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Po³udniowa Cave is a lo cal ity that has been known for more than 500 years, where at least three or even four dif fer ent fau nal
as sem blages have been found. The old est fau nal el e ments are rep re sented by the ro dent Baranomys loczyi, and the car ni -
vores Baranogale helbingi and Mustela pliocaenica, be ing the only Plio cene finds in the Sudetes Mts. caves. The sec ond
fau nal as sem blage is dated back to the early Mid dle Pleis to cene and con sists of the fol low ing taxa: Sorex sp., Rhinolophus
aff. ferrumequinum, Glis sackdilligensis, Pliomys coronensis, Pliomys episcopalis, Mimomys sp., Lycaon lycaonoides, Canis 
mosbachensis, Vulpes vulpes, Ursus deningeri, Ursus arctos ssp., Ursus cf. thibetanus, Gulo gulo schlosseri, Meles meles
atavus, Martes vetus, Mustela strandi, Mustela palerminea, Mustela praenivalis, Panthera spelaea fossilis, Homotherium
latidens latidens, Panthera gombaszoegensis gombaszoegensis, Acinonyx pardinensis intermedius, Felis cf. silvestris,
Pachycrocuta brevirostris and Capreolus sp. The third as sem blage is dated back to the Late Pleis to cene (MIS 3), and con -
sists of Glis glis, Arvicola sp., Canis lupus spealeus, Ursus ex. gr. spelaeus, and Martes martes. Fi nally, the youn gest fauna,
dated as MIS 1, is rep re sented by Arvicola sp., Apodemus sp., Lepus sp., Cricetus cricetus, Ursus arctos arctos, Meles
meles, Martes martes, and Capreolus capreolus. Pos si ble re la tion ships that may be in ferred in clude the im pact of new spe -
cies in the dis ap pear ance of an cient car ni vores.

Key words: Mid dle Pleis to cene, Sudetes, com pe ti tion, ex tinc tion, Homotherium.

INTRODUCTION

Over the last 30 years, there has been sig nif i cant prog ress
in the un der stand ing of en vi ron men tal changes in Eu rope dur -
ing the Mid dle Pleis to cene, and of the sig nif i cance of these
changes for the de vel op ment of ex tant biota (Strani, 2021). The
biochronological con text of this in ter val within Cen tral Eu rope is
rel a tively abun dant. The Mid dle Pleis to cene fos sil re cord of Po -
land is well doc u mented. Its com plex phys i og ra phy, cli ma tic
het er o ge ne ity, and geo graph ical and eco log i cal bar ri ers are
fac tors in ana lys ing changes in tax o nomic com po si tion and di -
ver sity as well as for more pre cise com par i son of fau nal dy nam -
ics be tween dif fer ent re gions. The Early Pleis to cene Pol ish car -

ni vore as sem blages orig i nated from a mo saic of spe cies of Af ri -
can and Eur asian or i gin. Over time, sev eral im por tant taxa dis -
persed across a large ter ri tory while other forms re treated and
van ished. Dur ing the Mid dle Pleis to cene, the ter ri tory of pres -
ent-day Po land ex pe ri enced a long and com plex his tory of spe -
cies turn over, in va sions, com pet i tive ex clu sion and pro longed
sur vival of some taxa in refugia (Wolsan, 1989, 1990, 1993;
Marciszak et al., 2020, 2021a–d, 2023a). Lo cated on the north -
ern fringe of the Carpathian-Sudetes arch and act ing as a nat u -
ral cor ri dor through the Eu ro pean con ti nent, the  ter ri tory of
mod ern Po land is among the key ar eas for es ti mat ing changes
in fau nal com po si tion over time.

The Mid dle Pleis to cene (MIS 19-6) was a very dy namic pe -
riod in the his tory of Eu rope. Eco log i cal shifts ob served at that
time and con se quent spe cies turn over led to the ap pear ance of
mod ern hab i tats. Early Pleis to cene fau nal as sem blages were
re placed by those more sim i lar in tax o nomic com po si tion to ex -
tant as sem blages (Fejfar and Hein rich, 1979, 1980, 1983,
1988; Fejfar and Horáèek, 1983; Fejfar et al., 1998; Sala and
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Masini, 2007; Kahlke et al., 2011; Kahlke, 2014; Palombo,
2016). A thor ough study of Mid dle Pleis to cene fau nas is cru cial
for es tab lish ing the biochronological back ground and re con -
struct ing en vi ron men tal changes that might have caused spe -
cies turn over (e.g., Berto et al., 2021; Krokhmal’ et al., 2021,
2023). Car ni vores, to gether with other mam mals, play a sig nif i -
cant role in terms of biochronology and cli mate re con struc tion.
The his tory of these changes in west ern and south ern Eu rope is 
well doc u mented, while Cen tral Eu rope re mains a rel a tively
poorly known area in this as pect.

There has been an ob vi ous gap in the re con struc tion of the
Mid dle Pleis to cene world of the long-gone car ni vores since ma -
te rial from this in ter val from the Sudetes area has never been
noted. Only Zotz (1939) sug gested that some ma te ri als and de -
pos its from Po³udniowa Cave may be of Mid dle Pleis to cene
age, but these were never an ob ject of more de tailed stud ies. It
would take over 70 years for this sit u a tion to change. Re search
into ma te rial in some lo cal mu se ums and pri vate col lec tions al -
lows us to re dis cover this lo cal ity, and show the re mains it con -
tains are ex traor di nary. Un for tu nately, its orig i nal wealth has
been ir re triev ably lost, and the finds pre sented here are prob a -
bly a small part of the for mer, ex traor di nary palaeontological
wealth. Much of this ma te rial re mains un dis cov ered and un des -
cribed, but the search con tin ues, and new ma te rial ap pears ev -
ery few months. How ever, al ready at this stage, the po ten tial of
this site, that has been de stroyed, is clear. In or der to il lus trate
at least a small part of the ex traor di nary finds from this site, as
well as to in tro duce Po³udniowa Cave to the sci en tific world, we
have com piled a his tory of re search and made a de tailed study
of the car ni vores, the most nu mer ous amnd sig nif i cant mam -
mals from this site.

GEOLOGICAL SETTING

GEOLOGY

Po³om (Germ. Kitzelberg) is a domed moun tain 667 m a.s.l.
lo cated in the Kaczawa Mts., in the west ern part of the Sudetes
Mts. (SW Po land; Figs. 1 and 2). The moun tain has steep, con -
cave-con vex slopes and rises above the Kaczawa River val ley
and the town of Wojcieszów. Sim i larly to the nearby M³yniec
(Mi³ek) moun tain, it is built of car bon ate rocks, crys tal line lime -
stones and mar bles, form ing a 20 km-long NW–SE belt of hills.
The Cam brian age of the lime stones was es tab lished based on
fos sils found there (Gürich, 1882, 1890; Zim mer mann and
Berg, 1932; Schwarzbach, 1936; Gunia, 1967). This was dis -
puted by Skowronek and Steffahn (2000), who, on the ba sis of
foraminiferal and ver te brate as sem blages, de ter mined the age
of the rocks to be no older than Or do vi cian. How ever, more re -
cent stud ies of archaeocyathids found there al low dat ing to the
mid dle part of the Lower Cam brian (Bia³ek et al., 2007). The
mar bles are ac com pa nied by in ter ca la tions of phyllite, cal car e -
ous shale, seri cite-chlorite shale, car bon ate-quartz-seri cite
shale, and a suc ces sion of greenschists around (Baranowski
and Lorenc, 1981; Baranowski et al., 1990; Kryza et al., 1992).
These rocks be long to a geo log i cal unit termed the Kaczawa
com plex. Veins of youn ger rhy o lite cut this se quence.

The mar bles of Po³om have a var ied chem i cal com po si tion,
al low ing seven lithotypes to be dis tin guished (Lorenc, 1984).
The con tent of CaO in the rocks ranges from 36 to 54%, and the 
con tent of insolubles reaches 20% (Pulina, 1977, 1996; Lorenc, 
1984). The mar bles are up to 500 m thick, they are fo li ated and
folded dip to the N and NNW at var i ous an gles, mostly be tween
45 and 80° (Baranowski and Lorenc, 1981). They are char ac -
ter ised by strong frac tur ing, mostly along WNW–ESE, NW–SE, 

and NE–SW di rec tions (Rogala, 2003). This was con du cive to
the de vel op ment of karst land forms, in clud ing karst sink
troughs and caves, mostly filled with sed i ments. Among these
the GwiaŸdzista Cave (565 m long), the Nowa Cave (227 m
long), Szczelina Wojcieszowska (112.6 m deep – the deep est
in the Sudetes Mts.), Jasna Cave (95 mlong), and Kryszta³owa
Cave (130 m long with spec tac u lar speleothems) stand out.
The num ber of caves in the Wojcieszów re gion are unique in
the Sudetes Mts., con sid er ing the small area oc cu pied by karst
rocks.

In ten sive fau nal, palaeontological and ar chae o log i cal re -
search con ducted in the Wojcieszów re gion in the 1920s and
1930s made it pos si ble to draw the first con clu sions con cern ing
the age of the cave de pos its and the evo lu tion of land forms.
The first in ter pre ta tion of the gen e sis of the caves was made by
Zotz (1939). In the de pos its of the Wschodnia Cave, sit u ated
290 m above the Kaczawa val ley, he found gran ite river grav els
orig i nat ing from the nearby Karkonosze Mts., and as signed to
them a Plio cene age. De tailed stud ies of the karst of Po³om led
to a hy poth e sis of cy clic de vel op ment of the karst phe nom ena
(Pulina, 1977). The oc cur rence of three ba sic se quences of
karst caves found by Zotz (1939) (260–280, 150–210, and
30–70 m above the bot tom of the Kaczawa val ley) was in ferred
to cor re spond to the height of three planation lev els in the West -
ern Sudetes (Jahn, 1953). Their ages were stated as Late Cre -
ta ceous, Paleogene, and Neo gene. Ac cord ing to this hy poth e -
sis, with the deep en ing of the val leys be cause of suc ces sive
ero sional phases fol low ing up lift phases of the West ern
Sudetes, the higher cave lev els were de prived of wa ter flow and 
be came a proxy of the po si tion of the val ley floor dur ing pe ri ods
of lim ited ero sion. The opin ions of Pulina (1977) were sup -
ported by ob ser va tions and dat ing of fossiliferous cal cite de pos -
its made on 10 caves known at the time, which had a to tal pas -
sage length of 290 m. Fur ther knowl edge of the Po³om karst,
within which more than 2700 m of cave pas sages were known
at the be gin ning of the 21st cen tury, al lowed us to ques tion the
ex is tence of cave ho ri zons sensu Pulina (1977):  Rogala (2003)
noted that most cave pas sages of Po³om are steep or ver ti cal,
and lithological or struc tural con trols on their de vel op ment are
clear, such as the con tact be tween lime stones and shales in the 
Za Sztolni¹, Ostrych Kantów and Zaciskowa caves, the
interstratal frac tures in the Pó³nocna Du¿a and Naciekowa
caves, and the ver ti cal fis sures in Jasna and Aven in the Po³om
caves. The oc cur rence of most of the known cave open ings co -
in cides with the oc cur rence of lime stone lithotypes C and A,
char ac ter ised by a high CaO con tent, whereas no such open -
ings are found in lime stone types D1 and D2 (Lorenc, 1984;
Rogala, 2003). These phe nom ena were thus not re lated to the
date of for ma tion of the caves, but they stressed the role of
long-term dif fer en ti a tion of the ero sional-denudational mor phol -
ogy of the Sudetes in the con di tions of on go ing tec tonic ac tiv ity
(Rogala, 2003). Full re con struc tion of karst land forms and de -
pos its in the Wojcieszów re gion is dif fi cult. Some of the caves
iden ti fied in the past have been de stroyed by mar ble quar ry ing
con ducted since the mid dle of the 18th cen tury, and de vel oped
on an in dus trial scale since 1893. Ac tive quar ries sur round the
top of Mt Polom from two sides.

