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Fos sil bear ma te rial from the low er most de pos its of the Jasna Strzegowska cave is de scribed and its tax o nomic sta tus as -
sessed. Com par i son with bear re mains from other Early and early Mid dle Pleis to cene lo cal i ties of Eur asia shows the pres -
ence of two bear spe cies: Ursus etruscus and U. deningeri, based on mor pho log i cal and size char ac ters of the teeth and
postcranial bones. The teeth of U. deningeri from the Jasna Strzegowska cave are larger, wider and have much more com pli -
cated occlusal sur faces when com pared with the teeth of U. etruscus. Both bear spe cies are char ac terized by rel a tively short
and ro bust metapodials, al though those of U. etruscus are on av er age less mas sive. Some dif fer ences in mus cle at tach -
ments and ar tic u lar sur faces have also been found. Metapodials of prim i tive arctoid bears, that co-oc curred with U. etruscus
and U. deningeri, are much lon ger and slim mer. U. etruscus and U. deningeri prob a bly did not live in the Jasna Strzegowska
cave at the same time. Based on its time range in Eur asia and mor pho log i cal char ac ter is tics, the age of U. etruscus is es ti -
mated as Early Pleis to cene, be tween 1.8–1.3 Ma. This is its first de scrip tion from Po land, and the re mains de scribed are in
size and mor phol ogy in dis tin guish able from ma te rial from other Eu ro pean lo cal i ties. For U. deningeri, an early Mid dle Pleis -
to cene age is sug gested.
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INTRODUCTION

The evo lu tion ary his tory of bears of the ge nus Ursus is a tra -
di tional topic of palaeontological stud ies (e.g., von Reichenau,
1904, 1906; Freudenberg, 1914; Rode, 1931, 1935) be cause of 
the pres ence of abun dant and well-pre served ma te rial. The
main in ter est fo cuses on the Late Pleis to cene, while there are
many pa pers too deal ing with Mid dle Pleis to cene forms (e.g.,
Kurtén, 1956, 1959; Musil, 1972, 1995; Argant, 1991; Bishop,
1982; Torres, 1988; Tchernov and Tsoukala, 1997;
Baryshnikov and Foronova, 2001; Baryshnikov and Kalmykov,
2005; Sher et al., 2011).

While the evo lu tion ary his tory of bears of the Ursinae from
the mid Mid dle Pleis to cene to the Ho lo cene (the last ~600 ky) is
well-doc u mented, es pe cially for the deningeroid-spelaeoid lin -
eage, cur rent re-eval u a tion of this pro cess is com pli cated due
to the ab sence of re li able data from the cru cial pe riod of the

early Mid dle Pleis to cene (900–700 ka). So far, only few stud ies
have been pub lished (e.g., Kurtén, 1969; Musil, 1974;
Wiszniowska, 1989), while im por tant new data on late Early
Pleis to cene ursids close to arctoid and spelaeoid bears have
ap peared (Moullé, 1992; García and Arsuaga, 2001; Musil,
2001; García, 2003; Madurell-Malapeira et al., 2009; Rabeder
et al., 2010). These new dis cov er ies have de manded a rad i cal
re-eval u a tion of tra di tional mod els on the evo lu tion of Ursinae
bears, re fin ing the di ag nos tic char ac ters, vari a tion pat terns and
phylo gen etic sig nif i cance, in clud ing es tab lish ing re li able
autapomorphic char ac ters dis crim i nat ing the arctoid and
spelaeoid lin eages (Wag ner and Èermák, 2012). Due to the
lack of de tailed in for ma tion, sev eral in di vid ual spec i mens were
de scribed as new taxa of un cer tain af fin ity (e.g., García and
Arsuaga, 2001; Musil, 2001). Among this over whelm ing crowd
of dif fer ent con cep tions, two pa pers have served as es pe cially
valu able view points (Rabeder et al., 2010; Wag ner and
Èermák, 2012).

In such sit u a tion, any new ma te rial al low ing res o lu tion of
this prob lem is es pe cially valu able, even if the re mains are not
very nu mer ous. As a con se quence, and es pe cially in the case
of Ursinae bears, the strati graphic de ter mi na tion of a num ber of 
lo cal i ties has long been con tro ver sial. With re spect to these lo -
cal i ties, where pos si ble, the best way to cor rob o rate the pre vi -
ously pub lished dates is to pro vide a new de tailed tax o nomic
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re-eval u a tion of the avail able fos sil re cord. The pre cise strati -
graphic po si tion of fau nal as sem blages is of great im por tance
for the cor rect in ter pre ta tion of mi gra tion events and evo lu tion
of par tic u lar taxa/lin eages in Eu rope dur ing the Pleis to cene
(Wag ner et al., 2017).

One such lo cal ity is the Jasna Strzegowska cave, long
known. Ex ca va tions of this cave pro vided abun dant ma te rial of
birds and mam mals (Sawicki, 1949, 1953; Miros³aw- Gra -
bowska and Cyrek, 2009; Stefaniak et al., 2009; Nadachowski
et al., 2016; Ratajczak et al., 2016). How ever, most of the bone
re mains have never been stud ied in de tail, and so far only birds
and her bi vores have been de scribed (Bocheñski et al., 2012;
Stefaniak, 2015; Nadachowski et al., 2016; Ratajczak et al.,
2016). For this rea son, the fau nal list is fairly in com plete and
should be treated as pre lim i nary. Among car ni vores, only the
pres ence of Ursus sp. and Ursus spelaeus has been men -
tioned, but with out de tailed de scrip tion (Stefaniak et al., 2009).
The pres ent pa per pro vides a de tailed de scrip tion of the bear
ma te rial from the old est de pos its of the Jasna Strzegowska
cave to gether with a dis cus sion of tax o nomic and strati graphic
is sues.

SITE

Jasna Strzegowska cave (50°24’54” N 19°41’32” E,
430 m a.s.l., no. 394 in Kowalski, 1951 and no. IV.D.2 in
Szelerewicz and Górny, 1986), also known as Jasna cave or
Jasna w Strzegowej cave, is sit u ated in the Jamy rock near the
Strzegowa-Kolonia (Okupniki) vil lage (com mune Wolbrom,
Olkusz county, Ma³opolska Voivodeship; Fig. 1). His tor i cally,
the rock is de scribed as “Jamy” and is sit u ated in the
Smoleñsko-Niegowonickie range of the Pol ish Jura, the east -
ern most part of Silesia. The cave was formed in an iso lated
lime stone hill, and filled with de pos its >2 m thick. With a to tal
length of 85 m, the cave in cludes two cham bers and a small
cor ri dor, and the main en trance is north-fac ing. The cham ber,
~100 m2 and 8 m high, is the larg est pre served cave cham ber in 
the mid dle part of the Pol ish Jura (Stefaniak et al., 2009).

This lo cal ity has long been known and was first men tioned
by Przesmycki (1912). In 1947–49, ex ca va tions at the en trance 

and in the main cham ber were con ducted by L. Sawicki. Dur ing
this ex plo ra tion, the de pos its were com pletely re moved. In a
short lithological de scrip tion, based on field stud ies, the fol low -
ing lay ers were dis tin guished: layer 1 – rocky lime stone; layer 2
– grey clay with de tri tus; layer 3 – de tri tus loam; layer 4 – soil
with dark grey loam; layer 5 – me dium-grained, yel low-brown
sands con tain ing bones and flint artefacts; layer 6 – typ i cal light
loess; layer 6a – darker loess with scat tered lime stone frag -
ments; layer 7 – Neo lithic layer, old de posit sur face; layer 7a –
loess burnt in the bot tom of a Neo lithic hearth; layer 8 – ta lus. In
ad di tion to fau nal re mains, a few flint artefacts were also found
(Sawicki, 1953).

