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Revision of the Silesian bear fauna, based on material from 152 sites, mainly cave and karstic localities, and also archaeo-
logical and open-air sites, shows the presence of 13 forms and species. These records encompass the last 16.5 Ma and may
be divided into five main morphophyletic groups. The oldest bears, represented by the genera Ballusia and Ursavus, are
dated to 16.5—11 Ma, and belonged to the stem forms of the subfamily Ursinae. After a break of 6 My, the earliest members of
the genus Ursus appeared, and all known Pliocene bears in Silesia belong to the genus Ursus were identified as Ursus
minimus. They represent one or two migration events. Additionally, between 3.6 and 3.2 Ma, a single occurrence of
Agriotherium insigne was recorded from the Weze 1 site. A few Early Pleistocene bear records are represented by
U. etruscus, which was a probable ancestor of both arctoid and spelaeoid bear lineages. The oldest representative of Ursus
ex gr. arctos known so far and assigned to U. a. suessenbornensis is known from one latest Early Pleistocene (1.2-0.9 Ma)
locality, while other Polish records of this form require confirmation. The first occurrence of U. deningeri, the oldest taxon
within the U. ex gr. deningeri-spelaeus lineage, was recorded from ~700 ka deposits in Silesia. During the pronounced cold
period of MIS 12, the Scandinavian ice sheet covered almost the entire modern territory of Poland, with the exception of the
Sudetes and the Carpathians. The accompanying drastic faunal turnover led to the formation of the pan-Eurasian Mammoth
Fauna at ~460 ka. At that time a characteristic member of this fauna, the steppe brown bear Ursus arctos priscus, a specific
ecomorph adapted to live in open grasslands, appeared in this region. It survived until the beginning of MIS 1, when modern
Ursus arctos arctos appeared in Silesia and survived to the present day. U. deningeri was the most common bear during the
Middle Pleistocene, while the first records of U. spelaeus spelaeus appeared since MIS 7. The latter form was replaced by
U. ingressus during the Late Pleistocene (~110-100 ka). Spelaeoid bears totally dominated the cave assemblage, and finally
vanished between 27 and 24 ka.
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INTRODUCTION Bears spread all over the Northern Hemisphere during the
Miocene and gave rise to a considerable number of species,

from which a single one has survived to the present in Poland.

Finds of different representatives of the family Ursidae are
frequently made in Poland, and their highest density has been
recorded from the cave and karstic sites of Silesia and immedi-
ately neighbouring areas. Palaeontologically this region is one
of the most prolific in Poland. Bear records from Silesia and
nearby areas allow us to reconstruct the regional history of the
family over the last ~16 My. This timespan is, though, incom-
pletely covered, and there are some gaps, especially in the mid-
dle Miocene to Middle Pleistocene interval.
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The Silesian history of bears started with the earliest Polish re-
cord of Ursavus elmensis from the Przeworno 2 site dated to
16-14.5 Ma. This taxon is also generally considered to be the
earliest undisputed bear species (Baryshnikov and Lavrov,
2015). The Miocene genus Ursavus Schlosser, 1899 is re-
garded as a direct ancestor of modern ursine bears of the ge-
nus Ursus Linnaeus, 1758. Bears in Silesia have been almost
exclusively represented by species of Ursus over the last 4 My,
with the exception of a single occurrence of Agriotherium that
persisted from the Miocene (Stach, 1953, 1957; Wolsan, 1989).

Ursine bears have existed in Silesia continuously since the
Middle Pliocene, from ~4 Ma. Although only sporadic in some
intervals, bears became one of the dominant mammal groups
during the Middle and Late Pleistocene. This paper provides a
general overview of the history and taxonomy of ursine bears in
Silesia and the nearest neighbouring areas, as a critical review
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of the literature complemented by our own research results.
Size and morphological analyses are supplemented by ura-
nium-thorium (UTh) and accelerator mass spectrometry (AMS)
dating methods as well as by DNA analysis.

MATERIAL AND METHODS

The subdivision of the family Ursidae Fischer, 1814 into five
subfamilies: Ursinae Fischer, 1814, Arctotheriinae F.
Ameghino, 1903, Ailuropodinae Grevé, 1892, Agriotheriinae
Kretzoi, 1929, and Ursavinae Kretzoi, 1945 is made sensu
Wagner (2010). According to this conception, all Eurasian rep-
resentatives of the Ursinae subfamily discussed in this paper
may be assigned to the genus Ursus. The taxonomic overview
was made according to main groups of Eurasian bears sensu
Mazza and Rustioni (1994): (1) minimus—thibetanus, (2)
etruscus, (3) arctos, and (4) deningeri—spelaeus. The definition
and subdivisions of the Quaternary Period follow Gibbard and
Cohen (2008) and Gibbard and Head (2009a, b). The definition
and subdivisions of mammal zones and their correlation with
the chronostratigraphic scale as well as the MN-zones follow
Gliozzi et al. (1997) and Fejfar et al. (1998). The nomenclatural
codification follows the 4th edition of the International Code of
Zoological Nomenclature (ICZN, 1999). Capital and lowercase
letters, P/p (premolars), and M/m (molars), refer to upper and
lower cheek-teeth, respectively.

The area included in the analysis coincides with the histori-
cal boundaries of Silesia (Provinz Schlesien) as shown by Pax
(1921, 1925), with some minor modifications (Fig. 1). At pres-
ent, Silesia covers ~50,000 kmz; it extends along the Odra River
and is mostly located in Poland, with small parts in the Czech
Republic and Germany (Fig. 1; Czaplinski et al., 2007).

Radiocarbon dates were made in the Poznan Radiocarbon
Laboratory following their pre-treatment protocol for the extrac-
tion of collagen (Longin, 1971; Piotrowska and Goslar, 2002).
Before extraction, the degree of collagen degradation is
checked by measuring the content of nitrogen and carbon in
bone, using a Flash EA 1112 Series (Thermo-Scientific)
analyser. The samples are regarded suitable for collagen dat-
ing if nitrogen content in bone is >0.6%, and the C/N ration is <5.
Suitable bones are crushed mechanically to granula-
tion<0.3 mm, the bone powder is then treated with 2M HCI
(room temp., 20 min), and 0.1M NaOH (room temp., 1 h). After
each step of treatment, the sample is centrifuged and the resid-
uum is collected. Extraction of collagen is processed in HCI
(pH = 3.80°C, 10 h), and after centrifuging the residuum is re-
moved. The extracted collagen is then ultrafitered on
pre-cleaned Vivaspin 15 MWCO 30 kD filters. The quality of the
collagen is ultimately assessed based on the C/N atomic ratio
(interval of acceptance: 2.7-3.5) and collagen extraction yield
(acceptance threshold: 0.5%). On demand, carbon and nitro-
gen stable isotopic composition of the collagen can be deter-
mined (Bronk Ramsey et al., 2004).

TAXONOMIC PART

Revision of the Silesian and neighbourhood bear fauna,
based on 152 sites, mainly cave and karstic, but also archaeo-
logical and open-air, showed the presence of 13 bear taxa
(Fig. 1 and Appendix 1*). The records covered the last 16 Ma,
and were divided into five main groups. The importance of this

family in the palaeofaunas grew significantly, and from the Mid-
dle Miocene bears became important members of the
palaeoguilds. By that time there had already been established a
model of bear evolution, based on a large, solid animal, mostly
omnivorous or carnivorous, able to compete with even the larg-
est active carnivores like big cats. In the last 15 My on almost all
continents (expect Australia) a large bear, Agriotherium earlier,
Arctodus or Ursus later, which played an important role as a
scavenger of and competitor to other large carnivores.

During this evolution, the size of members of the Ursinae
subfamily also grew considerably (Fig. 2). The earliest Silesian
bear, B. elmenensis, was the size of a lynx, while their direct de-
scendants of the genus Ursavus were already the size of a
large wolf. Pliocene forms like U. minimus were comparable in
size with the modern Himalayan black bear Ursus thibetanus
Cuvier, 1823. Despite its relatively large dimensions, A. insigne
from the Weze 1 site is a medium-sized member of the genus
Agriotherium. The Early Pleistocene U. etruscus reached the
size of a modern Central European brown bear. Ursids reached
their maximum size in the Middle and especially Late Pleisto-
cene, where deningeroid and spelaeoid bears dominated in
caves and were the largest Eurasian bears. Comparable in size
with them, and even exceeding them as regards large males,
was the largest carnivore in Silesia and indeed in Eurasia in
general, the Ice Age steppe brown bear U. a. priscus (Fig. 2).