SITE

Po³udniowa Cave was lo cated on the south ern slope of
Po³om Moun tain, on the third min ing floor of the quar ries from
the top. The site was known un der many Ger man names:
Kitzelhöhle, Kitzelloch, Kitzelberghöhle, Kitzelkirche, Kützel -
loch, Kützellkirche and Teufelskeller. 
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The his tory of dis cov er ing the caves in the Mount Po³om in
gen eral, and par tic u larly of Po³udniowa Cave (50°57’17” N
15°55’23” E, 620 m a.s.l.) is linked with the Prus sian king Fred -
er ick II the Great, who or dered the pro vi sion of mar ble to build
his Sanssouci Pal ace in Potsdam in 1742. In 1746, the mar ble
re sources in Wojcieszów were ex plored and min ing be gan for
its con struc tion.

How ever, Po³udniowa Cave was known long be fore quar ry -
ing op er a tions be gan in the area (Beck mann, 1710). The first
men tion of the cave dates to 1476, when the name “devil’s
base ment” (Germ. Teufelskeller) ap peared for the first time
(Bruzen de la Martiniere and Wolff, 1744; Bruzen de la
Martinière, 1746; Kaluza, 1818; Gehler, 1829; Schmidt, 1830).
In the mid-19th cen tury, it was re ported that the “sta lac tite cave” 
in Po³om, or Kitzelloch, once fa mous for its beau ti ful dripstone

cover and huge sta lac tites, re tained only small frag ments of its
for mer beauty (Milde, 1859). De spite pro gres sive deg ra da tion,
the cave in later years was still men tioned in var i ous pub li ca -
tions (Scharenberg, 1862; Beck, 1908). In 1921, the length of
its pre served part was ~30 m (Arndt, 1921, 1923, 1925). In the
1930s, Zotz (1939) re ported that there was more than 20 m left,
while less than 20 years later, the cave was only 10 m long
(Sawicki, 1952; Kowalski, 1954).

How ever, it was not un til 1895 that large lime stone work ings 
(Kalkwerk Tschirnhaus) were built, ex ploit ing these rocks on a
mass scale, and that at ten tion was drawn to the cave finds, pro -
vid ing new in for ma tion about them (Bieroñski et al., 2007). Ex -
ca va tions in Po³udniowa Cave were car ried out by Zotz (1937,
1939; Fig. 3). At that time, the cave was de vel oped into an elon -
gated L-shaped cor ri dor, ~20 m long, up to 3 m high and
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Fig. 1. Dif fer ent pho tos of Mount Po³om

A – lo ca tion of Mount Po³om within the Sudetes; B – above the Kaczawa River val ley and the town of Wojcieszów (Germ. Kauffung) in
the Kaczawa Mts. in 1915–1930 (old post card, au thor un known); C, D – now a days (photo M. Kasprzak)



1.5–3 m wide (Fig. 4). The bot tom of the cave was filled with yel -
low clays, pre served only within de pres sions of the rock floor.
Above this was brec cia formed by a mix ture of weath ered gran -
ite clasts, quartz, in clu sions of quartz gravel, terra rossa clays,
and lime stones. Above were red dish crys tal line cal cite plates
mixed with terra rossa clay. Above these were brown clays
(Fig. 4). A coarsely crys tal line cal cite plate cov ered a large por -
tion of the suc ces sion  (Zotz, 1939).

A re port by the Mu seum of the Earth of the Pol ish Acad emy
of Sci ences, War saw, dated 31.08–3.09.1952, stated that the
cave was al most de stroyed. Fi nally, one of the ex ca va tions was 
re-ex am ined and part of the silt in its vi cin ity was dug up. The
bot tom of the ex ca va tion was made of yel low kaolinitic clay;
above there was a brec cia, made of an ad mix ture of var i ous
Kaczawa rocks and aplite gneiss. The ceil ing was made of
brown clay con tain ing Pleis to cene an i mal bones and Palaeo -
lithic ar ti facts (Pulina, 1977, 1996; Bieroñski et al., 2007).

There are rel a tively few pub lished stud ies of the
Po³udniowa Cave fauna (Anon y mous, 1812; Gerhard, 1816;
Oeynhausen, 1822; Glocker, 1832; Henschel, 1834). On a spoil 
heap of a de stroyed part of the cave, a man di ble of a brown
bear Ursus arctos Linnaeus, 1758 was found (Römer, 1874),
among hun dreds of cave bear bones, clearly con tra dict ing sub -
se quent re ports of the lack of large mam mal bones in the cave.
This find ing was later re ported by other re search ers (Gürich,
1885, 1890; Pax, 1921, 1925; Kowalski, 1959). Sev eral stud ies
con cerned the ex tant in ver te brate fauna found in pre served
parts of the cave (Gerbardt, 1910; Arndt, 1921, 1923). Ad di tion -
ally, the pres ence of Barbastella barbastellus (Schreber, 1774)

hi ber nat ing in a cave was noted (Seidel, 1927). Near the en -
trance were dis cov ered re mains of insectivorans, bats and ro -
dents (Langenhan, 1904a–d). Re vi sion of this ma te rial, to -
gether with some pro vided by Wenke (1933), re vealed the pres -
ence of an un de ter mined shrew Sorex sp. (maxilla with two mo -
lars), sev eral tens of re mains of Rhinolophus ferrumequinum
(Schreber, 1774) (in clud ing, among oth ers, the maxilla from C1
and P4, parts of three left man di bles from c1-m3, m1-m3 and
p2-p3 and part of of a right man di ble from i3, p2 and p4-m3 as
well as nu mer ous iso lated teeth), an iso lated m1 of Baranomys
loczyi Kormos, 1933 and a right m1 of Glis sp., mor pho log i cally
closely re lated to Glis sackdillingensis (Heller, 1930, 1937). On
a spoil heap near the Po³udniowa Cave, a canid skull, ap prox i -
mately 200 mm long, was found (Langenhan, 1904b). Zotz
(1939), at the same level as Langenhan (1904a-d) though a lit -
tle deeper in side the cave, found a strongly ce mented brec cia
with the re mains of Myotis sp., and also a heel bone of the cave
bear Ursus spelaeus Rosenmüller, 1794, in the cave cham ber
(Zotz, 1939).

Al though Wenke (1933) sig nalled nu mer ous finds from the
1920s of mam ma lian bones near the site or in a spoil heap sur -
round ing it, these re mains have never been prop erly stud ied.
Af ter ex trac tion, this ma te rial was de pos ited in the quarry col lec -
tion and sent to nu mer ous mu se ums, in clud ing those in Jelenia
Góra, Jawor, Bolków, Wroc³aw, Legnica, Wa³brzych,
Chocianów, Görlitz and Berlin. Many of these re mains were
also con cen trated in pri vate col lec tions, mainly in Ger many,
where they are still pres ent. On the other hand, af ter na tion ali -
sa tion of the quar ries in and within Mount Po³om, a sig nif i cant
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Fig. 2. Ter rain sit u a tion of the study area in oblique view

A – land use; B – landform and lo ca tion of caves; C – geo log i cal map, sim pli fied. Sources: DTM and orthophotomap from the PZGiK (State
geo detic and car to graphic re source in Po land/geoportal.gov.pl), De tailed geo log i cal map of the Sudetes Mts. 1:25 000, sheet Wojcieszów
(Cwojdziñski and Kozdrój, 1995), Cen tral Geo log i cal Da ta base (CGD) of the Pol ish Geo log i cal In sti tute. Note: the lo ca tion of caves ac cord -
ing to the CDG is gen er al ised in some cases
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Fig. 3. His tor i cal pho tos from 1936 show ing Po³udniowa Cave

A – a waste heap be low the cave; B – a path lead ing to the pre served part of the cave, and rep re sent ing a part de stroyed ear lier; C –
ex ca va tions in the pre served part; D – a cham ber with rem nants of dripstone. Source: Ar chae o log i cal Mu seum, Branch of the City

Mu seum of Wroc³aw



part of their col lec tions was trans ferred to the De part ment of
Palaeozoology (Uni ver sity of Wroc³aw). The last 10 years has
been a pe riod of doc u ment ing this ma te rial, which al lowed sig -
nif i cant ex pan sion of the Po³udniowa Cave fau nal list. In
1952–1976, sev eral res cue ex pe di tions were or gan ised to save 
bone re mains, ex ca vated dur ing quar ry ing. Dur ing such ex pe -
di tions, bone re mains were also found within the heap and
mounds of the still-ex ist ing cave. Mu seum in qui ries, mainly
those in Ger many, also pro duced some ma te rial. To gether with
the re mains from Pol ish and Ger man pri vate col lec tions, they
made it pos si ble to com pile a list of the re mains, anal y sis of
which al lowed cre ation of the fau nal list pre sented herein. Re vi -
sion of the re mains is still in com plete. Each year brings new
finds, and prob a bly a sig nif i cant part of the bone ma te rial has
not yet been iden ti fied. How ever, even the ma te rial found so far
shows how much palaeontological po ten tial was pres ent at this
site and what a gem was de stroyed by the quar ry ing. It also
con sti tutes a re minder of the need to pre serve still-ex ist ing
caves in fur ther min ing ac tiv i ties on Mount Po³om.

