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Abun dant and well pre served fos sil ma te rial from NiedŸwiedzia Cave doc u ments the pres ence of two dif fer ent sub spe cies of
Ursus arctos: the Late Pleis to cene Ursus arctos taubachensis and the Ho lo cene Ursus arctos arctos. Apart from a few bones 
of the Ho lo cene age, the vast ma jor ity of the ma te rial is dated to MIS 3 and rep re sents large in di vid u als of ro bust pos ture, typ -
i cal of the cold phases of the Late Pleis to cene. Ursus arctos taubachensis is a char ac ter is tic el e ment of Late Pleis to cene
steppe-tun dra fau nas and was a highly car niv o rous scav en ger. Our anal y sis shows that some in di vid u als from NiedŸwiedzia
Cave are among the larg est ever found. Re vi sion of the char ac ters dis tin guish ing these two sub spe cies of Ursus arctos
shows the equal im por tance of met ri cal and mor pho log i cal fea tures. Apart the larger size and wider teeth, the main fea ture is
the more ro bust build of Ursus arctos taubachensis, es pe cially of the metapodials. For the highly mo bile Ursus arctos, DNA is 
shown to be less im por tant in the de ter mi na tion of sub spe cies when deal ing with the ma te rial from the Cen tral Eu ro pean
sites.
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INTRODUCTION

Ursus arctos Linnaeus, 1758 is a Holarctic spe cies dis trib -
uted across dif fer ent en vi ron men tal and cli ma tic con di tions en -
com pass ing bo real, montane, arc tic, for est and open hab i tats.
Across this broad range, this bear ex hib its enor mous vari abil ity
in ecol ogy, ge net ics, be hav iour and mor phol ogy (Erdbrink,
1953; Baryshnikov, 2007; Haroldson et al., 2020; Swenson et
al., 2020). U. arctos is well adapted to cold en vi ron ments with
dense fur, large fat stores, adapt abil ity to var i ous food sources,
and the abil ity to re duce en ergy ex pen di ture dur ing win ter by
de creas ing me tab o lism be cause of hi ber na tion. The sur vival
skills of this spe cies are among the high est in all ex tant car ni -
vores. This gives it great adapt abil ity, an enor mous eco log i cal
tol er ance and the ca pa bil ity to oc cupy dif fer ent hab i tats. Due to
such a broad dis tri bu tion, U. arctos is highly poly mor phic.
There fore, it has been split into a num ber of sub spe cies based

on phenotypic dif fer ences (Erdbrink, 1953; Baryshnikov, 2007). 
A sim i lar patttern has been ob tained in stud ies of fos sil ma te ri -
als. Be cause of the im pos si bil ity of col lect ing ge netic in for ma -
tion on older bones, mor pho log i cal anal y ses are of ten the only
ap proach that can be used to study the evo lu tion ary lin eage of
the brown bear. How ever, this nor mally en tails dif fi cul ties in de -
fin ing and es ti mat ing intra- and interspecific vari abil ity, both
chro no log i cally and geo graph i cally. Stud ies have shown the
con tin ual occurrence of U. arctos in Eu rope, even dur ing the
cold est pe ri ods of the Late Pleis to cene (Sommer and Benecke, 
2005; Valdiosera et al., 2008; Davison et al., 2011; Ed wards et
al., 2014; Ersmark, 2016; Ersmark et al., 2019; Marciszak et al., 
2019). There were no suf fi cient nat u ral bar ri ers for brown bear
dis per sion, and its con tin u ous gene flow across most of the Eu -
ro pean ter ri tory was ob served dur ing that time (Ersmark et al.,
2019; Kosintsev et al., 2019).

Dur ing these stud ies pa lae on tol o gists en coun tered re mains 
of an arctoid bear which was met ri cally and mor pho log i cally dis -
tinct from the ex tant Eu ro pean brown bear. Those bears have
been clas si fied un der mul ti ple names: U. ferox, horribilis,
anglicus, priscus, arctoideus etc. (Erdbrink, 1953). Their com -
pa ra bil ity in size with, and mor pho log i cal sim i lar ity to, large cave 
bears led to sug ges tions of pos si ble hy bridi sa tion be tween
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them (Ehrenberg, 1938). Re cently, some of those re mains
have been re vis ited and re-de scribed (Pacher, 2007; Bary -
shnikov, 2007; Marciszak et al., 2019, 2020, 2022, 2024a). Is -
sues of sig nif i cant eco log i cal plas tic ity, enor mous intraspecific
vari abil ity and wide geo graph ical range mean that the tax o -
nomic po si tion of Ursus arctos priscus is still not re solved.
Since its first de scrip tion (Goldfuss, 1818a, b), there are still no
clearly de fined mor pho log i cal fea tures to de scribe the steppe
brown bear as a dis tinct form (Pacher, 2007; Baryshnikov,
2007; Marciszak et al., 2019, 2020, 2022, 2024a). The over -
whelm ing ma jor ity of au thors stated its great size as a key fea -
ture (Baryshnikov, 2007; Pacher, 2007; Marciszak et al., 2015,
2019).

In this study, we ana lysed the morphometric and mor pho -
log i cal di ver sity of the fos sil ma te rial of the brown bear from
NiedŸwiedzia Cave where, at one lo cal ity, two dif fer ent forms
have been found. Com par i son with some ge netic and iso to pic
data in the broader, Eur asian con text of fers a pos si bil ity to clar -
ify this sit u a tion. How ever, ques tions still re main con cern ing the 
palaeogenetic and palaeo eco logi cal di ver sity of large Late
Pleis to cene bears and their re la tion ships to the ex tant bears.
Be cause the is sue of size has been broadly dis cussed in the
pa pers cited above, we here fo cus at ten tion on mor pho log i cal
and met ri cal val ues.

MATERIAL AND METHODS

The ma te rial of U. arctos from NiedŸwiedzia Cave has
never pre vi ously been stud ied and de scribed in de tail (Ap pen -
dix 1). All of the fos sil ma te rial is stored in the De part ment of
Palaeozoology, Uni ver sity of Wroc³aw. The fos sils ana lysed in
this pa per were iden ti fied us ing ba sic morphometric anal y sis.
Mea sure ments were taken point to point with the Land mark
sys tem to the near est 0.01 mm. Mea sure ment schemas and
teeth ter mi nol ogy are shown in Fig ures S1–S2 of Ap pen dix 2.
Mea sure ments were taken us ing an Olym pus set for im age
anal y sis (Olym pus stereomicroscope ZSX 12, cam era Olym -
pus DP 71, pro gram Cell D). A Canon EOS 5D cam era was
used to pho to graph the fos sil ma te rial. Through out the text, up -
per teeth are re ferred to by cap i tal let ters (e.g. P4) and lower
teeth by low er case let ters (e.g. p4). The geo log i cal timescale
and sub di vi sions are based on the In ter na tional
Chronostratigraphic Chart (v2024/12), ap proved by the In ter na -
tional Com mis sion on Stra tig ra phy (http://www.stra tig ra -
phy.org/in dex.php/ics-chart-timescale). For this pur pose we
also used the global chronostratigraphical cor re la tion ta ble for
the last 2.7 mil lion years, ver sion 2022a (https://qua ter nary.stra -
tig ra phy.org/files/charts/POSTERstratchart_v2022a.pdf). Ab -
bre vi a tions used in the text are as fol lows: B – breadth, B ta –
talonid m1 breadth, B tr – trigonid m1 breadth, JN –
NiedŸwiedzia Cave, L – length, L ta – talonid m1 length, L tr –
trigonid m1 length, Ma – mil lion years ago.

The most use ful el e ments within the postcranial skel e ton for 
biostratigraphic and tax o nomic anal y ses are the metapodials,
calcanei and talii. These are char ac ter ised by their abun dant
oc cur rence, solid struc ture and usu ally good and of ten com -
plete state of pres er va tion and mor phol ogy that al lows for the
se lec tion of eas ily re cog nis able and clearly de fined mea sure -
ment points. Ad di tion ally, the ob served met ric changes sig nif i -
cantly cor re late with evo lu tion ary changes over time. The meth -
od ol ogy of us ing metapodials is ac cord ing to Withalm (2001),
with two ba sic co ef fi cients:

1. T-in dex (TI), the shaft mass co ef fi cient, cal cu lated as
the quo tient of the small est shaft width di vided by the to -
tal length and mul ti plied by 100, i.e.
TI = mB/L ´ 100,

2. P-in dex (PI), the mass co ef fi cient, cal cu lated as the
quo tient of the width of the dis tal epiph y sis mea sured
above the condyles di vided by the to tal length and mul ti -
plied by 100, i.e.
PI = dB/L ´ 100.

GEOLOGICAL SETTINGS

NiedŸwiedzia Cave (55°68’70”N 36°31’65”E, 807–800
m a.s.l.) is lo cated in the Sudety Mts, Silesia re gion, SW Po land
(Fig. 1). Since its dis cov ery in 14.10.1966 dur ing mar ble ex ploi -
ta tion, ex plo ra tion of this cave has con tin ued un til the pres ent.
Its cor ri dors are wholly or partly filled by allochthonous and
autochthonous de pos its such as rock de bris, col lapsed cham -
ber scree de pos its, flu vial grav els, sands, silts and dripstones
(Sobczyk et al., 2016). The dis cov ered length of the cave cor ri -
dors ex ceeds 5000 m. Nev er the less, the to tal length of the cave 
cor ri dors is much lon ger, as in di cated by new re sults from geo -
phys i cal im ag ing (Marciszak et al., 2024b). The cave was
formed within mar bles dated as Mid dle Cam brian to Early Or do -
vi cian (520–470 Ma). Their karstification be gan af ter the
Paleogene ba sin in ver sion cli max (65–45 Ma) be fore its fi nal
post-Mid-Mio cene up lift. In Kleœnica Val ley the karstification
pro cess, aligned with WSW–ENE trending sub-ver ti cal faults
and frac tures, with N–S to NNW–SSE steeply dip ping fo li a tion,
played a sub or di nate role. The cave mor phol ogy ex hib its dis -
tinct struc tural pat terns in two main dif fer ent sec tions. The
north ern ar eas dem on strate a grid-like struc ture, while the
south ern re gions fea ture elon gated N–S pas sages (Fig. 1). The 
ear li est pas sages, pre sumed to pre date the Mid-Pleis to cene,
wit nessed mul ti ple phases of height ened tec tonic ac tiv ity and
po ten tial palaeoearthquakes(Marciszak et al., 2024b).

In ten sive palaeontological in ves ti ga tions have been car ried
out mostly in the mid dle level of the lo cal ity, lead ing to the ex ca -
va tion of two fau nal as sem blages of dif fer ent ages. The older
one, dated back to MIS 3–2, in cludes Sorex araneus Linnaeus,
1758, Crocidura suaveolens (Pallas, 1811), Cas tor fi ber
Linnaeus, 1758, Arvicola terrestris (Linnaeus, 1758), Microtus
arvalis (Pallas, 1779), Microtus nivalis (Mar tins, 1842), Microtus 
agrestis (Linnaeus, 1758), Lepus europaeus Pallas, 1778,
Canis lupus spelaeus Goldfuss, 1823, Vulpes vulpes
(Linnaeus, 1758), Vulpes lagopus (Linnaeus, 1758), Ursus
spelaeus ingressus (Rabeder and Hofreiter, 2004), Ursus
arctos taubachensis, Gulo gulo (Linnaeus, 1758), Meles meles
(Linnaeus, 1758), Martes martes (Linnaeus, 1758), Mustela
erminea Linnaeus, 1758, Mustela nivalis Linnaeus, 1758,
Panthera spelaea spelaea (Goldfuss, 1810), Cervus elaphus
Linnaeus, 1758, Rangifer tarandus (Linnaeus, 1758), Bi son
priscus (Bojanus, 1827), Rupicapra rupicapra (Linnaeus, 1758)
and Sus scrofa Linnaeus, 1758. The re mains of U. s. ingressus
com prised around 98.5% of the find ings (Marciszak et al.,
2024b).