MIOCENE (16-5 Ma)

The oldest undisputed Silesian bear species is Ballusia
elmensis (Stehlin, 1917) from the Przeworno 2 site dated to
16—14.5 Ma. This form occupied a stem position among ursine
taxa (Qiu et al., 2014). The genus apparently dispersed from
Asia into North America and Europe at ~20 Ma, as shown by a
large number of fossils in Europe grading toward eastern Asia
(Qiu et al., 2014). This small bear (comparable in size to the
Eurasian lynx Lynx lynx (Linnaeus, 1758) is characterized by
proportionally small M2 with short and narrow talon. According
to Baryshnikov and Lavrov (2015), B. elmensis was probably a
small arboreal animal with an omnivorous diet. This species is
rarely noted in Central Europe, for instance at the German sites
Wintershof-West (type locality for MN3; Dehm, 1950) and
Hambach 6C (Mors et al., 2000)

True members of the genus Ursavus, U. brevirhinus
(Hofmann, 1887) and U. primaevus (Gaillard, 1899), are the
next two ursine bears recorded from Silesia. Both species can
be regarded as the descendants of B. elmensis (sensu
Ginsburg and Morales, 1998), and were recorded mostly from
central Silesia. U. brevirhinus had a long timespan from
18-11 Ma (MN 4-9). This species was widely distributed across
Europe: Steieregg and Voitsberg (MN 5), and Gériach (MN 6),
all in Austria (Hoffmann, 1887; Koken, 1888; Hoffmann, 1892;
Schlosser, 1899a, 1899b; Thenius, 1949a, 1949b); Opole 1
(14-13 Ma) and Gliwice-Sosnicowice in Poland (14-11 Ma)
(Wegner, 1908, 1913; Koenigswald, 1925; Helbing, 1936), and
Can Llobasteres (11.1-9.7 Ma) in Spain (Crusafont-Pairo and
Kurtén, 1976). U. brevirhinus from Can Llobasteres represents
the largest and the most advanced specimen, while individuals
from Gliwice-Sosnicowice strongly varied in size. According to
Qiu et al. (2014), they apparently comprise two forms, small
and large, and according to them only the small maxilla with
M1-M2 in Wegner (1913: pl. XlI-16) can be assigned to U.
brevirhinus. This interpretation cannot be entirely ruled out,

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/g9q.1565
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Fig. 1. Localities in Silesia and neighbouring areas with bear remains, discussed in the text, in chronological order

The Silesia boundary is superimposed on modern national borders, indicated by black lines. State boundaries are indicated by red lines, and
administrative boundaries are indicated by blue lines. In the insert showing the location of Silesia in Europe, the Silesia boundary (in red) is
superimposed on modern national borders; Miocene: 1 — Przeworno 2; 2 — Betchatow B; 3 — Opole 1; 4 — Opole 2; 5 — Gliwice—Sosnicowice;
Pliocene: 6 — Panska Goéra; 7 — Weze 1; 8 — Weze 2; 9 — Rebielice Krélewskie—Kamieniotom, by the cemetary; Early and Middle Pleisto-
cene: 10 — Jasna Strzegowska cave; 11 — Zabia cave; 12 — Zamkowa Dolna cave, fauna C; 13 — Tunel Wielki cave; 14 — Przymitowice C; 15 —
Potudniowa cave; 16 — Draby 2, 3, 5, 8 and 9; 17 — Bi$nik cave, layers 19ad-14; 18 — Deszczowa cave, layers 1-4; 19 — Nietoperzowa cave,
layers 18—14; 20 — Stajnia cave, layers H-G; 21 — Komarowa cave, lowermost layers; 22 — Ciemna cave, layers 19-17; Late Pleistocene: 17
— Bisnik cave, layers 12—1; 18 — Deszczowa cave, layers 5-8; 19 — Nietoperzowa cave, layers 13-3; 20 — Stajnia cave, layers F-B; 21 —
Komarowa cave; 22 — Ciemna cave, layers 16-2; 23 — Dziadowa skata cave, layers 3—4; 24 — Imbramowice; 25 — Koziarnia cave; 26 —
Niedzwiedzia cave; 27 — Miniaturka cave; 29 — Wschodnia cave; 30 — Naciekowa cave; 31 — Pétnocna Duza cave; 32 — by Wschodniej cave;
33 — caves of Mt Potom; 34 — Wierzchowska Goérna cave; 35 — Wylotne shelter; 36 — Niedzwiedzia Gérna cave; 37 — tokietka cave; 38 —
Perspektywiczna cave; 39 — Winna Géra; 40 — Skarszyn; 41 — Towarna cave; 42 — Mamutowa cave; 43 — Pyskowice; 44 — Rakoszyce; 45 —
Pawtowiczki; 46 — Solna Jama cave; 47 — cave 4 on Mt Biréw; 48 — Bebtowska Dolna cave; 49 — caves near Olkusz; 50 — cave near Horni
Lanov; 51 — Schopstal-Kunnersdorf; 52 — cave 5 in Ztoty Potok; 53 — Grota NiedZzwiedzia cave; 54 — Dzierzno; 55 — Gtéwna w Kopcowej
Gorze cave; 56 — Gorenicka cave; 57 — Katy Wroctawskie; 58 — Koralowa cave; 59 — Lubliniec; 60 —t.abajowa cave; 61 — Murek cave; 62 — na
Gofabcu cave; 63 — nad Galoska cave; 64 — na Gaiku 2 shelter; 65 — na Mitaszéwce cave; 66 — na Wrzosach Pétnocna cave; 67 — nad Matka
Boska cave; 68 — Okiennik cave; 69 — pod Kochankg cave; 70 — Posrednie shelter; 71 — Rogozka cave; 72 — Sadlana cave; 73 — shelter no 1
in Srocko; 74 — Wieksze w Krzyzowej Skale; 75 — w Ogréjcu Gorne shelter; 76 — w Okopach Wielka Dolna cave; 77 — shelter no. 6 in Ztoty
Potok; 78 — shelter no. 7 in Ztoty Potok; 79 — Sypialnia cave; 80 — Wiercica cave; 81 — Zbdjecka cave; 82 — Zegar cave; 83 — Ziebice; 84 —
Zittau (Zytawa);85 — Krakéw Spadzista; 86 — Maszycka cave; Holocene: 15 — Potudniowa cave; 17 — Bi$nik cave, layer 1ab; 18 — Deszczowa
cave, layers 9-11; 19 — Nietoperzowa cave, layers 2—1; 20 — Stajnia cave, layers B—A; 21 — Komarowa cave, uppermost layers; 22 — Ciemna
cave, layers 2—-1; 23 — Dziadowa skata cave, layers 9-13; 26 — Niedzwiedzia cave; 29 — Wschodnia cave; 30 — Naciekowa cave; 32 — by
Wschodniej cave; 87 — Aven in Potomie cave; 88 — Babie Nogi shelter; 89 — Berkowa cave; 90 — Cisowe 1 shelter; 91 — Cisowe 2 shelter; 92 —
Panna shelter; 93 — Trwoga Paleontologa shelter; 94 — Gluszyca—Gorna; 95 — Goérne shelter above Stajnia cave; 96 — Krucza Skata shelter;
97 — Maurycego cave; 98 — Krysztatowa cave; 99 — Medvédia cave; 100 — Ruska Skata shelter; 101 — Olsztyriska and Wszystkich Swietych
caves; 102 — Studnisko cave; 103 — Trzebniowska cave; 104 — Wierna cave; 105 — Wilczy D6l shelter; 106 — Swietej Anny Mt.; 107 — Sleza
Mt; 108 — Szkaradowo; 109 — Gtogéw—Nosocice; 110 — Miechéw; 111 — Wilcze shelter no 3; 112 — Domastaw; 113 — Kamien Slaski; 114 —
Rogowiec casttle; 115 — Borsuka cave, layer 3; 116 — cave no. 3 on Mt Biréw; 117 — Grodziec; 118 — Lazy; 119 — Kietrz; 120 — on Wrzosach
Potudniowa cave; 121 — Grzybiany 1; 122 — Dziatoszyn; 123 — Ojcow castle; 124 — Karczna Goéra; 125 — shelter no. 3 in Smolen; 126 — in
Kostkowice shelter; 127 — Zielona cave; 128 — Gora 1; 129 — Wroctaw Marii Magdaleny street; 130 —in Zielonej Gorze cave; 131 — Strachow;
132 - Opole; 133 — Trzebnica; 134 — Rzymdwka; 135 — Krakow—Square Market; 136 — Legnica; 137 — Debnica; 138 — Racibérz; 139 —
Santok; 140 — Szczerba castle; 141 — Sieradz; 142 — Kaszowo 1; 143 — Krosno Odrzanskie; 144 — Niemcza; 145 — Kedzierzyn-Kozle; 146 —
Wroctaw—Ostréw Tumski; 147 — Bytom Odrzanski; 148 — Opole—Ostrowek; 149 — Miedzyrzecz 1; 150 — Grodziszcze; 151 — Wroctaw—Nowy
Targ; 152 — Matgorzaty shelter
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Ballusia elmensis Ursavus brevirhinus Ursus minimus

Ursus deningeri Ursus spelaeus rossicus

NmAmMIN

Ursus spelaeus spelaeus

Agriotherium insigne Ursus etruscus Ursus arctos arctos

Ursus ingressus Ursus arctos priscus

Fig. 2. Size comparison of different Silesian bears

Ballusia elmensis — Przeworno 2 (16-14.5 Ma), Ursavus brevirhinus —

Opole 1 (14-13 Ma), Ursus minimus and Agriotherium insigne — Weze

1(3.6-3.2 Ma), U. etruscus — Zabia cave (1.7-1.5 Ma), U. arctos arctos — Wschodnia cave (14.3-13.2 ka), U. deningeri — Draby 3 (440—-400
ka), U. rossicus — Naciekowa cave (60—40 ka), U. spelaeus spelaeus — Bisnik cave, layers 15-13 (200-130 ka), U. ingressus and U. arctos
priscus — Niedzwiedzia cave (100-35 ka); all bears are adult males shown at the same scale, compared with a man 1.8 m high

though an alternative explanation of sexual dimorphism or
intraspecific variability is also possible. This species has also
been noted in some far undescribed material from Betchatéw B
(14.5-13.8 Ma, Kowalski and Rzebik-Kowalska, 2002), situated
~50 km north of the historical boundary of Silesia