MATERIAL AND METHODS

The car ni vore ma te rial from Po³udniowa Cave ana lysed in
this pa per is mostly housed in the De part ment of Palaeo -
zoology of the Uni ver sity of Wroc³aw, Po land. Some spec i mens 
are also in pri vate col lec tions. Mea sure ments were taken point
to point, with the land mark sys tem, to the near est 0.01 mm. A
stan dard pub lished mea sure ment scheme was ap plied and
mod i fied (Boudadi-Maligne, 2010). The def i ni tion and sub di vi -
sions of mam mal zones and their cor re la tion with the

chronostratigraphic scale and MN zones fol low Kahlke et al.
(2011). The no men cla tur al cod i fi ca tion fol lows the cur rent
(fourth) edi tion of the In ter na tional Code of Zoo log i cal No men -
cla ture (ICZN, 2000). Cap i tal and lower 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. Stan dard body mass es ti -
mates us ing den tal or skel e tal pa ram e ters were used (Hemmer, 
2001; Hemmer and Kahlke, 2022). Ab bre vi a tions used here are 
the fol low ing: B – breadth, Ba – mesial breadth, Bp – dis tal
breadth, L – length, mm – milli metre, mc – meta car pal, mt –
meta tar sal, pa – paracone, pad – paraconid, pr – protocone, prd 
– protoconid.

SYSTEMATIC PALAEONTOLOGY

Class Mammalia Linnaeus, 1758
Or der Carnivora Bowdich, 1821

Suborder Caniformia Kretzoi, 1943
Fam ily Canidae Fischer de Waldheim, 1817

Ge nus Lycaon Brookes, 1827
Lycaon lycaonoides (Kretzoi, 1938)

(Fig.5A)

M a t e r i a l. – Worn, left C1 (JP.1.1); left M2 (JP.1.6); right 
p1 (JP.1.2); right p2 (JP.1.3); right half of m1 (JP.1.4); talonid of
right m1 (JP.1.5); right m2 (JP.1.7); prox i mal half of right meta -
car pal 3 (JP.1.8); pha lanx 1 (JP.1.9).

Me a s u r e m e n t s . – Ta ble 1.
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Fig. 4. Po³udniowa Cave

A – ground plan (af ter Zotz, 1939: 55, fig. 49); B – fron tal cross-sec tion (1 – yel low clays; 2 – brec cia formed of a mix ture of weath ered
gran ite clasts, quartz, in clu sions of quartz gravel, red terra rossa clays and lime stones; 3 – red dish, crys tal line cal cite plates mixed with

red terra rossa clay; af ter Zotz, 1939: 57, fig. 51); C – lat eral cross-sec tion (af ter Zotz, 1939: 56, fig. 50)
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De s c r i p t i o n . – The C1 (JP.1.1) is strong and ro bust,
curved dis tally and strongly flat tened bucco-lin gually. The
crown is pro por tion ally short, with smooth dis tal edges ac com -
pa nied by hol lows. The tooth bears a thin but well-de fined
mesio-lin gual and dis tal crest, run ning from its apex to the base. 

The M2 (JP.1.6) is large and sub-tri an gu lar in occlusal view,
with two low-crowned and sim i larly sized main cusps, the
paracone and metacone. The hypocone and entocone are not
pres ent, while the protocone is closely as so ci ated with the lin -
gual mar gin, with the pres ent postprotocrista struc ture. The
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Fig. 5. Re mains of canids from Po³udniowa Cave

Lycaon lycaonoides: A – right m1 (JP.1.5). Canis mosbachensis: B – right m1 (JP.2.13); C – right m1 (JP.2.14); D – left m1 (NN); E – left 
m1 (NN). Vulpes vulpes: F – left man di ble (JP.3.1). All spec i mens shown at the same scale (12 mm), 1 – buccal view; 2 – occlusal view;

3 – lin gual view

Bone/tooth Cat. no. L B L tr L ta B tr B ta

C1 JP.1.1 19.24 14.45

M2 JP.1.6 15.38 11.05 8.87

p1 JP.1.2 10.54 7.46

p2 JP.1.3 17.72 8.87

m1 JP.1.4 34.87 26.87 13.56 14.46

m1 JP.1.5 13.87 11.95

m2 JP.1.7 17.48 9.44 11.84 9.95

L pL pB mL mB dL dB

mc 3 JP.1.8 22.72 14.34 13.52 13.24

ph 1 JP.1.9 50.94 14.97 17.79 9.36 11.64 10.34 14.96

T a  b l e  1

Mea sure ments of Lycaon lycaonoides re mains from Po³udniowa Cave



crown bears a strong lin gual cingulum, while the buccal
cingulum is rather weakly de vel oped. The p1 (JP.1.2) is a small, 
monocuspid, sin gle-rooted tooth, with a ves ti gial dis tal
cingulum. The p2 (JP.1.3) is high, long and rel a tively ro bust.
The crown lacks a mesial cuspid but bears a large dis tal
cingular pro jec tion and a mod er ately large, cen trally po si tioned
dis tal cuspid. The m1 is large and rel a tively nar row. A well-de -
vel oped paraconid and par tic u larly high protoconid are sep a -
rated by a deep lin gual val ley. The protoconid holds two
grooves, the first one sharp and thin in its mesial sur face, run -
ning from the apex to the val ley be tween it and the paraconid.
The sec ond, strong crest is lo cated on the dis tal mar gin of the
protoconid and runs from its apex to that of the metaconid. The
metaconid is strongly re duced, closely as so ci ated and sit u ated
be hind the protoconid. The trigonid is long and high in re la tion
to the tooth length, while the talonid is short and slightly nar -
rower. The lin gual mar gin of the crown is al most straight, while
on the buccal side, only a protoconid mar gin is mod er ately
curved. The talonid bears a cen trally po si tioned, large and dom -
i nant hypoconid. There is also a sharp and thin crest that con -
nects the hypoconid with the lin gual mar gin of the talonid. The
entoconid is not pres ent, and in its place, only a ves ti gial
crest-like struc ture is pres ent, even if the hypoconid of ten re -
tains a trace of con nect ing ridge. The cingulum is poorly de vel -
oped on the dis tal wall. The m2 is not mark edly re duced rel a tive 
to m1, oval-shaped and tricuspid, with a broad and long trigonid
and short and nar row talonid. The m2 bears a large but low
protoconid, which oc cu pies 2/3 of its sur face. Near it is sit u ated
a greatly re duced metaconid, and apexes of both cusps are
con nected by a thin and sharp ridge. The mesially placed
hypoconid is small and equal-sized to the metaconid. The pres -
ent entoconid is so ru di men tary that it is not dif fer en ti ated from
the lin gual talonid crest. On the dis tal-lin gual wall of the talonid,
a se ries of ves ti gial cuspids is pres ent. A stron ger cingulum is
pres ent only on the mesio-lin gual mar gin.

R e  m a r k s. – The bones from Po³udniowa Cave in di cate
a large and ro bust dog, com pa ra ble in size with the larg est ex -
tant wolves. These re mains dif fer from Canis spec i mens by a
larger size and stouter build, so much so that there is no pos si -
bil ity of con fu sion. The spec i mens can be dis tin guished also
mor pho log i cally, in par tic u lar by the pres ence of en larged and
ro bust ca nines.

Canis mosbachensis Soergel, 1925
(Fig. 5B–E)

M a t e r i a l. – Worn, right C1 (JP.2.1, JP.2.2, JP.2.3);
worn leftC1 (JP.2.4); right P2 (JP.2.5); trigon of right P4
(JP.2.6); left part of P4 (JP.2.7); right part of P4 (JP.2.8); crown
of left M1 (JP.2.9); left M1 with out trigon por tion (JP.2.10);
trigonid of left m1 (JP.2.11); worn trigonid of left m1 (JP.2.12);
worn, right m1 (JP.2.13); right m1 (JP.2.14); shaft of left hu -
merus (JP.2.15); left meta tar sal 3 (JP.2.16); left meta car pal 4
(JP.2.17); left meta car pal 5 (JP.2.18); left meta tar sal 2
(JP.2.19); prox i mal half of tleft meta tar sal 5 (JP.2.20); right ta -
lus (JP.2.21); pha lanx 1 with out prox i mal epiph y sis (JP.2.22,
JP.2.23).

M e a  s u r e  m e n t s. – Ta ble 2.
De s c r i p t i o n . – The C1 is flat tened lat er ally and rel a -

tively thin mesio-dis tally and bears weak mesio-lin gual and dis -
tal crests run ning from its apex to its base. Com pared to the C1
of Ly. lycaonoides, they are smaller, with pro por tion ally lon ger,
more curved, and less mas sive crowns. The long and nar row

P2 bears a mod er ately large dis tal cuspid sit u ated in the mid dle
of an elon gated dis tal cingular pro jec tion. On the dis tal mar gin
of the dis tal cingular pro jec tion, some thing like a small, sec ond
cuspid is pres ent, which may be an el e va tion of the dis tal
cingular pro jec tion. The cingulum is well-de vel oped on the lin -
gual side. The P4 is rel a tively long and nar row, with al most
straight buccal and lin gual mar gins. The paracone is high,
bears a crest across the mesial bor der from its apex to the base
of the crown. It is clearly sep a rated from the small and low
protocone, whose mesial mar gin is aligned with that of the
paracone. The metacone is blade-like and is clearly sep a rated
from the paracone by a deep val ley; its dis tal part slightly curves 
buccally. The cingulum is strongly de vel oped in the lin gual mar -
gin of the metacone.

The M1 is a tri an gu lar-shaped tooth with a broader but pro -
por tion ally less ex panded trigon than in Ly. lycaonoides, with a
lon ger and nar rower talon. The crown has slightly con vex
mesial mar gin and con cave dis tal one. The paracone is the
larg est and high est among the cusps, and ex ceeds in size and
height the metacone; how ever, the dif fer ence is less well ex -
pressed than in Ly. lycaonoides. The small and low protocone is 
con nected by a thin and sharp crest with a small but clearly dis -
tin guished entocone. On the mesial part of the talon is sit u ated
a small protoconule, while the low and elon gated hypocone is
de vel oped into a strong crest-like struc ture. The main ba sin be -
tween the trigon and the talon is rel a tively re stricted and shal -
low, as is the ba sin be tween the protocone and hypocone. The
cingulum is well de vel oped on its mesial and disto-buccal mar -
gins, while the buccal cingulum is weak. The m1 is rel a tively
short and broad, with a pro por tion ally long (~30 % of the tooth’s
length) and wide talonid, which is only al most as wide as the
trigonid. The trigonid is high, with a mas sive protoconid sep a -
rated from the high paraconid by a deep val ley, less prom i nent
than that in Ly. lycaonoides. The metaconid is mod er ately large
and sit u ated disto-lin gually to the protoconid. The talonid bears
a large and prom i nent hypoconid and disto-lin gually po si tioned
small entoconid, con nected dis tally by a crest. The talon ba sin
for the protocon is broad and deep. Be hind the metaconid oc cur 
a small but prom i nent metastylid and hypoconulid.