The com po si tion of the youn ger fau nal as sem blage, dated
to MIS 1, con sists of Talpa europaea Linnaeus, 1758, Sorex
araneus, Eptesicus nilssoni (Key et Blasius, 1839), Myotis
brandti (Eversmann, 1845), Myotis daubentoni (Kuhl, 1819),
Myotis myotis (Borkhausen, 1797), Myotis mystacinus (Kuhl,
1819), Myotis nattereri (Kuhl, 1818), Myotis bechsteini (Kuhl,
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Fig. 1. Geo graph ical lo ca tion of NiedŸwiedzia Cave in the Kleœnica River val ley, in the Œnie¿nik Mas sif in Po land, 
mod i fied from Marciszak et al. (2024b: fig. 1)

A – the cave’s po si tion in Po land; B – de tails of the Œnie¿nik Mas sif re gion with a white out line in di cat ing the cave; 
C – rep re sen ta tion of the 1966–2011 (up per) and post-2012 (lower) cave ex plo ra tions; D – a cave plan show ing 

the fos sil-bear ing ar eas (AI-AVI, KCP) and three silt pro files (JN-1, JN-2, JN-3) sam pled for geo chem i cal anal y ses

https://doi.org/10.1038/s41598-024-60222-3


1818), Plecotus auritus (Linnaeus, 1758), Lepus europaeus,
Castor fi ber, Sciurus vulgaris Linnaeus, 1758, Apodemus
sylvaticus (Linnaeus, 1758), Myodes glareolus Schreber, 1780, 
Vulpes vulpes, Ursus arctos arctos Linnaeus, 1758, Meles
meles (Linnaeus, 1758), Martes martes, Mustela putorius
Linnaeus, 1758, Mustela erminea, Microtus nivalis, Lynx lynx
(Linnaeus, 1758), Felis silvestris Schreber, 1777, Cervus
elaphus, Capreolus capreolus (Linnaeus, 1758), Rupricapra
rupicapra and Sus scrofa (Wiszniowska, 1967, 1970, 1976,
1978, 1986, 1989; Marciszak, 2014, 2021; Marciszak et al.,
2019, 2020, 2021, 2022, 2023, 2024b).

The im por tance of Jaskinia NiedŸwiedzia (JN) is es pe cially
in the great abun dance (+900,000 spec i mens) of well-pre -
served U. s. ingressus re mains. This, the larg est and most
evolved cave bear sub spe cies, pres ents many dis tinc tive mor -
pho log i cal traits, sug gest ing a spe cial ised veg e tar ian diet (Baca 
et al., 2012, 2014). The enor mous abun dance of well-pre -
served re mains po si tion JN as a piv otal ref er ence for
morphodynamic anal y ses in Cen tral Eu ro pean pop u la tions.
Com pared to the type pop u la tion of U. s. ingressus from
Gamssulzenhöhle (Aus tria, MIS 3; Rabeder, 1983, 1995,
1999), the in di vid u als from JN are larger. This is po ten tially in -
flu enced by fac tors like Berg man’s rule, as so ci ated with the
more north ern set ting of the lo cal ity. Morphodynamic anal y sis
re veals a small de gree of mor pho log i cal vari abil ity and sug -
gests the pop u la tion’s rel a tive age dur ing MIS 3 or 4. Ra dio car -
bon dat ing places the age be tween 80–40 ka, sig ni fy ing the
ear lier pres ence of this sub spe cies in the Sudetan re gion com -
pared to West ern Eu rope (Baca et al., 2012, 2014). An cient
DNA anal y sis con firms their as sig na tion as U. s. ingressus.
This pop u la tion dis plays dis tinc tive haplotypes con sid er ably di -
ver gent from those in other Eu ro pean sites. This im plies the
prob a ble iso la tion of U. s. ingressus pop u la tion from JN from
oth ers (Marciszak et al., 2024b).

SYSTEMATIC PALAEONTOLOGY

Or der Carnivora Bowdich, 1821
Infraorder Arctoidea Flower, 1869

Superfamily Ursoidea Fischer von Waldheim, 1817
Fam ily Ursidae Fischer de Waldheim, 1817

Subfamily Ursinae Fischer de Waldheim, 1817
Ge nus Ursus Linnaeus, 1758
Ursus arctos Linnaeus, 1758

Ursus arctos taubachensis Rode, 1935
Ursus arctos arctos Linnaeus, 1758

D e s c r i p t i o n. – The ma te rial ana lysed from JN con -
sists of 108 re mains (NISP=108), be long ing to at least 8 adult
in di vid u als (MNI=8). Four AMS dates doc u mented the pres -
ence of two dif fer ent brown bear sub spe cies, with U. a.
taubachensis pres ent be tween 51.7–42.2 ka cal BP and U. a.

arctos oc cur ring at 14.1–13.6 ka cal. BP (Ta ble 1). The dates
ob tained gen er ally fit into the gen eral Eur asian trend of the
pres ence of both sub spe cies, with U. a. taubachensis oc cur ring
dur ing MIS 12-2 and U. a. arctos pres ent since the end of MIS 2
un til re cently (Ersmark et al., 2019; Marciszak et al., 2020,
2022, 2024a). How ever, it can not be com pletely ruled out that
among hun dreds of thou sands of bones of young in di vid u als
and milk teeth of U. s. ingressus, there are also sin gle, young
spec i mens of U. arctos. How ever, the lack of clearly de fined
met ric and mor pho log i cal cri te ria dis tin guish ing young in di vid u -
als of both spe cies makes it im pos si ble to se lect them. The ma -
te rial of U. arctos is rep re sented by frag ments of both cra nial
and postcranial skel e ton el e ments. The cra nial ma te rial rep re -
sents sev eral man di bles and iso lated teeth. The postcranial
ma te rial con sists mainly of long bones, meta carp als, meta tar -
sals and pha lan ges. The state of pres er va tion is good and al -
lows all mea sure ments to be car ried out on the vast ma jor ity of
spec i mens. The ma te rial has the ex act lo ca tion of the find and
in ven tory num bers, which al lows for pre cise iden ti fi ca tion of its
po si tion within the pro file.

U p  p e r  d e n t i t i o n. – The P4 tooth is tri an gu lar, with
the lin gual, mesial and dis tal mar gins blunt, while the buccal
mar gin is con cave in the me dian part (Fig. 2A–C). Paracone is
large, round and rel a tively low. The metacone is al most equal in 
size to the paracone, but lower, and more oval; the val ley be -
tween them is strongly pro nounced. An elon gated, oval and low
protocone is well de vel oped, and sharply de lin eated from the
re main ing part of the crown. Its mesial mar gin forms a wide,
open an gle with the dis tal mar gin of the paracone. The
cingulum is weakly de vel oped, but stron ger (forms a small
crest) in the disto–buccal part of the crown. One spec i men was
as signed to the morphotype A/B, while two oth ers were as -
signed to the morphotype B (Fig. 2A–C).

The square-shaped M1 is sym met ri cal in occlusal view, with 
a talon that is slightly lon ger and broader than the trigon
(Fig. 2D–G). The mesial mar gin of the tooth is blunt to rounded,
with a mod er ately ex panded parastyle, while the dis tal mar gin is 
rounded. The buccal side is mostly straight, and it is mod er ately
con cave only at the tran si tion be tween the trigon and talon. The
lin gual mar gin of the trigon is straight, while the lin gual mar gin of 
the talon is ex panded and rounded; a gen tle, me dian con cav ity
oc curs be tween them. The low and tri an gu lar parastyle is mod -
er ately large, sep a rated from the paracone and as so ci ated with
the mesial cingulum. Its in te rior crest ends form ing a cusp. The
paracone and metacone are rounded, high and al most equal in
size; the val ley that sep a rates them is deep. They are clearly
sep a rated from the buccal cingulum. The in ter nal slopes of the
paracone and the metacone have edges and pil lars. The lin gual 
cingulum is well-de vel oped, col lars the lin gual slope of the
protocone and ter mi nates in the in den ta tion be tween the
mesocone and hypocone. The small metastyle is shal low and
elon gated, with a dis tal edge, and strongly as so ci ated with the
dis tal cingulum. The mesocone is di vided. The protocone is a
low, rect an gu lar cusp, on which in ter nal wall are sit u ated thick
and sharp pil lars and ribs (Fig. 2D–G).
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Sub spe cies Bone Date Lab. no. 14C age Cal BP 95.4% Re marks Source

U. a. arctos man di ble AMS Poz-82391 11950 ± 60 14045-13604 1.6% N, 9.1% C (15)

U. a. taubachensis man di ble AMS Poz-82390 38200 ± 900 42459-42206 2.2% N, 13.3% C (15)

U. a. taubachensis hu merus AMS Poz-82388 42200 ± 1500 45146-44556 1.9% N, 9.6% C (15)

U. a. taubachensis hu merus AMS Poz-82387 47600 ± 2800 51717-48937 1.8% N, 6.5% C (15)

The cal i bra tion was made with OxCal soft ware ver sion OxCal v4.4.1 (Bronk Ramsey, 2021). At mo spheric data from
Reimer et al. (2020). Cal i brated dates are shown with 95.4% prob a bil ity

T a  b l e  1

Ac cel er a tor mass spec trom e try (AMS) dates of Ursus arctos ssp. re mains ex am ined in this pa per
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Morphotype anal y sis: JN.5.91: paracone lin gual wall – 2,
metacone lin gual wall – 2, lin gual cingulum – 2, talon field – C,
protocone wall – B2. JN.5.93: paracone lin gual wall – 1,
metacone lin gual wall – 1, lin gual cingulum – 2, talon field – C,
protocone wall – B3. JN.5.94: paracone lin gual wall – 2,
metacone lin gual wall – 2, lin gual cingulum – 2, talon field – C,
protocone wall – B2.

An elon gated and rect an gu lar M2 has all main cusps con -
nected by a crest run ning by al most en tire crown length and fol -
low ing the tooth out line (Fig. 2H–P). The trigon is ex panded and 
broad, while the talon is elon gated and nar rows dis tally. The
rounded, high paracone is lo cated far from the metacone and
sep a rated from it by a shal low but dis tinc tive val ley. In JN.5.61
its mesial ridge is in con tact with the mesial ridge of the
protocone, form ing a junc tion which is some what smooth. The
next 4 teeth rep re sent var i ous vari ants of the morphotype B,
which is char ac ter ised by the de vel op ment of an ad di tional side
branch run ning on the mesio-lin gual slope of the parastyle, but
not reach ing the base of this cusp. In ad di tion, a mesial ridge of
the parastyle formed a group of 4–5 cuspid-like struc tures that
col lar the mesial wall of the trigon. They yield 2–3 pil lars on the
in ter nal wall of the paracone. These pil lars start from the base of 
this cusp and reach half of its height. The metalophe com plex is
formed by a few (5–7) small cuspids lo cated be tween the
protocone and metacone, and the com plex is pushed more dis -
tally. These cuspids run in dis or der or or der, one by one, from
the metacone to the hypocone. In JN.5.64 the mesostyle com -
plex forms (dis tal slope of the paracone and the mesial slope of
the metacone) a dou ble arch, the in ner arm of which is strongly
cen trally curved into the lin gual di rec tion. In the next four teeth
the dis tal arm of the paracone is con sid er ably curved cen trally,
with a loose con nec tion with the mesial arm of the metacone
and form ing a sep a rate arch. In two M2, the posterolophe com -
plex, lo cated be tween the metastyle and hypocone, is cre ated
by a few (4–6) small cuspids, which do not form any reg u lar
lines, while in two oth ers they oc cur in a reg u lar line. The talon
field is cov ered by nu mer ous elon gated cuspids and col lared by 
a thick wall of dis tal cingulum, which forms nu mer ous small

cuspids. In two M2, metastyle and posthypocone are ab sent,
while in three oth ers they are de vel oped into small and low
cusps. The in ter nal wall of the paracone con sists of a few pil lars
and ribs, which start from the in ter nal base of the protocone, but 
do not reach the apex. In two M2 they are stron ger and thicker,
and al most reach the apex. The lin gual cingulum ends near the
top of the hypocone in two M2, while in three oth ers the
cingulum reaches the in ci sion be tween the hypocone and the
posthypocone (Fig. 2H–P).