In 1991–1994, K. Cyrek car ried out ex ca va tions in a cor ri dor 
called Lisie Jamy, not ex ca vated by L. Sawicki (Rybicka and
Cyrek, 1997). In the 2 m deep pro file, six lay ers were dis tin -
guished: layer 1 – red ero sion loam; layer 2 – rounded and
chem i cally eroded rub ble; layer 3 – amor phous loess with sand
lenses and a sin gle rub ble layer; layer 4 – sandy loam with di -
verse rub ble; layer 5 – loess with ad mix ture of sand and
sharp-edged rub ble; layer 6 – sandy-loess Ho lo cene hu mus.
The de pos its  in cluded hi a tuses, with the old est layer 2 dat ing
back to MIS 6, layer 3 to MIS 5e, layer 6 to MIS 2, and layer 7 to
MIS 1 (Miros³aw-Grabowska and Cyrek, 2009). A pro duc tion
set tle ment with flint hatch ets was dis cov ered above the cave, at 
the top of the rock. The ex ca va tions pro vided, in ad di tion to an i -
mal re mains, nu mer ous flint artefacts rep re sent ing four Palaeo -
lithic (Aurig na cian, Mous terian, Ach eul ian and Gra vet tian) and
one Neo lithic (Lengyel cul ture) level (Sawicki, 1949, 1953;
Miros³aw-Grabowska and Cyrek, 2009; Stefaniak et al., 2009).

MATERIAL AND METHODS

Mea sure ments of the fos sils were taken point to point, with
an elec tronic cal li per, to the near est 0.1 mm. Each value is the
mean of three mea sure ments. A stan dard scheme for mea -
sure ments was ap plied and mod i fied from Hilpert (2006) and
Argant (2010) and is shown in Fig ure 2. Osteological and den tal 
ter mi nol ogy fol lows Baryshnikov (2007) and the stan dard
scheme for teeth mea sure ments was ap plied and mod i fied from 
Baryshnikov (2007) and shown on Fig ure 2.

The def i ni tion and sub di vi sions of the Qua ter nary fol low
Gibbard and Co hen (2008) and Gibbard and Head (2009a, b).
The def i ni tion and sub di vi sions of mam mal zones and their cor -
re la tion with the chronostratigraphic scale as well as with
MN-zones fol low Kahlke et al. (2011). The no men cla tur al cod i fi -
ca tion fol lows the 4th edi tion of the In ter na tional Code of Zoo -
log i cal No men cla ture (ICZN, 1999). Cap i tal and low er case let -
ters, C/c (ca nines), I/i (in ci sors), P/p (pre mol ars), and M/m (mo -
lars), re fer to up per and lower teeth, re spec tively.

The bones of Pleis to cene bears from the fol low ing sites
were used as com par a tive ma te rial:

1. Ursus etruscus: Dmanisi (Medin et al., 2019); Fuente
Nueva 3 (Medin et al., 2017); Monte Argentario
(Petrucci and Sardella, 2009); Olivola (Mazza and
Rustioni, 1992); Pietrafitta (Mazza and Rustioni, 1992);
Pirro Nord (Petrucci et al., 2013); Saint Vallier and
Senéze (Mazza and Rustioni, 1992; Argant, 2004);
Trlica (Vislobokova and Agadjanian, 2015); Tsiotra
Vryssi (Koufos et al., 2018); Valdarno (dif fer ent sites,
Mazza and Rustioni, 1992); Venta Micena (Medin et al.,
2017).

2. Ursus ex gr. arctos (sensu Rabeder et al., 2010):
Deutsch Altenburg (Rabeder et al., 2010); Po³udniowa
cave; Sackdilling cave; Trinchera Dol ina 4 (Gar cia and
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Fig. 1. Lo ca tion of the Jasna Strzegowska cave 
(in di cated by star) in Eu rope



Arsuaga, 2001); Untermassfeld (Musil, 2001); West
Runton (Lewis et al., 2010).

3. Ursus deningeri: Cha teau (Athen, 2007); C 718 cave,
Chlum 1 and 4 caves (Wag ner and Èermák, 2012);
Eichorn cave (Athen, 2007); Gombasek (Gombaszög),
Konìprusy caves, and Kövesvárad (Wag ner and
Èermák, 2012); Kozi Grzbiet (this work), Mosbach 2
(Athen, 2007); Petralona cave (Kurtén and Poulianos,
1977); Stránská Skála (Musil, 1972); Tunel Wielki cave
(this work); West bury-sub-Mendip (Athen, 2007).

RESULTS

All ma te rial stud ied is stored at the In sti tute of Sys tem at ics
and Evo lu tion of An i mals, Pol ish Acad emy of Sci ences,
Kraków. The pub li ca tion con cerns only ma te rial from the old est
lay ers of the cave. Most of the ma te rial co mes from clay loam
and the ad ja cent layer of anal o gous de bris. That is, they come
from mixed lay ers. M2 and mc 3 come from a layer of red clay
with rock rub ble, while a smaller m1 was from the bot tom layer
of lime stone de bris with red silt. Ad di tion ally, a left mt 2 was
found in the lower part of the loess with rock rub ble from the
front of the in side part of the cham ber.

The ursid ma te rial from Jasna Strzegowska cave com -
prises 24 spec i mens. Among them, left C1, right M2, and 16
postcranial el e ments (right calcaneus with out prox i mal epiph y -
sis, left mc 3, right mc 5, two left mt 2, right triquetrum, right tra -
pe zium, right navicular, right hamatum and seven, mostly
strongly dam aged pha lan ges were as signed to U. etruscus (to -
tal 18 teeth and bones). All other re mains, namely five iso lated
teeth (right, worn I3, left C1, left and right m1 and crown frag -
ment of left m2) were clas si fied as U. deningeri. Fi nally, two milk 
ca nines, due to lack of any di ag nos tic met ric or mor pho log i cal
fea tures, were ten ta tively iden ti fied as Ursus sp.

URSUS DENINGERI VON REICHEANU, 1904

A sin gle right I3 (ISEZ MF/7399) from the Jasna
Strzegowska cave is rep re sented only by a dam aged crown, with 
bro ken buccal part and small part of the root. This large,
caniniform in ci sor has the crown sit u ated at an an gle of 40° to the 
axis of the root; the crown it self ap pears in the me dial-lin gual part
of the point. In terms of its cross-sec tion, the crown is com -
pressed in a lon gi tu di nal di rec tion. The me dial and dis tal ridges
ap pear less sharply in its apex area than in the U. etruscus.
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Fig. 2. Scheme of mea sure ments of bear teeth and postcranial bones

M2: L – to tal length, L pa – paracone length, L me – metacone length, Ba – trigon breadth, bp – talon breadth; m1: L – to tal length, L tri –
trigonid length, E1 – entoconid 1 length, E2 – entoconid 2 length, Ba – trigonid breadth, Bp – talonid breadth; metapodials (mc 1, mc 5, and
mt 2): L – to tal length, pL – prox i mal epiph y sis depth, pB – prox i mal epiph y sis breadth, mL – anteroposterior shaft length, mB – min i mal shaft 
breadth, dL – dis tal epiph y sis depth, dB – dis tal epiph y sis breadth