R e  m a r k s. – Due to a par tic u lar pat tern of fea tures
shared by all large canids (e.g., the re ten tion of prim i tive den tal
char ac ter is tics), the tax on omy of Mid dle Pleis to cene wolves in
Eu rope is de bat able. The oc cur rence of these char ac ter is tics
com pli cates a clear tax o nomic de ter mi na tion of true di ag nos tic
char ac ters that de fine interspecific and/or intersubspecific vari -
abil ity (Mecozzi et al., 2017, 2018; Mecozzi and Bartolini-
 Lucenti, 2018). In this pa per, the pre vail ing con sen sus that Ca.
mosbachensis was the an ces tor of Ca. lupus is ac cepted
(Sotnikova and Rook, 2010; Sardella et al., 2014; Mecozzi et
al., 2017, 2018; Mecozzi and Bartolini-Lucenti, 2018). The wolf
re mains from Po³udniowa Cave cor re spond well to a small,
gracile form known from a num ber of Eu ro pean late Early and
Mid dle Pleis to cene sites, e.g. Belle-Roche (Kleczko, 1999),
West bury-sub-Mendip (Bishop, 1982; Turner, 1999), West
Runton (Lewis et al., 2010), Mosbach 2 (Soergel, 1925), Mauer
(Freudenberg, 1914; Rüger, 1928) and Stránská Skála
(Schirmeisen, 1926; Stehlík, 1934; Musil, 1972, 1995). In size
and shape, it is sim i lar to wolves from those sites. The spec i -
mens de scribed are strongly dis tinct from those of the ear li est
true wolf Canis lupus lunellensis Bonifay, 1971, which ap peared 
not ear lier than MIS 11 (Bonifay, 1971; Boudadi-Maligne, 2010;
Brugal and Boudadi-Maligne, 2011; Brugal et al., 2020;
Marciszak et al., 2023a, b). Apart its smaller size and lesser
pos ture, it dif fers from Ca. l. lunellensis in a straighter lower
tooth row, parastyle of M1 united with preparacrista, p4 with a
sec ond dis tal cuspid, m1 with a strong buccal cingulum and two
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well-de vel oped talonid cusps, hypoconid and entoconid con -
nected by a thick transversal crest, and bi cus pid m3 (Tedford et
al., 2009; Mecozzi and Bartolini-Lucenti, 2018; Mecozzi et al.,
2021).

Com par i son of the ma te rial from Po³udniowa Cave with that
from other late Early and Mid dle Pleis to cene Eu ro pean wolf
palaeopopulations doc u mented its sim i lar ity to those dated be -
tween 1.1 and 0.7 Ma. A size com par i son of lower car nassi als
(m1) showed that Ca. mosbachensis was com par a tively large
through the timespan be tween 1.1 and 0.7 Ma (Bonifay, 1971;
Boudadi-Maligne, 2010; Brugal and Boudadi-Maligne, 2011;
Brugal et al., 2020; Marciszak et al., 2021b, 2023a). No sub -
stan tial dif fer ences in size were found be tween the sites. A
com par i son showed that pop u la tions of these canids formed a
bio met ri cally ho mo ge neous group. Slightly larger mea sure -
ments are char ac ter is tic for pop u la tions youn ger than 0.6 Ma,
like those from Mosbach 2, Hundsheim and Mauer, but the dif -
fer ences are in sig nif i cant. Up to MIS 11 (~0.4 Ma), wolves only
slightly dif fered in size, and real in creases in size started af ter
MIS 11, with the ap pear ance of Ca. l. lunellensis (Bonifay, 1971; 
Boudadi-Maligne, 2010; Brugal and Boudadi-Maligne, 2011;
Brugal et al., 2020; Mecozzi et al., 2021, Marciszak et al.,
2021b, 2023a).

Vulpes vulpes (Linnaeus, 1758)
(Fig. 5F)

M a t e r i a l. – Left I1 (JP.3.2); left I3 (JP.3.3, JP.3.4); left
C1 (JP.3.5); right C1 (JP.3.6, JP.3.7, JP.3.8); left P4 (JP.3.9);
right i2 (JP.3.10); left i3 (JP.3.11); left c1 (JP.3.12); right c1
(JP.3.13); right hemimandible with a dam aged ramus and pre -
served p4-m1 (JP.3.1).

D e s c r i p t i o n. – Up per in ci sors are sim i lar in size and
shape to those in ex tant Vu. vulpes. The I1 and I2 have a tri an -
gu lar lin gual out line and have two basal cuspids on each side of 
the main cusp, which are smaller. Also, the lin gual cingulum is
less de vel oped. The ca nine-like I3 has a mod er ately dis tal-lin -
gual cingulum, which does not bulge into the lin gual side. The
crown is slightly shorter and nar rower, not so ex panded as in
mod ern Vu. vulpes. The ca nine is like that of Vu. vulpes, flat -
tened lat er ally and nar row mesio-dis tally, pro por tion ally slightly
shorter, less curved and with a weak mesio-lin gual cingulum.
The P4 is long and nar row, with straight buccal and lin gual mar -
gins. The paracone is high and bears a sharp and thin crest run -
ning across the mesial bor der from its apex to the base of the
crown. The paracone is clearly sep a rated by the wide,
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Bone/tooth Cat. no. L B L tr L ta B tr B ta

C1 JP.2.1 11.15 7.47

C1 JP.2.2 11.37 8.17

C1 JP.2.3 12.11 7.38

C1 JP.2.4 9.57 7.57

P2 JP.2.5 10.08 4.41

P4 JP.2.6 10.09

P4 JP.2.7 22.24 7.56

P4 JP.2.8 21.97 8.38

P4 JP.2.27 22.87 9.69

M1 JP.2.9 17.32 14.04 10.76

M1 JP.2.10 17.66 13.89 11.04

m1 JP.2.11 23.87 15.64 8.74 8.56

m1 JP.2.12 23.37 15.94 9.24 8.49

m1 JP.2.13 24.45 17.36 9.66 9.27

m1 JP.2.14 22.64 15.74 8.67 8.22

m1 JP.2.24 24.37 17.14 9.04 8.57

m1 JP.2.25 24.15 17.25 7.11 9.64 8.84

L pL pB mL mB dL dB

hu merus JP.2.15 15.27 17.82

mc 4 JP.2.17 71.87 12.76 8.67 5.14 6.54 9.78 8.89

mc 4 JP.2.26 10.74 7.36 7.18 7.25

mc 5 JP.2.18 63.13 11.42 11.65 6.02 8.58 10.61 11.54

ta lus JP.2.21 27.05 21.94

mt 2 JP.2.19 69.16 12.64 5.18 5.47 5.95 7.96 8.07

mt 3 JP.2.16 63.74 10.82 8.36 5.34 6.45 8.72 9.72

mt 5 JP.2.20 8.34 11.32 7.54 5.76

ph 1 JP.2.22 6.06 5.59 6.48 7.54

ph 1 JP.2.23 8.16 8.84 5.25 5.84

T a  b l e  2
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https://doi.org/10.1016/j.quaint.2011.01.046
https://doi.org/10.1016/j.quaint.2011.01.046
https://doi.org/10.1016/j.annpal.2019.102384
https://doi.org/10.1016/j.annpal.2019.102384
https://doi.org/10.1002/jqs.3340
https://doi.org/10.1002/jqs.3340
https://doi.org/10.1002/jqs.3340
https://doi.org/10.1007/s10914%E2%80%93022%E2%80%9309635%E2%80%933
https://doi.org/10.1007/s10914%E2%80%93022%E2%80%9309635%E2%80%933
https://doi.org/10.3301/IJG.2017.22
https://doi.org/10.1080/08912963.2020.1769090
https://doi.org/10.1080/08912963.2020.1769090
https://doi.org/10.1080/08912963.2020.1769090


V-shaped val ley from the broad and long protocone, the mesial
mar gin of which is strongly pushed for wards mesio-lin gually.
The blade-like metacone is long and low, nar row ing dis tally,
and its dis tal part slightly curves buccally. A stron ger cingulum
is sit u ated on the lin gual mar gin of the metacone. Lower in ci -
sors and ca nines are in dis tin guish able in size and shape from
those of ex tant Vu. vulpes. Both m1 be long to very large and ro -
bust in di vid u als, slightly ex ceed ing those even in the larg est
mod ern Vu. vulpes.

The hemimandible has an elon gated and stout man dib u lar
body, with a straight lower mar gin in its mesial part. The lat ter is
slightly con vex dis tally un der the m1. The body is thicker ven -
trally. The body mas sive ness in creases dis tally, with the high -
est point at the level of m2–m3. The tri an gu lar, mesial mar gin of 
the shal low masseteric fossa reaches the m3. Two men tal fo ra -
mens are sit u ated at a sim i lar level. Pre mol ars are sep a rated by 
short diastemas, while mo lars are set closely to gether. The
main axes of the tooth row co in cide and are slightly curved.
Sim i larly, the p4 is lo cated lower than the m1 paraconid.

The p4 is an elon gated tooth with a strong mesial cingulum.
The dis tal cingular pro jec tion, dis tal cuspid, and lin gual
cingulum are well de vel oped. The occlusal mor phol ogy of the
dis tal por tion of the p4 is mesio-dis tally elon gated and oval. The 
dis tal mar gin shows a rounded out line. The m1 is an elon gated,
rel a tively slen der and bucco-lin gually com pressed tooth. On
the lin gual side, the m1 protoconid pos sesses a gen tle inflexion
on its lin gual side. The notch is strongly de vel oped and marked. 
The m1 metaconid pos sesses a strongly de vel oped metaconid, 
clearly sep a rated from the protoconid. There is a trans verse
cristid be tween the ento- and hypoconid. Lin gual cuspids are
not mark edly re duced and lo cated mesially to the m1
entoconid. Among these, there are a re duced entoconulid and
en larged entoconulid. The m1 dis tal mar gin is char ac ter ised by
the pres ence of a dis tal cristid aris ing from the dis tinct
hypoconulid and dis tal ac ces sory cuspids in place of a cingulid.
The hypoflexid is on the m2 buccal side, mak ing the lat ter oval.
A prom i nent buccal cingulid is sit u ated on the mesio-buccal
side of the protoconid. Com pared to other cusps on m2, it is en -
larged and ex tends prom i nently dis tally on the buccal side of
the hypoconid. The m2 also shows the pres ence of a large
entoconid and a mesial ac ces sory cuspid. The m3 is rel a tively
large in re la tion to the m1 and rounded in occlusal out line. The
buccal protoconid and the lin gual metaconid, two main cusps,
are sim i lar in size, al though the protoconid seems slightly
higher and larger than the metaconid.