Morphotype anal y sis:

– JN.5.61: parastyle – B1, mesostyle – B3, metalophe –
B2, metastyle/posthypocone – 2/2, lin gual cingulum –
1.5.

– JN.5.62: parastyle – B1, mesostyle – B1, metalophe –
B1, posterolophe – 2, talon field – C, paracone lin gual
wall – B, metastyle/posthypocone – 2/2, dis tal cingulum
– C, protocone lin gual wall – 1, lin gual cingulum – 2.

– JN.5.64: parastyle – B1, mesostyle – B2, metalophe –
C1, posterolophe – 1, talon field – B, paracone lin gual
wall – B/C, metastyle/posthypocone – 1/1, dis tal
cingulum – B, protocone lin gual wall – 1, lin gual
cingulum – 2.

– JN.5.65: parastyle – B2, mesostyle – B2, metalophe –
C1, posterolophe – 2, talon field – C, paracone lin gual
wall – B/C, metastyle/posthypocone – 2/2, dis tal
cingulum – C, protocone lin gual wall – 1, lin gual
cingulum – 2.

– JN.5.66: parastyle – A3, mesostyle – A1, metalophe –
B1, posterolophe – 1, talon field – C, paracone lin gual
wall – B, metastyle/posthypocone – 1/1, dis tal cingulum
– B, protocone lin gual wall – 1, lin gual cingulum – 1.5.

M a n d i b l e. – The most spec tac u lar find from JN is the
left man di ble of a gi ant in di vid ual (JN.5.1). This is the only spec -
i men of U. arctos pre vi ously de scribed (al though only briefly)
from this site (Wiszniowska, 1970, 1989). It has al ready been
noted that only the c1 is miss ing, from the strong de gree of
wear, with si mul ta neous slight wear of the mo lars (Wisz -
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Fig. 2. The up per dentition of Ursus arctos from NiedŸwiedzia Cave

Ursus arctos taubachensis: A – right P4 (JN.5.90), B – right P4 (JN.5.91), D – left M1 (JN.5.93), E – left M1 (JN.5.94), F – right M1 (JN.5.95),
J – right M2 (JN.5.61), K – right M2 (JN.5.62), M – left M2 (JN.5.64), N – left M2 (JN.5.65), O – left M2 (JN.5.66), P – left M2 (JN.5.99). Ursus
arctos arctos: C – right P4 (JN.5.92), G – right M1 (JN.5.96), H – left M2 (JN.5.97), I – right M2 (JN.5.98). All in di vid u als shown at the same
scale (scale bar = 20 mm) in occlusal view



niow ska, 1970, 1989). The mech a nism of this phe nom e non it -
self is un clear. It may have been a mal oc clu sion, or the wa ter
flow ing through the cave may have played a cer tain role in
grind ing the crown; it is dif fi cult to say un equiv o cally. The man -
di ble is miss ing a large part of the ramus, as well as most of the
teeth, of which p1, m2 and m3 are pre served (Fig. 3).

The first fea ture is its par tic u lar size, ex ceed ing all pre vi -
ously known spec i mens. What is more, it be longs to a spec i -
men that was not yet fully grown, prob a bly sev eral years old, its
to tal length be ing close to 355 mm. Judg ing from the de gree of
de vel op ment of the al ve oli and symphysis, the value of this
mea sure ment for a fully grown in di vid ual could reach
380–400 mm. Com par ing it with the size for other large brown
bears from the Pleis to cene of Eu rope, it be comes clear how
huge this male spec i men was. The to tal length of the man di bles 
of other large spec i mens is usu ally in a range be low 300 mm.
How ever large in di vid u als, with man di ble sizes be tween
300–340 mm, are not com monly but reg u larly found at Eu ro -
pean sites (Gun ther, 1923; Torres Pérez Hi dalgo, 1988a,
Marciszak et al., 2021, 2023, 2024a). For com par i son, the man -
di ble length of the Ho lo cene and ex tant U. a. arctos from Eu -
rope rarely ex ceeds 250 mm (Jakubiec, 1993; Baryshnikov,
2007). The rounded masseteric fossa, reach ing the dis tal edge
of the m3 al ve oli, is shal lower and lacks the char ac ter is tic (for
U. s. ingressus) flat ten ing of the lower part, which is the place of
at tach ment of the pow er ful chew ing mus cle. The man dib u lar
body, elon gated and mas sive, is, how ever, more slen der than
the man dib u lar body of U. s. ingressus. Its height and mas sive -
ness in crease from the symphysis to wards the ramus, reach ing
its max i mum di men sions at the height of m3. A char ac ter is tic

fea ture of U. a. taubachensis, which can be con sid ered one of
its di ag nos tic fea tures, is a strongly marked cur va ture of the
lower mar gin of the man dib u lar body. This fea ture is also pres -
ent in U. spelaeus, as well as in the large coastal bears from the
Be ring Sea (Baryshnikov, 2007). This fea ture is poorly de vel -
oped in postglacial in di vid u als and of ten ab sent in Ho lo cene or
ex tant Eu ro pean in di vid u als (Fig. 3). The dentition has a for -
mula typ i cal of U. arctos. The teeth row is straight, the teeth are
set closely to gether and are sep a rated only by small diastemas. 
All pre mol ars (p1–p3) are pres ent, a fea ture typ i cal of a brown
bear. In U. spelaeus, ad di tional pre mol ars are found only ex -
cep tion ally and usu ally in sin gle num bers (Pacher, 2017). The
pre served p1 is a strongly re duced, one-rooted tooth, sep a -
rated from the ca nine by a diastema. The alveoles of p2 and p3
also in di cate small, rounded and re duced teeth.

The man di ble JN.5.3 is char ac ter ised by a mor phol ogy sim i -
lar to the above-noted spec i men, but the de gree of pres er va tion 
is poorer. It be longs to a fully grown male, and its es ti mated
length could have been ~370–380 mm, sim i larly to spec i men
JN.5.1. Apart from the large size, the sex is also clearly in di -
cated by the mas sive al ve oli of the ca nine tooth. Its mor phol ogy
in cludes fea tures also found in the hemandible JN.5.1, which
char ac ter ize U. a. taubachensis, like the large size, mas sive
and elon gated symphysis (more slen der than U. spelaeus),
strongly marked cur va ture un der m3, the lack of a sur face in the 
lower part of the massteric fossa for mus cle at tach ments, and
the pres ence of al ve oli af ter p1–p3.

The right man di ble (JN.5.2) be longs to a young adult, a fe -
male ~3 years old, as in di cated by the nar row alveola of the ca -
nine and its small size. Its young age is in di cated by the in com -
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Fig. 3. Man di bles of Ursus arctos from NiedŸwiedzia Cave

Ursus arctos taubachensis: A – left (JN.5.1). Ursus arctos arctos: B – right (JN.5.2), C – right (JN.5.100). 
All in di vid u als shown at the same scale (scale bar = 100 mm), 1 – buccal view, 2 – lin gual view, 3 – occlusal view
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pletely de vel oped condylar and an gu lar pro cesses. The spec i -
men had not yet reached its full size, al though its size will not
change sig nif i cantly and the to tal length would be ~230 mm.
This size is within the range of vari abil ity of ex tant U. a. arctos
fe males from Cen tral Eu rope (Jaku biec, 1993). The mor phol -
ogy of the spec i men is char ac ter ised by a set of fea tures typ i cal
of U. a. arctos like a short and nar row symphysis, pro por tion ally
long diastema be tween p1 and p4 and a shal low and short
masseteric fossa. The oc cur rence of two other fea tures is
symp tom atic, char ac ter is ing the evolutionarily ad vanced form
U. a. arctos, and not found or oc cur ring only rarely in U. a.
taubachensis. First is the loss of ad di tional pre mol ars (in spec i -
men JN.5.2 only alveola p1 is pres ent), a fea ture char ac ter is tic
of Ho lo cene and ex tant Eu ro pean in di vid u als (Nagel, 2017).
The sec ond is the al most straight lower mar gin of the man dib u -
lar body, and lack of cur va ture un der m3 (Fig. 3).

L o w e r  d e n t i t i o n. – Apart from their size, the ca -
nines are of lit tle use in tax o nomic anal y ses due to the lack of di -
ag nos tic fea tures. They are smaller and more slen der with pro -
por tion ally lon ger crowns than the ca nines of U. spelaeus. The
C1 is char ac ter ised by a lon ger and straighter crown than c1,
and it also lacks a spe cific keel, pres ent on the lin gual side of c1. 
The cingulum sur round ing the crown and clearly sep a rat ing it -
self from the root is formed as a low, flat tened col lar. Al though
the sex ual di mor phism is less clearly ex pressed than in U.
spelaeus, the ca nines of males are dis tinctly larger and more
ro bust than those of fe males (Fig. 4A, B).

Apart from the ru di men tary p1 in the hemimandible JN.51,
there are no pre served ad di tional pre mol ars in the ma te rial ana -
lysed. The pres ent alveoles in di cate ex tremely re duced, oval or
rounded, one-rooted teeth. Three pre served, iso lated p4
(JN.5.68, JN.5.69 and JN.5.70) are char ac ter ised by a sim ple
struc ture and small size. The oval crown has a low apex with a
rounded top, and edges run ning from it in mesial and dis tal di -
rec tions. The crown is sur rounded by a thin cingulum. There are 
no ad di tional cuspulids or struc tures on the sur face of their
crowns. Three other p4, two in the hemimandibles (JN.5.2,
JN.5.50) and the iso lated JN.5.51, are char ac ter ised by a sim i -
lar mor phol ogy, typ i cal of U. a. arctos. These pro por tion ally
small teeth, with nar row and low crowns, rep re sent the b1
morphotype. The protoconid is lo cated cen trally and from its
apex there run mesially and dis tally two nar row but clearly de -
fined edges. Near the top of the protoconid, slightly shifted
disto-mesially, there is a small but clearly de fined metaconid.
The en tire crown is sur rounded by a poorly marked, low
cingulum. In JN.5.2 and JN.5.51 the dis tal cingulum is def i nitely
thicker.

m1. The main cusps of the m1 are con nected to each other
by a crest, which fol lows the out line of the tooth (Fig. 4C–I). In
occlusal view, the tooth is elon gated, and has a mod er ately ex -
panded talonid. The mesial mar gin of the trigonid is rounded,
the lin gual one is straight, while the buccal is al most straight,
with a gen tle con cav ity at the level of the protoconid. The
broader talonid has a straight lin gual mar gin, strongly con vex
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Fig . 4. Lower dentition of Ursus arctos from NiedŸwiedzia Cave