The second species, U. primaevus appeared later in the
fossil record, at between 15 and 11 Ma (MN6-9); it has been
noted from 4 localities within Silesia. Firstly, it was described
from Opole 2, situated 1 km from Opole 1, discovered by re-
searchers of the Department of Palaeozoology, University of
Wroctaw. Opole-2 is believed to be somewhat younger
(12—11 Ma) than Opole 1, and some authors suggested possi-
ble co-occurrence of U. primaevus and U. brevirhinus (\Wolsan,
1989; Kowalski, 1990). This is of course possible, but more a
better explanation is that the two species come from two
stratigraphically different levels. These species differ in a num-
ber of size-related and morphological features, and overall
comparison of both forms shows the younger evolutionary level
of U. primaevus. When compared with U. brevirhinus,
U. primaevus is larger (m1 length is 15-18 mm for
U. brevirhinus and 17—20 mm for U. primaevus), P3/p3 and p4
are broader and have equal crown heights, P4 lacks a
parastyle, the talon of M2 is proportionally broader and longer,
and m1 has a shorter and more oblique paraconid, a less open
valley between the paraconid and metaconid, a relatively higher
protoconid with more steeply mesial and distal slopes, and a
shorter talonid (de Bonis et al., 2018). Besides Opole 2,
U. primaevus in Silesia has also been recorded from
Gliwice-Sosnicowice, by Qiu et al. (2014) based on large speci-
mens described previously by Wegner (1913) as belonging to
U. brevirhinus. Besides Silesia (Poland), this species has also
been noted from La Grive-Saint-Alban in France (Gaillard,
1899; Depéret and Llueca, 1928), and Can Ponsich in Spain
(Crusafont-Pairo and Kurtén, 1976).

PLIOCENE (5-2.58 Ma)

Subsequently in the history of Silesian bears there is a wide
(6—7 My) gap without any fossil material until the Late Pliocene
locality Weze 1, dated to 3.6-3.2 Ma. This remarkable locality
has yielded 115 vertebrate species (including 9 amphibians, 15
reptiles, 4 birds, 30 insectivores, 11 bats, 1 lagomorph, 27 ro-

dents, 14 carnivores, 2 perissodactyls and 2 artiodactyls)
(Samsonowicz, 1934; Stach, 1953, 1957, 1959; Nadachowski
etal., 1989; Kowalski, 1989a, b; Wolsan, 1989; Kowalski, 1990;
Rzebik-Kowalska, 2009; Stefaniak, 2015), and remains of two
different bears have been found. Among these, broken upper
teeth and better preserved lower i3 and m1 of a big bear-like an-
imal have been recorded. Based on a few fragments (right
maxilla with M1-M2, left M2, right P4 and M1, left mandible, left
i3 and left and right m1), that probably belonged to one individ-
ual, Stach (1957) established a new, rather poorly defined spe-
cies Agriotherium intermedium. Members of the genus
Agriotherium were widely distributed across Europe, India,
China, North America and South Africa, and existed between
13.5 and 2.5 Ma (Hendey, 1972, 1974; Jiangzuo and Flynn,
2019). After the first description by Wagner (1837) as
Hyaenarctos, and later amended to Agriotherium by Sellards
(1916), with increasing finds of new material, mostly fragmen-
tary, Agriotherium gradually became a large heterogeneous ge-
nus. After Stach’s (1957) paper, nothing was done with the
Weze 1 material, and later authors (e.g., Wolsan, 1989;
Kowalski, 1990) continued to use the name A. intermedium
without paying attention to the insufficient description. Only re-
cently, after a detailed revision of old, and addition of some
new, material, it became clear that this name is no longer valid
as a separate species and should be synonymised with
Agriotherium insigne (Gervais, 1859); this was already pointed
out by Jiangzuo and Flynn (2019). Agriotherium from Weze 1 is
slightly smaller than A. insigne from other localities, but pre-
served dentition shows the same morphological features, such
as a well-developed cingulum. The small observed differences
between Agriotherium from Weze 1 and A. insigne may be ex-
plained due to geographic or chronological differences, since
this site is younger than other European records of this species
(Jiangzuo and Flynn, 2019). In some features, Agriotherium
from Weze 1 resembles also Agriotherium roblesi Morales and
Aguirre, 1976, known from the Spanish site Venta del Moro
(6.8—4.9 Ma, Morales and Aguirre, 1976). However, in other
morphological features, and above all in size, A. roblesi, which
is a huge bear, so differs from Agriotherium from Weze 1 that
cannot be assigned to this species.

From its great size and some dental and cranial features
like a short broad rostrum, pre-masseteric fossa on the mandi-
ble and robust sectorial carnassials, some previous authors
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(e.g., Kurtén, 1967; Hendey, 1972, 1980) described
Agriotherium as highly carnivorous animal predating large ter-
restrial mammals. However, other authors, in view other fea-
tures such as long, gracile limbs, have suggested this animal
was highly carnivorous, but obtained most of its diet by scav-
enging (Sorkin, 2006; Oldfield et al, 2012). A large
Agriotherium looks like a savage carnivore able to catch almost
any animal in its habitat. But this first impression is deceptive,
as Agriotherium has a proportionally short but broad snout, typi-
cal for the carnivores with strong jaws. Analysis has shown that
Agriotherium had one of the strongest bite forces known among
the members of the order Carnivora (Sorkin, 2006). By being
able to crack open bones, this animal could access one of the
most nutritious parts of an animal — the bone marrow — which
can last for several years after an animal’s death when encased
inside the bones. However, postcranial bones of Agriotherium
characterise it as a large but relatively underpowered animal
that does not seem to have the skeletal framework necessary to
cope with high stresses, such as those expected to be encoun-
tered while undergoing extreme physical exertion during catch-
ing and subduing large struggling prey. Putting that all together,
it may be concluded that Agriotherium was the first Silesian
specialised scavenger. Being larger than any other carnivore
within the fauna from Weze 1, A. insigne could in effect have
scared smaller carnivores away from carcasses of their prey,
and obtained this food by kleptoparasitism. This bear may have
also supplemented its diet with plants and, as one of the first
specialised scavenger bears, was eventually replaced by more
advanced forms of another bear genus, as well as possibly by
other bone crunching animals such as hyenas. A. insigne has
been recorded from two older, dated to 4.9-4.2 Ma (MN14) lo-
calities, i.e. Montpellier in France (Gervais, 1853, 1859a, b;
Stehlin, 1907; Viret, 1939) and Alcoy-Mina in Spain (Montoya et
al., 2006). In this context, the Polish record from Weze 1 may
be regarded as one of the very late European occurrences of
this species (and of members of the genus Agriotherium as
well), followed only by those from the Vialette locality in France
(3.2-3.1 Ma, Helbing, 1932; Lacombat et al., 2008).

The process of formation of the modern Silesian mammal
fauna started at ~4.5—4 Ma. It was the time of appearance of the
first modern mammalian genera as well as start of the develop-
ment of mammalian assemblages similar or identical to modern
ones. Among them, carnivores were very diverse, and bears
became an integral part of these faunas from the beginning.
However, the exact time and place of the origin of this lineage
remain unknown. The Weze 1 locality has yielded, in addition to
A. insigne, also second, a much smaller bear species. Ursus
minimus, described originally as Ursus wenzenis (Stach, 1953)
is better studied and described on the basis of more abundant
material (at least 250 skeletal elements such as skulls, mandi-
bles, isolated teeth and other bone fragments; Ryziewicz,
1969). This earliest representative of the genus Ursus in Eu-
rope first appeared in the Early Pliocene (4.9—4.7 Ma, MN14) in
the Montpellier locality in France, from which the molars still
bear some Ursavus-like characters (\WWagner, 2006, 2010). This
bear is known from a few sites located mostly in SE Europe,
dated to 4.5-4.2 Ma: Kuchurganian beds (Ukraine, Korot-
kevich, 1967), Baraolt-Capeni, known also as Baro6t-Képecz
(Romania, Schlosser, 18993, b, c; Maier von Mayerfels, 1929),
and Dorkovo (Bulgaria, Delson et al., 2005), but also from Ibe-
rian sites such as Alcoy-Mina (Spain, Montoya et al., 2006), We
have also assigned a few isolated teeth (mostly of limited taxo-
nomical value) from Panska Goéra, dated at 4.9-4.2 Ma, to this
form. The exact evolutionary relationships of these bears to
Ursavus as well as to later forms remain unclear. In this paper,
we agree with the assignment of these bears to U. minimus as

proposed by Morlo and Kundrat (2001) and Baryshnikov
(2007); the latter author has named this form as Ursus minimus
boeckhi (Schlosser, 1899). This contrasts with the opinion of
Wagner et al. (2011) who supposed that these bears compose
a separate migration event and probably also represent a sepa-
rate species.

While U. minimus has been recorded only from Perpignan
at ~4.2-3.6 Ma (MN15a) (France, Wagner, 2010), this species
became more numerous and spread across Europe from Eng-
land to the Caucasus between 3.6 and 3.2 Ma (MN15b). Locali-
ties with the most representative material are Kvabebi
(3.2-2.5 Ma; Vekua, 1972), Odesa Catacombs (3.5-3 Ma,
Rosin, 1956), Osztramos 7 (2.8-2.5 Ma; Janossy, 1978),
Gaville (3.2-2.5 Ma; Berzi, 1966), Layna (3.6-3.2 Ma; Soria
and Morales, 1976), Les Etouaires (2.8-2.5 Ma; Mazza and
Rustioni, 1994) and Weze 1 (Ryziewicz, 1969). According to
Wagner (2010), these bears represent a new (at least a sec-
ond) migration wave of black bears into Europe. They were a lit-
tle bigger and more advanced in tooth morphology than their
earlier relatives. Between MN 15b to MN 16b, they evolved with
small changes, and the fossil material of U. minimus from Weze
2 (2.4-2.2 Ma) differs from the older bears of Weze 1 mostly in
being slightly larger, while morphologically these specimens are
very similar.