The dis tal edge grad u ally rises against the lin gual crown
sur face. A lit tle be low the tip, the me dial edge di vides down -
wards into two di ver gent parts, which en close a gus set-like de -
pres sion. How ever, this di vi sion tends to be more clearly vis i ble
than that of U. etruscus. The me dial and dis tal edge bends or
kinks at the base lin gually and merges into a cingulum that
terms in side of the en tire tooth. The I3 from Jasna Strzegowska
cave has a well-de vel oped lin gual edge and a fossa lunaris
which oc curs as a clearly vis i ble pit on the mesial side of the
tooth. The cingulum in U. etruscus is very weak and some times
ab sent. In stan dard I3 of mid-late Mid dle Pleis to cene U. denin -
geri, the an te rior and pos te rior edges de limit a some what re -
cessed field with the lin gual cingulum. In the hol low, small side
stools of ten de velop on the me dial base of the main cusp and
oc ca sion ally on its dis tal base. The me dial stool al ways rises at
the point where the lin gual part of the edge joins the cingulum. It 
tends to be less sharply op posed to this than to the down ward
in cli na tion of the main point stacked side stools on the dis tal
base. The up per one is sep a rated from the de scend ing edge by 
a notch, the lower one seems to rep re sent an el e va tion of the
cingulum. This stool-like el e va tion of the cingulum ap par ently
has a lo cal bulge in the base of the crown, while the other cusp
is oth er wise be low the dis tal edge and tends to reach the deep -
est one.

The de vel op ment of I3 from Jasna Strzegowska cave is
sim i lar to that of U. deningeri; this spec i men also dif fers from
spelaeoid bears in a less de vel oped lin gual edge and fossa
lunaris, lack of any ad di tional enamel struc tures, and over all a
less mas sive and more curved crown. As for the I3 of
U. a. sues sen bor nensis, there is no lin gual edge and no fossa
lunaris, which are pres ent on the tooth ana lysed. The mea sured 
spec i men (length 12.78 mm, breadth 10.97 mm) lies within the
range of U. deningeri, while I3 is larger and more mas sive than
the I3 of U. etruscus (Figs. 3 and 4; Ta ble 1). Only the larg est I3
of U. etruscus matches in size the I3 from Jasna Strzegowska
cave, but mor pho log i cal fea tures ex cluded as sig na tion to this
spe cies.

There are two m1 of dif fer ent sizes. Di men sions of the
smaller, right m1 (ISEZ MF/7402) fall into the vari abil ity of ex -
tant U. a. arctos and small teeth of U. deningeri, and are much
smaller than m1 of U. ex gr. spelaeus and U. a. priscus. The lin -
gual mar gin is straight, while the an te rior one is sharply pointed. 
The buccal mar gin of the trigonid is slightly con vex, and gently
link with the talonid which is mod er ately en larged. The tooth is
elon gate and mod er ately wide. All main cusps are con nected
by a thick crest which fol lows the tooth out line. The talonid
cusps are sit u ated at mod est dis tances from each other. The
para- and protoconid form an open an gle. There is one, mod er -
ately large metastylid on the crest be tween the para- and
metaconid (morphotype 1). A sin gle large metaconid is con -
nected with the mesial metastylide which is turned me di ally.
The dou ble entoconid is com posed of a large, dom i nant
entoconid 1 and strongly as so ci ated with entoconid 2. The en -
tire entoconid com plex forms a grad u ally de scend ing crest with
entoconid 2 bear ing a lon ger, fur ther di ver si fied mesial arm
(morphotype A2). Be fore entoconid 2 a ru di men tary cusplet can 
be de tected, but it is prob a bly not re lated to the entoconide
com plex. A clearly vis i ble, dou ble and rounded entyphoconid
oc curs be tween the hypo- and entoconid. On the in te rior slope
of the hypoconid, two very del i cate pil lar-like re in force ments oc -
cur; how ever there are poorly de vel oped, so there are nei ther
entoconid pil lars, nor mesoconid and me dian crests. The low
and elon gated hypoconulid is poorly de fined, and the cingulum

is weakly de vel oped. Mea sure ments: 1 – 25.8 mm, 2 –
14.5 mm, 3 – 11.4 mm, 4 – 10.0 mm, 6 – 13.2 mm.

The sec ond left m1 (ISEZ MF/7401) is larger and its size
falls within the vari abil ity of U. deningeri, U. ex gr. spelaeus and
U. a. priscus, and ex ceeds the val ues of ex tant U. a. arctos. The 
buccal mar gin of the trigonid is al most straight, while the lin gual
one is slightly con vex at the con nec tion with the talonid, and its
an te rior mar gin is blunt. The wide talonid rises con sid er ably
from the trigonid and its buccal mar gin forms a semi-cir cu lar
arch, while the lin gual mar gin is only slightly con vex. The tooth
looks elon gate and mod er ately mas sive. All main cusps are
con nected by a thick and low crest which fol lows the tooth out -
line. The talonid cusps are sit u ated quite some dis tance from
each other. The para- and protoconid form an open an gle, but
the V-shaped val ley that dis tin guishes both cusps is much nar -
rower and deeper. There is one, large metastylid on the crest
be tween the para- and metaconid (morphotype 1). A sin gle
large metaconid is con nected with the mesial metastylid, which
is ori ented me di ally. The tri ple entoconid con sists of a large,
dom i nant entoconid 1, strongly as so ci ated with entoconid 2 and 
smaller entoconid 3 (morphotype A3). The en tire entoconid
com plex forms a grad u ally de scend ing crest with the entoconid
3 bear ing a long, fur ther di ver si fied mesial arm. A sin gle and
elon gated entyphoconid oc curs be tween the hypo- and
entoconid. On the in te rior slope of the hypoconid, there are a
few del i cate pil lar-like re in force ments, while there are no
entoconid pil lars, no mesoconid and no me dian crests. A low
and elon gated hypoconulid is re cog nis able, and a cingulum is
weakly de vel oped. Mea sure ments: 1 – 29.4 mm, 2 – 16.2 mm,
3 – 6.3 mm, 4 – 3.3 mm, 5 – 11.8 mm, 6 – 15.3 mm. The larger
tooth from Jasna Strzegowska cave fits well with the size range
of U. deningeri, while the smaller one is in the range of U. a.
suessenbornensis; both teeth clearly ex ceed the di men sions of
m1 of U. etruscus (Figs. 3 and 4; Ta ble 1).

Be cause of their mor phol ogy, both m1 from Jasna
Strzegowska cave were pre vi ously at trib uted to Ursus sp. or
Ursus spelaeus. Our anal y sis showed that both these teeth
should be clas si fied as be long ing to U. deningeri based on: (1)
the entoconid com plex (ad e quately dou ble and tri ple) form ing a
grad u ally de scend ing crest with the larg est entoconid 1, and
with entoconid 2 bear ing a long, fur ther di ver si fied, mesial arm;
(2) the mesial metastylid ori ented me di ally from the metaconid;
(3) the main cusps, es pe cially on the talonid, are placed far ther
away than in the arctoid bear; (4) the buccal wall of the trigonid
bulges (very gently in the smaller m1, more vis i bly in the larger
tooth) at the metaconid/metastylid bound ary; (5) the dis tal part
of the paraconid is less me dial-wards turned and has a more
lat er ally ex tended me dial slope; (6) a rel a tively wide talonid. Si -
mul ta neously, their clas si fi ca tion as U. ex gr. arctos should be
re jected, even if some morphometric val ues show sim i lar ity to
those of this bear. Both teeth lack some fea tures typ i cal of U. ex
gr. arctos: (1) the dou ble entoconid com plex is usu ally com -
posed from a large dom i nant entoconid 1 and much smaller
entoconid 2 with a short mesial arm; (2) lack of con ti nu ity be -
tween the mesial metastylid and the metaconid; (3) wider place -
ment of the talonid cusps; (4) more sharply pointed an te rior
mar gin which is blunt in arctoid bears; (5) the mesial metastylid
con tin ues mesially or mesio-lat er ally; (6) the buccal wall is
straight, with out ap par ent bulg ing on the metaconid/metastylid
bound ary; (7) the dis tal part of the mesially shifted paraconid is
turned more me di ally; (8) the talonid in re la tion to the trigonid is
not so ex panded and is mod er ately broad.
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Fig. 3. Teeth of ursids from Jasna Strzegowska cave