Ursus arctos taubachensis: A – left c1 (JN.5.47), B – left c1 (JN.5.48), F – right m1 (JN.5.60), G – left m1 (JN.5.63), H – right m1 (JN.5.101), I
– left m1 (JN.5.102), L – left m2 (JN.5.103), M – right m2 (JN.5.54), N – right m2 (JN.5.67), P – right m3 (JN.5.55). Ursus arctos arctos: C – left 
m1 (JN.5.52), D – left m1 (JN.5.53), E – right m1 (JN.5.100), J – right m2 (JN.5.100), K – right m2 (JN.5.2), R – right m3 (JN.5.104), S – right
m3 (JN.5.100). All in di vid u als shown at the same scale (scale bar = 10 mm). Spec i mens A and B: 1 – buccal view, 2 – lin gual view. All other
teeth (C–S) shown in the occlusal view



buccal and rounded or blunt dis tal mar gins. The apex of the tri -
an gu lar and low paraconid is ori ented slightly mesially. Sit u ated 
be hind, the rect an gu lar protoconid is the high est and larg est
cusp, with an al most ver ti cal apex. Both main cusps are sep a -
rated by a wide, V-shaped val ley. On the lin gual side of the
trigonid, a tri ple metastylid is sit u ated. A rel a tively high, elon -
gated and rect an gu lar metaconid is sit u ated af ter the
metastylid. The lin gual half of the talonid is oc cu pied by a dou -
ble or tri ple entoconid, square-shaped to rect an gu lar, and rel a -
tively low cusps, sit u ated one af ter the other. On the in ter nal
slopes of the entoconids there are a few thick and strong pil lars
and ribs. The entyphoconid is well de vel oped; how ever, it is
sep a rated from the hypoconid by a thick ridge in some in di vid u -
als. In the re main ing three teeth it formed an ir reg u lar struc ture.
The talonid cusps are rel a tively close. The dis tal end of the
talonid pos sesses a dou ble entyphoconid and hypoconulid
(Fig. 4C–I).

Morphotype anal y sis of m1:

– JN.5.102: entoconid – B3, entoconid pil lar – C, dis tal
ridge – 3, enthypoconid – B.

– JN.5.103: metastylid – 3, entoconid – B2, entoconid pil -
lar – D, dis tal ridge – 3, enthypoconid – C.

– JN.5.52: metastylid – 3, entoconid – B4, entoconid pil lar
– C, dis tal ridge – 3, enthypoconid – C.

– JN.5.60: metastylid – 1, entoconid – A2, entoconid pil lar
– A, dis tal ridge – 2, enthypoconid – A.

– JN.5.63: metastylid – 3, entoconid – A2, entoconid pil lar
– A/B, dis tal ridge – 3, enthypoconid – B.

– JN.5.53: metastylid – 1, entoconid – A2, entoconid pil lar
– A/B, dis tal ridge – 3, enthypoconid – B.

m2. The m2 vary in size, but are within the range of vari a tion 
of U. a. taubachensis. Mesial and dis tal mar gins are gently
rounded or blunt, the lin gual mar gin is straight, mod er ately con -
cave in the mid dle part, in the tran si tion be tween the trigonid
and talonid (Fig. 4J–O). The buccal mar gin of the trigonid is
slightly rounded, while that from the talonid is mod er ately ex -
panded and rounded. The occlusal sur face is highly com pli -
cated. On three m2s the metalophid has, on the in ter nal slope
of the protoconid, an ad di tional cuspid, entprotoconid, which is
con nected with the metaconid by the cut ting edge. In two oth ers 
on the metalophid two ad di tional cuspids are pres ent:
entprotoconid and entmetaconid. The entprotoconid is sep a -
rated from the protoconid by a wide and shal low fur row. The in -
ter nal field of the trigonid has 1–3 small, clearly re cog nis able
cuspids and few thick, well-de vel oped fur rows and pil lars. The
metastylid is sim ply built, with two larger cuspids, one mesially
and one dis tally. The mesolophid com plex is mod er ately de vel -
oped. It is de vel oped as a clearly vis i ble, thick and dom i nant
ridge or wall, which starts from the disto-lin gual slope of the
protoconid, run ning through the trigonid and the talonid bound -
ary and end ing lingo–me di ally on the in ter nal field of the talonid. 
The entyphoconid is vari ably de vel oped, in JN.5.1 it is pres ent
as a prom i nent, thick, qua dru ple groove, and is sep a rated from
the hypoconid by a wide ridge. In two oth ers the strong
entyphoconid is not di vided and con sti tutes a prom i nent struc -
ture. Three m2 have the entyphoconid split into two parts. The
hypoconulid is not pres ent (Fig. 4J–O).

Morphotype anal y sis of m2:

– JR.5.103: metalophid – C, trygonid – 2, metastylid – 2,
mesolophid – B, enthypoconid – C, hypoconulid – 1.

– JR.5.67: metalophid – C, trygonid – 2, metastylid – 2,
mesolophid – B, enthypoconid – C, hypoconulid – 1.

– JR.5.3: metalophid – B, trygonid – 2, metastylid – 2,
mesolophid – B, enthypoconid – B/C, hypoconulid – 1.

– JR.5.1: metalophid – B, trygonid – 2, metastylid – 1,
mesolophid – A, enthypoconid – B, hypoconulid – 1.

– JR.5.2: metalophid – C, trygonid – 1, metastylid – 2,
mesolophid – A, enthypoconid – A, hypoconulid – 1.

– JR.5.54: metalophid – C, trygonid – 3, metastylid – 2,
mesolophid – B, enthypoconid – B/C, hypoconulid – 1.

m3. In occlusal out line two m3 are oval in shape, with a
weakly marked buccal con cav ity and sharper dis tal mar gin of
the crown (Fig. 4P–S). Two oth ers are more ir reg u lar and
broader, with a more strongly de vel oped talonid. The
protoconid com plex has a shifted lin gually and ex tend ing
transversally mesolophid, with two small cuspids and one thin
pil lar. In two m3 the hypoconid is sim ply built, with a few thin,
short ridges and pil lars. The centrolophid is pres ent as a se ries
of small and low cuspids run ning disto-buccally from the
metaconid base to the buccal slope of this cusp. It is con nected
with the mesolophid by a thin and sharp ridge. The entoconid
oc curs as a se ries of mod er ately large and low cuspids, ar -
ranged one be hind the other, and two among these cuspids are
en larged. The talon field is com pli cated and holds a few mod er -
ately large cuspids (Fig. 4P–S).

The mor phol ogy of JN.5.1 and JR.5.54 have a mor phol ogy
typ i cal of U. a. taubachensis, of great size, mas sive struc ture
and a com pli cated chew ing sur face. The crown is large and
wide, its di men sions sig nif i cantly ex ceed ing those of Ho lo cene
and ex tant U. a. arctos. They are char ac ter ised by an ir reg u lar
shape (morphotype B), with a clearly marked tran si tion of the
trigonid to the talonid on the buccal side. The trigonid is sig nif i -
cantly lon ger and wider than the talonid, which is wide com -
pared to that of U. a. arctos. The protoconid com plex is mod er -
ately de vel oped (morphotype B3), lack ing the mesolophid, with
one thicker, smooth groove run ning from the top of the pro -
toconid to wards the base of the metaconid. Ad di tion ally, there
are 2 nar row, del i cately marked lines on its sur face. On the in -
ner sur face of the metaconid there is a small, strongly as so ci -
ated cuspulid (morphotype B). The hypoconid is rel a tively
weakly marked, with three nar row grooves (morphotype B3).
The centrolophid is pres ent in the form of sev eral small, low but
clearly de fined cuspulids, run ning in a buccal di rec tion from the
base of the metaconid to the base of the hypoconid (morpho -
type B). A line of sev eral pe riph er ally lo cated, lin gually lo cated
cuspulids, and the pres ence of two larger cuspulids, which
could be treated as entoconid (morphotype C). The chew ing
sur face of the talonid has a com plex struc ture, with 7 cuspulids
of dif fer ent size and sev eral grooves (morphotype D).

The typ i cal m3 U. a. arctos is a com par a tively small tooth,
with an oval crown, reg u larly ta per ing to wards the back. The
protoconid and metaconid are mor pho log i cally sim i lar, low
forms with a flat tened crown. The chew ing sur face has rel a tively 
sim ple mor phol ogy. Two m3 from JN (JN.5.55, JN.5.1) have
oval crowns, evenly ta per ing to wards the back (morphotype A).
The low protoconid com plex forms an elon gated, tri -
ple-branched mesolophid, di rected disto-lin gually (morphotype
A2). The in ner wall of the metaconid lacks an ad di tional
cuspulid (morphotype A). The hypoconid is poorly de vel oped in
the form of two nar row, low edges, di rected mesiomedially
(morphotype B2). The centrolophid is frag men tary, de vel oped
in the form of sev eral cuspulids (morphotype A). The entoconid
com plex is formed by sev eral small cuspulids, lo cated one be -
hind the other on the lin gual edge of the talonid (morphotype B), 
the chew ing sur face of which is flat (morphotype B). The talonid
is elon gated, but rel a tively nar row (Fig. 4P–S).
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Long bones. All long bones (ex cept hu merus JN.5.72) be -
long to large and very large in di vid u als, within the range of vari -
abil ity of the Ho lo cene and ex tant U. arctos. JNK/Ua/7 is a true
gi ant, the breadth of the dis tal epiph y sis be ing ~179 mm, which
al lows for an es ti mated to tal length of be tween 580–600 mm
(Fig. 5). With these di men sions, it is sig nif i cantly above the
range of vari abil ity of the con tem po rary brown bear from Eu -
rope. At the same time, this spec i men is within the range of vari -
abil ity of large cave bears and the larg est U. s. ingressus and U.
a. taubachensis (Thenius, 1956; Bonifay, 1966; Kosintsev et
al., 2019). The mor phol ogy of all hu meri showed typ i cal arctoid
fea tures, with a pro por tion ally lon ger, more slen der and more
curved shaft and U-shaped prox i mal epiph y sis (in stead of
V-shaped in U. s. ingressus). Ad di tion ally, the shaft is more
slen der, the mus cle at tach ments are more strongly de vel oped
and the dis tal epiph y sis is trap e zoidal with both condyles end ing 
sharply (Petronio et al., 2003).

Three com plete ul nae, one small (JN.5.15, L 314 mm), one
larger (JN.5.16, L=385 mm) and one very large (JN.5.65, L
447.7 mm), dem on strated the most prob a bly strongly pro -
nounced sex ual di mor phism (JN.5.16 – C, JN.5.16 – X) and dif -
fer ence in size be tween U. a. taubachensis (JN.5.16, JN.5.65)
and U. a. arctos (JN.5.15; Fig. 6). Ulna JN5.65 is very large, but
much larger ul nae, ex ceed ing 500–520 mm, are known
(Kurtén, 1956, 1959, 1964; Janossy, 1963; Bonifay, 1966;
Ingólfsson and Wiig, 2008). How ever, due to their spe cific struc -
ture (slen der and frag ile dis tal epiph y sis), which sig nif i cantly af -
fects the prob a bil ity of pres er va tion in cave de pos its, finds of
com plete ul nae are rel a tively rare com pared to those of other
long bones. All three ul nae from JN can be dis tin guished from
those of U. s. ingressus in their more slen der and strongly
curved shape, stron ger marked olecranon, tri an gu lar shaft in
cross-sec tion and more strongly curved dis tal epiph y sis. A sin -
gle com plete ra dius (JN.5.5) from JN be longs to a me dium
sized (L 295 mm) in di vid ual, which dif fers from U. s. ingressus
in a more slen der struc ture and a more strongly curved shape, a 
nar rower shaft with out a tri ceps mus cle at tach ment run ning
along it, and wider and more mas sive epiphyses (Fig. 6).