EARLY PLEISTOCENE (~2.0-0.9 Ma)

After ~2.0-1.8 Ma U. minimus Devc¢ze & Boulillet, 1827 was
replaced in Europe by Ursus etruscus (Rustioni and Mazza,
1993b; Wagner, 2010; Wagner et al., 2011). The latest occur-
rence of U. minimus in Europe is known from the Poggio Rosso
locality in ltaly (Mazza et al., 2005), as well as from Villany 3
(Kormos, 1937; Wagner, 2010; Wagner et al., 2011) and proba-
bly also Kislang in Hungary (Kretzoi, 1954; Wagner, 2010;
Wagner et al., 2011). An Asiatic newcomer, U. etruscus ap-
peared in Europe from ~2—1.8 Ma and became a constant pres-
ence at European Early Pleistocene localities. Because the Pol-
ish material of this species is revisited in detail in the second pa-
per in this volume, here we only note that this species has been
recorded from three Polish sites, all located in Silesia.

The interval between 1.2 and 1.0 Ma in Europe was a time
when the earliest representatives of two well-known bear lin-
eages, namely arctoid and spelaeoid, appeared and became
dominant in European faunas over the next 1 Ma. It was also a
time when both lineages started to evolve independently, lead-
ing to omnivory and opportunism in arctoid bears and herbivory
and specialisation in spelaeoid bears. The earliest specimens
are still very similar, and it is not always easy to distinguish
arctoid and spelaeoid bears. Rustioni and Mazza (1993b) sug-
gested that members of Ursus ex gr. arctos occur already
around 1.3-1.0 Ma. Latter the same material was re-examined
and assigned to other forms. The bear from Vallonet was identi-
fied as U. deningeri von Reichenau, 1904 in Baryshnikov
(2007), and from Pirro Nord as U. efruscus Cuvier, 1823
(Petrucci and Sardela, 2009). All these concepts were impor-
tant breaks in the concepts of European bear taxonomy and
phylogeny (Wagner, 2010).

Excellent material from Deutsch-Altenburg (most of the
bones came from DA4B, dated to 1.2—1.1 Ma; others are from
DA2C1 and DA49, dated to 1.4-1.2 Ma) was regarded as an
early representative of the brown bear Ursus arctos
suessenbornensis Soergel, 1926 (Rabeder et al., 2010). These
authors also assigned to this form some bears from sites dated
to 1.1-0.9 Ma such as Untermal¥feld, Ceyssaguet and various
sites in Atapuerca. Previously, these specimens had been de-
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scribed under various names — U. rodei Musil, 2001 and
U. dolinensis Garcia et Arsuaga, 2001 (Garcia and Arsuaga,
2001; Musil, 2001). We agree with like Olive (2006), Rabeder
and Withalm (2006) and Rabeder et al. (2010) that these
names are junior synonyms of U. arctos. In contrast to this,
some authors (Baryshnikov, 2007; Argant, 2009) considered
that these bears are the oldest known representatives of
U. deningeri (Wagner, 2010). From 0.9-0.8 Ma there are also
known some early arctoid-like bears, though showing some
spelaeoid or even thibetanus-like features. For example, there
is material from the Sackdilling cave in Germany and Zirany in
Slovakia (Heller, 1956; Ambros et al., 2005; Baryshnikov, 2007;
Wagner and Sabol, 2007; Wagner, 2010).

The earliest representatives of spelaeoid bears appeared in
Europe approximately at the same time as did the bears from
the arctoid lineage, and the period between 1.4 and 1.2 Ma is
regarded as a splitting time of both lineages (VWagner, 2006,
2010). From the time between 1.1 and 0.9 Ma, the records of
early U. deningeri are rare, and known only from a few Euro-
pean sites such as Vallonet cave (Moulle, 1992; Baryshnikov,
2007; Argant, 2009; Wagner, 2010) and Les Valerots in France
(Erbaeva et al., 2001), Cal Guardiola in Spain (Madurell-
Malapeira et al., 2009), and Honce (\Wagner and Sabol, 2007)
and Mosbach 1 in Germany (von Koenigswald and Tobien,
1987). However, some authors assigned the material from the
Vallonet cave to the arctoid lineage (Garcia, 2003), and its
conspecificity with U. arctos sensu Rabeder et al. (2010) cannot
be totally rejected (Wagner, 2010).

Records of U. deningeri during the latest Early Pleistocene
(1.0-0.8 Ma) are also very sporadic. Among these, there are
German sites Dorn-Dirkheim 3 (Franzen, 1999), Hohenstilzen
(Storch et al., 1973), Wirzburg-Schalksberg (Mauser, 1987),
and Russian localities Port-Katon (Bajguseva et al., 2001) and
Akhalkalaki (Baryshnikov, 2007). Since the Middle Pleistocene,
this bear became common and abundant in most of Europe and
bears from the deningeroid and later spelaeoid lineage became
dominant until the end of the Pleistocene. Remains of
U. deningeri were obtained from the following early Middle
Pleistocene localities: Gombasek (Slovakia; Kretzoi, 1938;
Wagner and Gasparik, 2014); cave C718, Konéprusy caves,
Chlum 1 and 4 (Czech Republic; Fejfar, 1976; Fejfar and Hein-
rich, 1983; Wagner 2004, 2005, 2010); Voigstedt (Germany;
Horacek and Lozek, 1988), Jagsthausen (Germany; Koby,
1952), Kovesvarad (Hungary; Janossy, 1963), Kozi Grzbiet
(Poland; Wiszniowska, 1989), Slivia (Italy; Ambrosetti et al.,
1979), and Tiraspol (Moldova; David, 1982).

MIDDLE PLEISTOCENE-HOLOCENE
(700 ka — PRESENT)
Ursus ex gr. arctos

Some problematic specimens that may also belong to
arctoid bears have been found in materials from the early and
mid-Middle Pleistocene sites, ~0.8-0.6 Ma (Wagner, 2010).
Among them, there are bear remains from SuRenborn
(Soergel, 1926), West Runton (Rabeder et al, 2010),
Kovesvarad (Janossy, 1963), Cueva Mayor, Hundsheim
(Rabeder et al., 2010) and Chlum 4 (Wagner, 2004, 2010). The
oldest arctoid bear in Silesia is from the Potudniowa cave dated
to 0.6-0.5 Ma, but it is not the oldest Polish record of an arctoid
bear. The material from Kozi Grzbiet is older; a few isolated
teeth found here may represent in fact U. arctos. Based on the
description and comparison of material from Deutsch-Altenburg
with other European material, Rabeder et al. (2010) suggested
arctoid bears between 1.4 and 0.6 Ma compose a rather uni-

form group, U. a. suessenbornensis. This was diagnosed as a
medium-sized brown bear which differs from extant U. arctos
only by having slightly shorter and wider extremities (Rabeder
etal., 2010). Proportionally shorter and more robust metapodial
bones are a characteristic feature of almost all late Middle and
Late Pleistocene brown bears. Narrowing of metapodial bones
occurred as late as in the latest part of the Late Pleistocene and
in the Holocene (Rabeder et al., 2010; Wagner, 2010). Re-
mains of this bear species have been noted so far in fauna C of
the Zamkowa Dolna cave in Silesia. New excavations at this
site may provide new material belonging to this interesting form.

The long period of cold and continental climatic conditions
between 480 and 420 ka (MIS 12, Elsterian or San 2 glacial in
Poland) drastically changed the Silesian and Palaearctic faunal
pattern (Kahlke et al., 2011; Kahlke, 2014). It covered almost all
of Poland and also almost the entire Silesian territory. Species
of Central Asian steppe origin spread into northern and western
Palaearctic regions. This was part of a longer period lasted be-
tween 0.8 and 0.4 Ma, and characterized by the beginning of a
new episode in Earth history, called the Mid-Pleistocene Transi-
tion or Middle Pleistocene Revolution (MPR) (Maslin and
Ridgwell, 2005; Clarck et al., 2006). Low-amplitude, 41 ky cli-
mate cycles were replaced progressively by high-amplitude,
100 ky cycles. The latter cycles implied a transition towards a
non-linear forced climate system, and were accompanied by a
substantial increase in global ice volume at 0.94 Ma (Maslin
and Ridgwell, 2005). These climate changes, particularly the in-
creasing severity and duration of cold stages, had a profound
effect on biota and the physical landscape, especially in the
Northern Hemisphere (Kahlke et al., 2011; Kahlke, 2014).

One of the very first faunal assemblages termed the Mam-
moth Fauna, associated with steppe-tundra conditions, was the
fauna recorded from meltwater gravels deposited at ~460 ka in
Bad Frankenhausen; this locality comprises more species
adapted to cold and continental environments, such as Bison
sp., Soergelia elisabethae, Praeovibos priscus, Rangifer
tarandus ssp., Equus sp. and Mammuthus trogontherii (Kahlke
and Lacombat, 2008; Kahlke, 2014). Elements of steppe and
tundra origin co-occurred, and the structure of the Mammoth
Fauna appeared for the first time.