R e  m a r k s. – The fox re mains from Po³udniowa Cave dif -
fer morphometrically from other Early and early Mid dle Pleis to -
cene Eu ro pean foxes: Vulpes alopecoides (Del Campana,
1913), Vulpes praeglacialis (Kormos, 1932), and Vulpes
praecorsac Kormos, 1932. The in ci sor arch is more curved than 
in those spe cies. The I1 and the I2 have stron ger de vel oped
mesial lobes, with a weak lin gual cingulum. The I3 is higher,
more elon gated and broad ened, in par tic u lar, at the lin gual
cingulum, as in Vu. vulpes. The C1 is lon ger and more curved.
Based on these pa ram e ters and the indistinguishability of the
fox re mains col lected in Po³udniowa Cave from Vu. vulpes, we
at trib uted them to this spe cies.

Fam ily Ursidae Fischer de Waldheim, 1817
Ge nus Ursus Linnaeus, 1758

Ursus deningeri von Reichenau, 1904
Ursus ex. gr. spelaeus

Ursus arctos ssp.
Ursus cf. thibetanus Cuvier, 1823

We do not de scribe the ursid re mains here since these have 
al ready been stud ied. The re mains of Ur. deningeri from
Po³udniowa Cave be long to a typ i cal rep re sen ta tive of the
deningeroid-spelaeoid lin eage, with traits char ac ter is tic for
early Mid dle Pleis to cene in di vid u als. Anal y sis showed its sim i -
lar ity to other Eu ro pean pop u la tions of Ur. deningeri from the
Gombasek, Konìprusy Caves, and Kozi Grzbiet sites. Ur.
deningeri from Po³udniowa Cave was shown to be less evolved
than those in later pop u la tions, dated 650–450 ka (Wag ner and
Èermák, 2012). Other than the most com mon Ur. deningeri,
arctoid and black bear re mains have also been found. Those of
Ur. arctos from Po³udniowa Cave are note wor thy due to the
pres ence of dif fer ent sub spe cies and ecomorphs.

Fam ily Mustelidae Fischer de Waldheim, 1817
Gulo gulo schlosseri (Kormos, 1914)
Meles meles atavus Kormos, 1914

Martes vetus Kretzoi, 1942
Martes martes (Linnaeus, 1758)

Baranogale helbingi Kormos, 1934
Mustela strandi Kormos, 1934

Mustela pliocaenica Stach, 1957
Mustela palerminea (Petényi, 1864)
Mustela praenivalis Kormos, 1934

As with the ursids, the mustelids are also the sub ject of a
sep a rate pub li ca tion, since their re mains are still un der study.
Their rel a tively nu mer ous and well-pre served ma te rial is es pe -
cially im por tant in biostratigraphic and palaeo eco logi cal con -
texts. Among the most note wor thy re cords, there is a par tially
dam aged cra nium of Ma. vetus and the pres ence of such enig -
matic and rare spe cies as Mu. strandi and Mu. pliocaenica.
Since the mustelid re mains are so di verse and valu able, they
were ana lysed in de tail in a Eur asian con text.

Fam ily Felidae Fischer de Waldheim, 1817
Subfamily Pantherina Pocock, 1917

Ge nus Panthera Oken, 1816
Spe cies Panthera spelaea (Goldfuss, 1810)

Panthera spelaea fossilis (von Reichenau, 1906)

M a t e r i a l. – Crown of right p4 (JP.13.1), right m1
(KP.13.2), right meta car pal 4 (JP.13.4), left meta tar sal 3
(JP.13.3), stored in ZPal UWr. Right fe mur, tibia and meta tar sal
3 and left meta car pal 5 are stored in a pri vate col lec tion in
Dresden.

M e a  s u r e  m e n t s. – Ta ble 3.
D e s c r i p t i o n. – The p4 is large, lon ger than the m1

(L p4/L m1 in dex is 101.3) tooth with a ro bust crown. The
protoconid is short and high. The buccal mar gin is straight, and
the lin gual mar gin is no tice ably ex panded, cre at ing a broad and
smooth area. Both cusps are equal in size, large, rounded and
high. The hypoconid is poorly dis tin guished from the strong dis -
tal cingulum, while the paraconid is clearly sep a rated from the
protoconid by a wide, V-shaped val ley. Af ter the hypoconid, a
small but dis tinc tive metaconid is vis i ble (Fig. 6). The m1 is oval
and ro bust. The long and low paraconid has a par tic u larly ex -
panded mesial wall. The protoconid is slightly lon ger and much
higher than the paraconid, and its dis tal wall is vis i bly sloped.
The notch be tween the main cusps is deep, nar row and
V-shaped. The lin gual side from the bot tom of the cingulum to
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Panthera spelaea fossilis

Bone/tooth Coll. no. L L pa H pa L pr L pr H in B

p4 JP.13.1 33.44 15.12 21.74 14.25 17.88

m1 JP.13.2 32.94 19.93 19.04 18.75 18.94 12.24 18.66

L pL pB mL mB dL dB

fe mur NN 497.65 74.15 127.19 41.29 44.56 112.16 114.66

tibia NN 445.86 123.64 118.19 49.74 44.76 64.93 81.16

mc 4 JP.13.4 157.88 36.49 27.95 19.44 20.56 31.66 31.49

mc 5 NN 134.56 34.59 35.64 27.48 28.16 23.17 36.86

mt 3 JP.13.3 177.45 42.79 32.56 20.66 24.39 31.59 31.78

mt 3 NN 177.86 45.78 34.66 21.49 25.29 32.86 31.97

Panthera gombaszoegensis gombaszoegensis

L L pa H pa L pr L pr H in B

m1 NN 25.78 13.29 14.24 14.41 17.21 7.37 12.44

Acinonyx pardinensis intermedius

m1 NN 19.45 9.54 12.79 12.31 8.89

Homotherium latidens latidens

m1 NN 30.97 12.06 16.78 11.97

T a  b l e  3

Mea sure ments of felid re mains from Po³udniowa Cave

Fig. 6. Iso lated teeth of large felids from Po³udniowa Cave

Panthera spelaea fossilis: A – right p4 (JP.13.1); B – right m1 (JP .13.2). C – left m1 of Panthera gombaszoegensis gombaszoegensis
(NN). D – left m1 of Homotherium latidens latidens (NN). E – right m1 of Acinonyx pardinensis intermedius (NN). All spec i mens shown at 

the same scale (12 mm); 1 – buccal view; 2 – occlusal view; 3 – lin gual view



that of the notch be tween the paraconid and the protoconid is
high. The crown is rel a tively high and elon gated in lat eral view.
A well-de vel oped bulge is sit u ated be tween the paraconid and
the protoconid on the lin gual mar gin in the mid dle part of the
crown. It rises into a small cusp-like for ma tion. The strongly de -
vel oped lower mar gin of the cingulum rises con sid er ably up -
wards, buccally and lin gually, in a dis tal di rec tion un der the
protoconid. A zig zag enamel struc ture formed by the lower mar -
gin of the cingulum is placed on the bor der be tween the proto -
conid and the talonid on the buccal and lin gual sides. The
talonid is elon gated and well de vel oped.

R e  m a r k s. – Dis tinc tions be tween Pa. s. fossilis and Pa.
s. spelaea are the most clearly vis i ble on p4, and the mean dif -
fer ence is sig nif i cant even though the range of vari abil ity gen er -
ally over laps. Pa. s. fossilis has a pro por tion ally shorter and
higher protoconid and a broader crown. The mean of the in dex
of the protoconid length to the to tal crown length is ~46 for Pa.
s. fossilis and ~52 for Pa. s. spelaea. In the occlusal view, the
mesial part is broad, the mid dle part is dou ble-sided con cave
and the dis tal part is con vex on the lin gual and buccal sides. Ad -
di tional cuspids, a mesial paraconid, and dis tal hypoconid, are
poorly re duced as well as high and mostly equal in size (Schütt,
1969; Maciszak et al., 2019). In lin gual view, the dis tinc tion be -
tween the main cusp and ad di tional cuspids are less marked,
and the hypoconid es pe cially is closely as so ci ated with the
strong dis tal cingulum. The tooth is pro por tion ally lon ger as re -
gards the L p4/L m1 in dex. The mean in dex of p4 length to m1
length is 98.6 (87.3–101.4, n = 15) for Pa. s. fossilis and 93.4
(83.3–107.5, n = 118) for Pa. s. spelaea. In the lion from
Po³udniowa Cave this in dex is ~100, while in stratigraphically
youn ger lions from Biœnik and Wierzchowska Górna caves the
in dex is be tween 95–97 (Marciszak et al., 2019). The
breadth-to-length in dex for Pa. s. fossilis is greater than 50
(Marciszak et al., 2019). The mean in dex of crown breadth to
the to tal crown length is ~57 for Pa. s. fossilis and ~46 for Pa. s.
spelaea.The lion from Po³udniowa Cave is rep re sented by in di -
vid u als of gi gan tic pro por tions, among the larg est known rep re -
sen ta tives of this group. An im mense size and ex cep tion ally
stout pos ture are char ac ter is tic of Pa. s. fossilis. Lion re mains
from Po³udniowa Cave have al ready been de scribed and com -
pared in pre vi ous pa pers sum ma ris ing knowl edge of Pol ish
lions in a Eur asian con text (Marciszak et al., 2019, 2020,
2021c, 2023a). The lions from this lo cal ity rep re sent Pa. s.
fossilis.

Panthera gombaszoegensis 
gombaszoegensis (Kretzoi, 1938)

M a t e r i a l. – Dis tal half of left P4 (JP.14.1), worn crown
of right p3 (JP.14.3), worn crown of left p4 (JP.14.2), dis tal half
of right meta car pal 4 (JP.14.4), stored in ZPal UWr. Right, iso -
lated m1 in a pri vate col lec tion.