Sim i larly to the ul nae, three in tact tib iae from JN dem on -
strated the pres ence of three size classes, with the small est one 
(JN.5.15) rep re sent ing a fe male U. a. arctos. A me dium-sized
spec i men (JN.5.66, L=346 mm) was as signed as a fe male, and
a gi ant in di vid ual (JN.5.84, L=449 mm) as a male of U. a.

taubachensis. All three tib iae showed the pres ence of arctoid
fea tures, and are dis tin guished from U. s. ingressus in their
slen der build and less mas sive prox i mal epiph y sis, with more
pro nounced mus cle at tach ments. Ad di tion ally, the ridge run -
ning from the prox i mal epiph y sis al most reaches the dis tal
epiph y sis, while in U. s. ingressus it only reaches half the length
(Petronio et al., 2003).

Tarsals. The most out stand ing met ri cally (L=127 mm) and
mor pho log i cally is a gi ant calcaneus (JN.5.105; Fig. 7A). The
tri an gu lar me dial pro cess is broad and short. It is sit u ated al -
most ver ti cally to the cor pus which is very mas sive in the
mesio-dis tal 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 ar tic u -
lar 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 ar tic u lar
astragali lateralis is sep a rated from the fa cies ar tic u lar astragali
medialis by a deep and wide groove. An oval and deep fa cies
ar tic u lar cuboidea is con nected dis tally with the fa cies ar tic u lar
astragali medialis. The cres cen tic and flat sulcus tendinis
musculi flexoris hallucis longis is elon gate and me di ally wid -
ened. Two other and smaller calcanei (JN.5.19 and JN.5.20)
show sim i lar mor phol ogy, and to gether with JN.5.105 were as -
signed to U. a. taubachensis (Fig. 7E, F). In com par i son to the
sin gle calcaneus of U. a. arctos (JN.5.106), they dif fer by the
fol low ing fea tures: (1) larger size; (2) the me dial pro cess is
elon gate and rect an gu lar, with the dis tal end ori ented more
medio-prox i mally; (3) the fa cies ar tic u lar 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; (4) the lat eral pro cess is more pro nounced, the
flat fa cies ar tic u lar astragali medialis be ing lon ger and run ning
more obliquely and (5) the fa cies ar tic u lar cuboidea is shal lower 
and does not con tact with the fa cies ar tic u lar astragali medialis
(Fig. 7E, F).

Both com plete talii (JN.5.21, JN.5.22) are char ac ter ised by
arctoid fea tures (Fig. 7B, C), where the sulcus tendinis musculi
flexoris hallucis longi is pro por tion ally al most twice as nar row as 
that of U. s. ingressus (Rabeder et al., 2010). The lat eral edges
of the trochlea in JN talii run al most par al lel, while in U. s.
ingressus, the me dial edge slopes from medio-dis tally to lat -
eral-dis tally and forms a steep an gle with the ex pan sion of the
lat eral edge (Fig. 7B, C). The in cli na tion of the me dial edge of
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Fig. 5. Hu merus of Ursus arctos from NiedŸwiedzia Cave

A – right (JN.5.59), B – left (JN.5.58), C – right (JN.5.88), D – left (JN.5.89), E – left (JN.5.87). All in di vid u als shown at the same scale
(scale bar = 100 mm), 1 – dor sal view, 3 – ven tral view
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Fig . 6. Long bones of Ursus arctos from NiedŸwiedzia Cave

Ursus arctos taubachensis: A – right tibia (JN.5.86), D – right ulna (JN.5.84). Ursus arctos arctos: B – right ulna (JN.5.6), C – right ra dius 
(JN.5.5). All in di vid u als shown at the same scale (scale bar = 100 mm). Spec i men A: 1 – dor sal view, 3 – ven tral view, spec i mens B–D:

1 – me dial view, 2 – lat eral view



the trochlea is con nected to the sprain of the tibia dis tal epiph y -
sis (Rabeder et al., 2010). The spec i mens from JN are also
smaller than astragali of U. s. ingressus.

Metapodials. In the anal y sis of bear evo lu tion, two co ef fi -
cients play an im por tant role: the width of the shaft to the to tal
length and the width of the dis tal epiph y sis to the to tal length.
Mor pho log i cally, all metapodials from JN are sim i lar to those of
U. a. taubachensis and dif fer from those of U. a. arctos in their
pro por tion ally more ro bust epiphyses and shorter and more
mas sive shaft. Si mul ta neously, they are lon ger and more slen -
der than those of U. s. ingressus. Their av er age val ues are al -
most equal to those of U. a. taubachensis and large coastal ex -
tant sub spe cies such as Ursus arctos beringianus Middendorff,
1851, Ursus arctos lasiotus Gray, 1867 and Ursus arctos
middendorffi Merriam, 1896 (Baryshnikov, 2007).

Meta car pal 1 (mc 1). The prox i mal ar tic u la tion sur face of
mc 1 for the carpale 1 is shaped into a sad dle-like form
(Fig. 7H, I). In the area of the me dial epiph y sis, there is a rel a -
tively wide fovea. The dis tal trochlea slopes from the mesio-dis -
tal to wards the disto-prox i mal di rec tion. The ar tic u lar sur face of

the prox i mal epiph y sis for meta car pal 2 is slightly con vex and
shaped like a small sad dle. It ex tends obliquely out wards and
down wards on the dor sal sur face, form ing a shal low ar tic u lar
fossa in which the thumb moves freely in the trans verse di rec -
tion. There is a small ar tic u lar sur face on the in ner edge. Sim i -
larly, there is also an ar tic u lar sur face on the outer side, which
rests on the in ner edge of mc 2. The nar row shaft has an oval
cross-sec tion and is slightly curved at both ends. It is slightly
bent out wards, and on its dor sal sur face there is a groove run -
ning from the outer edge obliquely out wards and for wards. This
is a strongly de vel oped at tach ment for the extensor. The con -
cave pal mar sur face is strongly folded for at tach ment of nu mer -
ous lig a ments. The oblique dis tal ar tic u lar sur face is turned in -
wards and down wards. Just above it, in the mid dle of the pal -
mar sur face, is a well-de fined, small tu ber cle that pro vides at -
tach ment to a lig a ment of the bone con nect ing with the first
pha lanx of the sec ond row and to the thumb mus cle (Fig. 7H, I).

Meta car pal 2 (mc 2). The mc 2 is short and bulky (Fig. 8B).
The tuberculum me dial is well-de vel oped. It ap pears pro por -
tion ally shorter and more mas sive than mtcp I. The prox i mal
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Fig . 7. Calcanei, metapodials and tali of Ursus arctos from NiedŸwiedzia Cave

Ursus arctos taubachensis: A – left calcaneus (JN.5.105), B – right ta lus (JN.5.8), C – left ta lus (JN.5.9), D – right meta tar sal 4
(JN.5.107), E – left calcaneus (JN.5.10), F – right calcaneus (JN.5.11), H – left meta car pal 1 (JN.5.72). Ursus arctos arctos: G – right

calcaneus (JN.5.106), I – right meta car pal 1 (JN.5.22). All in di vid u als shown at the same scale (scale bar = 50 mm), 1 – dor sal view, 2 –
me dial view, 3 – ven tral view, 4 – lat eral view



wedge-shaped epiph y sis has slightly out wardly shifted edges. It 
is rect an gu lar in front, while a small tu ber cle is pres ent at the
back, on the pal mar sur face. The trap e zoidal ar tic u lar sur face is 
tri an gu lar in out line, con cave trans versely and al most flat ver ti -
cally. There is a small flat sur face on the up per and outer edge,
which con nects pos te ri orly with the capitate bone. Above it is
an other tri an gu lar sur face set at right an gles to the shaft, bor -
der ing the an te ri orly in ner sur face of the capitate bone. The an -
te ri orly in ner part of the trap e zoidal sur face con tains a small,
con cave sur face, which con tacts the con vex outer sur face of
the trap e zoid bone (trapezoideum). This area, ex tend ing pos te -
ri orly, is a broad, slightly con cave con tact sur face with mc 1. Be -
low the ar tic u lar sur faces for the capitate are two con cave sur -
faces, an te ri orly larger and deeper, which over lap the cor re -
spond ing sur faces on the ven tral side of mc 3. On the an te rior
sur face of the prox i mal epiph y sis, a shal low groove runs
obliquely to its up per part, which is at tached to the lig a ment of
the tra pe zium. The en tire head of mc 2 is rough ened for the at -
tach ment of the lig a ments of the car pal bones and ad ja cent
meta carp als. The rel a tively nar row shaft is tri an gu lar in cross-
sec tion at the prox i mal epiph y sis and al most cir cu lar in the mid -
dle and dis tal di rec tions. The mas sive dis tal epiph y sis is sep a -
rated from the shaft by deep dor sal and lat eral de pres sions

(Fig. 8B). On the in fe rior sur face, there is a short ridge in the
midline. This fits into the notch on the dis tal epiph y sis of the first
pha lan ges. On both sides of its base are sesamoid bones, to
which al most all the flexor ten dons of the adductor and the mus -
cles mov ing the meta carp als are at tached. At the point where
the shaft joins the dis tal epiph y sis there is a tuberosity, which
en com passes the sides of the phalangeal joints. In gen eral ap -
pear ance, the dis tal ar tic u lar sur face is al most straight on the in -
side and strongly curved on the out side (Fig. 8B).

Meta car pal 3 (mc 3). The prox i mal ar tic u la tion of mc 3 is
set nearly at a right an gle to the end of the shaft (Fig. 8). The
dor sal face ex pands con sid er ably more than the dis tal face. It is
ver ti cally con vex, trans versely con cave. There is a broad oval
sur face set on its in ner side. 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 mc 4. They are deeply con cave and are more con flu -
ent than those of mc 2. On the mesial sur face, a shal low groove
of the prox i mal epiph y sis runs di ag o nally and a 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 -
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Fig. 8. Metapodials of Ursus arctos taubachensis (one in di vid ual) from NiedŸwiedzia Cave

A – left meta car pal 4 (JN.5.82), B – left meta car pal 2 (JN.5.73), C – right meta car pal 4 (JN.5.108), D – right meta car pal 5 (JN.5.26), E – right
meta tar sal 1 (JN.5.21), F – left meta tar sal 1 (JN.5.20), G – left meta tar sal 3 (JN.5.32), H – right meta tar sal 3 (JN.5.31), I – left meta tar sal 4
(JN.5.35), J – left meta tar sal 2 (JN.5.28), K – left meta tar sal 5 (JN.5.19), L – right meta tar sal 5 (JN.5.24). All in di vid u als shown at the same
scale (scale bar = 50 mm), 1 – dor sal view, 2 – me dial view, 3 – ven tral view, 4 – lat eral view, 5 – prox i mal view



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, with 
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 in the me dian line.
In gen eral, 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. The ar tic u lar sur -
face of the prox i mal epiph y sis forms al most a right an gle to the
be gin ning of the shaft, and the dor sal sur face wid ens much
more pos te ri orly. On the in side of the shaft is an oval, wide ar tic -
u lar sur face that joins the pro trud ing part of mc 2. These two ar -
tic u lar sur faces are sep a rated from each other by a well-marked 
ridge. On the out side are two con cave sur faces for con tact with
mc 4. They are not as strongly con cave and are more strongly
con nected than those for con tact with mc 2. The dis tal epiph y sis 
is el lip ti cal and sym met ri cal.