 Ursus deningeri: 1 – left C1 (ISEZ MF/7400), 3 – left m1 (ISEZ MF/7401), 4 – right m1 (ISEZ MF/7402), 6 – right I3 (ISEZ MF/7399);
Ursus etruscus: 2 – left C1 (ISEZ MF/7395), 5 – right M2 (ISEZ MF/7394) (occlusal view); all teeth shown at the same scale, scale bar

20 mm; a – buccal view, b – lin gual view, c – occlusal view
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Fig. 4. Length of teeth and metapodials plot ted against dif fer ent breadth mea sure ments (B – breadth, Ba – an te -
rior breadth, Bp – pos te rior breadth, mB – min i mal shaft breadth) based on Early and early Mid dle Pleis to cene
ma te rial of Ursus etruscus, Ursus ex gr. arctos, Ursus deningeri and Ursus from Jasna Strzegowska cave



URSUS ETRUSCUS CUVIER, 1823

There are two iso lated ca nines among the bear ma te rial
from Jasna Strzegowska cave, both well-pre serve; only the
smaller one (ISEZ MF/7395) has the tip shred ded off. Based on
the rel a tively weak cur va ture of the crown and the less el lip ti cal
shape of the root, the small iso lated ca nine can be re garded as
a lower ca nine. The larger tooth (ISEZ MF/7400) is strong and
ro bust (length 24.5 mm, breadth 20.2 mm), curved mod er ately
dis tally and weakly flat tened bucco-lin gually. The crown in re la -
tion to the root is pro por tion ally short, with smooth dis tal edges,
which are ac com pa nied by hol lows. Smaller tooth (length
19.7 mm, breadth 14.6 mm) dif fers in some mi nor mor pho log i -
cal fea tures.

Be cause of the lack of clearly de fined di ag nos tic char ac ters, 
it is not easy to dis tin guish dif fer ent bear forms by their ca nines.
Ad di tion ally, in con trast to the cheek teeth, ca nines are highly
di mor phic. In the ma te rial from Mosbach 2 (600–550 ka), the
up per ca nine breadth was 17.3–20.5 mm in XX (n = 8 ) and
13.3–16.7 mm in CC (n = 10; Baryshnikov, 2006). The sub stan -
tial size dif fer ence be tween the two ca nines from Jasna
Strzegowska cave might be in ter preted as a sign of sex ual di -
mor phism. We can dis tin guish U. deningeri and U. etruscus by
their av er age size val ues. These mea sure ments re flect that
U. deningeri pos sessed more ro bust ca nines than U. etruscus,
the sex ual di mor phism in ca nine size in U. deningeri be ing more 
de vel oped. How ever, there is also an over lap, and XX ca nines
of U. etruscus can be placed within the size range of CC ca -
nines of U. deningeri (Figs. 3 and 4; Ta ble 1).

How ever, we also found some mor pho log i cal fea tures
which al low us to at trib ute both ca nines to dif fer ent taxa. The
small size and rel a tively slen der build can not give a clear an -
swer as re gards tax o nomic at tri bu tion. How ever, the smaller ca -
nine pos sesses some ad di tional, more arctoid-like char ac ter is -
tics which oc cur also in U. etruscus, but in U. deningeri are

much rarer or more weakly de vel oped. Firstly, the root is elon -
gated and less mas sive in deningeroid and spelaeoid bears,
while it is shorter and more mas sive in arctoid bears, a fea ture
also noted for U. etruscus. The sec ond char ac ter is the pres -
ence of a thin, well-de vel oped in ner enamel crest run ning along
the en tire crown length, from the top to the base; this is typ i cal of 
arctoid bears (Rode, 1935). While some au thors doubt that this
fea ture al lows clear dis crim i na tion, our ob ser va tions show that
it oc curs in early Mid dle Pleis to cene U. deningeri only rarely,
and is weakly de vel oped. The last char ac ter is the blunt top of
the larger ca nine, while up per ca nines of arctoid bears usu ally
en in sharp points. Un for tu nately, the case smaller ca nine has a 
worn top so it is im pos si ble to de tect this fea ture. Based on the
rea sons noted above, we at trib ute the larger ca nine (ISEZ
MF/7400) from Jasna Strzegowska cave to U. deningeri and
the smaller one (ISEZ MF/7395) to U. etruscus.

An iso lated M2 (ISEZ MF/7394) be longs to an adult an i mal,
and no fine mor pho log i cal struc tures are pre served due to
abra sion. The crown has an elon gated oval out line, with all
main cusps low and ex panded, so the chew ing sur face is broad
and low (1 – 32.1 mm, 2 – 9.8 mm, 3 – 8.9 mm, 4 – 18.7 mm, 5 – 
16.3 mm). In occlusal view, the tooth pos sesses a broad and
much ex panded trigon as well as a very short talon, which
quickly nar rows. The buccal wall of the larg est cusp, the
paracone, forms a rect an gu lar, smooth area which rises gently
to the buccal mar gin. The lin gual wall forms a much smaller but
sim i larly smooth area. The smaller and mor pho log i cally sim i lar
metacone is sep a rated from the paracone by a wide, shal low
and U-shaped val ley. A thick, well-de fined ridge rises from the
apex of the metacone to the trigon. The lin gual main cusp, the
protocone, is elon gate and low, while the mesocone and
hypocone are weakly de vel oped, low and rounded. All three
cusps are closely as so ci ated, and their api ces are con nected
by a thin ridge. The an te rior part of the protocone is con nected
with the an te rior ridge which forms a thick and high wall, which
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JSJ JSJ
U. ex gr. arctos U. etruscus U. deningeri

M vari a tion N M vari a tion N M vari a tion N

I3

L 12.8 10.4 6.0–13.8 18 12.5 10.9–14.2 30

B 11.0   9.1 6.3–11.6 18 11.1 8.8–13.1 30

B/L 86.0 88.5 74.6–105.0 18 88.9 78.0–109.2 30

C1

L 24.5 19.7 20.6 14.2–27.6 60 22.6 18.0–31.4 40

B 20.2 14.6 14.0 11.0–18.2 60 17.3 14.3–22.4 40

B/L 82.5 74.0 68.0 58.0–84.0 60 77.0 65.2–87.0 40

M2

L 32.1 40.0 33.7–45.0 23 32.0 24.2–40.7 74 40.9 34.9–50.1 47

Ba 18.7 20.6 16.8–23.0 23 17.8 14.9–21.7 74 20.8 17.1–24.2 47

Ba/L 58.3 51.7 46.5–57.5 23 56.2 49.0–79.3 74 51.1 44.0–60.1 47

m1

L 25.8 29.4 25.8 22.9–29.5 18 24.0 20.9–28.2 59 27.5 24.2–31.5 42

Bp 13.1 15.3 11.5 8.7–13.9 18 10.7 8.1–13.0 59 13.3 11.2–18.1 42

Bp/L 50.8 52.1 44.4 36.9–49.4 18 44.8 34.1–54.2 59 48.3 41.5–60.5 42

 JSJ – Jasna Strzegowska cave, L – length, B – breadth, Ba – an te rior breadth, Bp – pos te rior breadth