M e a  s u r e  m e n t s. – Ta ble 3.
D e s c r i p t i o n. – The dis tal part of the P4 has a mod er -

ately long and low paracone. Sim i lar in length, the metastyle
ends with a rounded and not very mas sive dis tal wall. The
buccal and lin gual mar gin of enamel runs sharply up to wards
the metastyle. The crown bulges only slightly buccally, while the 
lin gual mar gin is straight. The lin gual and dis tal cingulum is well
de vel oped and forms a thick ridge sur round ing the crown. The
notch be tween the paracone and the metastyle is mod er ately
pro nounced. The p3 is an elon gated, large and pro por tion ally
ro bust tooth with an al most straight buccal mar gin. The tran si -

tion be tween the mesial and dis tal parts of the crown is poorly
pro nounced, and the protoconid is long and high. The dis tal
cingulum is well-de vel oped and forms a strong ridge on the dis -
tal edge. A min ute hypoconid, closely as so ci ated with the main
cusp, is sit u ated af ter the protoconid. It is ori ented slightly
bucco-dis tally. The disto-lin gual part of the crown is very slightly
ex panded. The dis tal half of the p4 has a straight buccal and ex -
panded lin gual part of the crown. The protoconid is large and
low, while the pro por tion ally smaller and more oval hypoconid is 
lo cated al most in the mid dle of the crown, just af ter the proto -
conid. The dis tinc tions be tween the protoconid, hypoconid and
dis tal cingulum are mod er ately pointed and de vel oped in form
of V-shaped, not very deep and nar row val leys. The disto-lin -
gual cingulum is weakly de vel oped. The dis tal half of the meta -
car pal 4 is large and mas sive. Its mor phol ogy and size match
well with the mc 4 from other sites. The bone is much smaller
than the mc 4 of Pa. s. fossilis, but larger and more mas sive
than that in Pa. pardus.

R e  m a r k s. – The re cord from Po³udniowa Cave and
those from the Tunel Wielki and Kozi Grzbiet caves is dated to
the early-mid Mid dle Pleis to cene. This is well cor rob o rated
morphometrically, spa tially, and tem po rally with the Eur asian
oc cur rence of Pa. g. gombaszoegensis. This was the time when 
this spe cies was a wide spread and rel a tively com mon fau nal el -
e ment, the best time for the Eur asian jag uar, judg ing from the
num ber of sites and its geo graph ical range (O’Regan, 2002;
O’Regan and Turner, 2004). How ever, since the evo lu tion ary
his tory of Pa. gombaszoegensis is well doc u mented, there is no 
rea son to be lieve that any spe cies other than Pa. g.
gombaszoegensis should be con sid ered (Marciszak and
Lipecki, 2022). The re cords from Draby 3 and Biœnik Cave doc -
u mented a very late oc cur rence of this spe cies (Marciszak,
2014; Marciszak and Lipecki, 2022); the jag uar from Biœnik
Cave rep re sents one of the last Eur asian sur vi vors of the spe -
cies. Both these sites doc u mented the time when this once
wide spread top car ni vore dis ap peared and fi nally went ex tinct
350–300 ka.

Homotherium latidens latidens (Owen, 1846)

M a t e r i a l. – Crowns of right p4 and right m1 with worn
paraconid, right calcaneus and left meta tar sal 3 stored in a pri -
vate col lec tion.

M e a  s u r e  m e n t s. – Ta ble 3.
D e s c r i p t i o n. – The left m1 is quite badly worn and

has dam aged roots, but its state of pres er va tion makes it pos si -
ble to clearly iden tify the tooth as be long ing to the ge nus
Homotherium. The mor phol ogy of this tooth is so unique that it
can be re cog nised even in the case of con sid er able in com plete -
ness. The tooth has two mas sive, strongly lat er ally flat tened
roots, the front one of which is much larger and more mas sive.
Both roots are ad di tion ally fused mostly in the mid dle part. The
mesial tri an gu lar root is blunt, while the dis tal one strongly ta -
pers to wards its end. The crown in occlusal view is strongly
elon gated and slen der, slightly arched. The mesial and dis tal
edges of the crown are rounded. From the mesial edge, the
crown wid ens dis tally and reaches its max i mum width at the
height of the paraconid. Then the crown di min ishes to its nar -
row est point, which is the talonid. The cheek edge is mod er ately 
arched, with a more pro nounced cur va ture at the paraconid
level. The lin gual edge is straight, with a mod er ately deep in -
den ta tion in the mid dle part. Both cusps are worn, elon gated
and low, and there is a val ley be tween them, form ing a
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U-shaped and nar row val ley. Para- and protoconid are of sim i -
lar length, and there is a clearly marked notch on their lin gual
edge. The talonid is short and rounded, and the dis tal edge of
the protoconid falls steeply into its cen ter. The cingulum on the
talonid is strongly de vel oped in the form of a thick shaft. The
cingulum sur round ing the trigonid is mod er ately de vel oped. It is
arched on the lin gual and buccal sides, slop ing evenly mesially
and ris ing dis tally. There is a clearly marked pro tru sion on the
buccal side, in the back part, at the bor der of the trigonid and
talonid.

Acinonyx pardinensis intermedius (Thenius, 1954)

M a t e r i a l. – Right p4, left m1 and right meta car pal 4,
stored in a pri vate col lec tion.

M e a  s u r e  m e n t s. – Ta ble 3.
D e s c r i p t i o n. – The right p4 is al most com plete. In lat -

eral view, the crown is pro por tion ately short and tall, with a com -
pact struc ture. It is al most com pletely ver ti cal. Nar row, deep
and V-shaped val leys clearly sep a rate all three cusps and the
dis tal cingulum. All three cusps are lo cated al most in one line af -
ter each other; only the paraconid is slightly mesio-lin gually ori -
ented. The protoconid is tri an gu lar in buccal view and rounded
in occlusal view. Its mesial and dis tal edges fall evenly to wards
the base. It is shifted some what mesially. The paraconid and
the hypoconid are sim i lar, in the form of blunt cones, the
paraconid be ing slightly larger. The mesial edge of the
paraconid falls al most ver ti cally to wards the base. Also, the dis -
tal edge of the hypoconid is very steep, al most ver ti cal. The
mesial edge of the crown is blunt and the cheek edge is slightly
arched. The dis tal edge is rounded, but the dis tal-lin gual part is
blunter. In the mesial part, the lin gual edge is straight, but from
the sec tion be tween the para- and protonid it grad u ally wid ens
dis tally and reaches its max i mum width at the level of the
hypoconid. The cingulum is strongly de vel oped only in the dis tal 
part, form ing a thick shaft sur round ing the crown. The cingulum
line on the lin gual and buccal sides is W-shaped, with a clearly
marked in den ta tion in the cen tral part of the crown.

The right m1 lacks a large part of the paraconid. The crown
is elon gated and nar row in occlusal view. The mesial edge is
blunt, the dis tal edge is rounded, while the buccal edge is mod -
er ately con vex. The lin gual edge is al most straight, with a slight
con cav ity in its mid dle. Paraconid and protonid are of sim i lar
length. The protoconid is a rel a tively tall and prom i nent cusp,
the mesial edge of which forms an open an gle with the dis tal
edge of the paraconid. The dis tal edge of the protoconid, on the
other hand, slopes gently to wards the talonid. The talonid is
slightly re duced, and strongly nar row ing dis tally. In its cen tre,
strongly fused with the dis tal wall of the protoconid, there is a
con i cal, well-de fined cusp. It is dis tal-lin gually ori ented. The
tran si tion from trigonid to talonid is clearly marked with a pro -
nounced con cav ity on the buccal side. The cingulum is weakly
de vel oped, slightly con vex in the me dial part. The lin gual
cingulum is ar cu ate to the trigonid and then runs al most straight
from the mid dle of the protoconid. The buccal cingulum is con -
vex at the height of the metaconid on the talonid.

Felis silvestris Schreber, 1777

M a t e r i a l. – Lleft fe mur (JP.17.1).
D e s c r i p t i o n. – This is a long cy lin dri cal bone, ex cept

for the prox i mal 1/3 of the body, where it is slightly flat tened
cranio-cau dally. The head is spher i cal, with a prom i nent neck.

The trochanteric fossa is nar row and deep, form ing a sort of
gut ter lat er ally bor dered by a prom i nent intertrochanteric ridge.
It is poorly de vel oped, ar riv ing at the same level as the head in
height. The lesser trochanter is a slight con i cal prom i nence.
The shaft ap pears slightly bowed in its lon gi tu di nal ex tent and
wid ens grad u ally from a point near the mid dle of the fe mur to -
ward the prox i mal and dis tal ends. A nu tri ent fo ra men on the in -
ner side of the pos te rior sur face of the shaft is sit u ated in the
mid dle be tween the lesser trochanter and the dis tal ar tic u la tion. 
The greater trochanter rises dis tinctly above the head level and
is obliquely trun cated on its lat eral side. The outer sur face of the 
trochanter ex tends fur ther down the prox i mal ex trem ity of the
fe mur. In the pos te rior view, the lesser trochanter is sit u ated at
a point dis tinctly be low the head. The pos te rior sur face of the
neck de vel ops a rounded and prom i nent tuberosity be tween
the fossa and the head. At the dis tal end, the condyles are sep -
a rated by a broad and deep pit sur rounded by a slightly marked
intercondylar line. The lat eral condyle is slightly more de vel -
oped than the me dial one. Fac ets over hang these condyles and 
joints to the bones by a supracondylar sesamoid. There is a
supracondylar fossa above the lat eral condyle. The
epicondyles are small, barely dis cern ible. The trochlea is nar -
rower than high and its mar gins are equal.

R e  m a r k s. – Fe. silvestris is rare in the Sudetes fauna,
re corded so far from 9 lo cal i ties (Marciszak et al., 2016, 2017,
2020). Prob a bly al most all the Sudetes oc cur rences, ex cept
those from Po³udniowa and Wschodnia caves, are of
postglacial or Ho lo cene age. It was not clear be fore whether
these re mains be long to Fe. silvestris or Fe. catus be cause the
ear lier iden ti fi ca tion was based on bones of a lit tle tax o nomic
value (Frenzel, 1936). Nu mer ous bones were found at the sur -
face and not fos sil ised. The re mains of Fe. silvestris are rarely
found in Pleis to cene de pos its of Cen tral Eu rope (Barycka,
2008; Marciszak et al., 2011a). Most of the so-called “fos sil”
spec i mens, whose age was es ti mated based on biostratigraphy 
or other in di rect ev i dence, turned out to be postglacial or
subfossil in di vid u als.