Meta car pal 5 (mc 5). The mc 5 is the larg est and the most
mas sive among all metapodials (Fig. 8D). Its prox i mal epiph y -
sis is strongly thick ened and flat tened. 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,
as it is con vex only in ver ti cal di rec tion and cov ers the en tire end 
of the bone. The intermetacarpal ar tic u la tion is flat tened, seg -
men tal in form, set at right an gles to that for the hamatum. In
front, there rises 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 run
gently from mesial to dis tal and pro tract me di ally. The me dial
ar tic u la tion sur face (for mc 4) shows two round ar eas. The
larger, mesial area, runs down dis tally into a tri an gu lar area. Ex -
ter nally, its head pres ents a large tuberosity, which af fords at -
tach ment to strong lig a ments that bind the bone to the
hamatum, cu ne i form, and pisiform. In ad di tion, there is a large
tuberosity on the pal mar sur face. The prox i mal epiph y sis is
deeply con vex and the mesial limit ends with an acute an gle.
Lat er ally, it de vel ops a bulge and forms a semilunar con vex sur -
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JN U. a. taubachensis U. a. arctos

M Min-Max N M Min-Max N M Min-Max N

mc 1

GL 80.99 70.35–92.79 4 82.68 67.65–96.56 50 67.68 51.49–77.89 58

TI 17.7 17.1–18.6 4 17.6 14.9–21.9 50 14.3 11.6–16.4 58

PI 27.5 25.1–29.7 4 27.2 24.1–32.7 50 23.9 20.7–29.5 58

mc 2

GL 78.56 71.28–88.54 4 87.44 71.28–105.68 49 75.64 62.23–88.34 56

TI 18.9 18.1–19.5 4 18.1 16.3–19.6 49 15.2 12.6–17.5 56

PI 30.8 27.7–33.4 4 28.0 17.9–33.7 49 23.7 16.4–28.8 56

mc 3

GL 85.68 82.92–88.34 3 90.11 77.78–113.16 59 78.15 63.49–97.55 53

TI 17.7 17.2–18.2 3 17.9 15.1–20.2 59 14.7 12.4–17.8 53

PI 26.8 23.2–27.9 3 27.5 23.2–32.2 59 23.2 19.1–28.2 53

mc 4

GL 90.64 1 93.25 81.56–121.97 42 80.27 66.75–96.84 57

TI 19.1 1 17.8 14.3–20.5 42 15.3 13.5–16.7 57

PI 28.3 1 27.1 23.4–31.3 42 23.3 20.9–27.1 57

mc 5

GL 96.89 85.49–113.69 4 96.68 84.49–113.69 49 82.19 66.49–99.78 65

TI 16.9 16.1–17.5 4 18.6 16.1–22.1 49 15.5 13.9–17.1 65

PI 27.9 26.1–30.9 4 28.5 24.5–32.8 49 24.7 18.3–28.4 65

T a  b l e  2

Ba sic mea sure ments and in di ces of Ursus arctos ssp. meta carp als ana lysed in this pa per

JN U. a. taubachensis U. a. arctos

M Min-Max N M Min-Max N M Min-Max N

mt 1

GL 75.33 69.57–83.27 3 76.34 65.04–86.59 42 65.91 51.55–87.67 55

TI 18.7 17.5–19.6 3 17.6 13.7–20.1 42 15.4 13.2–16.6 55

PI 28.3 25.8–30.1 3 28.2 24.5–32.1 42 24.8 20.2–29.9 55

mt 2

GL 80.88 1 86.29 71.67–109.88 49 72.14 57.55–89.97 51

TI 18.1 1 18.2 15.2–21.2 49 15.3 12.4–16.6 51

PI 29.6 1 27.3 24.1–31.2 49 24.6 20.7–28.4 51

mt 3

GL 87.28 83.44–90.02 5 89.43 68.32–114.64 60 79.45 70.56–99.75 58

TI 18.4 17.9–18.8 5 18.1 16.1–20.1 60 15.4 13.9–16.9 58

PI 28.2 24.8–27.8 5 25.5 21.7–28.9 60 22.7 19.5–25.4 58

mt 4

GL 98.68 91.74–106.24 5 100.81 86.34–116.78 62 85.56 71.55–106.24 65

TI 17.8 16.9–18.7 5 17.6 16.1–19.4 62 15.7 13.9–16.6 65

PI 24.3 21.7–26.1 5 24.4 21.7–27.4 62 22.1 19.1–26.9 65

mt 5

GL 97.86 83.11–110.48 6 99.64 83.11–118.67 57 87.75 70.56–99.94 62

TI 15.8 14.8–16.8 6 16.5 14.3–18.3 57 13.1 11.7–15.8 62

PI 26.7 23.9–28.3 6 24.5 21.3–28.3 57 22.2 18.7–25.5 62

T a  b l e  3

Ba sic mea sure ments and in di ces of Ursus arctos ssp. meta tar sals ana lysed in this pa per



face. The shaft is pro por tion 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. The me dial part is nar -
rower, while the pal mar pro cess is large and well-de vel oped.

The prox i mal ar tic u lar sur face of mc 5 is much less con cave 
than those in mtcp 2 and 3. The struc ture of mc 5 is much more
mas sive than that of the other meta carp als, and the cur va ture
of the dor sal sur face is more flat tened. The prox i mal meta car -
pal is very mas sive and flat tened. The ar tic u lar sur face of the
prox i mal epiph y sis for con tact with the hamate forms a con tin u -
ous sur face with that for con tact with mc 4. It is con vex only in
the ver ti cal di rec tion and cov ers al most the en tire sur face of the
bone. The in ner sur face for con tact with the other meta carp als
has a flat tened sur face, is set per pen dic u lar to the ar tic u lar sur -
face for con tact with the hamate and is in ter rupted in the lower
part by large notches for lig a ments. Op po site is a con vex ar tic u -
lar sur face, which fits into a cor re spond ing de pres sion in mc 4.
Both ar tic u lar sur faces for meta carp als 4–5 pass gently from
front to back. Ex ter nally, the prox i mal epiph y sis pres ents a
large, strongly tu ber ous ar tic u lar sur face, the site of at tach ment
of strong lig a ments that con nected mc 5 to the cu ne i form,
hamate, and pisiform bones. There is also a large tuberosity on
the pal mar sur face. The prox i mal epiph y sis is strongly con vex
and the an te rior edge ends in a sharp an gle. Trans versely, it
has a strong bulge and forms a semilunar, con vex sur face. The
shaft is pro por tion ally shorter and more mas sive than in other
meta carp als (Fig. 8D). It is also si mul ta neously more strongly
arched out wards. The pro por tion ally slen der dis tal epiph y sis is
strongly con vex out wards and con cave in wards (Fig. 8D). The
ex ter nal tuberosity is larger and set lower than the in ter nal one.
This struc ture is di vided into two parts of un equal size by a
trans verse crest. The me dial part is nar rower, while the pal mar
pro cess is large and well-de vel oped.

Meta tar sal 1 (mt 1). The prox i mal ar tic u la tion of mt 1 is
formed by a me dial con cav ity that is fron tally bulged and dis tally 
di rected to the me dial side (Fig. 8E, F). It also nar rows point edly 
in its dis tal 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 entocuneiform is well pro -
nounced and its me dian ridge is strongly shifted dor sally, while
it is en larged and curved fron tally. 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, the dis tal one be ing much larger
and rounded. The prox i mal ar tic u la tion facet for tar sal 2 is com -
posed of two dif fer ent ar eas, clearly sep a rated by large,
well-de vel oped, rounded and dif fer ently sized in ci sions. The
mesial part is strongly wid ened and curved, tri an gu lar in shape.
The dis tal part is smaller and rect an gu lar in shape. An elon -
gated, smaller in den ta tion, shifted to wards the me dial side, 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 mesio-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 of 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 mesial and larger dis tal one. Both 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, dimensionally dif fer ent ar eas. The me dial crest
and a me dial ar tic u la tion facet slope to wards the me dial side
and are quite shal low and elon gated (Fig. 8E, F).

The quadrate prox i mal epiph y sis has a large, shal low and
al most smooth ar tic u lar sur face. The shaft is pro por tion ally nar -
row and curved, with a rounded cross-sec tion (Fig. 8E, F). Fron -
tally, there is a small bulge and de pres sions on the me dial sur -
face. It ends in front of a dis tal con vex ity. In lat eral view, just
next to the base, there is an elon gated ar tic u lar sur face, the site
of at tach ment of mt 2. Above this con cav ity, on the anterolateral 
cor ner, there is a hor i zon tal con vex ity. The trochlea is well-de -
vel oped and nar row, with a more pro nounced me dial crest run -
ning along its plan tar side than in U. a. arctos (Fig. 8E, F).

Meta tar sal 2 (mt 2). The mt 2 has a mas sive and curved
diaphysis, front-dis tally flat tened and rect an gu lar (Fig. 8J). The
dis tal ar tic u la tion is rel a tively large, rounded, and ir reg u lar. The
me dial epicondyle is more prom i nent than the lat eral one. The
ar tic u lar sur face of the prox i mal epiph y sis for con tact with mt 3
is smaller an te ri orly and tilts slightly an te ri orly. The lat eral and
me dial ar tic u lar sur faces of the prox i mal epiph y sis dif fer from
those of U. a. arctos in di vid u als. This part of mt 2 is more mas -
sive and lacks the deep notch on the dor sal sur face. The body
shows a no tice able dorso-ven tral flat ten ing, and the me dial part 
of the ridge of the prox i mal epiph y sis is less curved than in U. a.
arctos. The ar tic u lar sur face prox i mal to the body is formed by a
me dial con cav ity that bulges antero-pos te ri orly. It also ta pers
sig nif i cantly pos te ri orly and has a tri an gu lar shape. Lat er ally lo -
cated are two well-de vel oped ar tic u lar sur faces, both con cave,
for ar tic u la tion with mt 3. The ar tic u lar sur face of the dis tal
epiph y sis is rel a tively large and rounded. All fea tures show a
clear sim i lar ity to U. a. arctos, but dif fer in a straighter ar tic u lar
sur face. In gen eral, the ar tic u lar sur faces are more mas sive in
fos sil brown bears. In sum mary, it can be said that the most no -
tice able dif fer ences be tween fos sil and mod ern brown bears
among all meta tar sal bones are no tice able in mt 2 (Fig. 8J).

Meta tar sal 3 (mt 3). This bone is char ac ter ised by a mas -
sive and curved shaft, flat tened in the antero-pos te rior di rec tion. 
The mas sive ness in di ces are pro por tion ally among the high est
for all meta carp als and meta tar sals (Fig. 8G, H). The ar tic u lar
sur face for the mesocuneiform is well de vel oped, and its me dial 
ridge is strongly shifted out wards. Me di ally, it forms a short nar -
row ing. The ar tic u lar sur faces for mt 4 are sep a rated far from
each other, and the pos te rior one is much larger and rounded.
The prox i mal ar tic u lar sur face for con tact with the ecto -
cuneiform con sists of two dis tinct sur faces, clearly sep a rated
from each other by large notches. The an te rior part is ex -
panded, in the shape of an un equal-sided tri an gle, and strongly
curved. The pos te rior part is smaller, rect an gu lar in shape. The
elon gated, smaller notch is shifted to wards the me dial wall and
is lo cated cen trally. The larger notch is more oval, lo cated more
lat er ally and fur ther anteromedially. Me di ally, the ar tic u lar sur -
face is di vided into two parts: from the front, the first is stretched
hor i zon tally. The sec ond, pos te rior, is flat and shorter. The me -
dial ar tic u lar sur face is di vided into two parts, a smaller an te rior
and a larger pos te rior part. Both ar eas are sep a rated from each
other by a semi cir cu lar notch. The lat eral ar tic u lar sur face is
sim i larly de vel oped, and is di vided into two, also dimensionally
dif fer ent ar eas. The me dial crest and the me dial ar tic u lar sur -
face are mod er ately shal low and elon gated. The width of the
shaft in creases slightly from the prox i mal to the dis tal epiph y sis. 
In lat eral view, just be low the prox i mal epiph y sis, there is a pro -
tru sion of the shaft. The dis tal epiph y sis has a reg u lar shape, al -
most equally curved on both sides. The me dial condyle is only
slightly more de vel oped than the lat eral condyle (Fig. 8G, H).