T a  b l e  1

Length of teeth and in di ces dis tin guish ing dif fer ent bear spe cies based on Early and early Mid dle Pleis to cene
ma te ri als of Ursus etruscus, Ursus ex gr. arctos, Ursus deningeri and Ursus from Jasna Strzegowska cave



col lars the an te rior parts of the talon and the paracone, but is
not con nected with this cusp. De spite the trigon broad ness, the
in ner field is elon gated but nar row and al most smooth. The
tooth bears an mod er ately de vel oped cingulum ap prox i mately
be low the protocone com plex and an te rior half of the hypocone
on the lin gual side, and be low the paracone on the buccal one.
These two parts were con nected by a mesial mar gin. There is
no parastyle pres ent at the con tact be tween the mesial mar gin
and paracone but the cingulum gets stron ger in this re gion. No
ac ces sory cusps are ev i dent on the buccal side. A dis tal
cingulum is weakly de vel oped, form ing a low ridge, which col -
lars al most the en tire talon, but is not con nected with the
metacone. The rounded and re stricted talon field is smooth,
with only a few, weakly de vel oped lines.

A mor pho log i cal anal y sis ac cord ing to Rabeder (1999)
shows a very low stage of evo lu tion and high prim i tiv ism of the
tooth ana lysed. All morphotypes char ac ter is ing the M2 were re -
garded as the most prim i tive ones: parastyle – A1, mesostyle –
0, paracone pil lar – A, metaloph – 0, posterolophe – 0, talon
field – A, metastyle – 0, posthypocone – 0, dis tal cingulum – A,
protocone in ter nal slope – 0, lin gual cingulum – 0. The M2 from
Jasna Strzegowska cave is as prim i tive as all com par a tive
spec i mens of U. a. suessenbornensis and more prim i tive than
the M2 of U. deningeri in all in di vid ual char ac ter is tics. In size,
the tooth matches well the U. etruscus range and lies out side
those of both U. deningeri and U. a. suessenbornensis (Figs. 3
and 4; Ta ble 1).

The right calcaneus (ISEZ MF/7398) is strongly dam aged,
with half of the tu ber calcanei and the me dial pro cess chipped
off; there fore it is im pos si ble to es ti mate the max i mum length or
breadth of the bone (Fig. 5). How ever, the re main ing part, and

com par i son with the com plete calcanei of other bears, al lows
es ti ma tion of the to tal length as ~70–80 mm. This value lies in
the range of deningeroid bears, and is also com pa ra ble with re -
cent U. a. arctos and U. etruscus di men sions. Apart from the
size, the mor phol ogy dif fers slightly from the calcaneus of
deningeroid bears. The me dial pro cess is broad but rel a tively
short, tri an gu lar and sit u ated al most ver ti cally to the cor pus,
which is very mas sive in the an te rior-pos te rior di rec tion. Al most
the en tire sur face of the me dial pro cess is cov ered by an oval,
broad and shal low fa cies articularis astragali medialis. The lat -
eral pro cess forms a thin and high crest run ning from the dis tal
end to half way along the cor pus. Run ning transversally, the
broad and shal low fa cies articularis astragali lateralis is sep a -
rated from the fa cies articularis astragali medialis by a deep and 
wide groove. An oval and deep fa cies articularis cuboidea is
con nected dis tally with the fa cies articularis astragali medialis.
The cres cen tic and flat sulcus tendinis musculi flexoris hallucis
longis is elon gate and me di ally wid ened. In com par i son to the
calcaneus from Jasna Strzegowska cave, the heel bone of the
deningeroid bear dif fers by the fol low ing fea tures: (1) the me dial 
pro cess is elon gate and rect an gu lar, with the dis tal end ori ented 
more me dial-prox i mally; (2) the fa cies articularis astragali
medialis placed on the me dial pro cess is rect an gu lar, rather flat
and its mar gin forms a thin but sharply pointed ridge, which col -
lars the whole sur face; (3) the lat eral pro cess is more pro -
nounced, the flat fa cies articularis astragali medialis be ing lon -
ger and run ning more obliquely; (4) the fa cies articularis
cuboidea is shal lower and does not con tact with the fa cies
articularis astragali medialis.

The well-pre served, left mc 3 (ISEZ MF/7392) is a small and 
pro por tion ally gracile bone (1 – 64.5 mm, 2 – 19.9 mm, 3 –
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Fig. 5. Postcranial bones of Ursus etruscus from Jasna Strzegowska cave

1 – left mc 3 (ISEZ MF/7392), 2 – right mc 5 (ISEZ MF/7396), 3 – left mt 2 (ISEZ MF/7397), 4 – left mt 2 (ISEZ MF/7393), 5 – right
calcaneus (ISEZ MF/7398); scale bar 25 mm, a – dor sal view, b – ven tral view, c – outer view, d – in ner view, e – ar tic u la tion view



13.4 mm, 4 – 8.9 mm, 5 – 11.1 mm, 6 – 15.7 mm, 7 – 18.0 mm).
The prox i mal ar tic u la tion is set nearly at right an gles to the end
of the shaft, the dor sal face ex pand ing con sid er ably more than
the pos te rior (Fig. 5). It is ver ti cally con vex, trans versely
concavo-con vex. On its in ner side, there is a broad oval sur face 
set on a tuberosity for ar tic u la tion with the over hang ing por tion
of the mc 2. These two ar tic u lar sur faces are di vided from each
other by a well-marked ridge. On the ex ter nal side, there are
two con cave sur faces which over hang and ar tic u late with the
mc 4. They are not so deeply con cave, and are more con flu ent
than those of the mc 2. On the an te rior sur face, a shal low
groove of the prox i mal epiph y sis runs di ag o nally, and the trap e -
zoidal lig a ment was at tached to its up per part. The en tire head
of the bone is rough ened for the re cep tion of the lig a ments bind -
ing the bone to the car pus and its fel low meta carp als. The shaft
pres ents a tri an gu lar sec tion prox i mally, and it is nearly cir cu lar
in the mid dle and dis tally. A slight pal mar ridge is de vel oped be -
hind, at the point where it joins the dis tal ar tic u la tion, and it is
flat tened in front. The dis tal epiph y sis is bulb-shaped, and di -
vided from the epiphyseal line of the shaft by deep dor sal and
lat eral de pres sions. The dis tal ar tic u la tion is epiphyseal and
sym met ri cal, hav ing the in ner tuberosity larger than the ex ter nal 
one. On the pal mar or in fe rior sur face, they de velop a short
ridge along the me dian line. This line fits into the pal mar notch
of the first pha lan ges. On ei ther side of it lies a sesamoid bone
to which al most all ten dons of the adductor and flexor mus cles
were fixed, for the move ment of the meta carp als. At the point
where the shaft joins the dis tal end, there is a tuberosity which
catches the sides of the phalangeal ar tic u la tions. In gen eral ap -
pear ance, the dis tal ar tic u la tion is al most straight on the in ner
side and strongly curved on the ex ter nal side.

In size, mc 3 (ISEZ MF/7392) from Jasna Strzegowska
cave falls within the low er most val ues of U. deningeri and
U. etruscus, and is smaller from that of U. a. suessenbornensis
(Figs. 4 and 5; Ta ble 2). Its pro por tions are com pa ra ble with
those of U. deningeri and U. etruscus, how ever the plump ness
in dexes for the shaft and dis tal epiph y sis is closer to the sec ond 
spe cies. Mor pho log i cally, the mc 3 ana lysed dif fers slightly from 
that of U. deningeri in two less ex panded con cave sur faces on
the prox i mal end for the con tact of mc 4.