DISCUSSION

The car ni vore guild from Po³udniowa Cave in cluded sev eral 
an cient spe cies such as Ly. lycaonoides, Ca. mosbachensis,
Ho. l. latidens and Pa. gombaszoegensis which formed a sta ble 
as sem blage ~2.0–0.5 Ma (Fig. 7). This paleoguild of an cient
car ni vores was rep re sented by Canis etruscus, Ursus etruscus
Cuvier, 1823, Ho. latidens, Pa. gombaszoegensis, Ac. pardi -
nensis, Puma pardoides, Pachycrocuta brevirostris, Chasma -
porthetes lunensis lunensis  and Pliocrocuta perrieri  (Hemmer,
2001; Turner, 2009; Hemmer and Kahlke, 2022). Among them,
Ly. lycaonoides held a very high po si tion, and when grouped, it
was re garded as the dom i nant car ni vore spe cies. In this re -
spect, Po³udniowa Cave is sim i lar to other cen tral Eu ro pean
sites of early and mid-Mid dle Pleis to cene age, dated be tween
MIS 23 and 13, e.g. Konìprusy C 718, Kozi Grzbiet, Stránská
Skála, Gombasek and Po³udniowa Cave (Stehlik, 1934;
Kretzoi, 1938, 1941; Fejfar, 1961; Musil, 1965, 1967, 1969,
1972, 1995; Thenius, 1972; Kahlke, 1975; Wiszniowska, 1989;
Wag ner, 2001; Kahlke et al., 2011; Marciszak, 2014; Wag ner
and Gasparik, 2014; Marciszak et al., 2019, 2020, 2021a–d,
2023a, b; Marciszak and Lipecki, 2022). Most of those spe cies
have an Early Pleis to cene or even Plio cene or i gin and be -
longed to the an cient fauna which slowly dis ap peared in Eu rope 
dur ing the Mid dle Pleis to cene. The rate of this pro cess dif fered
con sid er ably for each of these spe cies. Some of them van ished 
very quickly, al ready dur ing the lat est Early Pleis to cene. Pro -
gres sive cool ing and a de crease in hu mid ity caused sig nif i cant
changes in large mam mal as sem blages. The re newal of the
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car ni vore guild be gan with the ex tinc tion of Megantereon
cultridens (Cuvier, 1824), re corded for the last time at ~1.0 Ma
in the Vallparadís Sec tion (Madurell-Malapeira et al., 2010) and 
Untermassfeld (Hemmer, 2001; Hemmer et al., 2022).

Three canids were pres ent in this palaeoguild: Ly.
lycaonoides, Ca. mosbachensis, and Vu. vulpes. The ex tinc tion 
of eucyons in the lat est Plio cene is cor re lated in time with the
ap pear ance of the first rep re sen ta tives of the ge nus Canis and
Lycaon in Eur asia. They ap peared first in Cen tral Asia
3.4–3.3 Ma (Rook, 1993; Sotnikova, 2001), while the ear li est
Eu ro pean re cord from the French site Vialette is dated at
3.2–3.1 Ma (Lacombat, 2006; Lacombat et al., 2008, Sotnikova
and Rook, 2010). This im plies that wolf-sized forms ap peared
al most si mul ta neously in Asia and Eu rope. Slightly youn ger
(2.8–2.6 Ma) is the Hun gar ian lo cal ity Osztramos 8 (Jánossy,
1986). It is known that Eucyon gave rise to the Canis in North
Amer ica 6.5–6.0 Ma (Wang and Tedford, 2007, 2008; Rook,
2009). The west ward in va sion of Canis ended this dom i na tion,
es pe cially as it emerged in a larger, so cial, and more ad vanced
form.

Lycaons ap peared in Eu rope rel a tively shortly af ter early
wolves; they dom i nated open land scapes for the next 2 My.
Canids of the ge nus Lycaon ap peared in Eu rope ~2.6 Ma al -
ready in ro bust build and large form, which did not change for
the next 2 My (Bartolini-Lucenti and Spassov, 2022). Their an -
ces tor, Sinicuon dubius (Teilhard de Chardin, 1940), from the
Ti betan re gion of Zanda Ba sin, dated at 3.8–3.4 Ma, reached
the size of the large hole Cuon alpinus (L m1 22.5 mm; Wang et
al., 2014a, b). Its de scen dants were al ready much larger, sim i -
lar in size or ex ceed ing the larg est ex tant wolves (Marciszak et
al., 2021b, 2023b). The in di vid u als from the old est Eu ro pean
re cord of Perrier-Roccaneyra (France, 2.6–2.5 Ma) al ready
have the mor phol ogy and size char ac ter is tic of the Early Pleis -
to cene lycaones (Bartolini-Lucenti and Spassov, 2022). As
shown by size vari a tion anal y sis, the lycaons un der went only
slight changes.

Ca. mosbachensis ap peared ~1.5–1.4 Ma and sur vived al -
most un changed un til ~0.4 Ma. Only once Ly. lycaonoides had
dis ap peared in Eur asia,  the first true wolf, Ca. l. lunellensis,
evolved from Ca. mosbachensis dur ing a rel a tively short time,
be tween 0.4 and 0.35 Ma (Bonifay, 1971; Bishop, 1982; Sot -
nikova, 2001; Boudadi-Maligne, 2010; Brugal and Boudadi-
 Maligne, 2011; Sotnikova and Rook, 2010; Sardella et al.,
2014; Mecozzi et al., 2017, 2018; Mecozzi and Bartolini-
 Lucenti, 2018). The wolf in creased in size, took a niche oc cu -
pied so far by the lycaon and be came the dom i nant dog in Eur -
asian ter res trial eco sys tems (García and Virgós, 2007;
Marciszak et al., 2021b, 2023b).

The evo lu tion ary his tory of Vu. vulpes started in the early
Mid dle Pleis to cene. The first ap pear ances of this spe cies are
not older than 0.8 Ma (Madurell-Malapeira et al., 2021). The
find ings of its re mains are known from Stránská Skála
(0.8–0.7 Ma; Musil, 1972), L’Escale (0.7–0.6 Ma; Bonifay,
1971), Bed 5 of West bury-Sub-Mendip (0.6–0.5 Ma; Bishop,
1982), Arago Cave (0.6–0.5 Ma; Crégut, 1979; Moigne et al.,
2006), Vallparadís Estació (0.6–0.5 Ma; Madurell-Malapeira et
al., 2021) and Hundsheim (0.6–0.5 Ma; Thenius, 1954). Two
chronosubspecies have been re cog nised, Vulpes vulpes
jansoni Bonifay, 1971 from L’Escale (Bonifay, 1971), and
Vulpes vulpes angustidens (Thenius, 1954) from Hundsheim
(Thenius, 1954; Rabeder, 1976), orig i nally de scribed as an in -
de pend ent spe cies. As com pared to ex tant Vu. vulpes, Vu. v.
jansoni is char ac ter ised by a more prom i nent protocone of P4,
M1 with sharp paracone and metacone, strong lin gual
cingulum, and dis tinct metaconule and hypocone as well as M2
with a larger hypocone (Bonifay, 1971; Madurell-Malapeira et

al., 2021). The main fea ture dis tin guish ing Vu. v. jansoni from
the ex tant V. vulpes is the de vel op ment of the P4 protocone.
Nev er the less, as shown by the re vi sion of early Vulpes spe cies
(Bartolini-Lucenti and Madurell-Malapeira, 2020), the shape
and size of this cusp is highly vari able in ex tant V. vulpes. Mor -
pho log i cally, it is in dis tin guish able from spec i mens of Vu.
vulpes and falls within the range of its vari abil ity (Madurell-
 Malapeira et al., 2021).

Vu. v. angustidens was de scribed as slightly smaller than
the ex tant Vu. vulpes, hav ing m1 with a weaker protoconid,
strong mesoconid and ridge con nect ing hypo- and entoconid,
and nar row m2 with a strong mesial cingulum, strong entoconid
and metaconid higher than the protoconid (Thenius, 1954). In
the re vi sion of the Eu ro pean Mid dle Pleis to cene Vu. vulpes, it
was noted that sim i larly dated (0.6–0.5 Ma) in di vid u als from the
Vallparadís Sec tion to that from Hundsheim re sem ble them in
the small size of the entoconid and the well-de vel oped
entoconulid on the m1 talonid (Madurell-Malapeira et al., 2021). 
The ma te rial from Hundsheim shows also strong sim i lar i ties
with other Mid dle Pleis to cene spec i mens (Marciszak et al.,
2023b). The ear li est oc cur rences of Vu. vulpes from Po land are 
known from Po³udniowa Cave and Rêbielice Królewskie 2.
These re cords are dated to 0.7–0.6 Ma. Youn ger re cords are
those from Tunel Wielki Cave (MIS 14-12) and Draby 3
(MIS 11) (Marciszak et al., 2023b). There are some mi nor
morphometric dif fer ences be tween them and the ex tant Vu.
vulpes (Marciszak et al., 2023b). How ever, as noted by Szuma
(2011), the wide geo graphic range of the ex tant Vu. vulpes and
a num ber of geo graphic, cli ma tic and bi o log i cal fac tors, such as 
lat i tude, hab i tat pro duc tiv ity, dif fer ent food avail abil ity, com pe ti -
tion on var i ous lev els, ge netic di ver sity and pop u la tion den sity
re sulted in a high vari abil ity of this spe cies (Bartolini-Lucenti
and Madurell-Malapeira, 2020).

The biostratigraphic value of felids rep re sented in
Po³udniowa Cave is very high, and their re mains are very in for -
ma tive. The old est known re mains of the lion as signed to Pa. s.
fossilis were de scribed from the late Early Pleis to cene
(1.2–0.8 Ma) of West ern Si be ria and Moldova (Hemmer, 2011;
Sotnikova and Foronova, 2014). The pres ence of this large lion
is doc u mented from 62 Eur asian sites dated be tween 1.2 and
0.3 Ma (Marciszak et al., 2019, 2020, 2021c, 2023a). The fea -
ture es pe cially high lighted by many au thors (e.g., Kurtén, 1960,
1968; Schütt, 1969; Schütt and Hemmer, 1978; Argant, 1980,
1991, 2000; Argant et al., 2007; Argant and Brugal, 2017;
Argant and Argant, 2018) is the large size of Pa. s. fossilis.
How ever, re cent stud ies showed that the ranges of Pa. s.
fossilis and Pa. s. spelaea mea sure ments over lap and did not
change sig nif i cantly dur ing the en tire Mid dle Pleis to cene
(Barycka, 2008; Marciszak et al., 2014, 2019, 2020, 2021c,
2023a). Pa. spelaea was a dy nam i cally evolv ing spe cies; the
size of its rep re sen ta tives does not seem to be a very re li able
biochronological tool in de ter min ing the age of Pleis to cene lion
finds. This gen eral pic ture is com pli cated by the high level of
sex ual di mor phism, intraspecific vari abil ity, lo cal evo lu tion and
ex tinc tion, cli ma tic con di tions, and mi gra tions (Marciszak et al.,
2019, 2020).

