly forming by small cusps). The combination
of these characters is typical for spelacoid bears and is more
advanced compared to U. etruscus or even U. arctos (cf.
Wagner and Cermak 2012). The state of diversification of
the inner field seems to be greater than in U. deningeri from
the beginning of the Middle Pleistocene, i.e., from the Late
Biharian (Text-fig. 6). Although we assigned this tooth to U.
deningeri, it ought to be noted that similar morphology can
also be found in some specimens of Ursus gr. spelaeus. The
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Text-fig. 6. m2 of U. deningeri from Sandalja I (a: specimen
G; 1- occlusal, 2 - lingual view) compared with Late Biharian
U. deningeri from C 718 cave (b: NM-R 9740, c: NM-Ra 129;
both occlusal view). Specimens coated by ammonium chloride;
a reversed.

p4 sin. was assigned by Malez (1975: 186) to U. etruscus,
but the tooth is more evolved than in this species (Text-fig.
7), where the cusps, other than Prd (and sometimes Pad), are
only weakly developed, if not missing. A similar situation
is in U. thibetanus, in which this tooth is usually even less
developed. Even in the type specimen of U. “karabach” (=
U. t. mediterraneus; see Baryshnikov 2010) from Azykh (=
Azokh) cave (Nagorno-Karabakh), which has larger and
more robust lower teeth than is usual in Asiatic black bear,
the p4 is much simpler (although Prd, Hyd and End are
present, all of them are only very slightly developed; see
Text-fig. 7e). In U. arctos this tooth has a not so diversified
occlusal surface (at least in most cases). Moreover, relatively

Text-fig. 7. p4 of U. deningeri from Sandalja I compared with
other bear species. a: Sandalja I (specimen H; 1 — occlusal,
2 - lingual view), b: U. etruscus, Casa Frata (private collec-
tion), c: U. etruscus, Olivola (IGF 4605), d: U. deningeri, C 718
cave (NM-Rv 20003), e: U. t. mediterraneus, Azykh cave (ZIN
32549) (all in occlussal view). Specimens coated by ammonium
chloride; d reversed.



mesially located Med is typical character for spelacoid bears,
distinguishing them from brown bears. On the other hand,
compared to the Late Pleistocene U. gr. spelaeus, this tooth
is rather simple in construction (Pad and Med are smaller).
We therefore assigned it to U. deningeri.

Discussion

Stratigraphic position of the Sandalja I locality

Originally, the age of Sandalja I locality was supposed to
be Middle to Late Villafranchian (Malez 1975, 1986) or Late
Villafranchian (Malez et al. 1992). This determination was
based on the species composition in this faunal assemblage,
consisting mostly of large mammals. Only general
information was presented for most taxa, even in the most
detailed paper by Malez (1975). In addition to large mammals
(e.g. Canis etruscus, Pliocrocuta perrieri, Chasmaporthetes
lunensis, Sus strozzi, etc.; see Mauch Lenardi¢ et al. in
press), also Allocricetus bursae ScHAUB, 1930 and Mimomys
sp. are listed. The presence of the latter taxon was based on
a mandible with incisor but without molars. Malez (1975:
186) stated that, based on the preserved alveoli, it is apparent
that the teeth had roots, but no other information confirming
the generic determination are available. Nevertheless, this
age was later accepted by many authors (e.g., Valoch 1995,
Vislobokova and Agadjanian 2016a, Jankovi¢ et al. 2016,
Pandolfi and Erten 2017). Paunovi¢ (2000) or Spassov
(2000) proposed the Biharian age for this faunal assemblage
(~1 My).