An in tact, right mc 5 (ISEZ MF/7396) is the larg est and the
most mas sive among all four pre served from Jasna
Strzegowska cave (1 – 74.5 mm, 2 – 27.0 mm, 3 – 24.6 mm, 4 – 
11.6 mm, 5 – 16.0 mm, 6 – 19.0 mm, 7 – 23.7 mm), with the
prox i mal epiph y sis strongly thick ened and flat tened (Fig. 5).
The prox i mal ar tic u la tion for the hamatum forms a con tin u ous
sur face with that of mc 4, and like it is con vex only in ver ti cal di -
rec tion and cov ers the en tire end of the bone. The inter-meta -
car pal ar tic u la tion is flat tened, seg men tal in form, set at right
an gles to that for the hamatum, and in ter rupted in fe ri orly by a
large ligamentary notch. In front it rises to an ar tic u lar sur face,
which fits into a cor re spond ing hol low in mc 4. Both prox i mal ar -
tic u la tion fac ets for the carpals IV–V run gently from an te rior to
pos te rior and pro tract me di ally. The me dial ar tic u la tion sur face
(for mc 4) shows two round lobes. The larger, an te rior, lobe
runs down dis tally into a tri an gu lar area. Ex ter nally, its head
pres ents a large tuberosity which af forded at tach ment to the
strong lig a ments that bound the bone to the hamatum, cu ne i -
form, and pisiform. On the pal mar sur face, there is also a large
tuberosity. The prox i mal epiph y sis is deeply con vex and the an -
te rior limit ends in an acute an gle. Lat er ally, it de vel ops a bulge
and forms a semilunar con vex sur face. The shaft is pro por tion -
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JSJ JSJ
U. ex gr. arctos U. etruscus U. deningeri

M vari a tion N M vari a tion N M vari a tion N

mc 3

L 64.5 83.7 77.8–90.1 3 67.1 64.5–70.4   5 76.2 64.4–96.6 62

pB 13.4 19.9 16.5–23.4 3 14.5 12.3–16.8   5 18.3 15.0–23.6 62

mB 11.1 15.2 12.7–17.0 3 11.0 9.5–13.0   5 14.8 12.4–18.6 62

mB/L 17.2 15.2 14.3–16.0 3 14.3 12.4–17.3   5 16.1 12.8–19.5 62

dB 18.0 23.3 20.2–26.0 3 17.4 15.8–19.3   5 22.7 19.6–27.5 62

dB/L 27.9 27.8 26.0–29.1 3 25.8 23.9–27.4   5 30.0 26.5–35.5 62

mc 4

L 74.5 77.0 67.9–86.1 2 76.5 63.0–81.8 10 81.0 70.4–98.3 58

pB 24.6 23.7 20.5–27.0 2 23.4 20.1–25.3   9 28.7 24.1–36.6 58

mB 16.0 12.3 8.2–16.3 2 14.1 11.1–16.0 10 16.6 10.9–21.0 58

mB/L 21.5 15.5 12.1–19.0 2 18.7 15.7–21.2 10 20.5 13.8–24.3 58

dB 23.7 23.0 19.8–26.1 2 20.8 17.5–23.0 10 16.6 10.9–21.0 58

dB/L 31.8 29.7 29.1–30.3 2 27.9 26.1–30.1 10 33.5 29.2–33.5 58

mt 2

L 57.8 62.7 75.1 71.7–78.6 2 64.6 54.0–76.9   8 66.2 54.8–90.0 54

pB 10.5 13.3 15.4 14.0–16.7 2 13.9 10.0–17.7   8 15.2 10.9–21.6 54

mB 10.9 12.4 15.2 14.0–16.4 2 10.1 7.9–13.2   8 12.5 8.8–17.1 54

mB/L 18.9 19.8 20.2 19.5–20.9 2 15.5 13.0–18.5   8 18.9 14.6–23.6 54

dB 17.2 16.7 22.5 21.9–23.2 2 17.5 12.5–21.1   8 19.5 15.8–27.6 54

dB/L 29.8 26.6 30.0 29.5–30.5 2 27.1 23.2–29.2   8 29.4 24.8–34.0 54

JSJ – Jasna Strzegowska cave, L – length, pB – prox i mal breadth, mB – min i mal shaft breadth, dB – dis tal epiph y sis
breadth

T a  b l e  2

Length of metapodials and in di ces dis tin guish ing dif fer ent bear spe cies based on Early and early Mid dle Pleis to -
cene ma te rial of Ursus etruscus, Ursus ex gr. arctos, Ursus deningeri and Ursus from Jasna Strzegowska cave



ally shorter and more ro bust than tri an gu lar in sec tion, to be
more ta per ing, and to arch more de cid edly in a pal mar and out -
ward di rec tion than any other meta car pal bone. The dis tal
epiph y sis is strongly con vex ex ter nally and con cave in ter nally,
and the outer tuberosity is larger and set lower on the bone than 
the in ner one. Its shape is de vel oped ac cord ing to the norm for
ursids and it is split into two parts of dif fer ent size by a crista.
The me dial part is nar rower, while the pal mar pro cess is large
and well de vel oped. In size, the mc 5 ana lysed is placed within
the range of U. deningeri, U. etruscus, and U. a. suessen -
bornensis (Figs. 4 and 5; Ta ble 2). The mas sive ness of this
bone slightly ex ceeds the val ues ob tained for U. etruscus, es -
pe cially the dis tal end. Mor pho log i cally, the mc 5 from Jasna
Strzegowska cave dif fers from that of U. deningeri in the shape
of the arch-like cur va ture which is less de vel oped while the dor -
sal sur face is more flat tened.

There are two well-pre served mt 2 from Jasna Strzegowska 
cave, which do not dif fer mor pho log i cally. The size dif fer ence is
a re sult of sex ual di mor phism, with the larger bone (ISEZ
MF/7397) be long ing to the male (1 – 57.8 mm, 2 – 20.5 mm, 3 – 
10.5 mm, 4 – 7.7 mm, 5 – 10.9 mm, 6 – 13.9 mm, 7 – 17.2 mm),
and the smaller (ISEZ MF/7393) to the fe male (1 – 62.7 mm, 2 – 
21.8 mm, 3 – 13.3 mm, 4 – 9.8 mm, 5 – 12.4 mm, 6 – 15.7 mm,
7 – 16.7 mm). The prox i mal ar tic u la tion is formed by a me dial
con cav ity that is fron tally bulged and pos te ri orly di rected to the
me dial side (Fig. 5). It also nar rows point edly in its pos te rior di -
rec tion, and has a tri an gu lar shape. Lat er ally, there are two
well-marked sur faces, both con cave and joined to mt 3. The
prox i mal ar tic u lar sur face for the cu ne i form I is pro nounced and
its me dian ridge is strongly shifted dor sally, while fron tally it is
en larged and curved. Me di ally, it forms a short con stric tion and
a dis tal bulge. The ar tic u lar sur faces for mt 3 are sep a rated
from each other, and the pos te rior one is much larger and
rounded. The prox i mal ar tic u la tion facet for tar sal II is com -
posed of two dif fer ent ar eas, clearly sep a rated by large,
well-de vel oped and rounded in ci sions that dif fer in size. An te -
rior part is strongly wid ened and curved, in shape a non-isos ce -
les tri an gle. The pos te rior part is smaller and rect an gu lar in
shape. An elon gate smaller in den ta tion is shifted to wards the
me dial side and is po si tioned cen trally. The larger in den ta tion is 
more oval-shaped, sit u ated more lat er ally and runs an te -
rior-me di ally. Me di ally, the ar tic u lar sur face is di vided into two
sides: fron tally, the first one is hor i zon tally elon gated, stretch ing 
out and slop ing to the me dial plane. Be hind, there is a flat and
short end to the sur face. Fron tally, there is one con cav ity, sim i -
lar to that de scribed on the pre vi ous bone. The me dial ar tic u la -
tion is di vided into two parts, a smaller an te rior and a larger pos -
te rior one. The ar eas are sep a rated by a semi-cir cu lar in ci sion,
strongly pleated at the base. The lat eral in den ta tion is sim i larly
de vel oped and also splits into two, dif fer ently-sized ar eas. The
me dial crest and a me dial ar tic u la tion facet slopes to wards the
me dial side, and these are quite shal low and elon gated. Mt 2
has a mas sive and curved diaphysis, front-dis tally flat tened and 
rect an gu lar. The dis tal ar tic u la tion is rel a tively large, rounded,
and ir reg u lar-shaped. The me dial epicondyle is more prom i nent 
than the lat eral one.