The oc cur rence of Pa. g. toscana is re stricted to the mid dle
Early Pleis to cene (2.0–1.7 Ma) of south ern and west ern Eu rope 
(Greece, It aly, and the Neth er lands; O’Regan, 2002; O’Regan
and Turner, 2004; Mol et al., 2011; Marciszak and Lipecki,
2022). The stratigraphically youn ger (1.6–0.3 Ma) and much
more wide spread chronosubspecies Pa. g. gombaszoegensis
has been re cog nised from al most 80 Eur asian sites, with half of
them dated to the Mid dle Pleis to cene, be tween MIS 19 and 10
(Hemmer, 2001; O’Regan, 2002; Marciszak, 2014; Jiangzuo
and Liu, 2020; Marciszak and Lipecki, 2022). Pa. gomba -
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szoegensis ap peared in Eur asia not ear lier than 2.0 Ma
(O’Regan and Turner, 2004; Mol et al., 2011;
Marciszak, 2014). It also fits well with the mo lec u lar data 
since the split of the jag uar lin eage is dated to
2.58–2.03 Ma (Da vis et al., 2010).

Pa. gombaszoegensis was a per ma nent mem ber of
the car ni vore fau nal as sem blage for more than 1.7 My
(2.1–0.3 Ma) and it was the only pantherine cat in the
Early Pleis to cene of Eu rope (Hemmer, 2003, 2004;
O’Regan and Turner, 2004; Marciszak, 2014; Marciszak
and Lipecki, 2022). The evo lu tion ary suc cess of Pa.
gombaszoegensis is re flected by its enor mous geo -
graph ical range and oc cur rence of its fos sils in a wide va -
ri ety of hab i tats (Hemmer, 2001, 2003; Argant et al.,
2007; Marciszak, 2014). The spe cies was wide spread in
the early and mid-Mid dle Pleis to cene of Eu rope, but
since MIS 12 started to de cline, and oc cur rences of this
spe cies dated on MIS 11 or later are ex tremely rare. All
these late re cords are tem po rally and geo graph i cally dis -
pa rate, and only few Eur asian sites are known from this
pe riod: Swanscombe in Eng land (Turner, 1999, 2009),
Vertesszöllös 2 in Hun gary (Jánossy, 1990), and the
Kudaro 1 and 3 caves in the Cau ca sus (Baryshnikov,
2011). The Pol ish ma te ri als from Daby 3 and es pe cially
those from youn ger (MIS 10-9) lay ers 19a-d of Biœnik
Cave are placed among the youn gest Eur asian re cords
of this spe cies (Marciszak, 2014; Marciszak and Lipecki,
2022). Be tween 0.9–0.8 Ma Pa. s. fossilis and Pa.
pardus also ar rived to Eu rope. All three pantherinae cats
co ex isted for more than 0.5 My, with some com pe ti tion
be tween these cats. How ever, the level of mu tual in ter -
ac tion and in flu ence be tween spe cies is still poorly un -
der stood and re quires fur ther re search. The dom i nant
lion pre ferred open ar eas, while jag uar pre ferred for est
and wa ter ar eas. How ever, like the mod ern jag uar, it had
con sid er able eco log i cal tol er ance and felt equally com -
fort able in open ar eas. The leop ard was the most adapt -
able of the three cats and ca pa ble of in hab it ing vir tu ally
any hab i tat. Ul ti mately, Pa. g. gom baszoegensis dis ap -
pears from the fos sil re cord at ~0.3 Ma (Hemmer, 2001,
2003, 2004; O’Regan, 2002; Marciszak, 2014; Jiangzuo
and Liu, 2020; Marciszak and Lipecki, 2022). Spe cies of
the ge nus Homotherium were pres ent in Af rica, Eur asia
and both Amer i cas at more than 4 Ma (Hemmer, 2001;
Barnett, 2014; Hemmer and Kahlke, 2022). Po³udniowa
Cave doc u mented the time when this spe cies was still a
dom i nant, large and wide spread felid. It sur vived in
Amer ica till MIS 2, al though only as a rel ict with a dwarf
stat ure some where on the out skirts of its for mer range,
es pe cially in Eur asia (Reumer et al., 2003). This was
pos si ble mainly be cause of its de creas ing size, which re -
duced com pe ti tion with the lion and due to its eco log i cal
plas tic ity (Hemmer, 2001; Barnett, 2014; Hemmer and
Kahlke, 2022). Re mains from Po³udniowa Cave fit well
into the gen eral trend of size  and mass de crease.
Homotherium from this lo cal ity was a mod er ately large
and gracile an i mal, and its mor phol ogy and stat ure cor re -
spond well to those of other Mid dle Pleis to cene in di vid u -
als (Hemmer, 2001; Barnett, 2014; Hemmer and Kahlke, 
2022). The pre vi ous re vi sion showed that Homotherium
evolved largely csynchronously in dif fer ent re gions of
Eur asia, which sug gests con tin u ous gene flow within this
area (Jiangzuo et al., 2022). It also showed that the sub -
spe cies de lim i ta tion should be more chro no log i cal than
geo graph ical (Jiangzuo et al., 2022).
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The lion’s in flu ence on Homotherium was un de ni able, but
the scale and strength of this in flu ence is dif fi cult to re con struct.
Be fore the lion’s ap pear ance, Homotherium was the dom i nant
felid in Eur asian palaeocommunities (Petrucci et al., 2013;
Barnett, 2014; Barnett et al., 2020). Mem bers of the ge nus
Homotherium were among the most suc cess ful car ni vore spe -
cies and have been pres ent in fos sil ma te rial from the Mid dle
Plio cene (Antón et al., 2005; Barnett et al., 2020). How ever,
dur ing the lat est part of the Early Pleis to cene, Homotherium

had no tice ably de creased in size and es pe cially in mass
(Hemmer, 2001, 2003, 2004). The weight of the Plio cene and
Early Pleis to cene in di vid u als was es ti mated at 250–400 kg for
XX and 150–220 kg for CC. The Mid dle and Late Pleis to cene
in di vid u als are smaller and more gracile, with weights of
150–220 kg for XX and 100–130 kg for CC, and could be even
less (Hemmer, 2001, 2003, 2004).It is not clear what was the
main fac tor since these gracile homotheres ap peared at the
same time in dif fer ent ar eas within Eur asia (Fig. 7). Lion pres -
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Fig. 8. Un til the lion en tered Eu rope, Homotherium latidens was the dom i nant cat and one of the main ag gres sive 
scav en gers and kleptoparasites of other car ni vore car casses. Af ter Panthera spelaea fossilis ap peared, ev ery -
thing to tally changed. Its size, bru tal strength, in tel li gence and so cial life style gave it a dom i nant po si tion in the
hi er ar chy of car ni vores. Draw ing by W. Gornig
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sure might have played a sig nif i cant role in the com bi na tion of
cli mate-in duced changes in veg e ta tion, ex ac er bated com pe ti -
tion among large car ni vores, and the in creased pres sure from
Homo heidelbergensis Schoetensack, 1908 (Serangeli et al.,
2015). It is vir tu ally un known how se vere was this com pe ti tion,
but it might be cau tiously in ferred that these sim i lar-sized spe -
cies, lion and homotherium, com peted, and Homotherium prob -
a bly found a way to re duce com pet i tive pres sure (Fig. 8). Af ter
long co-ex is tence, it oc curred in fa vour able hab i tats where lion
was ab sent or ex isted in low den si ties (Antón et al., 2005, 2014;
Bona and Sardella, 2014). Based on palaeontological data, this
sce nario is dif fi cult to re con struct since late Mid dle Pleis to cene
re cords of H. latidens, youn ger than 300 ka, are ex tremely rare.
They are con cen trated mostly in Cen tral Eu rope as at
Schöningen (330–300 ka; Serangeli et al., 2015; Diedrich and
McFarlane, 2017), Steinheim an der Murr (270–250 ka; Adam,
1961), Zoolithen and Balve Caves, both dated to 220–200 ka
(Diedrich and McFarlane, 2017). A Por tu guese re cord from
Mealhada (250–200 ka; Serangeli et al., 2015) and layer 5a of
the French site Artenac Cave (250–200 ka; Serangeli et al.,
2015) should be also added to this list. Fi nally, the so far un des -
cribed Pol ish ma te rial from layer 19b–d of the Biœnik Cave,
dated ~350–300 ka, should be also noted.

How ever, be sides the North Sea find, there are no re li able
Homotherium re cords in Eu rope (Reumer et al., 2003). Eng lish
re cords from Kent’s Cav ern and Robin Hood’s Cave, dated pre -
vi ously to the Late Pleis to cene, were re cently re-in ter preted as
of Mid dle Pleis to cene age (Barnett, 2014; Serangeli et al.,
2015). The dat ing of the last oc cur rence of the ge nus
Homotherium in Eur asia is a mat ter of de bate, even though all
the avail able ra dio car bon dates pro vide an age of ~31–27 ka
(Reumer et al., 2003). The lack of ev i dence of Ho. latidens in
the Late Pleis to cene of Eu rope makes this re cord unique, and
some au thors con sider it ques tion able (Antón et al. 2014,
2022). Based on the pres ence or lack of some mor pho log i cal
fea tures, it was also sug gested that Ho. latidens went ex tinct in
Eu rope dur ing the late Mid dle Pleis to cene (Antón et al., 2014).

Sev eral dif fer ent de mo graphic sce nar ios have been pro -
posed to ex plain the pres ence of Homotherium in Eu rope dur -
ing the Late Pleis to cene. In Eur asia, the Late Pleis to cene
Homotherium pop u la tions may have ex isted at low pop u la tion
den si ties. Due to that, they ef fec tively dropped un der the “fos sil
de tec tion thresh old,” with very few re mains in the fos sil re cord.
This has been pro posed to ex plain the low abun dance of
Homotherium rel ics in the Amer i cas (Jef fer son and Tejada-
 Flores, 1993; Rincón et al., 2011; Paijmans et al., 2017). These
ar eas were re stricted to small hab i tats and maybe even called
“refugia”. Ho. latidens sur vived as long as the sec ond part of
MIS 2, and fi nally dis ap peared dur ing the lat est part of the Last
Gla cial (Reumer et al., 2003; Antón et al., 2005, 2014, 2022).
Homotherium from the North Sea might have de scended from
a Late Pleis to cene dis persal from a core paleopopulation in
Cen tral Eur asia or Beringia (Paijmans et al., 2017). Like ex tant
large felids, Homotherium was a highly mo bile car ni vore. It may
have recolonised Eu rope dur ing the Late Pleis to cene af ter the
res i dent pop u la tion went ex tinct in the Mid dle Pleis to cene. This
sce nario is con sis tent with the es ti mated co ales cence tim ing of
the Eu ro pean and Amer i can Homotherium mi to chon drial lin -
eages (216–77 ka) (Paijmans et al., 2017; Barnett et al., 2020).
In ad di tion, re cent mo lec u lar data in di cate the oc cur rence of
one macrospecies in Eur asia and North Amer ica (Barnett et al., 
2020).
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