But as stated by several recent authors (e.g., Vislobokova
and Agadjanian 2016a, Jankovi¢ et al. 2016), an up to date
revision of the fauna is lacking and its placement in the Late
Villafranchian needs reconfirming. Mauch Lenardi¢ et al. (in
press) also propose updated determinations, especially for
the small mammal representatives. In fact, the only taxon
which has been revised in detail so far is Equus. Malez
(1975) determined the horse species as Equus stenonis
Cocchi, 1867. Later the material was revised by Forsten
(in Malez et al. 1992: 373) with a somewhat different result
“It is not clear whether the Sandalja I horse belongs to the
stenoid or caballoid group of Equus. ... There are some
indications that this horse may be a caballoid, although
diagnostic lower cheek teeth are lacking: for instance, in the
single upper deciduous tooth both labial styles are grooved
and the protocone is relatively long...”. Subsequently,
the horse was determined as Equus sp. Leaving aside the
complicated problem of Pleistocene horse taxonomy (for an
up-to-date review see Palombo and Alberdi 2017), we wish
to note here that caballoid horses are the dominant form
recorded in Europe since the Toringian (since ca. MIS 15).

Ursids are other group that complicates the originally
accepted stratigraphic assignment. Even Malez (1975: 186)
mentioned that Ursus deningeri is typical for later faunas but
leaves this contradiction unresolved. Later, Spassov (2000,
2002, 2003, in Kahlke et al. 2011) commented that the co-
existence of three bear species (as listed by Malez 1975)
is doubtful and suggested that the bears from this locality
belong to one polymorphic population. He compared them
with bears from Pirro Nord (Italy) and Vallonnet (France)
and interpreted them as a possible transitional population

from etruscus-like bears to some more advance species.
Subsequently, he also assumed a similar age for Sandalja I
as for the two above mentioned localities, i.e., 1.2-1.0 My.

As documented by Wagner et al. (2012) the presence
of Asiatic black bear (U. thibetanus) has been recorded in
Europe since the Toringian (ca. MIS 15), all of the assumed
Biharian (published) records of this species are either
misdetermined or based on the material with no diagnostic
characters. Spelaeoid bears are known in Europe since the
end of the Early Pleistocene (e.g., Moullé 1992, Garcia and
Arsuaga 2001, Baryshnikov 2007, Madurell-Malapeira et al.
20009, etc.), and are well recorded since the beginning of the
Middle Pleistocene (Late Biharian and Early Toringian) (e.g.,
von Reichenau 1906, Bishop 1982, Argant 1991, Torres and
Cervera 1995, Wagner and Cermak 2012, etc.). The present
specimens, although too scarce for ultimate results, in their
morphology clearly correspond with typical U. deningeri
from the Middle Pleistocene, but seem to be more evolved
(especially m2) than the Late Biharian representatives. We
therefore supposed (in accordance with the preliminary
result in Wagner et al. (2012)) that the age of the Sandalja I
locality is most probably the Toringian (Middle Pleistocene),
as indicated also by Forsten’s revision of horses. The post-
Early Pleistocene age is supported also by the evolutionary
level of U. thibetanus, which is more evolved than its
Early Pleistocene (especially Gelasian and early Calabrian)
representatives known from China (Pei 1987, Liu and Qiu
2009; pers. obs.). We therefore supposed that an Early
Pleistocene age can be excluded for the Sandalja I site, and
that this locality yields a Middle Pleistocene (Toringian)
faunal assemblage. Detailed revision of the whole fauna is
necessary for a more precise stratigraphic placing within this
period.

Presence of the Asiatic black bear in the Pleistocene of
the Balkan Peninsula

Ursus thibetanus is one of six extant bear species of
the subfamily Ursinae nowadays restricted to Asia. Its
distribution was more extensive in the past and also included
Europe since the Middle Pleistocene (ca. MIS 15) (Wagner
et al. 2012 and references therein). During the Toringian,
this species was present in many European localities (for
reviews see, e.g., Baryshnikov 1992, 2007, 2010, Rustioni
and Mazza 1993, Crégut-Bonnoure 1996, 1997, Turner 2000,
etc.). In the present paper, we follow Baryshnikov (2010)
who accepts only one valid taxon (U. t. mediterraneus) for
all European and Caucasian finds of U. thibetanus (with the
exception of U. t. permjak BARYsHNIKOV, 2002 from the Ural
Mountains — see Baryshnikov (2002, 2007) for details), but
other authors recognize more taxa (e.g., Crégut-Bonnoure
1997).