In size, both mt 2 from Jasna Strzegowska cave fell into the
size range of U. deningeri and U. etruscus, with the larger bone
near the mean of both spe cies (Figs. 4 and 5; Ta ble 2). Their pro -
por tions are also com pa ra ble with those of U. deningeri and U.
etruscus, how ever the plump ness in dexes for the shaft and dis tal 
epiph y sis are closer to deningeri. Mor pho log i cally, the mt 2 ana -
lysed dif fers from mt 2 of U. deningeri and U. etruscus by the fol -
low ing fea tures: (1) the prox i mal ar tic u lar facet of mt 3 be comes

smaller an te ri orly and the prox i mal ar tic u la tion slightly bends to -
wards the an te rior and lacks a deep in ci sion on the dor sal mar -
gin; (2) the ar tic u lar facet for the mt 3 is smaller an te ri orly.

INTERPRETATION AND DISCUSSION

Sawicki (1953) noted that most of the bones ex am ined from
the Jasna Strzegowska cave came from dif fer ent lay ers of the
cave, mainly 6 and 4, which were re-de pos ited from the bot tom
of the cave. The up per lay ers, rel a tively rich in fauna, rep re sent
the Ho lo cene and the Late Pleis to cene, as shown by dat ing of a
Saiga tatarica skull (13,630 ±70 years BP uncalibrated,
Poz-26122, Nadachowski et al., 2016). The cra nium came from 
loess de pos its un der a layer of soil (this is prob a bly layer 6 ac -
cord ing to Sawicki’s (1953) no men cla ture. The old est layer (ac -
cord ing to Sawicki (1953) layer 3-red-brown weath ered clay)
ac cord ing to Miros³aw-Grabowska and Cyrek (2009) came from 
prob a bly a warm and hu mid pe riod, most likely around the
bound ary of the Plio cene and early Pleis to cene. There is strong 
frost-dis tur bance of silt in both the up per and lower parts. Anal y -
sis of the de pos its show that they do not rep re sent a con tin u ous
suc ces sion and thus the in ter pre ta tion given is only ten ta tive.
The lower de pos its pre served in the Jasna Strzegowska cave
have char ac ters of typ i cal karst fill ings in the form of red-brown
clays. The li thol ogy of this layer, and es pe cially the high pro por -
tion of re sid ual clay, the high iron con tent and the oc cur rence of
mainly autogenic min er als in di cate de po si tion dur ing a warm
and hu mid pe riod, prob a bly at the Plio cene–Early Pleis to cene
bound ary (Miros³aw-Grabowska and Cyrek, 2009). Ad di tion ally, 
Sawicki (1953) ob served two lev els of frost dis tur bances in the
de pos its. The lower level in cluded an ex tru sion of sed i ments of
lay ers 2 and 3 and de for ma tion of layer 4. The up per level was
marked by the in tru sion of some layer 4 de pos its into the loess
lay ers (Miros³aw-Grabowska and Cyrek, 2009). Apart from the
ursid bones de scribed above, no older fau nal el e ments have
been found there. There fore, the ex act age of the ma te rial can -
not be es ti mated.

The tax o nomic po si tion of bear re mains from the Jasna
Strzegowska cave has been in ter preted dif fer ently in the past,
they be ing at trib uted to Ursus sp. or U. spelaeus (Sawicki,
1953; Miros³aw-Grabowska and Cyrek, 2009; Stefaniak et al.,
2009). The ma te rial is not abun dant, but is well-pre served, and
it was at trib uted to U. etruscus based on the re sults of mor pho -
log i cal anal y sis. From Po land, this spe cies has been men tioned 
only once from the Early Pleis to cene al lu vial de pos its of
Zadêbce (SE Po land; Prószyñski, 1952). Later au thors only
cited the first men tion (Kowalski, 1959; as Ursus sp. in Wolsan,
1989), but it has never been found again in Po land. Sim i larly,
ma te rial from Zadêbce was only men tioned as an ad vanced
form, at an evo lu tion ary level be tween that of Plio cene and
Pleis to cene bears (Prószyñski, 1952). How ever, the ma te rial
was never de scribed in de tail, so it is im pos si ble to com pare it
with the bones from Jasna Strzegowska cave.

U. etruscus ap peared in Eur asia ~2.2–2.0 Ma and is re -
garded as a typ i cal Early Pleis to cene fau nal el e ment and rep re -
sen ta tive of a new ur sine evo lu tion ary lin eage of Asi atic or i gin in 
Eu rope (Ta ble 3; Rustioni and Mazza, 1993a, b; Wag ner,
2010). Re mains of this bear have been found at many lo cal i ties
across Eur asia dated be tween 1.8–1.3 Ma, such as
Saint-Vallier (Viret, 1954; Argant, 2004), Puebla de Valverde
(Kurtén and Crusafon-Pairó, 1977) and Dmanisi (Medin et al.,
2019). In the evo lu tion ary his tory of this spe cies, four sub spe -
cies were de scribed: (1) U. e. saintvallierensis Baryshnikov,
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2007 (2.2–2.0 Ma, found in Saint-Vallier and La Puebla de
Valverde), char ac ter ized by rel a tively small teeth, M2 with a
nar row talon, m1 with a bi cus pid metaconid, and m2 with a short 
talonid; (2) U. e. etruscus Cuvier, 1823 (1.8–1.3 Ma, found in
Olivola and Pietrafita), dis tin guished by smaller an te rior pre mol -
ars and pos te rior mo lars larger than those in U. e. saint -
vallierensis, M2 with a com par a tively large talon, m1 with a bi -
cus pid metaconid, and m2 with a long talonid; (3) U. e. ve re -
scagini Sharapov, 1986 (2.0–1.7 Ma, found in Kuruksai), char -
ac ter ized by the pres ence of large teeth, com par a tively broad
M1 and M2, m1 with a monocuspid or bi cus pid metaconid, and
m2 with a mod er ately long talonid; and (4) U. e. vekuai
Baryshnikov, 2007 (1.9–1.7 Ma, Dmanisi) with teeth larger than
in other sub spe cies, with par tic u larly en larged M2, and m1 with
a bi cus pid metaconid (Baryshnikov, 2007; Medin et al., 2019).