The period between 420 and 300 ka was the time of the for-
mation of a large carnivore guild which partially survived until
the Holocene and dominated over the last 300 ky. The stem of
this paleoguild comprised Canis lupus ssp., Vulpes vulpes,
Ursus spelaeus group, Ursus arctos ssp., Gulo gulo, Panthera
spelaea ssp., and Crocuta crocuta spelaea. Their remains
though are outnumbered in fossil sites by the bones of
spelaeoid bears, constituting up to 98% at some localities; this
bear was not a carnivore, but a herbivore, and in rare cases an
omnivore (Marciszak et al., 2011, Krajcarz et al., 2016).

The main competitor to large active carnivores such as the
steppe wolf Canis lupus spelaeus, the cave lion Panthera
spelaea spelaea and the cave hyena Crocuta crocuta spelaea,
was Ursus arctos priscus. Similarly to the steppe wolf, the
steppe brown bear is not a different species but a form, some-
thing like an “ecotype”, a special ecomorph adapted to open
habitats (Marciszak et al., 2016, 2017, 2019a, b, 2020). The
great size of this bear, commonly documented in Late Pleisto-
cene brown bears from many European sites, may have been
an adaptation to colder and more barren habitats (Erdbrink,
1953, 1967; Ehrenberg, 1955; Kurtén, 1956, 1959, 1968;
Thenius, 1956; Musil, 1964; Ballesio, 1983; Sabol, 2001a, b;
Baryshnikov and Boeskorov, 2004; Pacher, 2007; Rabeder and
Frischauf, 2016; Marciszak et al., 2017, 2019a, b).

Among thousands of cave bear bones, from time to time,
remains of the arctoid bear, which is distinct in size and mor-
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Fig. 3. Skulls of different bears from Silesia and neighbouring areas

A - Ursus ingressus (>) from Niedzwiedzia cave, Poland (50—40 ka, coll. no. ZP UWr/JNK/Us/1); B — Ursus minimus (>) from Weze 1, Poland
(3.6—-3.2 Ma, coll. no. MF/833/1); C — Ursus arctos priscus (>) from Bohdalec, Czech Republic (22.8—-22.2 ka, coll. no. R 1916/824); D — Ursus
arctos arctos (>) from nad Zagonem cave (Zielona cave, Tatra Mts), Poland (3—1 ka, coll. no. ISEZ MF/7390); all skulls shown in lateral view,

scale bar 100 mm

phology from the average modern brown bear, and has been
classified under different names: U. ferox, U. horribilis, U.
anglicus, U. priscus, U. arctoideus etc. (see the synonymy in
Erdbrink, 1953 for details). Dimensions of some individuals,
comparable in size with big cave bears, and the similarity in cra-
nial and postcranial and especially in the dental material,
caused some authors to suggest possible hybridisation be-
tween these forms (Ehrenberg, 1938). It was described as very
large bear, with a flat forehead, broad teeth and proportionally
robust and short metapodials (Fig. 3; Musil, 1964; Rabeder and
Withalm, 2006; Baryshnikov, 2007; Rabeder et al., 2010;
Marciszak et al., 2019a). Among the teeth, morphologically par-
ticularly outstanding from “typical arctoid morphology” are M2
and m3, broadened and enlarged in comparison with equiva-
lent teeth of U. a. arctos (Figs. 3 and 4). Rode (1931, 1935) had
already noted that the teeth of U. a. priscus are in size and mor-
phology half way between those of arctoid and spelaeoid bears.
Klaatsch (1906: 282) noted: “As a particular animal from the
end of the ice age, the cave bear (Ursus spelaeus) has almost
equal importance with mammoth and reindeer. At the same
time, the brown bear (Ursus arctos) and the grey bear (Ursus
ferox) also lived in Europe, and their remains appeared already
in the Palaeolithic layers; the last of these transcended the fe-
rocity and size of a cave bear, and was the most dangerous en-
emy of diluvial man”. Similarly, Beushausen (1906: 535) men-
tioned the presence of an “immense grey bear”, which lived at
the same time as the brown and cave bear.

U. arctos is generally more carnivorous in open landscapes
(Bojarska and Selva, 2012). Brown bear as a species is a clas-
sic example of Bergman's rule, where an increase in body size
towards the north in the Northern Hemisphere is observed

(Figs. 3 and 4). However, this pattern is not constant in nature
and there are populations living in relatively southern locations,
whose average body size, due to e.g. constant or periodic avail-
ability of high-protein food, was significantly larger than those of
individuals in other populations living at similar latitudes
(Mattson and Merrill, 2002; Baryshnikov, 2007). Duringits long
temporal range, the body size of this species was subject to
strong fluctuations which were influenced by various factors,
especially the climate and the type of available food.

The presence of Ursus arctos priscus in cave sites showed
that this animal regularly visited caves, most probably in search
of food. It is less probable that this large bear denned or hiber-
nated in the time when they were occupied by spelaeoid bears,
and most of remains found in caves belonged to very large and
robust animals, most probably males. Radiocarbon dates ob-
tained for Ursus arctos priscus showed that this form occurred
in Silesia throughout the entire MIS 3 and MIS 2. It was present
during even the coolest phases, e.g. MIS 2 (Lipecki and Wojtal,
2015; Ersmark et al., 2019; Marciszak et al., 2019a, b).

However, even among dominant large carnivores, levels of
local competition were so high that it resulted in a marginal role
or even almost total absence of one of the competitors. For ex-
ample, a revision of more than 50 sites in the Sudetes Mts
showed a total absence of the cave hyena; most probably it was
outcompeted by the steppe wolf, particularly common in this
area (Marciszak et al., 2016, 2020). Climatic conditions also
had a very strong impact, as which is documented by deposits
dated to MIS 5b-5a. Arid and cold glacial conditions meant that
the Central European mainland housed the “standard” herbi-
vore guild of the mammoth steppe with Mammuthus
primigenius, Coleodonta antiquitatis, Equus ferus (large form),
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Fig. 4. Comparison of M2 of different bears from Silesia and neighbouring areas

A — Ursavus brevirhinus from Opole 2 (12-11 Ma, ZP UWr/OP2/2); B — Ursus minimus from Weze 1 (3.6-3.2 Ma, coll. no. MZ/177); C — Ursus
minimus from Weze 2 (2.4-2.2 Ma, coll. no. ZP UWr/W2/1/1); D — Ursus deningeri from Potudniowa cave (600-500 ka, coll. no. ZP
UWTr/JP/4/1); E — Ursus deningeri from Draby 3 (440—400 ka, coll. no. ZPAL M.11/1); F — Ursus rossicus from Naciekowa cave (60—40 ka, ZP
UWr/IJNW/Us/417); G — Ursus spelaeus spelaeus from Bisnik cave, layer 14 (150-130 ka, coll. no. ZP UWr/JB/Us/12879); H — Ursus
ingressus from Bisnik cave, layer 14 (150-130 ka, coll. no. ZP UWr/JB/Us/12879); | — Ursus arctos priscus from Potudniowa cave
(600-500 ka, coll. no. ZP UWr/JP/5/1); J — Ursus arctos priscus from Draby 8 (440-400 ka, coll. no. ZP UWr/D8/5/1); K — Ursus arctos
priscus from Krakow-Spadzista (28.8-28.1 ka, coll. no. ISEA MF/7127); L — Ursus arctos cf. arctos from Bisnik cave, layer 1 (14.7-14.2 ka,
coll. no. ZP UWr/JB/Ua/14); M — Ursus arctos arctos from Bisnik cave, layer 1ab (3.4-3.2 ka, coll. no. ZP UWr/JB/Ua/14); all teeth showed in

occlusal view, scale bar 20 mm

Megaloceros giganteus, Ovibos moschatus, Rangifer tarandus,
and Bison priscus. Thermophilous and forest species, such as
Palaeoloxodon antiquus, Alces alces, Cervus elaphus, Equus
ferus (small form), Bos primigenius, Bison bonasus, and Saiga
tatarica disappeared or occurred in particular, restricted short
time periods. The carnivore guild was also strikingly different.
Only the large steppe wolf and above-mentioned gigantic
steppe brown bear are recorded more commonly, while the
cave lion and cave hyena, if present, are found in very low num-
bers and densities. Preliminary analysis of the teeth of C. /.
spelaeus and partially of U. a. priscus showed some heightened
level of durophagy, and suggested they expanded into the
niche of the absent cave hyena. Similarly, the presence of U. a.
priscus with highly worn teeth suggested they were primarily
bone- and frozen carcass-eating scavengers. At this time, there
was an atypical situation in Sudetenland, where a relatively nar-
row carnivore guild (steppe wolf, steppe brown bear, wolverine,
and cave lion) focused on rich herbivore pickings. The fear-
some and immense steppe brown bear became so large that in
the past their remains were misidentified as cave bear, and it
was rather formidable kleptoparasite rather than active hunter
(Fig. 5; Marciszak et al., 2016; Musil, 2018; Marciszak et al.,
2019a, b, 2020).

U. a. priscus was well-adapted for survival in the Late Pleis-
tocene of Europe, but its size may have been linked to the cli-

mate and environmental conditions. Warming at the beginning
of MIS 1 caused ice sheet retreat to the north and much of the
Europe gradually transformed from arid, grassy steppes into
boreal forests. Enormous herds of ungulates such as horses,
mammoths, antelopes, steppe bison, rhinoceroses and many
other animals, that were adapted to exist in open grasslands,
disappeared as forest became predominant over grasslands.
The large bear could not obtain enough food to support its mas-
sive body, even if it could supplement its diet with plants.