Based on the present revision, Sandalja I locality can
be added to the European localities with an unambiguous
record of Asiatic black bear. In addition to this locality, U.
t. mediterraneus is also recorded from several other sites on
the Balkan Peninsula.

The first record of this species from this region is in
Thenius (1958), who describes a m2 dex. (Thenius 1958:
fig. 1) from the bone breccia near Vrhovlje (Slovenia),
NE of Trieste (Italy). Unfortunately, we were unable to find
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this specimen in any collection, but based on Thenius’s
description, there is no doubt that this specimen belongs to U.
thibetanus. Except for the tooth itself, there are no additional
proxies for its stratigraphic assignment. Thenius (1958) uses
the term “Altpleistozén”, but this term had another meaning
at that time than it does today, as is also apparent, e.g., from
Malez (1986), who includs the Cromerian and subsequent
glacial events (nowadays recognized as Middle Pleistocene)
in it.

Malez (1965) lists “Ursus cf. mediterraneus” from
the locality Crvena Stijena (= Rote Hohle; Montenegro)
for the first time. This taxon is also mentioned in his later
papers (Basler et al. 1966, Malez 1968b, 1979b, 1986), but
in none of them does he give any additional information
about particular specimen(s) or include any figure of it/
them. Malez (1965, Basler et al. 1966) lists the black bear
from layer XXIV. This layer is interpreted as Weichselian
by Malez (1965), but Basler et al. (1966: fig. 2) suggests
an Eemian age. Later, Malez (1979b, 1986) includes
U. t. mediterraneus in a faunal assemblage from layer
XXV which he correlates with the Saalian (or Riss in his
terminology). In both stratigraphic interpretations, the
Asiatic black bear is accompanied by brown bear (Malez
1965, 1979b). The Toringian age of the site, leaving aside
a more precise stratigraphic determination for the moment,
does not contradict the known temporal distribution of this
species in Europe (although the Weichselian record has not
been unequivocally proven). While there is no particular
information about the specimen(s) on which the record is
based and with respect to the co-occurrence with brown
bear, we suppose that this locality cannot be accepted as
a confirmed record of this species. Only a revision of the
specific material could confirm/disprove the presence of U.
thibetanus at this locality.

The other locality which yielded the Asiatic black bear,
is Petralona cave (Greece). Kurtén and Poulianos (1977,
1981) assign to this species M1 dex. (No. 151) and a small
navicular bone (both specimens were found during the new
excavations started in 1968). M1 originated from the breccia
layers (layers 2-3) in group B (Poulianos (1996) states
layer 2, Section Alfa), the navicular bone is from group
D-E (layers 14-20) but without more precise specification
(Poulianos (1996) quoted layers 16-20, Section Alfa).
Based on the measurements and photo (unfortunately not
very informative) presented by Kurtén and Poulianos (1977:
64-65), we agree with their assignment of this M1 to U.
thibetanus. Kurtén and Poulianos (1977) assume that the
age of the respective layers (group B) is Elsterian, which
fits well within the known distribution of U. thibetanus in
Europe. Despite the continuing debate about the exact age
of particular layers and finds from Petralona cave (see, e.g.,
Galanidou 2004, Crégut-Bonnoure and Tsoukala 2005,
Poulianos 2005, Harvati 2016 and references therein),
there is a consensus that most of the fossiliferous layers
and especially their upper part are of Toringian age. A
larger number of U. deningeri were found together with U.
thibetanus in group B (Kurtén and Poulianos 1977, 1981).
Concerning the navicular bone, except for its small size,
Kurtén and Poulianos (1977: 65) give no other diagnostic
characters. For this reason, we suppose it will be necessary
to make a more detailed comparison and description of
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this specimen before it is unambiguously assigned to that
species. The age of the lower layers is more problematic.
The Middle Pleistocene is very probable, based on both
numerical dating (see discussion in Poulianos 2005) and the
faunal assemblage (e.g., large number of U. deningeri). But
it is not clear if these layers belong to the Late Biharian or
Early Toringian. In any case, the presence of Asiatic black
bear in these layers cannot be considered proven, based
on the published data. Poulianos (1996: 156) assumes that
several specimens determined by Tsoukala (1989: 57, 1991)
as Ursus cf. arctos (material from Sickenberg’s excavations)
also belong to U. thibetanus. In fact, there is no reason to
doubt the taxonomic determination made by Tsoukala
(1989, 1991) and, moreover, a new revision (Baryshnikov
and Tsoukala 2010) confirms the presence of U. arctos and
absence of U. thibetanus in Sickenberg’s collection.