Ac cord ing to Medin et al. (2019) the morphometric and mor -
pho log i cal vari abil ity dis played by the spec i mens from dif fer ent
lo cal i ties in Eu rope is not suf fi cient to sep a rate them into dif fer -
ent sub spe cies and the known vari abil ity can be at trib uted to

sex ual di mor phism. Au thors how ever, in gen eral terms, agree
with Baryshnikov (2007) in dis tin guish ing two main chrono -
subspecies, U. e. saintvallierensis and U. e. etruscus, with the
lat ter as an autochthonous de scen dent of the for mer form.

As for the evo lu tion ary re la tion ships of U. etruscus, there
are two main con cep tions. Ac cord ing to Mazza and Rustioni
(1992, 1994), and later Wag ner (2010), this bear was a highly
spe cial ized spe cies with out de scen dants. By con trast, most au -
thors have re garded U. etruscus as an an ces tor of arctoid and
spelaeoid bears (Madurell-Malapeira et al., 2015; Medin et al.,
2017, 2019). The main prob lem is that among the lat est re cords 
of U. etruscus, from which the spe cies was listed (some times
ten ta tively), only a few lo cal i ties have yielded abun dant ma te -
rial. The tax o nomic iden tity of these spec i mens is not an easy
task and some of them may rep re sent early arctoid forms
(Wag ner, 2010) or were even re cently re-de scribed as other
bear spe cies, e.g. those from Šandalja 1 (Wag ner et al., 2017).
In this con text, the lat est oc cur rences of U. etruscus, dated be -
tween 1.3 and 1.2 Ma: e.g. Monte Peglia (Basilici et al., 1991),
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Site Age [Ma] Llit er a ture

Saint-Vallier 2.2–2.0 Viret (1954); Argant (2004); Baryshnikov (2007)

Puebla de Valverde 2.2–2.0 Gautier and Heintz (1974); Kurtén and Crusafont-Pairó (1977)

Dafnero 1 2.0–1.9 Koufos and Kostopoulos (2016); Koufos et al. (2018)

Sesklon (cf.) 2.0–1.9 Symeonidis (1992); Koufos and Kostopoulos (2016); Koufos et al. (2018)

Chilhac 2 2.0–1.8 Boeuf (1997); Boivin et al. (2010)

Valdarno 1.9–1.8 Forsyth Ma jor (1887, 1890); Berzi (1966); Torre et al. (1993); Mazza and Rustioni (1992, 1994);
Rook et al. (2013)

Vassiloudi 1.9–1.8 Koufos and Kostopoulos (1997, 2016); Koufos et al. (2018)

Olivola 1.9–1.8 Mazza and Rustioni (1992, 1994)

Val di Magra 1.9–1.8 Forsyth Ma jor (1890); Mazza and Rustioni (1992, 1994)

Kisláng 1.9–1.7 Jánossy (1986)

Dmanisi 1.9–1.7 Vekua (1996); Medin et al. (2019)

Kuruksay 1.9–1.7 Sotnikova (1989)

Tegelen 1.8–1.7 New ton (1913); Bernsen (1932); Schreuder (1935, 1949); Erdbrink (1953)

Schernfeld 1.8–1.6 Dehm (1962a, b)

Montoussé 5 1.8–1.6 Clot et al. (1976), Clot and Duranthon (1990)

Senéze 1.8–1.6 Schaub (1943); Delson et al. (2006)

Trlica 1.8–1.6 Dimitrijeviæ (1990); Dimitrijeviæ et al. (2003); Vislobokova and Agadjanian (2015))

Tsiotra Vryssi 1.8–1.4 Koufos et al. (2018)

Marjan 1.8–1.5? Malez (1959, 1961)

Pietrafitta 1.7–1.6 Rustioni and Mazza (1993a, b)

¯abia cave 1.7–1.5 this pa per

Betfia 13 1.6–1.5 Terzea (1996)

Venta Micena 1.6–1.5 Martínez-Navarro (1991); Torres (1992); Madurell-Malapeira et al. (2015)

Valea Graunceanului 1.6–1.4 Radulescu et al. (2003)

Barranco León 1.5–1.4 Abbazzi (2010); Martínez-Navarro et al. (2010); Medin et al. (2017)

Ubeidiya 1.5–1.4 Ballesio (1986); Martínez-Navarro et al. (2009)

Blassac-la-Girondie 1.5–1.3 Heintz et al. (1974)

Monte Argentario 1.5–1.3 Petrucci and Sardela (2009)

Pirro Nord 1.5–1.3 Petrucci et al. (2013)

Fuente Nueva 3 1.4–1.3 Abbazzi (2010); Medin et al. (2017)

Monte Peglia (cf.) 1.4–1.2 Basilici et al. (1991)

Apollonia 1 (cf.) 1.3–1.2 Koufos and Kostopoulos (1997); Koufos (2018); Koufos et al. (2018)
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or Colle Curti (Mazza and Rustioni, 1992), should have been
cited as Ursus sp. and need fur ther anal y sis. Only the ma te rial
from Pirro Nord was re vis ited and can be clas si fied as U.
etruscus (Petrucci et al., 2013).

The newly de scribed ma te rial of U. etruscus from the Jasna
Strzegowska cave, al though well-pre served, is scanty and
could not pro vide more de tailed biostratigraphic in for ma tion. In
view of the ac com pa ny ing con tem po rary fauna, an ex act age
for the finds can not be given. It can be only ten ta tively es ti -
mated as the Early Pleis to cene, be tween 1.8 and 1.3 Ma, which 
is the time span of oc cur rence of U. etruscus in Eu rope. Be -
sides the Jasna Strzegowska cave, and the re cord from
Zadêbce, the only un dis puted Pol ish re cord of this spe cies
came from the ¯abia cave dated at 1.7–1.5 Ma (Nadachowski
et al., 2011), where a few iso lated teeth and postcranial el e -
ments were found.

Sim i larly to the find of U. etruscus from the Jasna
Strzegowska cave, the ma te rial of U. deningeri from this site
was also re-de pos ited and lacks de tailed strati graphic con text.
Ac cord ing to mo lec u lar data, di ver gence be tween the arctoid
and spelaeoid bear lin eages oc curred at ~2.75 Ma (Krause et
al., 2008). How ever, the phylo gen etic sig nal of deep di ver gence 
is rather in dis tinct in the di rect fos sil re cord and the first re cord
of phenotypically dis tinct in di vid u als of the re spec tive lin eages
are much youn ger (Wag ner and Èermák, 2012). The old est
rep re sen ta tives of both lin eages are known since ~1.4–1.2 Ma,
with the old est re cords from Deutsch Altenburg (Rabeder et al.,
2010; Wag ner, 2010; Wag ner and Èermák, 2012). Anal y sis of
the ma te rial from the Jasna Strzegowska cave shows a high
sim i lar ity to the early Mid dle Pleis to cene forms, and a sim i lar

age may be sup posed for the at tri bu tion of the bones to
U. deningeri.

CONCLUSIONS

Avail able bear re mains rep re sented by den tal and
postcranial ma te rial from the Jasna Strzegowska cave (south -
ern Po land) have been re vised and its tax o nom i cal sta tus was
re-eval u ated. As a re sult of this anal y sis, the pres ence of two
bear spe cies has been doc u mented. The spec i mens pre vi ously 
as signed to Ursus spelaeus or U. sp. were re-de ter mined and
as signed to U. etruscus and U. deningeri. Be cause the
co-existence of both bears is im prob a ble, based on the pres -
ence of these spe cies and their mor pho log i cal char ac ter is tics,
the age of U. etruscus is es ti mated as Early Pleis to cene. For
U. deningeri, an early Mid dle Pleis to cene age is sug gested.
This is the first de scrip tion of fos sil ma te rial of U. etruscus from
Po land.
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