The process and mechanisms of U. a. priscus disappear-
ance are still not resolved. It is possible that it became extinct
because of competition with other predators due to their greater
ecological plasticity. A more reliable scenario was that some
populations retreated east- and northwards. The compact geo-
graphical range was split into isolated populations which sur-
vived across Europe. Size decrease took place, and U. a.
priscus evolved into a more herbivorous form due to environ-
mental changes (Fig. 6). Leftovers blended into an abundant
nominative form which was much more herbivorous and omniv-
orous, and so well-adapted to forest conditions. Survival of U. a.
priscus until the early part of MIS 1 is confirmed by many find-
ings of the great brown bear with particularly large and broad
teeth, similar to those in U. a. priscus. Such finds are quite com-
mon in deposits of the Late Glacial and postglacial periods, in
Denmark (Degerbel, 1933), Germany (Freudenberg, 1914;
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Fig. 5. Conflict scene between female of Coelodonta antiquitatis and male of Ursus arctos priscus in Skarszyn (Trzebnickie Hills)

Such interactions were however very rare and usually ended in a show of strength. Its size, extremely thick skin and long, sharp horns caused
that the adult woolly rhino was out of reach of almost all Late Pleistocene carnivores. On the other hand, the steppe brown bear was most
likely a scavenger and kleptoparasite. Its immense posture and great size were used to intimidate other carnivores and take their carcasses
rather that hunt down big prey like rhino or bison. Drawing by W. Gornig

Hilzheimer, 1939), Great Britain (Adams, 1880; Reynolds,
1906), Ireland (Ball and Owen, 1850), Poland (Mdller, 1872;
Hilzheimer, 1937; Ruprecht, 1965, 1992), the Netherlands
(Erdbrink, 1953, 1967), Russia (Mdller, 1872; Vereshchagin,
1959; Baryshnikov and Boeskorov, 2004; Baryshnikov, 2007)
and Ukraine (Pidoplichko, 1956). The presence of these large
brown bears during the postglacial period of Eurasia should be
regarded as a relict survival (Baryshnikov, 2007).

Over the last several thousand years, progressive develop-
ment of settlements, deforestation and domestic animal breed-
ing slowly but systematically caused a decrease in the density
and population of U. a. arctos. However, given the low popula-
tion density, the extent of forest areas and a large number of
mountain areas, difficult to access by humans and not suitable
for cultivation, this species was quite commonly found through-
out Silesia until the end of the Middle Ages (Pax, 1921, 1925,
1937, 1955). Archaeological research show that it inhabited al-
most all of Silesia between the 14th and the 16th centuries, and
its presence has been noted in 29 archaeological Silesian sites
(Wyrost, 1994; Marciszak et al., 2020). Old chronicles also
mention multiple records of this animal in the lowlands and
mountains of this region (Jakubiec, 2001). Besides, archaeo-
logical and palaeontological data supported by direct radiocar-
bon (C') dating document, the presence of U. a. arctos in
Nowy Targ in Wroctaw and in rock shelters on Mitek Mt
(Kaczawskie Mts) between 1600 and 1650 has been recorded
(Appendix 2).

From the turn of the Middle Ages and modern times, perma-
nent destruction of the environment and extermination in-
creased, and the 1600-1750’s were a time of progressive de-
cline in population and population density of U. a. arctos in
Silesia until its disappearance in the mid-18th century. During
this period, hunting descriptions were a sporadic topic in hunt-
ing chronicles. Records of hunting by the Schaffgotsch and
Tschernin families show a constant presence of the bear until
the end of the 18th century. At the same time, however, the
number of animals killed clearly shows a decline in this species
(Pax, 1921, 1925, 1937; Jakubiec, 2001). This species later dis-
appeared as a breeding population in Silesia, although migrat-
ing individuals were recorded until the end of the 18" century. In
addition, since the Silesian Wars this region has passed from
Austrian rule into Prussian, which resulted in further adverse
changes to the bear habitat; the Sudetes became its last refu-
gee. Massive deforestation of the lower stream forests
(Sudetes bank forests) began and replacement by spruce
monocultures. Similarly, in the Silesian Lowlands, pine was
planted in the place of felled deciduous and mixed forests. Set-
tlements increased significantly which, combined with the pro-
gressive expansion of agricultural crops and breeding of do-
mestic animals, resulted in a gradual reduction of the space for
bears. The Prussian method of rationalizing forest life projected
total interference and reconstruction of the food chain. In this
scheme, there was no place for carnivores, and thus for a
brown bear. Individuals shot in lowland areas were migrating in-
dividuals. The Sudetes (and mountains as well) remained the
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Fig. 6. Mandibles of arctoid and spelaeoid bears from Silesia and neighbouring areas

A — Ursus spelaeus spelaeus (>) from Bisnik cave, layer 14 (180-130 ka, coll. no. ZP UWr/JB/Us/144); B — Ursus ingressus (>) from Ciemna
cave, layer 2 (35-25 ka, coll. no. ISEZ JC/1061); C — Ursus rossicus (>) from Naciekowa cave (60—40 ka, coll. no. JZP UWr/JNW/Us/12); D —
Ursus arctos priscus (>) from Niedzwiedzia cave (>) (60-50 ka, coll. no. ZP UWr/JNK/Ua/1); E — Ursus arctos priscus (>) from Imbramowice
(>) (130-115 ka, coll. no. M.1); F — Ursus arctos arctos (>) from Wschodnia cave, Poland (14.3-13.2 ka, coll. no. MMW/I/A/3927); G — Ursus
arctos arctos (+) from cave no. 3 on Biréw Hill, Poland (4.3—4.1 ka, coll. no. ZP UWr/C3/Ua/2); all mandibles showed in buccal view, scale bar

100 mm

place of their last occurrence. In Sudetes Mts, the last individual
was killed in the mid-19th century. However, the last Sudetes
brown bears were only individuals, which came from the Czech
side from Jesenik and from the Carpathians (Jakubiec, 2001;
Flousek et al., 2014).

After the final disappearance of the species in the mid-18"
century to the mid-19th century, individuals migrating from the
Carpathians in Jesenik were observed and even hunted
(Jakubiec and Buchalczyk, 1987; Jakubiec, 2001; Flousek et
al., 2014). For the next 140 years there were no documented
bear occurrence in the Sudety Mts. It is possible that there were
some individuals, but the chronicles are silent about such
cases. No incidental capture, shooting or sighting of the bear
was recorded at that time. Considering the degree of penetra-
tion and industrialization of the Sudetes, and their use by tour-
ists, it seems unlikely that any bear would escape human atten-
tion. It was not until 1991-1998 when bear traces were found in
the Polish Sudetes area (Jakubiec, 1995, 1996). When this
bear eventually left the Sudetes, over the next 20 years several
unconfirmed observations of this species were made, near
places such as Watbrzych, Ludwikowice Klodzkie and
Gtuszyca (Cerveny et al., 2004; Flousek et al., 2014).

MIDDLE PLEISTOCENE-HOLOCENE
(700 ka — PRESENT)
Ursus ex gr. deningeri—spelaeus

The taxonomy of the European deningeroid bears has been
reviewed by Bishop (1982), Kurtén and Poulianos (1977), Wag-
ner (2010), Wagner and Cermak (2012) and others. In the past
most authors recognised a number of species or different forms
that seemed to reflect distinct stages in a progressively evolving
lineage which is characterized by gradual changes in dental
morphology and body size (Partfitt, 1999). Three subspecies of
U. deningeri are recognised: Ursus deningeri savini (Andrews,
1922) in Britain and Ursus deningeri suevicus Koby, 1952 in
continental Europe, from the latest Early and early Middle Pleis-
tocene, and Ursus deningeri deningeri (von Reichenau, 1904)
which existed in the mid and late Middle Pleistocene. Two these
subspecies are similar in dental morphology, and U. d. suevicus
is considered less evolved than U. d. deningeri. Some of the ob-
served differences may have been due to geographical rather
than to temporal and/or phyletic variability.

The mid-Middle Pleistocene (MIS 16-13) is a typical level for
U. deningeri, with sites like Mosbach 2 (von Reichenau, 1904),
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Hundsheim (Zapfe, 1948), Erpfingen 4 (Heller, 1975), La
Romieu (Prat and Thibault, 1976), Cueva Mayor (Garcia,
2003), Chateau (Argant and Argant, 2002), Westbury (Bishop,
1982), Mauer (von Reichenau, 1906), Isernia la Pineta
(Azzaroli et al., 1986), and Petralona (Kurtén and Poulianos,
1981, Tsoukala, 1991).

U. deningeri continued uninterrupted to the late Middle
Pleistocene and it was characterized by an increase of body
size and cheek-teeth complexity (VWWagner, 2010). From this pe-
riod this species is recorded from Draby 2, 3, and 5, and the
lowermost layers (19ad-18) of the Bisnik cave dated to MIS
10-8 (Marciszak et al., 2011). Since the bears of spelaeoid lin-
eage appeared in layer 15 (MIS 7) and in the younger layers of
the Bisnik cave, this is their oldest record in the Silesian area
and entire modern territory of Poland. The evolution of
spelaeoid bears from a deningeroid forerunner is differently
dated at European sites, with the earliest appearance of
U. spelaeus s. |. noted from the English site Swanscombe al-
ready during MIS 11 (Kurtén, 1959). However, the appearance
of this species over most of Europe took place later, and gener-
ally it is accepted that U. spelaeus s. |. appeared in MIS 7
(Hilpert, 2006).