An important record of Asiatic black bear in the Balkans
is recorded from the Gajtan cave (or Gajtan I) near Shkoder
(Albania). Systematic excavations were made by A. Fistani
between 1981-1989 (Fistani 1987, 1993a, 1996), and
yielded a rich faunal assemblage, with Ursus thibetanus as
the most interesting find. Remains of U. thibetanus were
found in two places within the cave (Fistani 1993a, Fistani
and Crégut-Bonnoure 1993): (1) in a smaller lateral cavity
(called “poche” in Fistani and Crégut-Bonnoure 1993) and
(2) in the sedimentary sequence (layers Dh and Dhl) of
the main entrance (called “entrée” in Fistani and Crégut-
Bonnoure 1993). In the first location, there were found: (a)
a cranium with missing rostral part bearing P4 — M2 dex.
and alveoli of P1 — P3 (no. 81/3) (figured also in Fistani
1993b: fig. 17B), (b) left hemimandible with ¢ inf., p4 — m2
and alveoli of pl — p3 and m3 (no. 81/1) and (c) Mtt III sin.
(no. 81/4; as 81/7 in the caption to fig. 19/2 in Fistani and
Crégut-Bonnoure 1993). In the second location, there were
recorded (d) scapholunatum dex. (no. 83/7) and Mtt III sin.
(no. 83/46). Detailed description, comparison and figuring
by Fistani and Crégut-Bonnoure (1993) leave no doubt that
these specimens belong to U. thibetanus. In addition to this
bear, U. cf. deningeri and U. arctos were also recorded
from this locality (Fistani 1990, 1993a, b, 1995, Fistani and
Crégut-Bonnoure 1993). The age of this locality is assumed
to be Middle Pleistocene in general, Holsteinian in particular
(Fistani 1993b, Fistani and Crégut-Bonnoure 1993). Fistani
(1996) interprets the faunal assemblage as a forest fauna
from a warm period.

Recently, a possible occurrence of Asiatic black bear
is mentioned from the locality Mishin Kamik cave
(Bulgaria). The excavations started in 2013 (Ivanova et
al. 2014) and later Ursus cf. thibetanus was included in
the preliminary faunal list for the layers 4-6 (Gurova et al.
2016). Furthermore, spelacoid bears are present in the same
faunal assemblage (Gurova et al. 2017, Spassov et al. 2017).
A late Middle Pleistocene age has been assumed for this
fauna (Gurova et al. 2017, Spassov et al. 2017).

In addition to the above discussed records, the presence
of thibetanus-like bears (under different names) was
introduced also from several Early Pleistocene localities
from the Balkan Peninsula. But, in fact, no Biharian
specimens bearing diagnostic characters of U. thibetanus
were so far published (see Wagner et al. 2012 for details).



Conclusion

The available ursid dental and mandibular material from
the locality Sandalja I has been revised and its taxonomical
status was re-evaluated. We can confirm the presence of
Ursus thibetanus mediterraneus and U. deningeri at this site.
The specimens previously assigned to U. etruscus were re-
determined and assigned to U. thibetanus with the exception
of a p4 belonging to U. deningeri. Based on the presence
of these species and their morphological characteristics,
the age of the whole faunal assemblage is estimated to be
Toringian (Middle Pleistocene) and not Villafranchian (Early
Pleistocene) as traditionally stated in the literature. This
result is supported by the proven presence of U. thibetanus
in the other Balkan localities which are all referred to the
Middle Pleistocene.
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