The diaphyseal depth of mt 3 barely de clines from prox i mal
to dis tal (Fig. 8G, H). Two large rounded in den ta tions of dif fer -
ent size are no ta ble on the prox i mal ar tic u la tion facet for the
ectocuneiform. The lat ter is com posed of a dis tal, ap prox i -
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mately rect an gu lar part and an other part, wid en ing to wards
mesial, which has the shape of a non-isos ce les tri an gle, the
curved ba sis of which points mesially. Both parts are clearly
sep a rated in the as sumed over lap ping area by two in ci sions
span ning from me dial to lat eral. The me dial ar tic u la tion facet is
split into two parts. It is de vel oped into a smaller mesial and a
larger dis tal par tial facet, which are sep a rated by an in ci sion
that ends dis tally in a semi-cir cu lar shape, the base of which is
strongly pleated.

Meta tar sal 4 (mt 4). The out line of the prox i mal ar tic u la tion
facet of mt 4 cor re sponds to that of U. a. arctos, only the
mesio-me dial ar tic u la tion facet is more prom i nent and rect an -
gu larly shaped (Fig. 8I, J). The diaphysis is slightly more elon -
gated and built more stoutly. In fron tal view, the diaphysis wid -
ens strongly to wards the prox i mal epiph y sis. Its holds a me dial
crista and a me dial ar tic u la tion facet which slopes to wards the
me dial side. The lat eral epicondyle is more prom i nent than the
me dial epicondyle.

Com pared to other meta tar sals, mt 4 is more mas sive, with
a thicker and less curved shaft (Fig. 8I, J). The ar tic u lar sur face
for con tact with the cuboid bone is con vex, slightly higher at the
dis tal edge, and fron tally in clined. The lat eral sur face of the
prox i mal epiph y sis is rect an gu lar, and be hind it there is a deep
con vex ity. The ar tic u lar sur face is in clined and con vex, rect an -
gu lar, end ing in the front in the form of a curved, large edge. On
the plan tar side, the prox i mal ar tic u lar sur face ends in a hor i -
zon tal pat tern. This part is elon gated, sep a rated from the pos te -
rior part by a shal low notch. At the con tact with mt 3 there is an
in clined, slightly curved, elon gated sur face. The mas sive and
al most straight shaft in the lat eral pro jec tion is slightly curved.
Above the dis tal epiph y sis there is a large tuberosity on both
sides of the shaft at the ra dial at tach ment of the flexors
(Fig. 8I, J).

Meta tar sal 5 (mt 5). This is the lon gest and pro por tion ally
the most slen der of all the meta tar sals (Fig. 8K, L). The prox i -
mal epiph y sis is shaped like an ir reg u lar um brella, with two
lobes. The ar tic u lar sur face of these two lobes is tilted me di ally.
The con tact point with mt 4 is formed by an en larged fron tal sur -
face. The shaft is tri an gu lar in cross-sec tion and al most straight. 
It nar rows slightly to wards the dis tal meta car pal, and its nar row -
est point is lo cated at about two-thirds of its length. The me dial
thick en ing, lo cated on the plan tar side of the shaft, is poorly de -
vel oped. The dis tal epiph y sis is reg u larly built. The me dial pro -
tu ber ance of mt 5 is mod er ately de vel oped on the plan tar side
of the diaphysis. It wid ens con tin u ally to merge with the dis tal ar -
tic u la tion. The diaphysis ta pers off dis tally, and its nar row est
point is within the prox i mal third of the diaphysis. The
medio-plan tar pro tu ber ance in the area of the dis tal diaphysis is
some what more strongly de vel oped.

The length of all metapodials from JN ex ceed the length of
those of U. s. ingressus. Only the small est of them are com pa ra -
ble in length with the larg est spec i mens of U. s. ingressus (Fig.
8K, L). All in di ces are sig nif i cantly be low those typ i cal of U. s.
ingressus. In gen eral, metapodials of U. a. taubachensis and U.
a. arctos are lon ger and more slen der, and the ar tic u lar sur faces
are less de vel oped and usu ally more con vex than those in U. s.
ingressus. Metapodials of U. a. taubachensis are larger and dis -
tinctly more ro bust than those of U. a. arctos (Ta bles 2 and 3).
The shaft is not as straight and the ar tic u lar sur faces are more
strongly de vel oped. Anal y sis of metapodials from JN fully con -
firmed the de ter mi na tion of the ma te rial as that be long ing mostly
to U. a. taubachensis and in a few spec i mens to U. a. arctos. No
sub stan tial dif fer ences be tween JN ma te rial and those from
other Late Pleis to cene pop u la tions were found. Their di men -
sions, K-in dex and P-in dex are vari able, but gen er ally fall within
the size vari abil ity of equal bones (Ta bles 2 and 3).

DISCUSSION

The ma te rial of U. arctos from JN is rep re sented by ma te rial 
of great tax o nomic value. The spe cific cra nial and den tal char -
ac ter is tics of many Late Pleis to cene pop u la tions of U. arctos,
es pe cially from periglacial ar eas, can not be dis puted. They are
com monly rep re sented in France and the Neth er lands through
Cen tral and East Eu rope to North Si be ria and Yakutia
(Erdbrink, 1953, 1969; Mostecky, 1963; Musil, 1964; Ballesio,
1983; Baryshnikov and Boeskorov, 2004; Marciszak et al.,
2019, 2020, 2021, 2024a). Those bears from the late Mid dle
and Late Pleis to cene (MIS 12-2) were char ac ter ised by a
unique com bi na tion of fea tures, un known in ex tant rep re sen ta -
tives of U. arctos. The prob lem is that, with the ex cep tion of
some Eemian sites (e.g., Taubach in Ger many, Dziadowa
Ska³a in Po land and Chlupáèova sluj in Czech Re pub lic), the
Late Pleis to cene re cords of U. arctos are rather frag men tary,
not al low ing suf fi cient char ac teri sa tion of pop u la tion vari abil ity.
We there fore de cided to leave the ques tion of tax o nomic sta tus
of Late Pleis to cene bears open. The term U. a. taubachensis is
used for a large form cor re spond ing to the tra di tional con cept of 
“U. a. priscus” (leav ing aside the fact that these phenotypic
char ac ter is tics do not fit to the holotype of U. a. priscus it self). U. 
a. arctos is re stricted the Eu ro pean Ho lo cene brown bear, iden -
ti cal to the ex tant, nominotypical sub spe cies U. a. arctos
(Marciszak et al., 2022).

With the ma te rial of U. arctos from JN we are cer tainly deal -
ing with two sub spe cies liv ing in dif fer ent pe ri ods and cli ma tic
and palaeoenvironmental con di tions. The over whelm ing ma jor -
ity of the ma te rial of this spe cies co mes from the Late Pleis to -
cene (MIS 3-2), and be longs to U. a. taubachensis. This bear is
re garded as an in hab it ant of ex ten sive open grass lands and
low lands, which reg u larly also vis ited moun tains like the
Sudetes, mainly in search of food (Sabol, 2001; Barysnikov,
2007; Marciszak et al., 2020, 2024b).

The anal y sis of mi to chon drial an cient DNA (aDNA) shows a 
high Late Pleis to cene di ver sity across the con ti nent and chal -
lenges some how the idea of strict con fine ment to tra di tional
south ern refugia dur ing the last gla cial max i mum (LGM)
(Ersmark et al., 2019). The mi to chon drial data sug gest a ge -
netic turn over just be fore the LGM. Anal y sis of a few spec i mens 
from JN con firmed their at tri bu tion to U. arctos and to the
subclade 1b, the same as in the ex tant nominotypical sub spe -
cies U. a. arctos from the Carpathian Mts. These re sults were
also ob tained for spec i mens which mor pho log i cally were as -
signed to U. a. arctos, while in those de ter mined as U. a.
taubachensis so far no DNA has been found (Ersmark et al.,
2019). In subclade 1b, the most in ten sive dy nam ics start
around 17–16 ka. Af ter this point, 1b was wide spread across
cen tral Eu rope and was pres ent also in Den mark and in south -
east ern France. To day, this haplotype is also by far the most
wide spread in Cen tral Eu rope. How ever, de spite the ex ten sive
spread of subclade 1b in West ern Eu rope it was pre ceded by
subclade 1a. There are also no traces of 1b ex pand ing into the
Ibe rian Pen in sula, the Brit ish Isles or Scan di na via (Ersmark et
al., 2019).

The ma te rial of NiedŸwiedzia Cave clearly doc u ments a de -
crease in size, and mor pho log i cal changes in, the evo lu tion ary
lin eage of this spe cies (Fig. 9). U. a. taubachensis roamed on
Eur asian Late Pleis to cene open grass lands and pen e trated
moun tain ar eas in seach of food (Baryshnikov and Boeskorov,
2005; Marciszak et al., 2019). The Eu ro pean pre-LGM brown
bears, com pared with the ex tant U. arctos, were dis tinctly more
car niv o rous, as was in ferred from sta ble iso tope anal y ses
(Münzel et al., 2011; Bocherens, 2015; Bocherens et al., 2015;
Ersmark et al., 2019). This also sug gests that the shift to lower
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d15N val ues started af ter the LGM and was synchronous with
the ex tinc tion of U. spelaeus sensu lato. This di etary shift re -
flects the open ing of a more her biv o rous niche for U. arctos
(Münzel et al., 2011; Bocherens, 2015; Mackiewicz et al.,
2017). How ever, higher d15N val ues in the Late Pleis to cene U.
arctos from MIS 3-2 could have been an ad ap ta tion to colder
and more bar ren hab i tats. Re cent brown bears are gen er ally
more car niv o rous in open land scapes (Bojarska and Selva,
2012; Ersmark et al., 2019). Some ear lier au thors pointed out
that the pres ence of U. a. taubachensis was char ac ter is tic of
open and periglacial grass lands (Thenius,1956; Musil, 1964).
This pe riod is doc u mented by most of the ma te rial dated to MIS
3-2, ro bust and gi ant in di vid u als, which prob a bly pen e trated the 
NiedŸwiedzia Cave in search of food, and maybe also as hi ber -
nat ing cave bears (Marciszak et al., 2024b).