The cave bear U. spelaeus s. |. was an obligate herbivore
and one of the most widespread large mammals in the Late
Pleistocene in Europe (Hofreiter et al., 2002; Rabeder et al.,
2004a, b; Baca et al., 2016). The two main European forms,
U. s. spelaeus and U. ingressus separated probably between
420 and 180 ka (Knapp et al., 2009). U. s. spelaeus lived mainly
in Western Europe, although it has also been recorded in the
Altai region (Rabeder et al., 2004b; Knapp et al., 2009; Baca et
al., 2017), while U. ingressus inhabited mostly south-eastern
and Central Europe (Rabeder et al., 2004b; Baca et al., 2014).

The geographic origin of U. ingressus is still not known, but
the basal position of haplotypes from the Romanian site
Pestera cu Oase in the phylogeny of this species points to SE
Europe (Baca et al., 2012). The phylogeographic picture of
U. ingressus is unclear as the mtDNA phylogeny lacks signifi-
cant support and clear phylogeographic lineages cannot be dif-
ferentiated. Most probably the spread of U. ingressus may have
proceeded independently along the main European mountain
ranges, the Alps and the Carpathians (Baca et al., 2014, 2017).

Previous research suggested that between 60 and 50 ka
U. ingressus started its migration westwards along the Alps
(Hofreiter et al., 2004; Rabeder and Hofreiter, 2004; Miinzel et
al., 2011). This opinion was based on the earliest and western-
most records of this species from the Austrian and Swiss Alps,
dated to ~50 ka (Rabeder and Hofreiter, 2004). However, more
recent data showed that some spelaeoid bears from the Polish
Jura yielded mtDNA haplotypes identical to those found in U.
ingressus from the Alps. This may suggest that the population
from Eastern and SE Europe spread northwards beyond the
Carpathian Arc (Popovic et al., 2015; Baca et al., 2017).

According to some researchers, the arrival of U. ingressus
was associated with the vanishing of other cave bear forms that
inhabited the area. One of such replacements was documented
from three caves in the Ach Valley (Germany; Hofreiter et al.,
2007; Munzel et al., 2011). The latest records of the native in-
habitant in this area, U. s. spelaeus, were dated to ~31.5 ka BP
while the earliest appearance of U. ingressus was dated to
36.3 ka BP. Beside this single oldest date, most other speci-
mens were dated to ~32 ka BP. That suggests that the main im-
migration of U. ingressus took place just before the local extinc-
tion of U. s. spelaeus. A similar replacement was documented
in the Austrian site Herdengel cave, where the arrival of
U. ingressus resulted in the disappearance of U. s. eremus. All
U. s. eremus individuals were dated to >60 ka BP, whereas all

U. ingressus are younger than 37 ka BP (Stiller et al., 2014).
However, this scenario of the replacement of earlier native
spelaeoid forms by U. ingressus cannot be regarded as a gen-
eral tendency since there are known cases where different
spelaeoid bears co-occurred over a longer period. For example,
in two other Austrian caves, Ramesch and Gamssulzen, lo-
cated ~10 km from each other, U. ingressus lived side by side
with U. s. eremus for at least 15 ka (Hofreiter et al., 2004).

Such a replacement has not yet been recorded in Silesia.
More interesting is that U. ingressus co-occurred with
U. rossicus in the Kaczawa Mts for a long time, since the youn-
gest date for U. rossicus is ~43.5-41.7 ka BP, and it is known
that both spelaeoid bears were present in the Kaczawa Mts al-
ready from at least 80 ky. Dates (radiocarbon and uranium-tho-
rium) suggest the more or less continuous presence of
spelaeoid bears in the Sudetes Mts during the Late Pleistocene
(Nadachowski et al., 2008; Wojtal et al., 2015; Marciszak et al.,
2020). Simultaneously, genetic investigation of individuals from
Central Europe (mainly the Czech Republic, Poland, Slovakia
and Ukraine) revealed that U. ingressus was the single form of
cave bear present in this part of Europe (Popovic et al., 2015).
However, it should be noted that genetic analysis of fossil mate-
rial from many sites like Bisnik cave failed, and this data has so
far not been correlated with morphometric analysis. By contrast
with genetic results, morphometric investigations showed the
presence of at least three different cave bear chronosub-
species, with the dominance of U. ingressus since of
~100-90 ka BP (Baca et al., 2014). The mtDNA haplotypes of
individuals from the Niedzwiedzia cave formed a divergent clus-
ter on phylogenetic trees, which indicates the early separation
and expansion of this population (Baca et al., 2012, 2014,
2017). Similar mtDNA haplotypes have been noted farther west
in Zoolithen cave (Stiller et al., 2014).

The timing and causes of the extinction of spelaeoid bears
in Silesia and in Eurasia also remain unclear. Radiocarbon
dates show that the last cave bears went extinct prior to the Last
Glacial Maximum (LGM). In the past it was thought that they
disappeared approximately synchronously in different parts of
Europe around ~28.5-28 ka at the end of GI-3 (Hofreiter et al.,
2002; Pacher and Stuart, 2009; Bocherens et al., 2014).
Paleogenetic analyses showed, however, that this process
started much earlier, ~50-45 ka (Stiller et al., 2010).

Stiller et al. (2014) proposed that spelaeoid bear popula-
tions might have declined from east to west, since most of the
samples younger than 30 ka have been found in Western Eu-
rope. However, AMS dates obtained over the last few years
clearly indicate that this is not true and that late cave bears sur-
vived independently in isolated populations in different parts of
Europe, even into the middle of the GS-3 stadial. In the context
of overwhelming disappearance, some karst regions, some-
thing akin to a local refuge, may have provided a suitable micro-
climate for long survival (Baca et al., 2016). An example of such
an area in Silesia is Jura Polska, from where the youngest ge-
netically confirmed cave bears so far come from the Stajnia
cave, dated to ~26.1 ka BP (Baca et al., 2016, 2017). Thus, the
extinction time of spelaeoid bears can be estimated to between
27.0and 24.3 ka BP (Baca etal., 2016, 2017; Mackiewicz et al.,
2017).

Although, in general perception, most of the megafaunal el-
ements survived until the end of the Late Pleistocene, detailed
study shows that this was not the case. In some areas like in
Sudetes Mts this “steppe-tundra fauna” had vanished already
between 35 and 30 ka, earlier than in other Polish areas such as
the Jura Polska. Cave bears did not survive there during the
LGM (Mackiewicz et al., 2017). The vanishing of these
megafaunal elements is only a small part of a general European
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tendency, and the extinction time coincides with the end of the
first megafaunal transition, which started in Greenland
interstadials 5 to 7 (GI-5 to GI-7), and finished at the beginning
of the LGM in northern Europe (Cooper et al., 2015). Therefore,
the extinction of most members of the so-called “Sudetan
megafauna” represents a much earlier pre-LGM megafaunal
disappearance, a few thousand years before their final extinc-
tion in areas like Jura Polska. The decline of the spelaeoid bear
populations in Europe started between 50 and 45 ka (Stiller et
al., 2010), and their final extinction was during the coldest and
the longest (~4 ky) stadial GS-3 (27.5-23.5 ka) in the last glacial
(Mackiewicz et al., 2017).

Climate cooling could have been the main factor affecting
cave bear extinction and retreat of most herbivores from the
Sudetes Mts before and during the LGM (Stuart and Lister,
2007; Pacher and Stuart, 2009; Baca et al., 2016). Spelaeoid
bears were strict herbivores (Kurtén, 1976; Bocherens et al.,
2006; Van Heteren et al., 2009, 2014; Mackiewicz et al., 2010;
Krajcarz et al., 2016). As a consequence of the climate deterio-
ration, the quality and availability of plant food in Central Eu-
rope, being the crucial component of their diet, had decreased.
The temperature drop could also have affected the hibernation
period of spelaeoid bears (Rabeder et al., 2000; Mackiewicz et
al., 2017), when this animal was more vulnerable to hunting
(Bocherens et al., 2011a, b; Miinzel et al., 2011; Diedrich, 2014,
2017; Nowakowski and Stefaniak, 2015; Wojtal et al., 2015).
Among the main factors causing cave bear extinction, changing
climate has been proposed (Baca et al., 2016, 2017).
Craniodental adaptations (Kurtén, 1976; Mackiewicz et al.,
2010; Wiszniowska et al., 2010; van Heteren et al., 2014;
Pérez-Ramos etal., 2018, 2020) and stable isotope (5'°C, '°N)
studies show that spelaeoid bears were strictly herbivorous
(Bocherens et al., 1994, 1997; Fernandez-Mosquera et al.,
2001; Munzel et al., 2011; Krajcarz et al., 2016; Bocherens,
2019). The climate changes which began after GS-3 caused
severe transformations in plant communities around Europe
(Helmens, 2014). Vegetation seasons shortened and the avail-
ability of high-quality plant material, which seems crucial for the
survival of spelaeoid bears, significantly decreased. The dietary
habits of these bears did not follow any particular modification
during their presence for the last 10 ky in Europe and this eco-
logical niche conservatism may have led to their decline
(Bocherens et al., 2014; Baca et al., 2017).