An abrupt warm ing at 14.7 ka (on set of GI-1e), and a re duc -
tion and frag men ta tion of the U. a. taubachensis range, are
sug gested for a wide area of Eu rope. This was ex cept in more
oce anic north-west ern parts, such as the mod ern Bal tic and
North Sea coasts and per haps the cen tral and north ern East
Eu ro pean Plain. A pos si ble ex pla na tion for the lon ger sur vival

of U. a. taubachensis is that the steppe-tun dra eco sys tem in
these re gions lasted lon ger (Coles, 2000). Be tween 15–13.5
ka, the pres ent-day Bal tic and North Sea coasts, as well as the
north-west ern part of Eu rope, were still cov ered by open grass -
land veg e ta tion suit able for U. a. taubachensis, in con trast to
Cen tral Eu rope, which was al ready cov ered by pine for ests
(Brewer et al., 2017). This turn over is cor rob o rated by the pres -
ence of U. a. arctos re mains, dated to 14.0–13.6 cal ka BP,
mor pho log i cally in dis tin guish able from the ex tant Carpathian
pop u la tion.
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Cataloque no. Description Subspecies Trench Layer Old catalogue no. Depth Year

JN.5.1 left mandible with damaged ramus, p1 and m2-m3Ursus arctos taubachensis K II 21 K 527

JN.5.2 right mandible with p4 and m2 Ursus arctos arctos K V 12

JN.5.3 body of the right mandible with worn m2 Ursus arctos taubachensis K I 13

JN.5.4 mesial part of the right mandible with c1 Ursus arctos taubachensis K II 7

JN.5.5 right radius Ursus arctos arctos K I 5

JN.5.6 right ulna Ursus arctos arctos K II 18 K 154

JN.5.7 distal epiphysis with shaft fragment of right humerusUrsus arctos taubachensis K V 23 K 256/78

JN.5.8 right talus Ursus arctos taubachensis K II 17 K 300

JN.5.9 left talus Ursus arctos taubachensis K IV 14 K 392/78

JN.5.10 left calcaneus Ursus arctos taubachensis K V 23 K 5/67

JN.5.11 right calcaneus Ursus arctos taubachensis K V 21 K 5/40

JN.5.12 right metatarsal 4 Ursus arctos taubachensis K II 18 K 68/77

JN.5.13 right metacarpal 5 Ursus arctos taubachensis K V 16

JN.5.14 left metatarsal 4 Ursus arctos taubachensis K V 21 K-5-X

JN.5.15 right metacarpal 2 Ursus arctos taubachensis K IV 15

JN.5.16 right metatarsal 5 Ursus arctos taubachensis K IV 16

JN.5.17 left metatarsal 5 Ursus arctos taubachensis K II 17 K 902

JN.5.18 right metatarsal 5 Ursus arctos taubachensis K III 13

JN.5.19 left metatarsal 5 Ursus arctos taubachensis K V 20 K-5-X

JN.5.20 left metatarsal 1 Ursus arctos taubachensis K V 22 K-5-X

JN.5.21 right metatarsal 1 Ursus arctos taubachensis K V 24 K 5/86

JN.5.22 right metacarpal 1 Ursus arctos arctos K II 18 K 163

JN.5.23 left metacarpal 1 Ursus arctos taubachensis K IV 12 K 593/78

JN.5.24 right metatarsal 5 Ursus arctos taubachensis K V 19 K 5/50

JN.5.25 left metatarsal 5 without distal epiphysis Ursus arctos taubachensis K VI 20 KH/10-91 115-130 1991

JN.5.26 right metacarpal 5 Ursus arctos taubachensis K V 23 K-5-X

JN.5.27 right metatarsal 3 Ursus arctos taubachensis KCP K 1378/93 120-130 1993

JN.5.28 left metatarsal 2 Ursus arctos taubachensis K V 23 K-5-X

JN.5.29 right metatarsal 3 Ursus arctos taubachensis K IV 24

JN.5.30 left metatarsal 3 Ursus arctos taubachensis K IV 17 K 690

JN.5.31 right metatarsal 3 Ursus arctos taubachensis K V 22 K 5/70

JN.5.32 left metatarsal 3 Ursus arctos taubachensis K V 19 K-5-X

JN.5.33 right metacarpal 3 Ursus arctos taubachensis K I 4

JN.5.34 right metacarpal 3 Ursus arctos taubachensis K V 16

JN.5.35 left metatarsal 4 Ursus arctos taubachensis K V 23 K 5/59

JN.5.36 right metatarsal 4 Ursus arctos taubachensis K II 17

JN.5.37 phalanx 1 Ursus arctos taubachensis K V 23

JN.5.38 phalanx 1 Ursus arctos taubachensis K V 23

JN.5.39 phalanx 1 Ursus arctos taubachensis K V 22

JN.5.40 phalanx 1 Ursus arctos taubachensis K V 23

JN.5.41 phalanx 1 Ursus arctos taubachensis K V 20

JN.5.42 phalanx 1 Ursus arctos taubachensis K III 2

JN.5.43 phalanx 1 Ursus arctos taubachensis K III 17

JN.5.44 phalanx 1 Ursus arctos taubachensis K I 10

JN.5.45 phalanx 2 Ursus arctos taubachensis K V 23

JN.5.46 phalanx 2 Ursus arctos taubachensis K V 21

JN.5.47 left c1 Ursus arctos taubachensis K V 22

JN.5.48 left c1 Ursus arctos taubachensis K V 24

JN.5.49 left C1 Ursus arctos taubachensis K IV 16 K 2378

JN.5.50 right p4 Ursus arctos taubachensis K III 12

JN.5.51 right p4 Ursus arctos taubachensis K IV 18

JN.5.52 left m1 Ursus arctos arctos K II 21

JN.5.53 left m1 Ursus arctos arctos K V 24

JN.5.54 crown of right m2 Ursus arctos taubachensis K VI K 35/87 0-15 1987

JN.5.55 right m3 Ursus arctos taubachensis K V 23

JN.5.56 left tibia Ursus arctos arctos K VI 7 K 678 660

JN.5.57 left ulna Ursus arctos taubachensis K II 12

JN.5.58 left humerus Ursus arctos taubachensis K VI 5 700 1992

JN.5.59 right humerus lack proximal epiphysis Ursus arctos taubachensis K III 6 K 594/77

JN.5.60 right m1 Ursus arctos taubachensis K II 22 K 2276

JN.5.61 crown of right M2 Ursus arctos taubachensis K VI KH/3-90 135-150 1990

JN.5.62 crown of right M2 Ursus arctos taubachensis K II 16

JN.5.63 left m1 Ursus arctos taubachensis K VI 3

JN.5.64 left M2 Ursus arctos taubachensis K II 23

JN.5.65 left M2 Ursus arctos taubachensis KCP 120-130

JN.5.66 crown of left M2 Ursus arctos taubachensis KCP 120-130

JN.5.67 right m2 Ursus arctos taubachensis K V 16
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JN.5.68 crown of right P3 Ursus arctos taubachensis KCP 200-210

JN.5.69 left p3 Ursus arctos taubachensis KCP 200-210

JN.5.70 crown of right p3 Ursus arctos taubachensis KCP 130-140

JN.5.71 left metacarpal 1 Ursus arctos taubachensis KCP 220-230 1995

JN.5.72 left metacarpal 1 Ursus arctos taubachensis K IV 16

JN.5.73 right metacarpal 2 Ursus arctos taubachensis K V 23 K-5-X

JN.5.74 right metacarpal 2 Ursus arctos taubachensis KCP 210-220 1994

JN.5.75 left metacarpal 2 Ursus arctos taubachensis K V 23 K-5-X 50-60 1997

JN.5.76 right metacarpal 3 Ursus arctos taubachensis KCP 80-90 1995

JN.5.77 right metacarpal 5 Ursus arctos taubachensis K II 24

JN.5.78 left metacarpal 5 Ursus arctos taubachensis K III 21

JN.5.79 left metatarsal 1 Ursus arctos taubachensis KCP 100-110 1993

JN.5.80 right metatarsal 4 Ursus arctos taubachensis K V 23

JN.5.81 right calcaneus Ursus arctos taubachensis K IV 16

JN.5.82 left metacarpal 4 Ursus arctos taubachensis K V 23 K-5-X

JN.5.83 right metatarsal 4 Ursus arctos taubachensis KCP 20-30 1997

JN.5.84 right ulna Ursus arctos taubachensis K II 22  

JN.5.85 left tibia Ursus arctos taubachensis KCP 200-210 1996

JN.5.86 right tibia Ursus arctos taubachensis K I 14

JN.5.87 left humerus without proximal epiphysis Ursus arctos arctos K III 19

JN.5.88 distal epiphysis of right humerus Ursus arctos taubachensis K II 22

JN.5.89 left humerus without proximal epiphysis Ursus arctos taubachensis K IV 13

JN.5.90 right P4 Ursus arctos taubachensis K III 22

JN.5.91 right P4 Ursus arctos taubachensis K II 11

JN.5.92 right P4 Ursus arctos taubachensis K VI 10-20 1991

JN.5.93 slightly worn crown of left M1 Ursus arctos taubachensis K IV 23

JN.5.94 left M1 Ursus arctos taubachensis K V 25

JN.5.95 right M1 Ursus arctos taubachensis K II 15

JN.5.96 crown of right M1 Ursus arctos taubachensis K VI 10-20 1991

JN.5.97 crown of left M2 Ursus arctos taubachensis K I 1

JN.5.98 right M2 Ursus arctos taubachensis K III 3

JN.5.99 slightly worn crown of left M2 Ursus arctos taubachensis K IV 4

JN.5.100 right mandible with c1-p1 and p4-m3 Ursus arctos arctos K VI 0-10 1990

JN.5.101 crown of right m1 Ursus arctos taubachensis K II 26

JN.5.102 left m1 Ursus arctos taubachensis K III 5

JN.5.103 left m2 Ursus arctos taubachensis K II 11

JN.5.104 right m3 Ursus arctos arctos K IV 4

JN.5.105 left calcaneus Ursus arctos arctos K II 23

JN.5.106 right calcaneus Ursus arctos taubachensis K III 4

JN.5.107 right metatarsal 4 Ursus arctos taubachensis K VI 135-150 1991

JN.5.108 right metacarpal 4 Ursus arctos taubachensis K V 23 K-5-X
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Figure S1. Scheme of measurements and cusps terminology of the ursid 
upper cheek teeth. 

 

P4: 

1 - total length (L), 

2 - trigon breadth (B tr), 

3 - talon breadth (B ta). 

 

M1: 

1 - total length (L), 

2 - trigon length (L tr), 

3 - talon length (L ta), 

4 - paracone length (L pa), 

5 - metacone length (L me), 

6 - trigon breadth (B tr), 

7 - talon breadth (B ta). 

 

M2: 

1 - total length (L), 

2 - paracone length (L pa), 

3 - metacone length (L me), 

4 - trigon breadth (B tr), 

5 - talon breadth (B ta). 



 

Figure S2. Scheme of measurements and cusps terminology of the ursid 
lower cheek teeth. 

 

p4: 

1 - total length (L), 

2 - total breadth (B). 

 

m1: 

1 - total length (L), 

2 - trigonid length (L tr), 

3 - length of distal entoconid (L e1), 

4 - length of mesial entoconid (L e2), 

5 - trigonid breadth (B tr), 

6 - talonid breadth (B ta). 

 

m2: 

1 - total length (L), 

2 - trigonid lingual length (L tr 1), 

3 - trigonid buccal length (L tr 2), 

4 - talonid lingual length (L ta 1), 

5 - talonid buccal length (L ta 2), 

6 - trigonid breadth (B tr), 

7 - talonid breadth (B ta). 

 

m3: 

1 - total length (L), 

2 - talonid length (L la), 

3 - trigonid breadth (B tr), 

4 - talonid breadth (B ta). 

 



 

Figure S3. Scheme of measurements of ursid metacarpals and metatarsals: 

1 - total length (L), 

2 - proximal epiphysis depth (pL), 

3 - proximal epiphysis breadth (pB), 

4 - shaft depth (mL), 

5 - shaft breadth (mB), 

6 - distal epiphysis depth (dL), 

7 - distal epiphysis breadth (dB). 



 

Figure S4. Scheme of measurements of ursid carpals and tarsals: 

1 - length (L), 

2 - breadth (B), 

3 - depth (D). 