Another crucial factor of extinction was the importance of
caves for spelaeoid bears as hibernation sites, for which they
had to compete with humans and other carnivores (Turner,
2009; Minzel et al., 2011; Diedrich, 2014; Mackiewicz et al.,
2017). Particular caves, like Niedzwiedzia cave, might have
been inhabited by populations where they were born and
formed stable maternal social groups for hibernation, as was
found in the case of cave bears from Spain (Fortes et al., 2016).
The fidelity to the birth site could decrease the probability of
finding a proper hibernation place, in cases where the original
cave was already occupied or regularly visited by the main com-
petitors/enemies such as lions, hyenas, wolves, and humans.
In this context, is the role of the brown bear is especially inter-
esting, but still not well-studied and understood, since there are
known regions where U. arctos expanded its range and re-
placed spelaeoid bears leading to the latter’s extinction (Kurtén,
1968; Turner, 2009). Large caves were used by the brown bear
relatively rarely, and they usually hibernated near the entrance
(Diedrich, 2017). However, U. a. priscus, a giant carnivorous
form of the brown bear, occurred (probably also co-occurred)
together with U. a. arctos during the Late Pleistocene
(Marciszak et al., 2019a, b, 2020). The steppe brown bear was
ecologically much better adapted to a continental climate than

were spelaeoid bears, and could win a competition for food and
hibernation sites, especially during the cold and arid phases.
Due to its size, comparable to or even exceeding the size of
cave bears, it might be regarded as a serious threat to the
spelaeoid bears, and together with cave lion and cave wolf as
the main carnivores feeding on cave bears. This hypothesis still
requires further testing by isotopic studies.

Palaeopathological signs on the teeth and bones are found
on many specimens assigned to different species. We suppose
that some bone injuries resulted from trauma bite damage
caused by other bears or large carnivores (mainly their canines)
from inter- or intraspecies conflicts. The mortality of carnivores,
especially siblings and cubs, is strongly influenced by accidents
like falling rocks or being stuck in narrow passages, illness,
hunger (e.g., in spelaeoid bears in cases when they do not ac-
cumulate enough fat during the vegetation season), seasonal
and accidental floods, which flowed through the cave and
drowned sleeping bears, and finally simply through old age.
However, equally important was the direct activity of the main
large carnivores, P. s. spelaea and C. I. spelaeus. Numerous
cave bear bones belonged mostly to cubs and young speci-
mens, less than one year old, but also many bones of adult ani-
mals with bite marks, chewing and scratches, are clear indica-
tions of predation. One of the most spectacular example is a
neurocranium of the young female which holds a few holes, with
two main ones on the frontal and right parietal bones
(Nowakowski and Stefaniak, 2015). The blurred edges of the
external lamellae and sclerotic lines indicate that the cave bear
female survived, however probably because of illness caused
by these injuries it died in the next few months. They were inter-
preted as resulting from a very strong bite from the canines of
another carnivore (Nowakowski and Stefaniak, 2015). It might
have been caused by a fight with another cave bear, as such
behaviour is common in modern bears (Erdbrink, 1953). Adult
males kill the cubs or juvenile specimens usually by biting their
skulls (Matheson, 1942; Vaisfeld and Chestin, 1994). Another
possible explanation is an attack by a cave lion, since the hunt-
ing specialisation of this species on bears is well-known from ni-
trogen isotope patterns (Bocherens et al., 2011a). The skull de-
scribed was found in the NiedZzwiedzia cave, where an almost
complete skull of Panthera spelaea spelaea of considerable
size was also found (Wiszniowska, 1978; Barycka, 2008;
Marciszak et al., 2014). The distance between two main holes
(~ 85 mm) fits well with the canine spacing in the lion specimen.
Additionally, the cranium has cut marks, sharp-edged longitudi-
nal scars indicating the use of a sharp-edged tool which was in-
terpreted as the effects of skinning and possible indirect proof
of human presence in the cave (Nowakowski and Stefaniak,
2015). However, in our opinion, another explanation is also
probable. Recently, when the Siberian tiger Panthera tigris
tigris has hunted brown bear, it jumps on a bear from above,
and tried to hold its head in its frontal paws, simultaneously bit-
ing through its cervical vertebrae (Ognev, 1935; Mazak, 1979,
1981; Kirillova and Tesakov, 2008; Kirillova et al., 2009). During
such fights, the tiger’s claws usually left sharp-edged longitudi-
nal scars on the bear’s head, the same as are observed on the
skull of the cave bear female from the Niedzwiedzia cave. It is
reasonable to extrapolate such hunting behaviour to the cave
lion (Kirillova et al., 2009; Diedrich, 2017).

In addition to environmental and habitat changes, some
other factors might have negatively influenced the spelaeoid
bears. The direct threat of hunting by humans (Minzel et al.,
2011; Woijtal et al., 2015), as well as competition from humans
for caves as shelters (Grayson and Delpech, 2003) also had a
very strong impact. Mitochondrial genome analyses from sev-
eral Spanish cave sites revealed that spelaeoid bears, in con-
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trast to U. arctos, exhibited strong fidelity to the caves where
they were born. Facing growing competition as a result of im-
pact with modern humans and Neanderthals, such homing be-
haviour might have also contributed to their disappearance.
The tendency to come back to the same cave for hibernation
may have prevented the colonisation of new areas and made
spelaeoid bears more predictable for hunters to find (Fortes et
al., 2016; Baca et al., 2017).

Besides the well-established records of U. ingressus (Baca
etal., 2012,2014, 2017), abundant material of different forms of
spelaeoid bears was also recovered from some caves on Mt.
Potom (Marciszak, 2011). Especially rich bone material comes
from the Naciekowa cave, where >7000 bones have been
found; in addition, remains of this species also came from the
Wschodnia and probably from the Obok Wschodniej caves.
The presence of an atypical population from the Wschodnia
cave was already recorded by Zotz (1939); he mentioned the
presence of a dwarf race of U. spelaeus with many arctoid mor-
phological features. Zotz (1939) interpreted the presence of this
form as one of the very last populations of the cave bear, similar
to those from the Drachen cave. The material from the
Naciekowa cave is characterized by small individuals. Also the
morphology, with narrow and simply built premolars and molars
(P4 without additional cusps, m2 and m3 with a poorly devel-
oped, straight talonid) and the gracile metacarpals and metatar-
sals, clearly distinguish the population from the Naciekowa
cave from the large and robust U. ingressus from the
Niedzwiedzia cave (Marciszak, 2011). Morphologically and in
size the small cave bear from the Protom cave resembles the
small Caucasian form called the steppe cave bear U. rossicus
(Borissiak, 1930, 1932). Direct dating methods (C14 and UTh)
and isotopic analysis are needed to clarify its taxonomic posi-
tion.

CONCLUSIONS

Revision of the Silesian bear fauna based on 155 sites,
mainly cave and karstic localities, but also archaeological and
open-air sites, showed the presence of 13 bear forms and spe-
cies. These records covered the timespan of the last 16.5 Ma;
they were divided on five main time groups. The oldest bears,
represented by the genera Ballusia and Ursavus, are dated on
16.5-11 Ma, and belonged to stem forms of the subfamily
Ursinae. The oldest Silesian bear B. elmenensis was recorded
from Przeworno 2, dated to 16—14.5 Ma, while the younger Mio-
cene bears were assigned to the genus Ursavus.

After a break of 6 My, the earliest members of the genus
Ursus appeared in Panska Goéra at 4.9—4.2 Ma. All known Plio-

cene bears belong to the genus Ursus were classified as Ursus
minimus, and they represent one or two migration events. Addi-
tionally, a single occurrence of Agriotherium insigne was re-
corded from the Weze 1 site between 3.6—3.2 Ma. For this large
carnivorous bear, it was one of the last European occurrences.
A few Early Pleistocene bear records are represented by a
probable ancestor of the arctoid and spelaeoid bear lineages,
U. etruscus. The oldest representative of Ursus ex gr. arctos so
far recorded, U. a. suessenbornensis, is known from the latest
Early Pleistocene (1.2-0.9 Ma) fauna C of Zamkowa Dolna
cave. A number of other Silesian and Polish records of this form
require confirmation. The first occurrence of U. deningeri, the
oldest taxon of the U. ex gr. deningeri—spelaeus lineage, was
recorded from the Przymitowice C site dated to ~700 ka. The re-
mains of U. deningeri are regularly noted from Middle Pleisto-
cene sites within Silesia.

After the pronounced cold period of MIS 12, when the Scan-
dinavian ice sheet covered almost all of Poland, except of the
Sudetes and the Carpathians, the fauna changed considerably.
This drastic faunal turnover led to the formation of the pan-Eur-
asian Mammoth Fauna at ~460 ka BP. That was a time when
the very characteristic steppe brown bear Ursus arctos priscus,
a special ecomorph adapted to live in open grasslands, ap-
peared among the bear fauna. It survived until the beginning of
MIS 1, when the modern U. arctos arctos appeared in Silesia
and survived to the present day.

U. deningeri was the most common bear in the Middle Pleis-
tocene, while the first records of U. spelaeus spelaeus ap-
peared from MIS 7; later, from the Late Pleistocene
(~110-100 ka) it was slowly replaced in Silesia by U. ingressus.
Spelaeoid bears totally dominated the cave assemblages, and
finally vanished between 27 and 24 ka. The most probable fac-
tors leading these animals to their extinction were environmen-
tal turnover exacerbated by climatic changes and human im-
pact.
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